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A COAXIAL  CONNECTOR 

FOR 

HIGH-PRECISION MEASUREMENTS 

For many years t h ~  :irrllraCy nf rnxsinl 
vsi\-rz m~asuremmts IIRS h~e t i  limited 
to n fpw percent hy thr rlrfiri~r~cics of 
cimsisl c o n n ~ r t  nrs, f ibh the- introcluc- 
tion of the G R S C ~ O ~ I ~ ~ I P  of consinl meas- 
uring cquipmrnt, the limit, is lonrcrcd 
Ily nn order of magnitude, and rswn 
rne;tsur~mtnt,s rntl IN. mnde to an ac- 
rumcy of a few trnt,hs of ons percent. 
The principal fsctnr in t,his ~uhst~antinl 
improwrnerll: is the GRWO Pr~cisiorl 
rfi~sia1 Cj~nl l~r t~or ,  with ~scellent re- 
pcnt:~hility fin(l v s ~ , - ~  hrlnw I.OU4 to  3 
GWz and I .T)1 to R.5 GFIa. IVithn1.1t surh 
a precision connprtnr, highly nrrl~satp 
measuring e q u i p r n ~ ~ ~ t  was not only im- 
pssihle to drsign but also not worth 
designing, since nnp improvements 
~ v w l d  he obscured by the ronnector 
rhfiri~ncies. Thp develnpmmt, of the 
GRC300 Conncrtor has ovrrcnwe thesc 
pmblmn~s and a line of pl-(+ion coaxial 
instruments and cornponent,~ has 1,crn 
dweloped. 

T h ~ s e  instrzmcnts and varnpc~nm~t s 
esn xlsn he used to ndvnntng~ for 
mensumrnents on systems fitted with 
othcr types of ronn~ctorx through t hr 
usr of nrlaptors. The errors introdz~crd 
Ily thrse nduptors arr small cornpnrtld to 
th r  errors and unr*crtninti~s in t,hp 
rhamrt~ris t i rs  of most othrr conncrfoss. 

i ru~cr  cbunductnr and spring r ~ l ~ t ~ a c t ,  
(2) n snlid coi11-silvcr nutrr conrlurtar, 
st:~it~lrss-strcl re11 trring gcnr rinq, and 
larking rlut, and 13) n solid ~rflon"bead 
support. The co~inector is ntt,nrhcd to 
l,hp air line hy il mupling nut nncl setnin- 
 in^ ring oti the outer condnct,nr; the 
inner cotlrfuctor is thrcnd~d irtt,o nil 8-32 
ttlppecl holr ill thc rpr~tpr rond~lr tor  of 
thr nir linr. Pi1vr.r is I I . W ~  ~xtensivrly 
t hrotlghout t hr connertor, and oll silver 
p:ist:: :IIT p1:ltrrl with :t f rw nmirrninrhrs 
of *)It1 tn krtlp thrm from t:~rt~ishing. 

Mating Surf aces 

II'llt~r~ two of t hrsr tnnnPctol- :Irv 
rn:~tc.d, t,hr centrring p f i r  rings inter- 
lorok nntl ov~rl:ip in nrdcr to ccutcr P Z C ~  

o f  I l ~ r  connrctors with I.I>SFP~~, tn the 
c~ thvr ,  :!nil nlso to prauvidr ii~rlruing in ant- 

or' l f i  possihlr pnsitions. Thr nlltrr ron- 
d uc-t n ~ n  have solid C ' O ~ I I - S ~ I V C ~  fl:~nge- 
t yptb surf:~rrs, n-hir-h nrr 1111ttcrl tightly 
tllqrthcr 1)y t h ~  prcPslrrf of f h ~  locking 
n l ~ t .  Only ollr of thp  lot*king ntrts is 
11rcrsn:rry for thc ronnct:tinn; thc 1111- 

tlsrcl onr is I~nrkrd olT inin 3 st r l r a ~ ~  
pmsitinn. Thc owr-1~11 (Tinrnrtrt- nf thr 
rnutrrl p:~ir is only 1-1 / I ( i  i i lrh~s .  

Thr front s~irfnrrs nf tllr inrlvt- roil- 

t11irt nlw :II,P I ' ( ~ I * P . s s ~ ~ ~  I)? 0.001 i11t.h \\.it11 
r rspvr t  t o  thc a i ~ r h r r s  of r hi3 ntttcar r"oll- 

Description ~E~~c,tr,l.s to ii~srrrr (h:~t r h r  orit cqr c,n~l(lt~c- 
The TYPE gOO-13T Cr~ur~ector is in- lnihs will nlw:l,vs mt*rt first. Trlnrt mil- 

t,pnrIed for usr on rigid n i rd i~luc t r ic ,  c l ~ . u . t c ~  rnr~t:lrt ir m:~rlrs t , ~ '  : t  S I I I ' ~ ~ I ~ -  

( l l -n tmi  XI-ohm ronsinl tm~~smiasioll rnr~l:rvt :~wrnhly, whicdh pmj~clt.; 4iiqht lq- 
line (prjnripal Jirneusions: n.S(i23 i ~ i r h  I ) ry~l~ul  I h r  s~~r fn r t .  o f  t h ~  n ~ ~ t r l -  r b t  rnrluc- 
and 0.2 4425 inch). The rouncctor (Fig- tors unt i l  iEnb ronrlcxrbtor is m:~ to r i  (SI ' P  

ure 1) ron~ist~s of (1) n snlid silver-alloy l:igi~r~ 2)* 

INNER ;ENTF~lHG ?ETArNINr, POIIPLIRG 
Cnt dDUf  TOR C-FdQ HrNG RING NUT 

I C I-, """"/ 1 - .I -/- 
Flgum f .  Explodad view 

I # )  i - - /IcLI *t th. T y p  -BI trmri- 
, . ,  d o n  Cooxlal Cannodor. 

SPRING PEGD 0U:F;l C?CklN; 
, ( rNiACT SLIFPOAT CONDLICTCIC NUT 

TIIP i1111er cm~rluctor ro~lt:lct is nn 

estrcmcly import nnt  r l m ~ r n t  of a preci- 
sion C O R X ~ : ~  I-OIII>PC t or. ' r h ~  spring-r-o~~- 
tact asscmt)ly ra~isists of six d i d  silvrr- 
alloy segments, i ~idepet~dc~ltly s p r w ~ ~ .  
Ypon mating, t Ilrse ~ont:irts :Ire f o r ~ w l  
hack : I I I ~  spre:d, making wiping co111:lrt 
both with one nauthrr s ~ ~ d  with the in- 
side P U ~ ~ ~ C P  of t h ~  iii11rr co~i r l~~r~tnr .  This 
mrl hnll of mnting i l ~ ~ ~ r r .  r,r,nrl~it.tors 
:~vrrids t !IF disu(lvnllt:~~r;rp rlf slnts plnr-rd 
in I h~ ~I~(btriv I i o l ~ l ,  :IIKI i I  (10~3s 11nt a I T i j t k l ,  
the c1I:tmrtrr nf t h ~  it~nrr r~nn<lt~etol.. 
0 1 1 1 , ~  onr spring rnntact ia t1c..c>rss:lry Jotm 

:L go-ontl r l r c t  ricnl conncrt inn ; t hr spring 
c,ontnr.t \vill mntr j~rht ;is wr'll tvitl~ :I Hnt 
s b t rfnc,r. 

Figure 2. Cross-section view of the cannettor showing 
contact surfaces of Iwo maled inner cnnducrers. 

With this cotrtnct design, rxtrrmely 
low junction imprdnnrtl nricl ~ v r e l l ~ n t  
repent:lhiIity irk v s ~ v n  and irlsertior~ 
lops  nre o b t n i n d .  

\\'hen t \ \  r r  rnnnt1rbt{lrs ~1r-r m:~t~srl ,  t 1 1 1 '  
t~n r t~ l~wto r~  n ~ t ~ ~ t  i l l  4 l i i b  ~ , P I I ~ P I *  of I I P  
P I J I I I I ~ V ) ~  io~i,  :[TIC! lliis pimot*i<lI+ ;I ~ - < ~ r y  
~ w r ~ v ~ ~ i i r n l  ( 3 1 ~ t . ~  ~ i r * : i  I I ~ ~ ~ S ~ ~ I - P I I ~ J P  pl:ri~rl, 
( 1 : ~  ~ T I Q I  :rnvrt9 :I r(bf~r(1111-v 41o1,t l . i ~ ~ ~ n q ~ i t  

r n~ i s i~ t s  oi' simply :I ~lisrb, whoqr. t . l ( ~ t  v i -  
V:II  pnqi1io11 vnirtvitbs ( ~ : i ~ - t l y  i\ ill1 1 / I < $  

~ - t ~ n r v r l i l ~ c  of t h r a  m:itc&rl 1,:rir.) 
Thp o~i t r~r  r * o ~ i ( l ~ ~ ( , t ~ j r ~  :IF(% I I ( \ I ( I  ill :~l i ,y~- 

rtic~iit f o  tcithiu 0.001 in!-1) l ~ p  the rrntrr- 
i 1 1 ~  KP-I I~  Y ~ I I E ~  ; [ I I ( I  f o ~ - ~ ~ i  :I , ~ I I I I ~ ~ ~ \ I I ~ I I ~  

*Rvgirtererl tmdvinarkof F':. I .  rlu Pnnt d p  Nprnours 1rn4 
Cornrmny. 



( 1 1 1 1 ~  t hrw~izh thr ~cntr%~*linr  01' t 1 1 ~  ioint. 
Tn this r i b s l ~ ~ ~ - t ,  thr rrlnlicc.ti~nr~ is :is prc- 
cisr :is t h:~t FRI'RIPC~ 11. f hv j1111rt in11 nf 
t w\.n w:~vrg~ridr fi:111g('s (IS thr typr 11scr1 
~ I I  prrrisiotl n.n\-t~g~~iclr~ st:lnd:~rrls. I-n- 
likr ~ ~ ~ : i ~ r g r l i r l r ~ s ,  hnivrvrr, t h r  m:tt inz 
su~fnr r s  :IT(> prntcrtrrl Tl-rln~ nrt.irk.11 t :rl 
c1:lrn:lgr hy t h ~  tvrth nf thr grnr ring, 
whirh cstnltl n-cll I~c~!rontl thvsr ~ i i ~ f ~ c ~ r s .  
If thr ~11r.f:lrc nf thr* nllfrr rolltlrlrfnr is 
dnrn:~grd or aoilril, t hr gpar ring :u~d thr  
9pril-r~ ront:wt citi IIP ~.~-rnn~-r.rE ~riilrorlt. 
rlisn~crmhlliu~ thr* ronurrtoi*, 3ntl tllr 
mating s ~ r f : ~ c c  r:ltl 1 1 ~  lidltl!- I:tpp~tE to 
r m f o r ~  i t  to its originnl r~oa~dition. 

Beod Support 

.\TI I\SSP~I t ia 1 p :~vt  of a ~y g ~ i ~ r ~ : ~ l  IF t r w -  

( ( 1 1  ( - 1  r~xiirl r - ~ ~ i l ~ ( ~ r t i ~ r  i q  t h r  I I < * : I ~  .~ t~ppor i ,  
: ~ I I { I  tlii.; p:~rt ~ I S ! I : I I I ~  i~ t h ~  nloqi trr)11\11{-- 
sr~rnt. tn drsign. h nrw npprnach has 
1xtr11 I J P I Y ~  il l  tllr GRWO C.onncc:tor, in 
ortlrr to take adv;intngr of rhr r s r ~ l l r u t  

Figure 3. Type 900-BT 
Connector YSWR us 
frequency. All connee- 
tors must meet Iho fesl 

specificstinn shown. 
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1 l ~ c  i111rr.r n11tl uut rlr r~ t~ tEu( - t  ors :~t 'v  

sf ~ p p t v l  to nrr*onrmorlnt r thc hc.:ld, f r ? ~ '  
it l l n ~  bren fouiitl th:rt I hc I~tind i ~ ~ l t i  
rapnr i t :u~c~ is thus  minimixrrl. l 'hp 
rffpcrt of the r ~ ~ n n i ~ i i l l g  pr~rl (#:II>:ICI~ CIIIIY 

is c.ornpens:lt~~tl hy r~u~ov: l l  rlt snrnc of 
the clirlcrtric. Irom Iwth i : ~ c r s  of the 
hcnd. As n r t l s~~l t ,  thr v s w ~  of n singte 
henrl support of t his t ypr rbnn hc 11c.ld t o  
Irlrs 1 h:u~ 1.00 1 lip to 3.5 G T T z .  ?'he pclq- 
form:l~~re nf t ho  ro~~rirr.tcw is thcoreti- 
c:llly rc lu:rl t n t h : ~  t of ;t I ~ ~ : l d t ~ s s  moll ~ V C -  

t,or, nnrI f h ~  0111~' lirnit:llio~~s are thost 
irnposccl I by r n a n ~ ~ f n r t  ur i~lg tolcranc'e~. 

FREOUEHCY - GMr 

h11r)thrr vvry irngrjrtont c,hal.:~rtrrixt ic 
of :I pl+cbcisiorl rLot~lwrht nt. i~ rrpr~:~t:~\)ilitv, 
tha t  is, t hta r-vn.;i.stmi#y of mr~ns~irec! 
v:~lur rLs t lit' r - o n ~ i ~ ~ r t  ion i.; I ~ r o k r ~ i  itlid 
r ~ m n d r  io diiTc3rrsll nr.ir~lri:~lions. 'I'hrl 
r~p~ntuhi l i tq .  of the butt joint of the 
out r r  rnndnctors is rirt trally prr-ftvt :IS 

long :is the f:trcx . iar~ krpt rt.:~sonnhly 
c.lr<c.t  rival pvoprl-t i r ~  nf T(dlr)n ithnut c~lrnrl nnrl frcr f~rnnl ~ ~ i c k s  or scrntrbl~cn. 
inrlrrririg thr  di\:~clv:l~~tugrw n.sror,i:llrtl Performance Thc ronnrr.tirln of t11r inner co~trIuctars 
it it h i t 4  rlikFicb~rlt mrt~l1:11iir-:11 pr.opr~sdtirs. YS WR rrpcats to witliil~ f .n:l?> lrp tn 8.3 GTIz, 
Tllr* I,r,:lti is rn:~tlr blightly 1:1rqi~ t h n n  . . owing rn:~inly to the act ion nf thc -pring 

l h r  n1o2t i m p ~ ~ - t ; r t ~ t  <ohru.:lr.lr~ri~lirb ol' 
I ~ C P  inllrr ~1i;lnit~t rl- of t hr r ~ ~ t  r 7 r  voml~w.- contfiuts, mkicli rn:iint nin a good coiinec- 

:I pt'(v-i<ir,l\ ~ - l~ l~ l l r , r~ to~ .  ir, ~f (ao i~ t '~ ( \ ,  its 
f { ~ r ?  40 t hnf :i prr-s fit is llct,rss:try. ti011 t*ser> whml t h r r ~  i~ sonw miclqlign- 

VSWH; t h:~f  ir, I h t -  ~astc~ut tn whit-ti it i l l -  
Sirnil:r~ly, thc* I ~c~nd  t hirht~rss 1.; <lightly t i~~111vrs ~ ~ f l r ( . t i o ~ j <  ~ T I I O  :kt1 (11  hibrwir(* 

rneut, without tr:uisrnitti~lg to]-qur or 
n\-rrxizrrl, :111d t h ~  h 0 1 ~  for ~ E I P  i t ~ t ~ v r  h c n d i ~ ~ g  monlrnts :itaross t h r  joint. This 

m:ll vhrtl t r : ~  r~-rni.;.ic~t~ l inr. l:igiltnt~ :1 
~ r ~ i r l t t r ~ t  or ~~r~rlvr+ixrd, >o t Flat t h r  hcntl i~ impr~rtmt  t r c n ~ l s r  the two i~ltrcr con- 

shcm-s i lirb Y ~ I Y I ~  tvst <pori f i ( - : ~ t  io115 I l ~ i i  
6 1 b:iljy :1<~1 tn~r- t l ~ ~  ~ l i n ~ ~ l l c i o ~ ~ ' :  nf t h r  drlrf ors :ire rnlrly prrfcrt ly r ~ n t r w d  

rat-!I r*onnrt-tnr p:ris n i ~ ~ r t  n w t  ( 1  .(HI1 + 
nrrt:il part* rnll~cr than ilc 111'igin:~l cli- ~vitli re?pcact to the outer conclurtr~rs, so 

0.001 l,,,), as wrll nu :rn nver:lgc char- 
n~rnsions. Thr fncr.4 of t l ~ r  I~r~nrl are t hn t ,  nr tno V O I I I I P C ~ O ~ S  ZTC rn:ltrd in 

:wt{'riht ir. C'on~w~t or VSII R i b  n i ~ ~ s ~ i r r d  
t ~ n r l r ~ ~ c ~ ~ f  t n cnmprl~~:ltr  for di~cont  i n ~ ~ i  t y rlilfewnt o r i~ t~ t :~ t ions ,  t IIP :~lignnwnt of 

: ~ t  <is ~ ~ P ~ ~ I I P I I ~ ~ P S  11p t ( ~  8.5 Ci1T.z. Siir(d~ it  
(bxpfirit:~tltnr.; at thc iiltrbrf:~rbrl 'I'hc dvptll tht. t\r-n iuncl- c*ond~~ctors r h n r i ~ ~ s .  'rhc* 

i s  impcbs.ihlr tn say l i r r \ ~ -  niuch enrh con- 
of thrw ~lnclrrr~rtc i q  1 1 q t q c 1  to k r ~ p  ht~rtl  rnivilig~im~nt i t d f  is not 40 importnnt ns 

ncctor r~ontrilri~trs tt7 tlic v s n n  uf thc 
11 toight I\ ithin 1.1o.c~ tolrr:!nrr. \!'right t hr S~I'PHSPS and xtrninu introduced w h ~ n  

pnir, t hr ft.1 limits For 1 h~ p:iir :it'? ~isr t l  
h:~.; I11ybn t'rmltd to h:lvc, :I f i r q t - ~ r ~ l ~ ~  " t ) ~ ~ t l ~ t ~ "  arc uscd to forrr the r-rnter 

3 s  lhe ratnlng ~p~rificatiari for a sirl~le 
rtT~~i.t n r ~  r-s~vri, ~vl~ih.  minrw K~ rin tinlls rond1lcln1.x inlo :rlignrn~ot. ;\ F ~ I R T ~  rrrzltl~c~tnr. Sir~rp the VSIVR of t h ~ s e  ron- 
i t1  (iir.lpptrir r w ~ ~ ~ t n n t  0 1 .  mr.cqh:inic+al rrraurrl of n srpcat:~l)ilit y r i ~ n  is s11on*t1 in 

nrrtors is wt\ll brlcrw 1.01 over thr c u t i r ~  
tlimrnsinns wiih ivright h ~ l d  c.nnbt:irit f r ~ r ~ t ~ e ~ ~ c y  mrige, srrernl ncw techniqurs 
h n v ~  only n srtaond-ordrr cflrrt . l l q  3nd nrn ins~rr~rnv~i tx  h:ltI tr, Ilr cltl\,rl- 
f l l l q t h n  f1t1v:li1tfi~('9* 

ljrntl hnld.; t hr i n w r  
VSrR. 1;rr os:iIl~p~o, :1 ~ I l l > \ + i  t 111 iO1t 

tor- i ~ ~ ~ ' r t h ~ r  ill :I rigid :~~srml,ly : u ~ d  
krrps diri and mijirt~trr from rlntrrir~g r.isinn r ~ r \ u r i r r . t o r ~ ~  was drviac~rl to  rlis- L t 0 . 4  t h r  lirlrb nr rmnponrnf 

tinguirl~ t hrx u5n.n f it t hr 
Tlir c,lrt~l~.ir:il prrfo~~mnnrc~ i ~ f  thc l ~ m d  

from !hit ~r*id,rnl ~ s ~ v n ' h  in tlw 4nttrd 
at1pprsr.t cEr=trrminrs t hr. p~t.fnrnxlllcr nf [in. :,,I,[ tprn,i::,,ior,. 111 ,!,is ,l;~,hnd 
i htt ronnct.tnr. Thr typr trf l ra t l  ~ n r d  in h:\\ic. *t;irrtl:~rtE ih ;I .;hart Ivilgt h nl' ngirl 
hi:: rtlnnrartor w:rs drscril~rtl >I- 40 

:~ir 1i11c. whnw r.ltar:~rbt t.~.i.;t ic* irnprtlntlcc' PROBE PCS1TIOM. CM 
Ellj,,h]1 , I  Thp rl1~r3chtcl.ist ic~ i ~ ~ l p ~ d : l n r ~ *  

than I)(, :u+ca~zr~:~f rlv ~lalrbul:~ trvl. .I d t ) t  t r c i -  
illsi(lr* $ 1 1 ~  1,pgd i j  runrbtly .?(I O ~ I ~ S .  130th FIgucs 4, Charl record af Ihe measurement af the 

lil lrl !'~!.nl.tlilbg hy.; t Pm \r:Ls dr\,rloprtl, minimum deteclable VSWR. C v ~ e  1 shows m peak-to- 

ls],jrh m;,df. pnshiblr th{, mrusIlrcmc,n+ of v ~ l l e v  voIfn8e w ~ r l ~ f i o n  o60.03%, com~rp~nd ing  to a 
1 See Rplrrcncc 7. 
'+PP l l e ~ r t ~ r ~ r e  1'1. 

YSWR of 1.0005. Curve 2 shows for cornparicon rr 

<w lie qcr~ncc 1:. V S \ Y I ~ ' ~  3s h m I I  ns 1 .C)OO.i 114' suhrtit~r- +,rial-, line, VSWR = 1.0000.  he lraquency I S  6 GHZ. 
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Figure 5. Repeatability of the GR900 Connector at 
6GHz. Befween each poir of lines on the chart, ,ha 
connection wus broken,rotared 45', andremade. T h e  
spread in meesured VSWR'. is less than +O.UP%, 

I i i g u r ~  5 ;  b ~ t w c e ~ l  t:wll l i i l c b  tht' joint was 
t~rokcn, rotated -15 dcgr~cs, :~ntl rrmnde. 
'I'hp tnt nl s~~r.r:td is  lcss than t0.02%. 

Lwkoge 

The I~akngr of mrrgy from a eossial 
connector c:tn bc of grrnt in~portnncv in 
mr:isilrtlmtwts at, lo\\: IPVPIS, O r  when 
I:!rg? :xmom~ts nf r t t t rn~~nt ion arc prrserlt 
i n  ihr syst~m. I:or rxnmpl~, r=nPrgv 
could be lost nt the illput, ro?~ncr:tor o l  an 
attenustar and rccovcsed a t  the output 

This is dnc to  t hc triple shielding act ion 
of (1) the  butt contnc,t of the olitar ran- 
ductars, (2) the interlocki~lg arid over- 
lapping of the centering gmr rings, and 
(3) the o t i t~ r  Iocrcing nut. 

Inserfion LOSS, Ekfrlml length, ond DC 
Resistonce 

The insert,ion loss or attenuation of 
thc C:R91111 C:atinrrtor is mininiizl~cl hy 
the rrse t ) f  'l'cfltrn for thc hear1 31111 ~ ( h i r l  
~ilvrr nllnys for hrlth t h p  inner a i ~ l  nutr~. 
rr~ntluctors (silvtsr-pI:tt rtl s~~r. lnct\s nrt. 
r~lntircly pool- (*on(lurtors it1 rrrnt~.:lst 
t,t, thcxe alklys). The insertinn lrr~s rrf :1 

n~ntrrl pnir r l~prnds  o r 1  rrrbclur~r~rhy, 3r- 

cwrding to I l l r  follon-in: :rlqlrolrinlntc. 
forn~uln : 

L ~ s s  = v'~K: X O.On2dR. 

This is virtunlly t hr 5nmr ns t h r  loss in 
an cquivnlent Icngth of silvrr, nir- 
dielrctric trnnsmi~cion line. 

The clcctricnl lrrlgth oi 3 pair of 
TYPE !IOO-RT C~,unct.tors is  3.50 cm nncl 
is 1-irt.uunlly indrprntt tv~t  of frrrlrrrnr~-. 
I I I hr! rlc r~sist:~licc nf' :L nrntcd pnir i~ 
t y ~ i r n l l , ~  0.1 milfir~hm lor thrl izi~lrr 
c.n~~ductr~rs, R I I ~  0.04 rnilliohnl for I l l r t  

rrilter rnnd11rtol.r. 
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connector, pausing mi erroneous jndi- 
cation of attcnr:ntion. The Ipakqe of S R F C I F I C A T I O M S  

Frmquency Range: DC to 8.5 GHz. Electricsl Length: 3.500 f 0.005 cm per pnir. t , h ~  GRWKl Cnrintactrrr ir conlpnrtd wit,Ii 
VSWR: I,e.;s thnr~ 1.001 -k 0.Ml x fum per con- DC Con!mci Resirtaece: Ilrner rr>nrlurtc>r, I P Y ~  

thst,  nf { ~ t h ~ r  typrs of c o ~ l ~ r r t n r s  i l l  nevtc~r. (C'unnvctors arf twteri by palm, a n d  tljnn 0.; ~~lilltrrhm; ot~fvr  mr~tlrlrtor, Ips t l l i l ~ j  

~i~~~~ 6, is lo,vcr than lrnt of tl11- figurr is uri.d as the tmt. lirnit for n pair of O.07 rt~~ltiolinl. 
connrctr~rs.) 

other commonly used ronxid c n n n r c t ~ r . \ ~ ~ + ~ ~ ~ , ~ + ~ :  withiR O.Oj%. Dimensions: Length or one connector, 1-3J I fJ 
int'hes (31 rnnl); maximum tIinmet.rr, 1-1/16 

Lemkage: Better thim 130 dB b e l ~ s i g n a l  level. inchrs (27 mm). 
'See R ~ l e r ~ n c e  3-1. Insettian 1orr:ks  t h m  0.003dfnH2 dRper pnir. Net Weight: 2 0uncc.u (T,O arnms). 

PRECISION COAXIAL CONNECTOR PAIRS 
W lTH CALIBRATION CERTIFICATE 

Since the int+roduction of the TYP~.: 
1100-BT Precision Coaxial C:onnector in  
lOfi3, every one of t hrw ronneetors 
hns been V S ~ V R - t ~ s t e d  bcforr shipment. 
Connectors arc testcd in pnirs a t  1.5, 
3, 4..'i, li, 7.5, a~ttl  8..5 G f I z  and arc t h ~ u  
separated a tlrl sold singly, with the 
zlctrlaI test sperific.ntion for the pair 
u s ~ d  nr; the guarantcctl specilirntion 
for the single cnz~nector. 'Thp VSI\-R 

of two cannrctors i ~ o \ ~ g h t  sirlgly could 
be as high 5s twice that specified for a 
single ronnectnr, w e n  though it is 
almost certainly much I O I T P ~  fhnn thitt. 
On t h ~  other hand, if one cr~uld hr srlrp 

of buying the same trvn contl~.rtc~l-n that  
were tcstrri togcth~r,  he ~VOUIII ~ f f c r -  
tively haltrc t t ~ ~  g~rnrantr rd  Y + I V I ~  of 

thc pair. [:or the brncfih of thosr IV~IOSP 

applirntinns rlemnnd exact r.zlil>ration 
clatn or con ncutor-pair performfiticr 
gilarantced within the specifications of 
thr I E EE Recommcnrl~d Prarticr,' 
we are now offcring pnirs of Type 
!)110-13T C.onncctors, t n g e t h ~ r  with cali- 
bration certilicrttrs. 

The 0";30-94007 Connector I'air com- 
priscs a pnir of serial-nurnheretl con- 
nectnrs and n cert if icat~ of compli~ncc 
with vsn.11 speriIicntion~. Specifirtl 
w w r t  data sppIy ~ r h c t h r r  the fwo 
connectors ~ I ' F  mated togrthrr  nr  
mount~cl 13n opposite t ~ ~ i d ~  of Itl\v-loss, 
low-VS\\-R lirrcs, 10, 20, ::O, {IF -10 vrn 
long (inrlirtlil~g r,nnnrr.fntns). Zf'hc.11 thr 
ronnrvtors :irr in+t:dlrvl OII  lirlrbs of 

othcs length*, thr i n s ~ r t i o ~ r  l,s\\,rr mny 
diffcr from t tic c.:~lil-rmtinn v:~lt~c.h. ?'his 
is also tnlr \vRttn nllly nnF: vn~rni~rbtcjr 
of thr pair is IIYC(I. I n  pr:~rtirr, this (!is- 

crepnncy i~ smnll hernusr of thr, rsccI- 
lrut Ilnsir- ~lrs ig~i  of r ht, tbon~irr.tnr. 

?'ZIP clisrontir~tiitirs i l l  t l~r vrrnncc- 
tors RTP small, nntl llir ckorlnrrtors nrp 
t-rlativc~ly short rlct~trirnlly ; I! ih tl~tlrcb- 
furr vslicl tn cennricrt tllr six r.:lljt~r~llion 
points with n rontinrirrrts rurrr  err t h r  
adil,r:itinn rhnrt { s r r  1;igurc I ) .  

Test Procedure 

Tht. onnnrrtnrs n r r  mountrtl on prr- 

I "Cnoxin! I l i c r o w n v ~  Nrwn." Thr Vdhr,,.rnl Rodto h'+,#rrr - 
mmier, t'obrh~sry->larch 1qGi .  



Therefore, the skis-effeat impedance 
deviation does not introduce reflec- 
tiom in the transmission-lime system. 
Skin-effect aorrections are, however, 
requ-bed for some applicatiom at fre- 
quencies below about 5QO MHz. Such 
corrections have been d i s c u d  in the 
literature.* 

Applications 

The 0 ~ W 7  Connector Pair is 
recommended far use where s mated 

Flgurm 1. Cwlha$ioa d R e d o  
hr Type 900-BT C o n m e  

pair of connectam having an accurately 
Pak. known VSWR i8 required, where gwr- 

anteed complhce with the pertinent 
wetions of the IEEE Recommended 
Practice is sought, and in the testing of 
transitions, connectors, adaptors, and 
other low-low transmission d e v i c ~  
@e Figufe 2). - 
1 Ses Rehrenw 18. 
4 8es Refmum 17. 
4 Bee a a l e m t m  Sd. 

tested by the subtitution methd.PJ curacy is traceable t o  the Sational 
The air lineal including the cwnnechrs, Bureau of Shndards. The total mas- 
are 10 cm long and are therefore half- urernent error including repeatability 
wave multiples at the k t  frequencies. L 0.025% at 1.5 GHs, increasing 
Characteriiltic impedance of the air- linearly to 0,08% at 8.5 GHz. 
line section is held to better W n  At lower frequencies, the test-line 
~0.015%. Except for the influence of impedanm deviates from 50 ohm be- 
skin effect, the impedance of a rigid cause of skin effect. In precidon appli- 
air line is strictly sr function of ita cations, the connectom are inshIled on 

Ptgurm 2. U w  of colibrotud connartar pal? to tasf diameters, Thw diameters are rn- air-line mctions similar to those on UQ admptmr prh- E ~ ~ ~ ~ ,  m, rmmplm,~ 

ured with precidon gauges, whose a+ which the oonnecm were teaW.  t ~ t  device S ~ O U I ~  be mumpre of 10 cm. 

L PRECISION CONNECTOR FOR 

COAXIAL CABLE 
The principal performance goal in 

the design of the TYPE 900-C9 Cable 
Connector was the achievement of low 
V ~ W R  and its maintenance by means 
of reliible techniques for assembly and 
for attachment k the cable. These 

The GI3 TYPE M30-C9 is a precision v s w ~  specifications are 1.200--1.30). were the same goah sought in the 
coaxial connector for flexible cable. Actually, both views are valid. Most GR874 series cable connecbm, 

Why is such a connector needed'? flexible cables have random character- but which could not be fully 
Connector manufacturers argue that istie-impedance variations that produce of the general require- 
there is a limit to how good tt cable significant refections at mierawavm; ment for the crimped-ferrule method connector need be because cabbs are but nevertheless, very good pieces of of attachment, 
generally poorer (some cable manu- cable can be selected. The conneohr Crimping, which is used with many 
faeturers indicate that cable vawR of reflec,hiona in this case may limit the UG ,on,ectors, the cable 
1.20 is considered good). Some cable performance. Hence the need for a and pmduces a at 
manufacturers hold that the cables are good flexible-cableconnector. T ~ ~ T Y P E  the joint, In the TYPE 900-C9 new 
good and the connectors have been '90049 Precision Cable Connector - 
generally poor (recent 1111, connector meets this need. 1 J .  Zomp, " New Coaxial CableCanrmtors." &wml R ~ o  

Eqwime~ ie r ,  Augue-temkr. 1988. 



method of attnchrner~t. is used, mhirh tor. In ,?. pull trnt the rnoncct,or nssem- O ~ R  
UQBEA GbSKET 

~1irnin:itrs this cornprcssion. hly s~~ppoi-ted the 170-pound ~ v ~ i g h t  C A ~ L E  JACKET 
CPBLE BR8.10 

The ass~rnirly prorcdtlre is a11 impor- of t h r  writ~r. 
t nn t  design vonsideration. The prin- 2 1  l n ~ \ ~ - r s n - ~  junrtion is nchicvrd u t 
cipal aim.: nre pwcisc nrinl location of the braid joint, and it does nnt detrri- 

ET4iNER BODY 
the i n t ~ r n n l  r:onnector parts and n orate with usr. 
good solder joint without flow of cahle The j n n ~ r  :lnd outer trsnsitions :lrc C .-ACThL RING 

dirltrtrir. 'Thcsc aims htive h ~ r n  acruratdy po~it~innrfl in the ronnertor Figure 2. Braid and jackel-refedion system 

a r h i ~ v ~ d  in thr TYPE 900-CI) by thr by mpnns of the modified GR$)OO pan- 'how" before coupl in~  ring i n  qighfened. 

us@ of an nssrmhlp t h a t  is st.lf-align- ncctos to which thpne nrp sss~mhlccl. 
ing, the use of a Teflnn brat,-harrier tlslzll relations arc rnnintnincd a ~ ~ t n -  i s  d i f f i ~ l t  to a perfect 50- 

mntirnlly; is left to skr]l or ohm t~rminxtinn for a cable. T h r  so- 
spcrinl tools, :iffrr as.;rmhlv of thp P:L]~PL~ in fin it^ rhabl~ terminntion is n 
ronnprt0r3 tllp rptCntirln sYstpw, dP-  poor one, beraurr most mhlw hnve both 
srrihPd nllnyr is tightcllrrl, nlld tllr random arltl periodic imppdnnrhc \.aria- 
braid is a\ltomntirfillp positionpd 3s Xion~. 12 m h t i ~ r l y  short pierr nf C : L ~ I ~ P  

fhe ronnertion is tightrnrd. (in R shnr t  pirrr, t h ~  r n ~ ~ l t i t i ~ d ~ s  nf fimnll 
The GRDOO ronnrrtor llppd is similar reflections vannot d ( l  up tn ~ ~ ~ ~ S P  

to the TYPE !,~o-RT pyrept that, thr large reflection), t~ rminnted  in the TYFE 
Ffmure 1. Inner-frflnsgfion assembly ahowtnn TcflRn skippnrt, instpatl nf bping prrss- 900-cg and the TYPE 900-W:iO Termi- 

Taflon disk. 
fit into thr  hody, i s a s l i d i n g h t ,  ~vh i rh  nfitioll+ishpttpr. 

disk ?, the uep of ~ ~ , ~ , - t ~ ~ p ~ ~ ~ t ~ ~ ~  is nrrcssary to fsrilitntr t h p  nssrrnhlp The TI-1'~: 9OO-CO Prevision Cnble 

solder, which is frlrnishrd w i t h  ~ n p h  of t h t  cable ronnrrtor. C'onn~ctor wins designed for use rvith 

connector. The disk in position is thr RG-214 /IT and for thr RCi-I-1 

,shorvn in Figurc 1. 
VSWR PERFORMANCE r ab l~s ,  I t  van he used with o t , h ~ r  POPLI- 

Thrre important r~cluirrmcnts nf- In order to assess the VSWR rh3TBr- hir C R ~ ~ P P  of this S ~ Z P ,  for example, the 
fPrb  t he  design of thp mrrhnnicfll teristiccs of this connec:tor, n good piclc1p RG-27.3JI' or the RG-8 rabies, hut ,  

for thr cnhlP hr3id of HG-214/U cable \\,a8 obtained. It7 because these cade  d i f i m ~ t e r ~  fire 

jnrket: 11 ) the elrctrjcn] connPr+ion chnracteristir impedance W ~ S  :O& lp i ,  smaller, tht' hole in the retainer 

~~~t~~~~~ t,raid the connpctor and it was free of nny sigr~ifir~nt im- p rov fd~s  too much clearance, zi t u rn  
must, not prodlrrr disrontinuitics: (2) p ~ d a n ~ t ~  nonuniformjtics. The ~.SEVII Or t1V0 ~f e l e r t r i d  t n p ~ ,  h a l ~ ~ v e r ,  ~ i l 1  
fhP asspmhlv mllst ,lp untjcr chai-act~ristics of tfu~ TYPE ~ I I O - C ~  build U P  the diameter to fit. The con- 

typical use hy rr4isting ttVfsting C o n n c ~ t o m m m t e d  an this rahfe arp nector can he ~ s ~ d  with still other 
ptllling forces; nlld (3)  thF. cahlP mlrst shown in  Figure 3. The rable was taken eablps, hut  the mechanical ~ I a m ~ i n g  

not ~ I P  C O ~ ~ Y P S S P C I .  Tl l~se rrqnir~mpnt,s as infinite in length. may not be effective hecaus~  of d ~ e i s -  
nrr: mct Ily t h p  :tttavhmcnt rnrthod tions of ovrr-all diameter or, with ar- 

shnwn in l'*igurr 2.  Thc I,rxirl is clap- 
APPLICATIONS rnor~d rxble, lark of mmns for clamping 

turpd ]Iy n pombinfition of ljutt ,  and The TYPE 900-C9 Cnble Connector the flrm~or. 

radial forcr,~. Thr cl11tr.r tr:tn,~ition has recommendrd for any indoor Hexi- 
dixmond-pattrm kntlrl  simil:lr to bk-cnhk appli~nt~ion ahvn  nh PX- 

S P E C I F r C A ' T I O N S  

tha t  z ls~d nn thr GRRT f-svrips mnnpr- trcmcly low vslrrr connertinn js rp- Fresuencr Ranga: n C  to 8.5 GHz. 
tors. The r;ldinl forcrq cnnlr in fo  quired or when LI cor~nection to other Chara"e"'tic lmphdsncC' " 

Leakage: Retfer th :~r i  131) dB below s i~na l .  
na the rriirher g~akrt  prryrcs hoth the GR900 rQmPonents is rrriaired. This 

riser, Loss: rAem th3no,oofi x , , ~ z , d B  per 
jacket and t h~ hmiri against, thr conn~c tor  nlso mnkcs possihIc the accu- 
k n ~ ~ r l c d  pr~rtion nf thr outpr trflnhtion rat r  rnens~lrement of the v..;UeR ch~rar-  Mmximum voltage: 1;iOfl \' p a k .  

ivhen thr  rr2:ii t lrr  Lor]v is thrt)rldrrl u p  teristics of cables a t  rnirronrav~s find Qimensi-ns: T,cnet,h nf , one cunnrctrlr, 2' 
iric,hc.s (54 nlrn 1: rnaxlmum d i ~ ~ r n ~ t r r ,  114 

tight. To ohtilita ron t i~~uo~ l s  nnrl r11lin- v s J Y R  t ~ ~ t n  of cable cOnnecfor5 to inchPs (2; mm), 
hlc clcctrical vnt thtl Jl lLspecs,  s r ~ r h a s  JIEL-C-.'3?7nl2. Net Weighl: 2P2 nz (75 g). 

vnhlc t~mitl  find tion, 
thr cnd nf thv  t 1 in, 
and thc ruhhor gnwrr €5 caxrt,llrlfcz into 
this r~gion to prrss t h r  br:litl :~g :~ i~ l s t  
tljc fnirrd-in rdgc. 

The r~sulting joint is strong nnd rrn- 
sists thc ptlll nnrl torsion nrtlinnrily FREOUEHCY- t H 2  

cnrnrlntrrrd in issc of s cfihlr vnnnrr- 
Figure 3. Typical VSWR af o rFngle Type 90049 Connector 

! O p  C I ~ .  en "lnffnlh" length of  RO-21414 cable. 



PANEL MOUNTING KIT 
I 

7 
FOR ,., / F-. PRECISION COAXIAL CONNECTORS 

The TYPE 1)00-1'1<.1I I'anel l l o u n t  
ing Iiit is n simple ronv~rsion kit  for 
:itlapting n CiRDOO connector, or any 
rornponent equipped ~vith A C; ROO0 
coru~ector, to panel mor~n ting. This 
nppliration inrlucles adnptntion of GR- 
900 connector C I P V ~ L ' ~  35  panel fceti- 
through or " h ~ ~ l k h e n d  " rorinertors. 

The k i t  romprises one gear-rin~ ns- 
sembly; four -1-40 screws, !4 inrh long; 
four nuts and Iockwnshers; and a rip- 

tai l~(1 instri~ttion ~ f i ~ e t .  

A centering (genrl ring is modifj~(1 
to inrludc n tlrtnge. 3s ehown in F'igur~ 
I .  I t  is installed cIirerbtlg nn any  GR900 
connector aftpr removal of the existing 
centering ring and locking nut. 

The resulting panel cannertor does 
not rontnin a Iocking n u t .  sinre She 
lorking nut On the r n ~ t i n g  connertor is 
usually 1111 t h a t  is needed. \Yhen two 
panel connectors are to he mated, a 
TYPI.: 1100-L Air Line can he used. 

Ex:~rnpies of npplirbations of this W t  
are >ho11:n i n  1:igrlres I tn 4. Sote  thltt 

thr ilange motlnt~rl on the front fscp 
of t,hr pancl { Figurr 2 )  prnvides the 
greatest :~r.~'~ssiF~ility ant1 ense of can- 
nertion. If nrccssarj-, t h p  flange car) 
Re morintcd hchind t h ~  pnnel st the 
rxprnse of acr~ssihility nncl possibly 
appeariince. .,fcrrssihjlity, in this case, 
is ri mntt~r  of h o ~ v  murh o f  the lorking 
nut clf thr mated ronn~ctor  can b~ 
grasped tItlring tightening. This  re- 
wssed mount in^ ronfiguration is ~hoivn 
in Figurp 4 

Sprcifir applications include : panel 
connertor for freqa~ncy- or time- 
domain refectnrnet~rs or similar test 
sets. ~quiprnent rno~lules, and rsck- 
mounted assemblies where a feed- 
throtlgh from thr rrnr tn thp front of 
t h ~  rack is required. 

Ovt~r-all p;~nel spaw rcqzlir~d t-I? thp 
flange nf the uni t  is 1 316 inchrs nn cnch 
side. 
Weights: Yet, 1 oz I:30 g) :  Shipping, X nz (230 R). 

Figure 1. Panel connector Figure 2. Panel connector Figure 3. Punel connector Figure 4. Panel ronneetm* 
mounted wikh air line. mounted wlth coexlul ruble. mounted with a Type 900-0 Adopler. movnled with flange behind penel. 

CONNECTOR KITS FOR CUSTOM LINES 

l 'hrtr  ilc11- rr~rlrl~r:tos kit,s prrrnit VIE- 

ton1 fnhrirnt i ~ l n  c ~ f  r r - f r r ~ n r ~  :iir linrs 
ant1 rnmpolirnts rnmp:~tiLlc with I: 11- 
900 ronnrctnrs. 

The  T y p r  9r71)-'1 P I,nhnrntor!l I ' r r b r h i -  
R ~ O I I .  ronnrr!o~-  KiL is cl(\si~~irtl fnr I I S P  

with r-nnxinl clcrnrn t,s i v i t l~  ulis! ~ p p o r t r v i  

i n  nrr rond~~c to rs .  h rrlfcrrl~rr. :lir Einc ~ J F  
custom Icngth, fnr inst:inrr, ran hc 
:~swml,lrrl from .a pnir of thcar kits nnrl 
:I  pprtrpri:i tr Irngt 11s of prccisinn rocl 

:~ntl till,ing (T;tltlrml Raclin No. 0!)00- 
!E;)OT a r ~ d  U!kOfl-!Li09, rrspr:ctivcly). 

T ~ P  T y p r  800-rl l' l,nbnrrrtc~r?/ I ' r~r i -  
sion C'o~tr~clctor Jcil mntains t , h~  coi~pling 
h n n l ~ v n r ~  mntI cmtw caorit:tct or 3 st,:intl- 
awl I:rl900 rc)unrtbtnr. T t  rnn br ~rsrd 
in placac of n r h - ~ a k :  !)OO-l<T conrlcctor 
when the component's innvr conductnr 
is supported within th r  cnmponent i t-  
wlf. Sinrc it includrs only tllr c~ t l r~c r t o r  
parts ncccssnry for slip h npp1ir:st ions, 
this kit ~ f f e r s  the {lscr s ~ l p ~ r i r ~ r  rlectri- 

cnl pcrlormance at a considernhie sav- 
ing in cost. 

One center ro~i tnct  of thc GRfiOO ron- 
~~r?ct,or is 2111 that is nrrbcssnr_v for t h e  
~lrrt~rival rvrrn rirrbf in11 of t n-n C;Iil-)nO coil- 
~~crturs .  TI~rrrfr~rr, when n compoil~t~t  
is l,n Ire ilsed csclueicrly with C:R000 
ctrlll~rctors, t h e  coi~nrctos kit 11cct1 ~iot, 
i l~rlutlc n c'ci~ter contact. Thr  7'!ypr fift1)- 

A 13 /,r~lturrrlos.!~ I'rrrisrtln Cvon nvrlor I i i t ,  
whirl1 con l n i n s  ( : 11!)(10 roupling hartl- 
Ivnrr, is i~ltcnclcd for sucli :~ppIications. 

TYPE 900-8P T 
Figure 1. Cress-section view of cemxlal line 
sections Fllted wllh Types 900-AP, 900-AC. mnd 
900-AB PrecirEon Camxial Connedor Kifs. Type 
900-AP connertlan i s  same as thut used In the NUT 

Type 900-LZ Reference Alr Llnes. 



ADAPTOR FLANGE FOR GR900 TrFL  900 AT F0119ti'OR *ITH 
CEIITIVIMG 411- F WG &MO 
LCCY h G  L U T - F i U O Y L 5  

This flange is n g~~~rbrnl-p~~rposr  (lr~.ic.r Applications 

\rhirbh rr ruvttt.t s :llkv CiR000 r b r )  tn[)41- For rollnrrt,ing to  svstpm 
rlr,nl cr)nnrctor to :I. fl:lngcl thollrl.l~cblclr., cllding ill fist, flush surfnces, t,ypicsllv '1P-i 
making nw ieol the fact that the inner in swpial bridges. 

L 

rantart nf t h p  TYPE ROO-RT wnrks suit- 
ably against nnp flat sur f :w with no S P E C f  F I C A T I O M S  

eoeoron rLnrGr 

specin1 ndditinnnl rontacting d ~ ~ i c c  01. Mountlng Holes: 0.157 + 0.005-inrh dia, 
120" 2 0.5' npnrt on a radrus OF 0.812 + I~ullct r~q~i i sed .  The configuration is O,OOS inch. 

Figure 1. 
shown in Figure 1. Net Weight: 3 ounce (85  mums). Flange adaptation on Type 900-BT Con~seior. 

F-  -- - 

-- center is -0.04FI7) for this amount of 
II I sag (we Figare 2 ). Thrrf~fnsr, IfiE 

PRECISION ROD AND TUBING in~hr's mlv Zlr  mnsitlrlrrl th(* Ir3ng(\51 
--. TY ps 

0901)-9507 prrrnissil~lrl :~ir-linr hrvt ion frlr pl.c.r.isir j i l  

~\.or.k. \\'if11 TI-PE 9130-!3T Chr~nrr'tor.: ;tt I'trr t hosr tvho wish t o  :~ssrml~le conxi:tI t he  chzl+nrterist,ic impedance of 3 trans- 
cach rwd, thr corn*spnntlin::g :~ir Iii~r< ;< 

.systrnrs 11si11g t hr  f :13(100 I"nnnrt4f or, mission linp made from this rnatrrial is 4.7.5 rm long, r.lrrtrir.olly. 
co:rxinl air-line rod 2nd t n l j i n ~ :  ti:tving 50 f 0,0013 ohms, or 50.0A5°1c. The 

I \ ' h ~ n  mas imr~m ncrurnrhy is 1lpsis~11 extremely tight di:tmrtrr 4 olrr:lnrcs arP skindepth d~vint ion as x function of 
for thc longrr l i n ~  wc~tioncc, thp l i n ~  

now crflcrpd by General Radio Corn- frequency1 is shon-n in Figure 1 .  
shoulil l~ mnuntrcl v~ l - t  i r~~ l ly .  pnny. The rod ia hmss with n l:~yrr of ~ h ~ ~ . ~  is pmctiPnl limit hP in(Hh 

si l r rb~+ fipproxirnnt ply 0.0005-inrh t liir k of precision Liir ]inr thn+, hr mildr Applicotidnr 
nnrl n finishccl dinmrtcr of 0.2J-125 inch from matrrial hccnusp of inner con- 
f fin; mic~oir~rIlc.s. Thr tuhr h:~s n lnprr ductor An pxpl.ession for the sng is 

Prccicion rods ant! tubing can kc user! 

of s i l v ~ ~ .  3 pprnuimatrly 0.000.5-inch I hir k givPn hPlom, This expression is pcwi- 
to ro~ i s t ru r t  p ~ ~ r k i n n  sliding lonrls z ~ i d  

and n finishrd innrr tlinrnrtrr nf ll.:i(j25 Mistic becn,15e +hr providr 
shorts, air Iinw, nrict prcrisinn .iO-ohmirn- 

inch f 1-10 mi~l.oinc.hrs. R n t h  tlrhing ,,,, cantilrvrr sllppor.t. ~h~ nhfll;lCtpr- p~clnnrc and timc-tlcl:i~l stnlldnrds. They 
2nd rod n r ~  st rrss-rc1irt.c.d to mirtirnizt~ istic impPdnnrP of a cnLtxinl mnsmis4ion 

C ~ I I  d s 0  he ~ s r d  a:: grtlcrnl compc~ncl~ts. 

dinmrtrr rhnn~rs ~ I I V  to rn ; i rh i~bin~  arid line with rrern+ric inrler conr~rr,,tor 
n1.p straightened. Thc instructmion sheet if: $vrn hS' S P E C I F I C A T I O N S  

provides directions for machining t h ~  Nei Weight: Hurl, 7 orrnreq (0.2 kg}; t~ihe,  

ma.trrinl for !inb with thr  Tvrr. !lOO-RT Zo = A cosh-l 
2!5 putir~d* 11.2 k~). 

Connector, incl~tding procedures for min- R O ~ :  13 inrh~s  (:I:30 mm); t1r.0 

imizi~ig dimensional changes. At. fre- where Over-PI! Length of  tubs: 27 inches ((\!I0 ~nrn). 
qurneirs wficrr skin tl~pth is nrgligible, 

11 = ,59.9:3G8 
L = conxi21 linr ol i t rr  rbotlill~rtnr rn ' SPP Relerenc~ 33. 
n = ronaial line inncr rnnrluctnr n n  
E = nmnlint by whirh conductor 

is off center 
.. L Thr sag, C, nt  the rrntrr is gi1rt.n spg~.os- 

I' 
inchcs 

I T ~ P T P  E is t h ~  1 ~ 1 l ~ t h  of the inner ron- . , 

rluctor in inches. 
For 3 l(i1/?-inrh lcngth, t h ~  sag, E ,  is 
0.W.i inch a t  t hr rrnter. 

111W.1 5 n IWvr, x* m I C .  : T ~ P  ~ha~rnrhtrristic inlp~dnnrr  Prror iilmuEYs'l 

c a l ~ ~ ~ l n t ( d  from the n b n w  formula along 
Figurs 1. 5kin-effect choracterirtic-impsdanca error Figure 2. Cha~cbrlslic-lmpsdmnce error vr sag in 

as a function of  frequency. an i n c r ~ m ~ n t a l  lrngt,h of lint nt thr inner tonducrot. 



TOOL KIT 

1. Open-End Wrcnrh 4. Bead Pusher 
2. Ceuplin8-Nu1 Torque Wranch 7. Inner-Conducior 
3. Inner-Conduc?or Ifl~Cclor 

Tsrqua Wrcnch 8. Bead Cornprtr- 
8 Gcor Wrcrrch $#on Sleeve 
5 .  Innst-Condudor Pllor 9. Spring-Conlact Wrench 

The TYPES 900-RT and !)nr)-C(3 Prrrai- 
eion Co:ixinl Conliectr~rs should he 
nssemhl~d rri t h the TYPE 9OO-TOIi 
Ton1 Kit ,  Loth for the hest precisi~n 
and for :~vnidilnce of clnn~age to  con- 
npctor. The tool kit., drsignwl for 
this purpose, illcludrs t i l l  the t,ools 

required t.o nvsenzble bhc GR!)OO Con- 
nector and the devices need4  to rens- 
sernbIe n corlnector that  has been infic1- 
vcrtrntlg di.snswmblcd or tn r~placr  
drtrni~ged parts. T ~ P  t,ool kit contains 
an o p n q n d  wrcnch, s coupling-nut 
torque ~vrench, an inner-condmt,or grip- 
ping pli~r,  and :t contact Alkn i~rench. 
Jn addition, for conn~c t  or renssemhly, 
it contains an inner rondurtor injector, 
a bend compressor s l ~ e w ,  and a bead 
pusher. 

For somP llsrrs, purrhasp of the com- 
plete tool kit may not he wholly justi- 
finblr. It is possiljlc to install the con- 
nectors nil romponrnts with ordinary 
t,ools. listed hrla~~-.-. It i s  not, possible, 
however, to reassemble 3. connector that 
has h ~ n  rornplct~ly disnss~mbled be- 
cnuse t h ~  parts a r ~  preacfitted together 
with the nssrmhly tonls f u r n i ~ h ~ d  in the 
TYPE 900-TOR Tool K t .  

Thr following tools may hp ?rnploypd 
t o  ir~stnll connectars, E x t r ~ r n ~  carp must 
he used, so as not to apply excessive 
torque and thus darnagp connect or part S. 

1. T\vo 1 1 / 16" op~n-end mrcnchcs 
with 3/32"-wide Made (hicycle t,ype). 

2. Onp,  nnrl in same cascR two, .5/32'" 
Allen ~~lrenches. 

3. O ~ P  inner-condnrtor p i p p ~ r ,  n plier 
devirc mith  R pnddrd 0.244"-dia hole 
to hold the innrr  conductor upon which 
the conn~ctor is to be installed. Alter- 
nntcly, a gripping d ~ v i r e  can b p  m n d ~  
from t,wo strips of plastic, I-teld firmly 
together in p, vise and drillcd mith R 

15/64'' drill. The i n n ~ r  conductor is 
instnIled in thr h d ~  and gripped in 
the vise. 

4. One 1 J l f i "  AIIen wrench. 

ity as, for instcanre, in precision phase- c? and shtenuation-mcnsuring systrrns. 

PRECISION ELL 
For mfasurcments of dielert,ric Fmp- 

erties with t l ~ r  900-LR Slott.ed Line,' 
. . it is not alw,zys convrnitl~t to connect. 

-. ' 
the sample holdcr discrbPy tn the 
slotted line. If, for instanre, the 

In  precisifln coax i~ l  mpasurlng S ~ S -  cotrdac.tom h a w  s(! cross s l '~ ' t i~ln~* dielect,ric to bp mcfisured is n licluid, 
terns, the simple matter of going around IVh~re t h f w  scrtions joi'l t,hr standnrd the sample holrlcr usually must be 
cornrrs is not SO simple, and very care- 14-mm line of mllncl r'ross sertions, vertical. 7'ertical orientstion is aIso 
ful &sign i s  necessary to achieve a copisinfir comp~llsation is c m ~ l o ~ c d ,  often necessary for sample holders 
right-anqle turn that will not introduce The ell in, of roilree, ~ c l u i ~ ~ p ( l  with placed in environmcnt.al cllnrnbers. T r l  

rpflectiona. W i t h  the Int,rod~lrtion of 3 It900 prrcliuior I rc ~ l ~ n ~ r t o r s .  such appliratinns thr rll cona~c t s  the 
GRDOO precision ell. it, is now possible ~ h ,  plrrtrirnl lrnffth of thp t~~ is sample holcl~r t,o thr slnttcd line with 
to make a 90-degree turn with a llnminnllv 10 rm, hilt, hrrnllsr thr "cry little loss in accuracy. 
residual v s l v ~  of lens t,llan 1.01 at 1.5 ti,itr nlzr\.nt thr Plc(,tri,,sl lrngth 
GHz and less than 1.02 at 4 GHz. 1 Sre paw SO. 

inrrrasrn with inv~pasing frrrl ucncy. 
Thc change in direction takcs placr 

in a transmission line whose axis de- 
S P E C I F I C A T I O N S  

Uses 
scribes a 90" circulnr are. The uniformly Ffnquency Range: UC to R..i GHx. 

varying change in direction along the Thr rll is ~sprrially n s p f ~ i l  in systcms 'm~edonre'  !' zkn.4'r 
~ ~ I I P ~ P I ( ~ S  ~ \ . h ~ r v  s k i n  r.iic.c.t i.r n(l~li#i!,lr. 

arc re~ult~s in an o s s ~ n  tially uniform involving cornpl~x intrrcnnnections vswa: 1 , ~ ~  ~ l ~ : , ~ ,  1 , ~ ) n ~  + o , n ~ . l ~ ~ , , ~ ,  scr curv,,. 
chafact,eristic irnp~d:rnce. where it is ncressnry to rninirnizc Efecrr ical  l e n e r h :  [IO.OIF + 0.0(114 (fnN.P & 

In the rarvcd rrgion of the rll, the reflartions and to maintain phase linrar- '.''I ""'. 
Inrer1i.n l o r * :  1,roes t fmn 0.017v'.Gz dB. 
Maximum Veltmge: l 5 O U  V pr:~k. 

I W Maximum Power: 10 k\v u ] ~  ttr I >[Hz; 
g 

l n  k l i - / \ , . f L  ri110vc 1 3II-Ix. 
t 102 Marine Olmensionr: Z.Oliti i n .  (,;.a ltk rin j fralrn 
> 101 t v n t r ~  hrhv a)f crt1th ~*a~r!ri(~vta ~r if> rabf~rtnnf.t, ]lI;tnr! 

nf f;r[.trl~ri ronncvtrrr. 

Over-all Dimensions: 2 I l / l t i  tjy 2 I l / I ( ;  by 
FREQUENCY -GHZ ,: ill. ( t i% I)?. IiS. i11- 22 111111 ). 

VSWR chmrtrcteristlcs of precision ell. Mer Weighl: 10 rr7, ("0 ~ 1 .  
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REFERENCE AIR LINES I 

1 '  
\ \ 

GRt100 Rcfcrrnrc Air I,inw rlc- 
rive cxcrptionnlly Inn, V ~ K R  (ahicily I)y 
the elimination gf 1)~nci s~tpports. Thc 
inner conductor is susprrir1r~tI instr:~ti 
Iby thrr eentrr contnctx of th? GJ<!)OO 
connvctors wibh which t h r  :iir lirw is 
mated - Use of thr 11c:~dlres (>I'r!1130 
connection helps make the accuracy nf 
t h e s ~  air Iines srvrral times that  af the  
Type 900-RT Conn~ct.or. Thus GRSOO- 
cq~ ipped  ir~st,r~imcnta and cnrnpnnrlnts 
can now hc quickly :ind cnnv~nipntly 
mlibr:ltctl ivith rvsprct to t,he new 
stnntlnrds. For rs:! mple, t,he T-r-1-K 

000-LR l'rrcisinn SlottrvI Title, whnsc 
rswn accuracy spe~ifica ti011 is 1 .r)0 1 
4- O.C)(ll,rflHz, ran typiraallp be r:~lihrn ted 
to a n  arczlr:lcy of 1.0005 or better 
with t h ~  TYIT flOn-Lj! i?,eferrnc~ .Air 
Linrs and a TYPE 900-TLA or -TUB 
Tuner. With this new enlihrfition sys- 
tem, the cl~stomer can now verify the 
performance of nny GRSOO device and, 

OUTER 
CONDUCT OR 

MOUNTING 
TOOL 

the inrlrr and oiltrr contl~rctors 3rd  is 
cont.rallrd to .iO cnhrns &0.0.;(; with 
tolrrances of 100 and 30 mirminrhcs ntl 
outer n r d  inncr ronclurtorn, rcPprta- 
tivp1y.l Roth inner and rrutrlr ronrlrir- 
tnrs nre ovrrlnitl with pilrc. sjlvrr for 
minimum loss. Thr rlrvfriral Frngths 
nrp controlled tn +0,011:! rrn :~nd nrc 
slightly shorter than t h ~  l~ornitinl I r n ~ t h  
to nlln~v for the rliclrvtric constnnt of 
air (1,0007) :mtl for t,hc f : ~ r a t  t ha t  t he  
~ ~ I o c i t y  of light i s  not rxurtIy :i X 101° 
rrn/srrond b r ~ t  2.997fi2.i x 10]+rn / 
wcond. This adj tatmen t mnkrs thr 
line lcngths esaot,Ey iritrgntl numbers 
of wnvrlcrlgths nt, intrgrnl frcqut.ncirs 
( I  GHz, 2 GITz, rtr) far convenir.nce 
in c:llibr:~tic)nq. Since the time delny 
and capnritnnrr! of ear*h lirw n l ~ o  come 
oilt in rnr~n.tl nurnhrrs, t h ~  :iir Jinrs 
:irr convrnirn t sinndfirrls o f  t hcsc para- 
rnrters ns 1 ~ 1 1  ns crf irnpcd:~nt'c. Thr 
speci ficnbions table lists rlnarter-wavr.- 

if he desires, corrcc t mn-tsurcrl datn for lrngth frcqucnri~s,  cnpncif nnccr, nnd 
t,he effect of tI1e sm:lIl residual vsmn's I Rcct turrrctions, nrlcr'tncn 31, 

that arc P ~ C S P D ~ .  F~rthcrmore, t,he ref- 
erence sir lines are Il~crnselves "check- 
able" by nmanrls of clect,rical Iinlf-n.3 re- 
substitution rncnsurements and rnv- 

chnnicnl mensurcmcnts of cliarneter 2nd C m T E A r n w - r  OF z r# 
lcngtk (in turn braccnblc to the Na- \ 
t,ionnl Blirenu of Stnndnrtls). 

The ultimate shandard of 50-ohm 
impedzncc: upon ~vithich t h ~  entirr: GR- 
OBO line is basrd is the chnmctcrisfic 
irnperlnnce of the  TYPE !7013-IAZ I:pf- 

erclncc Air Lints rho~vn in l;igurc 1 . 
Thcwc are coasiril t,r:111smi~4on lintas of 
~ r ~ r y  accurately control!rrl mcchnni<-rcl 
rlimensions, nntl thus of known rhfir:lr- 

The i m p c ~ ~ n c c  drpr;lds rehectien ceeFfieienl (r.,i ond lomd ref'lectian to- 
efficient (PI) from metlrured vm~uec  of r' mnd y, 

primari1.y on thr ~ ~ a t i a  of' di:kmetrrs of wilk quarter-wave reference ait IIne. 

t i m ~  tlc1:iys ftrr thc six r.rbtcrrt~cr :lir 
linrs ~ - 3 r ~ s ~ ~ t l . v  :tvnilnl,\c (.;, ti, 7.;r, 10, 
1-7, :ltitI 30 cm), 

The i ~ l n v r  coritlrr~ttrr of thr. refcut-rnrr 
nir linr dcri \ .~~s it,s s ~ ~ p p o r t  from t I l r  

cnnncrtrrrs in t h r  systrrn 1111rlrr t r s t ,  
crlwiatiug t h r  ncrri for t l i r l ~ c ~ t r i ~ ~  I)rarl 

support.: within t h r  :lir Iir~i:. 'Slip irlncr 
anrl oiitcr ct)ndnrtr~rs :lrr nf C ~ I  1:il 
Irngth nncl n-ithnr~t; rt (bps, joivits, nr  
slots. whicah ~ro~ l l t i  clrstrny their uscful- 
nrss  ;IS r ~ l ~ ~ ~ ~ l f i h l t ~  ~L:~r~t~:ir(ls of m i ~ r r ~ -  
Ir-:lyr imprd;rnvc. \\ 'hrt~ ronr~crtvd to n 
systrm I ~ T I ( I I T  f t n ~ t ,  t h ~  TP~FI.CIIPP air lirie 
is rtn idc:ll ;;(actir~~ of tr:~lhsmisxion lint* 
from t h r  rr4rrrnc.r pl:tnc r l t i  thr- i n p r ~ t  
corinrrtnr to Ihrl r r f v r ~ t ~ r r  plnnc on the 
o u t p ~ ~ t  ~~onnr( . tor .  

Applications 

(1) TI]? 1 1 s ~  of i111*:)1 ~ ~ r i i n r ~ : :  of ~ P : I I I S -  

n~issimi 11r1r, COP ~ Y : I T * I J ~ ~ P ,  t h r  !lnn-r,Z 
R c f ~ r c i ~ c r  Xir Linrs, to ~ ~ : l I i h r i i t c ~ n ~ r : ~ ~ ~ r r -  
jr~g i l~s tnmentq  : ~ r ~ d  t l u m p u t ~ e ~ ~ t ~  is ill~rs- 
tratt~ti in 1:igurr. 3. JYhrn a trrn~irult~iori 
with :$ liriilc r ~ H r c t i n n  rborllirirnt, is 
rncns~~red on an inrf  rrlmrnt h:tving :I 

iirlitc error, the measurrd rcflcction 
coefficient rquals the rector sun1 nf t.hc 
rrflection cwcSfiri~nts nf thr tnrn dp- 

vircs, The cquat,ion for small rrflriction 
cocfici~nts (r<l).l) is: 

I-' = 6, + $1  

whcrr, 
I t )  

= i~litifll h ~ d j f a  SrtI rcHcrt,inn 
corfic.ir.nt, 

r,- = rcsitl unl raflrrtinn coeficirn tj 
of the instromrn t, 

FI = lontl rcflcction cnrffident. 
The i n ~ r r t i n n  of n, rcfprrnce stir line 

OF rleclriral length I, hr.trvcPn the  
mcnsuring irrst,r.urncn t :I nri the Ionrl 
has  no ~ f l ~ r t  upon thc r, vtctnr, bl~t, 
rol:itcs thr phnre of thi: rr trrctor by 
4,J,/X rndinns n h n ~ ~ t  n point nn the 
Smith chart equal tn the r.hnr:~rtrristic 
irnpetlnnrbr: of thc air Iinr. This furt, is 
the kcy to th r  sepnr:iticln nf instrumrnt 
ermr from lnnd Prror and to their rncns- 
ur~rnmt, with rrspcct to a known and 
~nlcnl:>hlr 1-f irnpctlnncr, the chnract~r-  
jstic impc~dnnrc of the rcfcrcncc air line. 

For enlil~mtiou purposes, the most 
rnnvenicnt l ~ n g t h s  of rrfvrcnce air line 
sre the odd qunrtrr wn~rlrngt~hs, fnr 
the rot:tt,ion of the rr vcctor is t h e 1 1  ?r 



radinns, or 181) dcg~rs ,  corr~sponding 
to  fi cknngr of sign of the ? t  vrctnr. 
The 1nr:i~urcrl vnft~t: of rrflcctiun cn- 
rfficirnt, nftrr inscrtion of the rcfcl.cnce 
air linr, p, is thcrcfnrc: 

r" = rm - r l .  1'7) 
'I'rratnr additin11 of c q ~ ~ n t ~ i n n s  ( 1 )  rind 
(4) 2nd rrnrrnnarrnent yield the rrsi- 
tlr~al r~flrctinn corfficicnt. of the rnfns- 
uring i~stsurncnt:  

r+rU rm = 7-- 
A 

(3) 

I'rrtnr srtbtrnctfon of rqrzntinn ( 9 )  from 
~(111ation (3) gicIds the reflection c o -  
cffivicnt. of the losd: 

nrhirt.c t,hr! PnmP high nccumcy :it any trips. IlrTrr to r~t-tir'lr or1 diclct-t ric. 
fretlucncy i11 thc mvnsurcmcnt nf :my r n c n ~ ~ ~ r c m n ~ t  s ~ I L  113y1* 31 . 
microwave cnmpon~nt.  The g~nrmI (3) ,Is >O-ohnl i r n p r k ( l : ~ t ~ t : r  st :~nd:~tds in 
f o r m u l ~ s  and rrquirrtl trchniqurs fire t irnrx-tlolr~:~i~~ rt~flrt.tnnzt~tc~l.s t n  ~s t :~ l , l i sh  
dcsrril~~cl fully En Refcrenres 1 X :inrl 10. :11\ c r i  rrhrn~ly :lev.i ~ r : l t ~ ~ r r f r ~ ~ e r ~ r t * ,  l ' l r t ~  ini- 
(2) The TYPE !)()U-T,Z Air T,inps can nlsri ]sr'rI:~~~ct: :u.c:rlr:lry of' t l ~ p  IIOO-I,Z is 
Ile 11sed i o  thr mensuren-lents of I I I P ~ I " ( ~ -  O.IJ,i:&. 

Frequency Range: DC to 8.5 GHz. . i rEt l i t i cb i~ : t l  skin-rl1rt.t rrrnr is ~ n l c t ~ l n l ~ l n .  
Charaelerirkic Impedance: 50 ohms +0.fl.jn%. V5WR: l.rw th:iri 1.000.i t. O.O(ln2f~u; 

Repeatmbility: \Tithin ((1 010 -t O . O f l ~ ~ ~ ~ ; l I z ~ %  
1 0 1 2 5  l 1 1 ( 1 1 (  

. - Leakage: IIt~ttl'r th'ln 1:r IWlow sijinnl. 
I UOLU - SPECIF'CATION LlMlT 

Inserrion lerr: LCPP t h:tn O.nOOS .\/-Grr; dR/crrl. 
Maximum Voltage: :$OO(I \' plbnk. 

MaxFrnvm Power: 2R !i\~/\/i=. 
P , 4 G T B Dc Centmct Resfstance (each end, rnmled with 

3s 1Wll ~ ? l e - p ~ T t  ~ t l h o \ I ' n ~ ,  to  + Prmtr~ncies n t  which air-line section i s  nn odrl rnultipl~ of n qnnrter waveltngtl~,  u l ~ r r c  rr i q  reru or nny integer. 

Thr corresponding vsn-n's :Ire ob- 

PREClSlON AIR LINES 
-=I*&- - - -  - - -- 

Type 9CKEL3O -. _- .A- 

*]*- 
.- . I I C  - I '*  

tsiricd from the f t ) r rnul~:  , I h t r i c d  rnpttri- 
I,~~r,HIr-riif tntrir-pl.' 

1 + lrl ( * r , . a ~ ? m 1 l I + O . o 7 ~ ~ ) ( f ~ 1 . 1 p s s  
vs\ \-n = - 

a - 1r1 900-LZS 4.997 3.3333 
900-LZb 5.996 d.OOOC 

Thr n b o ~ c  rcsul t s  cnn hr gcn~ralizctl TOO-LZFH 7.495 5.000C 
900-LEI0 9.993 6.6667 

to apply to lengths other than odd 900-LZI~  14.~90 10.00~ 

c~uar t r r  wnvrlcrigths ant1 tllr t!~o-porS 900-LZ~O 79.779 20.000 

Thc TYPES 900-L10, CJW-LI ,5, t ~ n d  rnn t i!rifils :ire tlrass, 1ri1,h 3 l:iycr rrf sil\-cr 
900-L30 Air F,ines nrr precision coaxial :it t h~ contlurting slrrf:lrt~s, nird n pro- 
nir-linc ~ C ~ ~ O I I S  fit trd with staoclard tectivr. gold pIa t , i 1 1 ~ .  

TYPE 900-Rrl' Cnnnwt MS. Thc :lir-line 
sections g r ~  held t r ~  P S ~  rrmrly  low di- Applications 

T:;t Odf! A/ J'hwirt~l 
~ F I < ; v - P Y  F T P I ~ I I P ~ I ~ T P S *  / ,PII I / IJI  

-GN: T J I - I I ~ I I ~  
- 

164.7 (2n+111.50 2 % - 5 5  4.0-115 
200.0 (2n+1)1.25 2 h - 6 3  5.&140 
250.0 (ZnC1)1.00 3%- 80 5.5-160 
333.3 42nf110.75 4 - 1 5  7.0-200 

(2n+1)o.50 6 -155 10.5-ZPS 
1000.0 (2nf  110.25 12 -305 20 -555 

m~nsionnl tolernnrcs. Thr. innn. con- 
duebor tolrr:lnrlr is *t i ,? micrninchrn, 
:inrl t.:iriatinns :ilr rrstri~trd to 423 
rnirirninrhcs nltrng :i givrn rorl. Thr 
nutrr cm~rll~r.t  or t l inmrt~r  is hrld to 
4 140 microiochrs. 

Thcsc t 01rar:lnrrs r n n i ~ t n i n  1 hr! r,hnr:~r- 
teristir i~~~prrl:n~rbp :rt, 30 nllnls &Cl.O(i.iro 
within the air - t inr  sect,ior~. T l ~ e  1):isic 

Quurter-Wave Frequencies of 
Type 900-1 Air Lines 

TYPE 900-L Air Lincs c:in I)c used : 

(1) 21s 50-ohnr r l ~ r n r t ~ r - w n w  r~fcsmce 
standards. \'l'hen i h p  Iinrs nrr used :i,t 
frrcl~~rnrirs rvhrre Fengl h is an odd mul- 
t i p l ~  of X J1, 2ny immit t ante-m~ns~~ring 
insfl-ament, Smith-Chnrt plotter, etr., 
rnn he mlihrntcd wi th  r r spr t  t n  
ohms and t h ~  tcrmin:itinn c m r  iml:rtr~d. 
Thr following tahTr lists (2n  - I \  AJ-C 
f ~ ~ c ~ ~ ~ ~ n c i t - s  f ~ r  IIIIX t  h r ~ c  air-line w r y  isns, 
.(PI .Is -50-ohm imperlnnca st:mdfirdx i l l  

timr-dornnit~ rrflect nmctcr~  t,o P S ~  :~hIish 
nn PY trmnrrly nccu1.n t e t.4 erel~r:c?. 'l'hr im- 
prdnnce nc.crir:tc>- US the !100-1, is 0.1';",, 
(3) As pwrisicln tirnr-tl~lay stn ndnrds. 
The l i n ~ s  :krr hrld to an  rlrd,rical length 
nf 40.012 cm, whirh is cqnivnl~nt to 
f 0.1 pi~osrrond, 
(4) As r ~ n r t n n r r  st:~mlnrcls, with tht. 

titrn nr the TYPE 9n0-'iITO O p ~ n - C i r c ~ ~ i t  
T ~ r m i n n t  ion, 
( 5 )  As cstcnsioa lincs. Thc Bnrs may 
hc uwd tn rxtrnd t h ~  lo\wr frrclurnry 
limit of t h ~  TYPE 900-LR S lo t t~d  Line 
h ~ l o w  300 3 1 ITx. ii'itli n sufficient length 
of air line, this limit can h~ rcdurcd to 
1.70 A ~ H z ,  
((i) iIncI as p r e ~ i ~ v  ~:~pnci t ,nnue  st:uncliirds. 

S P E C I F I C A T I O N S  
I nr * 

, ,lo z s s  ?00-LlQi15.-1.3O 

'; I , 
1 O " 4  1 

, /- 
l o n e  -I. -: mPl:&L - 

I U i . 0  
I Z 3 9 5 6 1 A  

FRFW%Y-CHI 

VSWR: T m s  than l.Ml3 + O.0013 X  HE, 
up 1 n 8.5 GHz. 
Charncterirlit Irnpedmnce: ll'ithiri air-!it>~ scclioti, 

01ims & O.lll~,i''c . 
Electricml Length: TITW 900-LIO - 10.00 f 
n.02 rm; TYPE 900-LIS - 15.00 + 0.02 cm; 
TYPE Mn-tsn - 311.00 f 0.02 cm. 
Tlme eeloy: TYPE liR%LlO, 0.333 nsec; 
-1,15,0.3 n w c ;  -L3n, 1.0 nser: all k 0.4 psee. 
Wet Weight: TYPE Rm-1,10, nunre (1% 
gmmk); -1,1,5, 10 ounces (7S.i qrsrns); -1,30, 1.5 
cmnrps (125 ~rnrnsj. 
aver -d l  Length: TSPF 9nn-Ll0, 4 inch- 
(I05 mm); -1,1.5, 6 inrhe-q (155 nlm); -L30, 
12 ir~cIleq (305 mm). 



-. 
PRECISION SHORT-CIRCUIT TERMINATIONS ,p' 

/// 
I .  

900- W N V ,  
I hcrc :Irr four low-1n.q~ short -c,ircuit mr!nsurclne11t3 :ind m : ~ k ~  othrt-5 poasi tdr. 

b 
, 

t~rnminntipns in thr: Cl3!)flO f : ~  wily: The TI-PES 800-7'1'5, 000-l'l' NC, n l ~ t l  
T~-rl.:s oflo-U'S, f)no-It7S'C, !lOO-\\T XI<, 900-M'S nrc clr-c.rihcd ll~lorr'. Tr-r 1.; 
and I)On-\VS.l. I'sn of t h ~  prnpet. short- frOO-\VS-l is rli~crlssucl on p:ige 15. 

circuit tcrmiuntion rnrl sirnpIify many P fl\ A >,e 
'Z i 11. 

goo-wnc . * -  8 j .  

Type 900-W N Precision Short-Circuit Termination t *- 4 

l 'hc 0110-IT?; is n ail~r~r-p1:ltrll 111-n.;s 

s l ~ l g  with the nrt.ew:iry C+12!400 rstcr11:al 
hnrd~vnrr .  Thc  inrirr ~ - o n n ' ~ ~ l  or  shorting 
c n t : I r t  is nc=l~icl,rtl I>p t hc fl:lt s ~ ~ r f : ~ r c  o f  
thc d i ~ g  prcssf~ig ngninst t hc  TYPI,; 
9OO-13T ruor~t:krt. pl.ot.ftlir~g :I shr)rt cir- 
c = t ~ i t  at  t l~r milt ing pI:1111! of tllc IlOo-nT. 
T11e lrflcrtion carllic~ient, i s  O.'j!l?l rrr 
bet ter  from drh to 8.5 G H a .  TIic !3@0-\YS 
docs ]not cnntain :L st:~~~cI:ird CiR9OO 
crntpr conttlrt. 

- 
TIIP 1100-\V.IS Prccisiun Short -Cirrui t 900- WNE 

Trrminntinn is u.;ctl to t ~ s t ~ l ~ l i ~ h  refrlr- 
POS~TION OF worn CIRCUIT---I 

cnre ~ I : L I I P S  for impcclnn re me:lsurr- 
rncrlts m:~de I hrough ? ' ~ r v l r  IIUn-BT 
r.onnrr.tors. It is nlstr r~sed :is n IOIY-loss 
Aort-circuit terminnt ion jn trlcnsurr- 
n w n  Is ,  i r i ~ l u d f n ~  lo-s n~cnsuremen tx ,  of 
ncf works wit 11 Inore th:m nnr? port. The 
!loll-Mr?: trrrni11:i tlon r:1n be I I R P ~  with 
thc T~rlrs !)00-1, Prcrision Air J,ir~ta t o  

Crorr ,,( a 900-W1J Short*tireul, 
provicle cn:isinl-linercn1'1,11 nre st:118da rds. Termfnation mated wjfh a Type 900-BT Cwnnectar. 

Type 900-WNC Reference-Line Short-Circuit Termination 
REFERENCE PLANE 

T11c 900-TVKC Rcfcrc~~cr-Tint Short - rrfrrr~~~c~r p l : l n ~ q  f o ~  impt:il,znrr nlefiq- 

Cirruit T r r n ~ i t ~ f l t i o i ~  is simj1:ir to the  urrsment> mntlc t h r n ~ ~ g h  !lOO-LZ Rcfcs- 
9on-lT7X exc~pt ,  f Ii:~t it inr.Iudes n ct:ind- p ~ \ c c  .Zis I,inrr. 'Tllis r omf~ in :~ t ion  :IFSO 
:lrd GR000 a l n t ~ ~  contnrt to  slipporf g r c ~ ~ i t I c s  :i ~clrics of nt>clir;~tr coaxial 
the inner cnnd l~r tn r  of :L I I P , z ~ ~ c -  000-L% rcb:lcat:~l\c.rx ht,~nd:lrrl+ when ~ l h c r l  with t,hc 
Refcr~ncc Air Linc. The s l l ~ r t  circuit $100-I,%. Tl~c !)00-I\'KC c:ln also hc rlsrd 
ocrurs esartly at t he  refern~r l :  plurw o l  Tar :\ny a thrr  :~pplicbntion requiring :III 

thc  GRDUO conr~rbctm.. The reflect ion :~r!.?rr:~te short vircuit a t  the rrfcrenre 
co~fficietit is 0.9'3'3 or grr?at~r to [dnlic of the cannevtnr, a~ltl  with the cross restion of a Type 900-WNC S h o r * - C ~ r ~ u ~ t  

8.5 GI-Ie. '100-L% Rcfrwncc Air 1,)nrs to prol~idr. Tsrrnlnatian. 

T h e  C)OI1-UrSC' is rircd to tsI:ihlish 311 nrruratc open rirvuit. 

Type 900-WNE Precision Short- Circuit Termination 

TIIP 900-II'Sl;: Sl~ort-Cirrnit  Trrmi- itinrr ronductor of n 000-I,Z Rt~f ' r rer ic~ 
t1:ttiurl i s  n l o w - l n . ~  .stlorf, vircnil offsct Air L i n ~ .  
~:lr>ct ripally 0.X rm I~rqontl  t t ~ e  r.j:frr- Thr: !KM-I\'SIS i s  IISC(I r\'i t,?l thr! 
rnw pl:~n,c .of t hc C;RIIIIR carlr~cc-tnr to !)110-\i'(_) Clpcn-C'irrait, Termin:~tion to  
m n t r l ~  t h r  olll'~~! I11 t he  900-lJTO Prcci- ~s t :~h l i sh  ~ - n i ~ i v i t l ~ ~ l i t ,  oprrl- unil short- 
sioti ()pcm-Cir.ruit 'I'crmili:ltio~~ rnuscri c,ircrlit r r f r ~ r r r l ~ e  p1:tncs for impc?dnnr:n 
irq' irir~girlg. Thr sllort cbil-cuit thprt .11~ ~ ~ l e n s u r c l ~ ~ c n t s  mntle t h r n ~ g l l  GROOO 
fncilit:~tes r\-:lcat ~.efrrrikc.c~-pl:it~~ r l l l p l i -  cotlncirtrrrs. This uon~l~innt ion i s  :dso 
t o  i i c ~  I I I -  U F C ~ I I ~  for loss ~ t l r : i s l ~ r ~ n ~ r i t t s  hnard on 
Icngt,h mmsurcrnr~l ts .  'Fhr rcllcctiol~ rcflrrhtiort mr:luun1rnents, :~rrtl  to c:~li- 
cnoef5licicnt. is grK!trbt. thurl O.U!)8 tn 8..-i hrntc~rcilclc~t io~l-tbnt~fficicnf m e i l s ~ ~ r i n ~  in- 
C: JIz. This tcrrniuntion c-n~ai nil].; :i .qtrun~cnts. The  t.opInnnr terrninnt,inns 
stnriclnrd irlnrbr rw11t:fc~t to  sr~ppnrt. thr :nr grrlor:~lly rr+efril in t he  nlcnsl~rcmen t 

41 R.5 (.ikI? 
rester than 
,: At t l l t ~  

Type 5 
Frequency Range: I )(:: t 
Reflection Caeffcisnt: G 0.89B. 
Location or Shod Cirtuil ~ ~ 1 ~ ~ 1 0 1 1  <'on - 

ncclor  unction. 
Leakage: Better than 130 dB below s i ~ n a l .  
Dimenqionr: Length, 1-1/16 inch (37  rnmF ; max- 

imum diirneter, I-1/16 inch ( 2 7  mm) , 
Met Weight: 2-1:: ounces ( 7 5   rams). 

S P E C I F I C A T I O N S  
Type 900-WNC 

Frequency Range: I)C tn X.6 G H a .  
Reficclion CoefRricnt. brc -~ t t - r  tlr,rn O OBV 
Location of Short Circuit: At  ~ h r  Cr1t91311 C'onnv'r-- 

Z r b r .  jr~nvt~ron. 
Leakage Ht !tcr tl1.1n 1311 L ~ R  ! ~ r l v r %  \ I  cnnl  
D~menrions: Lcnsth. b - I  1h rnch ( 17 I r T n l  I : r n s x -  

rnlum t l i~nic ter .  1-1 l i l  lnrh ( 2 -  rntlt) 
Net Wenght. 2 1 : ouncrs ( 7 5  cmlns). 

ACTUAL POSITION OF SHCIRf ClRCUlT - ,  TYPE 900-WNE 

Crmss sectf8n of  a Type 900-WNE Short-Clrtvit 
Terminalion rnayed with a Type 900-BT Cnnnector. 

Type 900-WNE 

Frequency Range: 1 PC* to P.5 I ;TIE. 
Actleclion Coefficient: Creafrr than ')98. 
Lorallon of Short Circuit: ( I .?b r o . 0 0 5  cm beyonrl 

i t i p  ! ;li4 14 I I E  C'bjnnrctnr ~ n n f t i o n .  
Leakage: k+cttrr t11.n 1111 dl< bc[cw srsnal 
Dimensiens: I.mcth, 1 - 1  I ( ,  rnrh (3  rinm); may-  

[ r n t r ~ ~  ~ l ~ a m e t c r .  1-1/16 inch ( 2 7  mm) 
Nef Weight: - 1  2 ounces ( 7 5  crnmcl. 



PRECISION OPEN-CIRCUIT TERMlNATlONS 

Tllc C:b!Q00 family rnrltnirls t ivo oprrl- C'iwlrit T(brn1irt:ltion nnd  ol h r ~  trhrrnina- 
c.irrnit t crminnt inns : !IOIS-lT-0 nr~cl !)no- i ion? 111.rsrtlt iibg n rcfrrrnvc-! ]>l:ulr! 4.00 
IJ-0 1. Tlw !+410-1\'0 is the s t : l~~r l :~rd  opm rbnl l,cyoniI l h r  C; liOOd) v r~nnr r tn r  m:lt - 
c.irc.~lit fin(] I hr !1IIFE-U-0 t is rlrhi~rlcd For ilia st~rl'nre. Thr: IIflO-iYU I is clisr11.hcc~tl 
llsc with t lie II(K)-\I'S4 1'1.cr~ision Short - 1111 l ~ t ~ c  10. 

Type 900-WO Precision Open- Circuit Termination 

T h p  !100-\Vl'n [ ~ r c i ~ i o n  ~3prn-C'irt!uit orbcalit.s ~v i th  ~111 il1rhrtx:lsc ill ir.rrlucnry. 
T t % r m i n n t i ~ n  is :I ] O M ~ - I I I ~ S  OJIPII virrrlit The low fsfclt~enfy fringing r:zpncit:tnce 
c~onsistirig of n calo<nd wrt ion of ou trr is 0.172 p14'. 
v011(1,1vt or tqttipPpd 11-it 11 t IIP GI1 000 ' ~ I I c  !)OO-\\'O 1'r~(:i*ir111 (~pr*ik-Virrt~i t 
{ .onp l i~g  mcrhnr~iam. T h i s  t r.rrnin:tt ic~n Tcrnrin:~t io11 P ~ I I  I ) ( :  used I n  cst:1l~lish :I 
prrslr~ts n \\-c~lI-..;Iiirltlcr1 opc11 cirruit r r + f ~ r ~ ~ ~ r . ~  ~ I ~ L L I I P  for i ~ n p ~ d : i ~ i r t >  I I I ~ : I S ~ I ~ P -  

0.2ti r1-H f rorn t l ~ t  pI:~nc uf t hr: t l ~ : i t i l ~ ~  I I I ~ ~ I I ~ ~  111ii(Ifi i 111~11gli !)(M-I3'r tVrm 1 1 ~ r -  
!,On-ET r.onnrctul.. I t  Ilas :I rrfleftinli f (w. Ti V ; ~ I I  :~l.;o I ) ( &  ~l.~r,tl ;is 3 l{~l~*-loa.: 
r.o&irhirnl r r f  0.491) or ~ r c n t c l .  l o npr-~r-rai~~r.~iit t cl.rnin:if it111 i l l  t hc nrr:ls- 
P.,; C;Flz. urcbnlr~~ t s nf t l c a t  ~vork:: \vi t h 1nor.r t h:ln 

I 7  1 lie nprn r.ircuit: c : u ~ n { ~ t  Ilr rhf:ll?- ( ) T I P  pori. IYII(~II I I M T ~  wit 11 I h r  !IOO-!- 
lirherl r%s:lr.tly : ~ t  the* 111:~tiilg p l : ~ r ~ e  of l'r(vbisii)~~ Llir 1 , i ~ i w ~  !W)O-lTO O ~ P I I -  
t he  rnnnrar'trlr F~cc:~tisr* of i hc cncl cffrct C'irvnit 'I'arrnit~ntion.: pra\-i{lc r.o:~?ri:~l- 
i t t ~ o l  \,tlrl. This rlrtl efl'rrt r*:111 I W  r.c!prc+ linr rr:lcht:lurbe stnntl:~rrls. The cotn- 
P C ' ~ I ~ C ' ~  cltn-riy 1,)- an nrlrlit in~~:il Ier~y~t h p:inion .qhnrt-c.i~~t~it,  trrrnir~:~t inn, the 
of litlc or Iiy :i r:tpncait:~nr.c sllttntilrg t h n  9OO-\\'1\'1<, pru~.idr:: :I ~ h o r t  c-iarq~it, O.il(i 
o ~ r l  ot' t111- lir~r, Tht~ t rprr*>~~nlnlinn is rnl Ilcyo~lrl ~ I I P  rcferrrice p l : ~ n r  of  t he  
11ot vsnc+l , hn~rrr<:r, nl~cl :L sm:ill in- GR9OU Cr~nncr-tor for twu ~ v i t h  the  
P :  i p i  1 i ; l  I 9Od)-I\'O. 

Crosc section of u Type 900-WO Open-Circuit 
Terminailan maled with a Type 900-BT Cunnecler. 

Frequenry Range: I tit h.5 r ;HZ. 
Retleclion Coefficient: Gre.ltPr tE1.m 1) 99q. 
Location af Open Circuit: o ' ( 7  ( 1 . ~ 2  ;n~ hevond 

IIII, 4 ;ll!llll) ( ' r rnt lvr  tcu lunrtbon 
Leokoge: Dcttcr tfi.tn 170 dR hrlaw sr,cnnl 
Dirncnrionr: l.cnKth 1.1, 16 ~ n c h  (27 m ~ n )  ; 11111~- 

j1n~if31 tlt.t~iit,wr~ I- I /  I 6 1n~1, ( 2 7  nwi?) . 
Net  Weigh): I o u n ~ r ?  ( 6 0  <~rar l l r )  

FREOUENCY- GhrZ ra.1,,0 

Typicof efFeriive open-circuit posilion for Ihe 
Type 900-WQ. 

c 
/ 

/r Calibration / 
Standards for ," \+, fit f 

' )  ? 

Precision Coaxial Lines . +  

I t5 

TYPE 900-W50 PRECISION 1W 

T I 0 3  

50-OHM TERMINATIONS : la2 
I Dl 

Thr Trr.t< 9on-\l-.iO Trnn in :~ t io~ l  is :I f r c ~  lur.nc.y ryf1rv.t trnlrt c.1.5. : 1 1 i ( l  t i  mr-tlo- Im 

f .  hr.o:krlhfilttl tlt7yir.c~ v.it1, r y t  l-tmmrly low r11:l i 11 ~ ' c ~ l l t ~ r ~ t  ulnrt t w .  T t  is 11sr.tl ns n 
Flgure 1. VSWR Choroeteriaties. 

y y n . ~ ,  ~~,q-fl l]  fronl cl{s 10 (1 ( ;TIz. It rt,m- f~bl-~tliti:~! iodl i l l  l l l t l  l~l1':l-lll'~l114'~ of l l l b t -  

Ill.isrs :kt1 :lr.r-ur:tttaly dpriyprl, p ~ ~ l t  ~ I I ~ I O F ~ S  tvurkh wit 11 III.OY(~ 1 !i:1 11 0111' [ ) ~ r t  : I I I I I  i l l  

tr:unsitinn nllrl :I pycq-ision c.yliil(lrjv:~l s ,~ l> . : j i t (~ t i ( i~~  I~ IP :W~IL 'PI I IP~I~S~  :klid f i ~  :t S P E C I F I C A T I O N S  
rranist or.. Thr r .o~l~<*(af  01' is :I TI-1' I': {)OI)-[37'. p r ~ * ( ~ i . q i ~ ) ~ ~  {~!I ! I I IT~Y ~0;ld.  \~-II[\II I I S ~  l ~ i j  11 

Frequency Range: I ) ( '  tul X..i (;1[z. 
Tmir: J \-xn-n I .hn~nrtc~z' is{ ic.5 firr givrl I t hcl sr*r.ic~~ I rf ~I>\V-\ 'S\I It :ld:ll>t r t rh  (I('- Lcokoge: I F c t t c r  t h , m  I 30 LIE below s l ~ n a l .  

in F ~ ~ I T P  1 . , , , ] ( )  VSWR: 1 (1115 -- (1 (105 tor~r .  to X.L ( ; I I K .  
DC Resistance: 5 0  alums - L t j  3';- 

Applications \)crno111c,5:1 IO\V-VS!!'~~ (P~.l!lill:l t iOll  for tyllt' Maximum Power: I 13-.1tt w r l t t ~  n~~li~ihle rl?,~n,rt-: 
5 \ \ . l t tS  \ r i thal~rt  rl.~ln.~<c 

'1'11~ I)OO-\\-.X! i.: n n  :~cc.ur:~ t c 50-uhm s I ,  ' 1 ' .  > 3 ,  I I ,  
Tempcror"re CaaRrci*nt: ttlLtn (-, 

liw: 5 i ~ t ' h .  Dimensions: t.r.n!:tli, .? tnrlle\ ( 5 1  111111); nrlu- st : I I I ( ~ : I ~ I ~  Stlr t 1111 (-:~lil>r:lt ion of l~ l ' i t l~ , '~ '$ ,  ijz,~nict~-r. I .  h ,  i6 I ~ C I I  ( 2 7  [~III) 
1 I ( 1  1 I I 0 t I - ' Ii,>ri~tr.r,m.l 11:~~lrvrt:irb a k l  Olntb~ Sp ' r t r  1. I ~ P .  Net Weight: - I ,  2 qlunccs ( I 0 1 1  gr.1rn5). 



TYPE 900-W 

STANDARD TERMINATIONS 

-l'hvst, 1)1+n:ld l~nllrl rr4.t i\-r trrrni~in- 
ti0115 :trv ~ t : i ~ i t l ; ~ r d ~  {)I' i n ~ p ~ v l : i ~ ~ r r ~  \vl~irh 
(-an I ~ i~ r l l  t t r  r :~ \ i l ~~* : \ i t *  s \ r ~ \ p t -  

fr t .cl~~r~ir .?+ im~)rrl:il~rr*-rntmas~tring syr- 

trnlx, imy)rvla t ~ c ~ t ~  pIot tc'r.;. sFot trrl-lirzr 
syst~nlr, Iwidgt*s :~nr I  t i r n t l - t l t ~ r n : ~ i ~ ~  rr- 
Hcr-tc~rntbtrrs. 

1 tl vot1tr:~5f t o  t1iP r l ' ~ l ~ l , :  ! ~ o ~ l - ~ \ - l ~  
5t:~nrl:ir(l 1 lism:~ tt-htl+. thr  St:~ikrl:irrl 
-1'rlrrnill:l tion* :irrl c.slilrr:~trrl ill phnscl 
:IS ncbll :IS rnirgr~itliid~; that  i,, ttlrl posi- 
tirlu o f  thr s t :~nd;~r t l  r~+is lur~r~c~ with 
rcxpr*r.t t r ~  :I rc~frrc~nir~r pr~int  in thr con- 
~ ~ r c - t o r  i:: : ~ t . i . ~ ~ r : ~ t t ~ l ? ~  knnwrl 'I'hrrc. 
tcrmiu:ttinns, t h~rr fn l -c .  t i  n r l  ththir grrnt- 
(*st uxr it1 thr r~:ilil)mtior~ t ~ f  irnprtln11r.c~- 
m t r ~ ~ n r i n g  systrms, n l thot~gh tlicl!- :tt'tn 

:~ lm st:in(l:~rcl> ot' V-I\ I?. 
rl-ll,- 'r~lnl.:5 !lor)- \I. 100 : ~ t l ( l  -\\.?OO 

Statlrlnrrl 'I'rbrmitlntion.: nrr. 100- nut1 
200-ohm trrminnting rcsisti~nc~r.: fijr 
:L .iO.O-olim s~*stern. ' rhr rrqist:~nr.r:: 
i l ~ t r o r l r ~ r ~ d  rrrnuit~ ~t~1.y 11rnrly rrlrl:~l 
t o  thc~ i r  tlra t.cbaist:~r~c.c.: oircl- tlzr t'rr- 
cllirurly I):intl from t I r b  to R..i C;ITz, nq 
illrwtt.:~tpd I'igrln~ 2 .  'I'hc~rr~ units :il.rb 

sinlilnr in rtrnstnlvtinn to t hr' '['\.PI: 

IWJO-!!'Il St:~nrlart! Xlism:~trhc*n. 
TIIP ~ ~ ~ ' P ~ P I I I - V  p1ali~ : ~ t  \ v l ~ i r l ~  t htl 

t f>t.rnitl:~ticln i:: itltmrlac-rd illto tl~rh .?I).O- 
ohm nysttarn ia -1 rhm I~rliiriri the I ' c ~ P ~ c ~ ~ [ ' P  

pl:lnr of t h ~  I; I!l)On C'on~iertnl*, 3.: 

s h o ~ v r ~  i r r  Figur.~ 3. C'alihrntior~ vh:~rI.: 
~upp l i r t l  ivith nivli 1111it i1ir111~lr ~ 1 ~ : i " -  

.~\rlbrI .tlut:~ o n  thr ~ s t l a i t i o ~ l  :it n-hivh t hr> 
I . I O < ~ S ~ : ~ I I ~ P  ~ t ~ r c a t i ~ r \ l y  :LI)I)(~:IYS i l l  : i i lri i-  
l irm to tlir, r n i ~ : ~ s ~ r r r t l  ~*c>sis~:~t~r.r  fit ~ l r '  
:LII(I 5 l ~ i ~ i ~ i i s  i ~ i  thv f r ~ ~ u ~ ~ ~ c ~ y  I I ~ I [ I ( I ~  

APPLICATIONS 

Calibration of Slotted-Line and Reflec- 
tometer Systems 

1'Ilc.  'I'YIIP: !)OO-I\' St:l t~durrl  'Tcrmit~a- 
t k ~ r ~ s ,  Iikr thr. '!'Y~'I: 000-\TI! St :~ t~( l r~rd  
IIirm:ltr.hrs, :irr uqrrl to prsform rlircvat 
rf {~~libr:itirrn {rf slot t ~ ~ l - l i n ~  ~ y s t  P R I ~ .  

. i t  t h r  100-nhm :tllrl 'I[)()-ohm IprpE!: 

(mi.m:~trt~rs of 5 : ~ t ~ r l  i, rrspcrtivrlyl. 
t,hr rrrors iut~.orIr~rcvl I)!. v: trinti t ,r~+ i r ~  
t h r  tlrti,rtnr-rc~~13onc:+~ I;I\\., r~r~r-tbr.t:~i titizbs 
in t h ~  indir3trrr ~bnlihrntinu, ;inrl, most 
important,  prnhc rrllccatio~lx in thr  

4-b 9Pa.waoo tvhr'rr 11 1s wrn nr n pnsitivr i l l t pp~r .  
,% ,+k ? 

' , 'rhr 'T1-IT !Kin- 1, I'r~cision Air I,inr$ 

I 
, : I I I I I  l l ~ r  TYPE !00-1.2 Hrbnbsrr  \ i r  

900-WIOO l,inrbsl :lna ~-r~commtwtlrvf fnr stivh lip- 

pliratitrns. 
slottrd linc c:m t w n  :ippriari:ll~lr. 'Tho 
TI-11r.; !100-11' 'I'rrminntions prrrnit, :I Calibration of Bridges 
~+:lpitl, y r t  ,u*ca\lmtr, t , ~ s t  nf :I sly'strm'~ 'Thc 'rr-rar.: gOfl-\t' Stnnd:~rrl Trrrninn- 
pvrformnnr~, ~rithr111t t h r  I I I , { ' P P S ~ ~ ~  nf inns rp ,lPrrl r n l i j l r c l t c  t,l.idgps i l l  
tirnr-cwrl31zrning vh~vk-o~ l t  pl.c)tbrdll~c~s. mllrh  t.hc snmr mflnncr c~csc.ri~,rcl for 

Similarly, wit11 r r t l r r t o m ~ t ~ r  s v ~ t r m s .  slnttrtl linrs Ir,lf,c.tclmq,t,.m, l,%nr 
~ I I P F I P  ~illlld:lrcl t r rminf i t ion~ pr()\iJp ilridgc,s, trrmill:l+irlll rrfrlrcnrc 
importnn t rolibrst io~i points. S i n r ~  t htj plallr -I ,,m .l,vny from c;K!)OO 
trrrninntio~is are r:lliI~rntrrl in hoth c nnnector rnat,ing plarle may not be 
rnngnitziclr :ulrl p l ~ a s ~ .  thry nrr nlnst the most ronr,rnicnt, rcfcrcncc plane to 
II~;~LII in t t ~ t a  ~ n l i h m ~ i o n  of romplrs use. Rrloa ahorlt 200 11 I+,, holVever, 
rrRc.ct ion-c~n~ffirirnt rnmsuring ir:str.u- the rcsislivo r:omponmt, of thc im- 
mrants sr~cah :is :iutomntic. imp~rI :~t icr  prdanr:~ prrs~ntcd st thr! ronnector 
plot trr.9. J~PV:ILISP of thv ph :~r .  ~a l ih ra -  rcfrrcnrp rleIlnrts slightly 
ti or^ n l  t hc termillat ~ { I I ~ S ,  t hry r:;rl hqb from that presented +cm refer- 
cornl,inc~rl wit11 srvtions nf prrr-isin11 rnce position. This resistance (st the 
:lit. l i n ~  tcl prncluc'e mar[$ knowrl cnm- ~ n ~ ) ~ ~  c ~ ~ ~ ~ ~ ~ : ~ ~ ~  rrfcrrncr: is 
plrs irnprr1nnc.c~. Fur  rsrhmplr, :L ?'1-r1<: given ns function n~ frrqurncy, ap 
!)I)[)-I\' 100 Tcrminfitic~~l i n  thornt)it~:ltior~ Froximatc~y, hy: 
with a ti-r.m :tir l i r~r  prodlicr's (:it t htb 
air-linr iuprlt c.onn~rto1- mating plnnr 1 R' = R 
:in irnpcdnnrrt c)f -111.0 - j:W.1) ohms :it 
f r ~ t ~ ~ ~ f n r i ~ s  givcrl I j y  = R{l  - Ti) 

xvhrrr R is thr c:nlihmtcd dr rrsist,nncc: 
:I (<*) (iA~ii,lri 40.0 + i3O.nnhmr of t h P  termination in qllrstion / 

:3 3. 1.11 is the Frequcucy in Glle .  
:ti frw1 u~i~e- ips  ~ ~ T P T I  ijy :< ( 3- )(: ~ z +  

' .%r pug". !1 anrl 10. 

Figure 2. Averoge re-  
sislanre of 25 units 
each of Type 900- 
WlOO dnd Type 900-  
W200. Spreads i n  the 
meosured da le  are  
shown at 1,3,  5 ,  a n d  8 
GHr. Meeruremenl ac- 
rney Fs beller Than 1 ?&. 

G R 9 0 0  REFERENCE PLANE Figure 3a. Averoge posibian behind GAP00 
Connector teference plane at which r c ~ l s t o n c e  OF TERMlNdTlOH 

Is applied for the unit5 of  Figure 2. 

Figure 3b. Sketch showing relalion of lerminu- 
tion position and referenre plane. 
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Figure 4. Correction term, K, for the 4-cm 
difference betwcen the GR900 Connecnor refer- 
ence plane nnd I h e  erfcct ive position of  the 

reristonre. 

TYPE 900-WR 

STANDARD MISMATCHES 

' l ' l i ( ~ s ( y  t)rn:ull~:i~~tl rnisrix~t(*Ilr~~ :irv 
st:trlr!:irtlu of  vsu I{ ,  for I I W  in t h ~  
rb:~lihrntir~u r r f  slottrrl-lilw sy.;tcbms. VP- 

Il(,c.tornr~t~~r.s. :111(1 othrr \ + \ \ i t  : ~ t 1 i 1  

rr t 1cc.t ion-rw~flir-ir~lt mr*;zsr~riiig ~ l ( ~ \ . i c . r ~  ,. I lip T\-IJF;> ! l O ~ ~ - \ ~ ~ I t l  10- -\\.It120 :l~i(l 
-I\-]? l.-10 St:11ii!:i1-11 S l i + r n : ~ i ( * l ~ ~ ~ s  inf ro- 
tlur-c \,+a IL'. nT 1 .  I ,  1.2, : ~ n t l  I ..i, rc3pr.v- 
ti~tbly. :lntl rach of thcxo 11rlit.: c3uhitjit.: 
~~rq:ci.ly ~ ~ i l i f ( ~ r . m  \.-\\ t.h:i~.:ir-t rri.1 ic.+ 
from ( l e a  t t )  3.5 (: IFz. (SFP I.*ig~it.v .i. ) 

I<;lr,ll 1111it c~ornl)ris~~s :i 50.0-ol-1n1 I b I i O O ~ )  
I'rrbc-isinn ('n:l.;i;ll C'nllt~cv~tnr. :I lo\\'- 
r t ~ i j ~ c - t i o ~ ~  V ~ I I I ~ ~ I ~ I I O I I <  t r:li~<itinn, xiit 1 
:) pre (* i s io~~  c-y!i~>lirith:~l rv+istor. 'l'!i(\ 
11o4titru :1i \zIlich E!IP mism;~tr.h is 
i~~tsot l~i i~c~rf  i n t r ~  t l~rl  ;lO.~kohrn system i-: 
: ~ p p ~ r  rsim:~tt~ly 4 t b r n  hcbhi~itl t hcb I.(.I'I,I-- 
ctllr.r 1)1:111i* ~i t h r  (; IE!)no C'r~nnrvtrw. 

'I'htb t (wn i~ l :~ t , i l~g  r%l(arn(.~it+ : z r~  higljlj. 
 st:^ I ) I (**  ~lryxj-it 111 I-~~wt:~!-iil m rwistors 
\YI?!I r~bsist;~i~tbr+ 4.7.4.?. 4 I .ti7 
: I I I ~ I  :i:j.:i:i o l ~ n ~ + ,  ~-~vpfyt~tivt>!y~ ~ 0 . : ; ~  . 
( ':~lit\r:ttior) <,hart - <l~pplic.(l with rnvh 
1111it givv tlw n ~ ~ : ~ s t i r ~ ( l  i w i ~ ~ : i i ~ ~ , i -  :it 

d r *  :~r\cl  :kt fir(> pnints in thil frr- 
cl1lcnc.y 1,;inri. 513s vali l)r :~tio~~ s r r ~ i c r s  
i l r ~  :tlw i~v;~i l : t l~!( \  to 4 C I I z  with ~ i l \ w r -  
tnint ir,.: of  t'\\\.it r n r : i ~ ~ ~ ~ r ~ n v i l t  frnrn 
+O.OO.-, I G H X  to *O.OIIO : ~ t  4 m r ~ .  

Thr r:orrcr.bion term 

I< = (tan. z) ([:I? i tnnrp  of tjhe 4-cm length of linr 
I)ctw~crl tllr two rclercrlcc plnnrs and 

- l) is plotlrd in i'igure Enr r~rist;lnrpe nf 
is n rrsnlt of the distributed cnpnr- 100 nrld 300 ohms. 

TYPE 900-W100 100-OHM STANDARD TYPE 900-W200 200-OHM STANDARD 
TERMINATION TERMINATION 

Frequency Range: I I!' t l r  X..i I ;TIz. S:mr ns Tylrt! !)On-\V 100, rxrqtbpt,: 
DC Resistonce: 100 ! I  -f0.5%. 
RF Resis!once DC Reristanc*: 200 i l  f0.570. 
/ 1) 1,) 2 f;/!z: 100 110 zk (o.G() + l . f l (hj( i~~) RF Reslstunce 
1 !I) N.:; ( ; I ! z :  l!Nl.lHj Zk (!.I>*? + 0.4-1 ./"<Tra) [ ,!/ ! I )  1 CITE: ?~Mj.ml * ( 1  .!!fj + 2.00 IGFra) 
Porilion at Which Resistanre SpecIflcation Applies 1 lo 7 c[ fz :  ~ ~ ~ , ( l l ,  + ~ 2 -  + f l , ! j ~ p  jcFrB) 
[ ' IY  il, '? { ; [ I : :  ( b O l h  + ll.ll: 1 (*TII 1)vvond 1i1v 

Leakage: 1Icattt.r t l i :~ r !  1:;1) rllC I)rh t \ r .  si~~i:ll.  
mF Which Specifjcalion Appries 

Maximum Power: I \I' ii i t11 rlr.~lig~hlr. i , l ~ : ~ r ~ ~ r ;  
5 \\ \!.it horlt rlntn:~gr. r . , ,  to ? G I f 2 :  (l.lbll * I ) .O>l  1411J ll~~ytr~lrl t l w  

Temueta?ure Coefficient: 1,r.w th:~i i  TT,n n1irrl 'C. ~ ~ I < t ~ [ ~ ~ ~  ' l h l l t l i * ~ t O ~  ~ 1 ' f ~ ' l a h i l ( ' l '  ])I:LII['. 

the n ~ : i g i ~ i t ~ ~ ~ l ( b  of 1 . h ~  it l \ ( ~ i i i ~  mi>;i~t111~1. 

/- . - t h t  f r4.r l~~cbt~c-y of opvr:~tirrn. ;111r l tllc, 
I 
c 

i~ :~t , i rv  ttw ins t r ,~n~fbi~t+,  ,r[~c> F r ~  I ~ I .  
2' !!00-1\'Ii St:111(1:~1'tl 1Iism;ltr.ht.s r~ffrlr 

) .  
?' I n sirnplv rnc1:ltl* of rstnl>liqhing tlirrrbtly, 

, I 

-.- ;it thr  m~nsurc~rn rn t  f rccl~~enry,  thr 
ofeer-nI1 system : I C ( ' ~ I ' ~ I ' ~ - .  

APPLICATFONS 

Direct RF Calibration of Slotted-Line Systems 

1I;iny far-tnri routri t~utr .  t o  ~ I I : I ~ - -  

c.1 ~rncy in t h r  rnp;l<1urmra~it nf \.- N ~i 

with :I slottcri-line. \y.;t~hm. I-ni.rlt.t:ririt!* 
in  thr ~ i ~ t w t o r  reqpoljsr I : I \ v ,  v:lli!)~dt ioit 
albcblIr:h(by o f  t IIP i l~(Ii(>i~ t i~ ig  ~ I I ~ ~ I I ~ ( I I I  t ,  
rr3id11ul \.-a I< ulltl plnlrr rrllcv~tic,~~., i l l  

t h r  r;lmttr*rl lilic' :ill of tllrw i1itimIr1c.r 
lrnr,ving rfYrt.1.q t h a t  :ith(, rirl~r,ntlrnt o i ~  

I"ig~ir't, 6 .;ho\\-s t l ~ r  ~ t a ~ t r j i i ~ g - \ \ - : ~ u ~  
pnttc~nl:: e>f d(>si=;ir-rrln trr misrnn tcahr% :it 
) -+it  13 ]PI-P1s of' I .  I a t ~ f l  1 ,2 .  mt~:~s~~r t=cl  
:it 7 i ; l l z  wit11 thc. TI-PI.: I(;-in-.\ Slnttrrl 
I , i~ l r  Iitamrcling S y ~ t c ~ r n ,  

CalihratEon of Frequency-Domain Reflec- 
tomcters 

rr l l~  ' I ' l - 1 ~ 1 :  !!oo-IYI: st:lll(l:lr{l Ilk- 
m:ltr.hr~~ nrr n-vII s l ~ i t r c i  1'01. thr \.-.\\.I< 

r-:ilihr:~tin~~ nf ?\t,cll~t-frrcl ~lrnr-,v r r a f l r b r -  

Figure 5. Average mismatch WSWR of sample lots. 5pretrdr in the measured data are shown a t  1,  3. 5, 
rrnd 8 GHz.  Mensutemenl accuracy I5 betber than 40.003 For the Type 900-WRllO, f0.005 for nha 

Type 900.W8 120, mnd i0.0 10 for the Type 900-WA 150. 



Figure 6. Slunding-wove patterns o l  Typer 
900-WRI 10 and -WR120 Stnndmrd Mismo~cher 
ms rnemsvred at 7GHz with m Type 1640-A 

Slolted Llns Recording System. 

tnrnptrtr:: :m(l i n p c d n n r ~  plotters bnscad 
r>l~clirr~tinnnl r n ~ l p l ~ r s ,  hylri11 jtlnt~tions, 
rnngir tws ,  or rf hritlgra. C::itiE)mt,ion 
thsoi~gh C;R!iOO Connrrtors trffers the 
EI-rntcst achrurary; hon*m.c%r, t,hp IISC nf 
t h r  'PI-111: !tnU-Q .2iliiptnrs makes i t  
p r ~ r s i h l ~  to rnlihmtr rn~nsur ing  d ~ v i r e s  
rcIuipprac1 ~ v i  t tl; rn:lIhy .rr t h ~ r  t vprs of 
~ ~ ~ ~ 1 l I l P ~ t o r ~ .  

' r h ~  TI-PI,: !~Ol~-\TI~ll4l Mkrnatr-h is 
i ) a r t i r ~ ~ l a r l p  r1n i4 r i l  f(r thtb {'nlil~rntior~ r r f  
l i s~d- f rc t ! i~~nc-y  rrllrr~fom~t~r:.:  ~rhrrtt 
t h r  rrsid~lal  rrHvvtinn vrlvr..; or thr 
rn~nsuring instrtin-lrnts :lrc t ~ i n ~ d  n i ~ t .  
.-is ntl r s :~mplr .  I ' i g ~ l r ~  7 i. t h r  !)lock 
(lingram of :I fixcrl-fretlurriry r . rHr~c~-  
t o r n t ~ t ~ r  sys t rm I ~ r ~ i l t  aro~intl a l~yl,ritl 
junrtion ill \rhirh thr r%rr.r)r sigi1:11 iq pro- 
pnr t io~~al  t o  t hr r t~f le~l t ic~i~ ('or Hivielit 
of t h p  11nklltrtvi1 t)~il lg ~ ( = : I s I ~ I ' P c ~ .  This  
< ,v< t~ rn  prc~~-icli>s f~~l l -s (* :~l r~  I SII-I{ inclirbn- 
tioris of 10' ;. 1 ' ; , :111tl rvcn 0. l r,.* 

l ' h r  c.alihriltinn pr.oc~rr1r~r.r for thi.: 
systrrn is an followc:: 

(a) .-1 ? ' ~ t . r . :  I)OI)-\Y>O StalltlnrrI Trr- 
mination i~ conne~ t r t l  to t h r  F ~ T I ~ I ~ O I I . P I  
port of t hr h~shr i t l  j ~rr~rbtirhi nntl thv 
irnpr~tE:~nrc.-rn:~ tvhing t L1nt.r (TI 1'1: !)no- 
rl'L'.l) i+ : ~ ( l j~ t s i~ t l  for :I n ~ i l l  i r ~  ~ I I P  
rlctrt-trd signal. 7'his m:~krs thc. inqtrrl- 
men? r ~ s i r l l ~ n l  rcfl~cation ctlunl in ~ : i gn i -  

' \SI,VR i n  prrrrnt is  ~ t r n  hy f V q I V R  - 1 )  X l f ln .  

turle to t h r  rr+irIl~al rciirc.riirr~ r h f  tllr 

tpr.rni~istinu. 'Tht~s, t h ~  : I ~ T \ I P ~ ~ ! ~  111 thr 
mrawrc~mrnt i.: ~Iircvtly clrpriirlrnt r j l i  

thtb :lc.cL1it.:Lry {lf t hc  trrmirintior~. ( t l i ~ h -  
I? ur.rrrrnte v:~lihrnticr~~ t ~ r h ~ ~ i t ~ q ~ t v  ( ~ 1 1 -  

~lrxtrr.mi!~ing t lit* tr~~rnirlstirrli avr t r  r:Lc4y 
arc> r l r ~ r s i ' t ~ r t ~  I,? Saltdtlrauu.') 

(111 Thr TYPE !~OO- \VR 1 10 St:i~~tI:irtl 
Mixrnai,rh ( r  SIVII = 10' ; 1 i h  ronncvht~~l 
iri pl :~rr  of thr mntvh~tl t~rmin:i t ion.  
:~ncl t h r  sigti:~l l ~ v e l  is :i(l.i r15twI f~nr f ~ i l l -  

*rbalr ir~rlirntior~ CHI thr' mrt r r  of t h17 
TYIJI.: l?l[i-.l L-tiit 1-1: -1rnpIiii~r i t 1  1 1 1 ~  

'I'I.PI.; IIST I>r~tc'r~tnl+. ,. I he lulknorrn to  IIP rnc:lsr~rr*tl is IM)\'I. 

c.o~~r~rv.tr.d in pl:~c+cl nf t h e  s t : ~ ~ ~ d ~ r r r l  mi.;- 

TYPE 900-O( ) ADAPTOR 
IF NECESS6RY 

TYPE 900 - WSO 
TERMINbTlCIN 

R F  SOURCE '7 

m:htrh, ulztl its ~ ' .s \~-i i  i.4 rr:~(l dil.e('tly 
Ft-nm thr. Ij~~t*:ir +clnlr. of thr~ i-f :~nll)liIi(~~. 
mc=trr. I f  thr .srtttirrg of  th r  :r~r~plilir.r 
: I ~ ~ P I ~ I I : I  tor  -~vitvh is ~ P ~ I I V P ( I  Ijy 211 ( 1  I < ,  
t t l ~  f111I-wai~ I - A \ ~ - I <  i ~ r ~ ~ ~ i n ~ e s  I is ~ l t c l ,  

fur 40-(I13 rwlrivtinn, t h r  f ~ ~ l l - ~ r - : ~ l t b  
y.rlvn I,c~r.nmc.s ( 1 . 1 '  ; . 'I'hcl :rx.k~mptic~t~ 
i l ~ t  tZir 1inr:ir .;r.:~lr.: :ipply i.: 11nl 

rigororisly truc., iinrbrb t h ~  ~+c~l;lticrnshil) 
I w t ~ v ~ r i ~  i -5  u-ts  : L ~ I J  r ~ ~ f l i v ~ t  i o ~ i  ( - I  wffi ( - i{~r i l ,  
i.: not n lirics:~r o w .  Irrln-rbt-rr. for  
v h ~ ~ t t ' h  1113 1 0  1 V j t l i i ~  tbrror i~ I(><* th:lt~ 
I /2OUlw ni' the. i ~ i ( l i ~ : ~ t ~ : l  V S \ Y I <  in pvr- 
vrnt .  

TEAMlNaTlON 

IF NECESSARY /' 

HYBRIO 
TYPE 900-WRIIO 

JUNCf lot4 STflNO&RII 

\ 

IMEOAHCE 
MATCHING 

HETEAOOYNE 
DETECTOR 

S P E C I F I C A T I O N S  

Figure 7. Fixed-Frequency 
reflectameter for measuring 

VSWR's below 1.1. 

TYPE P00 -WRIT0  STANDARD MISMATCH 
45.45!1 + O , : < c ~  

Frequency Range: 1 t i  I s.5 : 1 F n .  

Mlsmatch VSWR 

( * [ I  1 cffz: 1.lOl!lI + (~ l .Ol !~ .?  -k ll.i)l  ill)"^^^). 
I tt? $..7 <;HZ: 1.1tHI1l jz  (O.LII1: + I~.O~I.iO f c ; ~ ~ ~ ) .  

DC Resistance: 45.45 I! 34.5%. 

Lemkmsn: N ~ t t r r  t h : k r l  I:<() !l('lOn si~nnl .  

Maximum Power: 1 !! it11 r ~ p ~ l j ~ i l r l t *  I ' ~ : I T I K P .  

,i iV I\ i t l i c t ~ ~ t  tlnn~:ip;rh. 

Temperature Coefflcierit: l.c'_s tl1311 150 p p n ~  /'C'. 
Dlmenslons: I,(+t~gth, 2 i r ~  (,il n l ~ i l  i: I ~ : I Y ~ ~ I ~ I ! I I  
111:1n1~lt,vr, 1 9c6 in (27  IIIIII  1. 

N e l  Welght: ( i x  (100 gl. 

TYPE 900-WR120 STANDARD MISMATCH 
4I.ti72 + l).3rh 

s:lll~c. IkS ' r y p ~  OO~)-!f'I? 110 es('Ppt : 

Mlsmalck VSWR 

[ ' p i n  1 GH:: l.?flIlO & (L!.Ot)fiO + O.l~~?ilfGHC). 

1 i t9  H..; ~ H z :  1.2IIOl) & (t!.Ol?.j + lj.[![l.>> ~ G H , ] .  

DC Reslslsnee: 4 1 .li; !1 &[).5%. 

TYPE 900-WR 150 STANDARD MISMATCH 
38.33R i O . X r , .  

SLIIIIP :I* Type !NO-\VR 1 LO rutTrpt : 
Mlrrnalch VSWR 
[ ' p ! ~  I CH:: l . 3 1 t N )  5 t~l.{IlG> + I ~ . I I I ~ I I !GT~~ I+  

1 to 8.5 GH:: l . . i t i [ \ l l  & (iI.l)15> I- \ L t ~ [ l ? l J ~ n ~ ~ .  
DC ResisF.nce: :1:j.:rI ! I  f 0.5yo. 

TYPE 900-WN4 PRECISION 
APPLlCATlONS 

SHORT-CIRCUIT TE RMlNATlON . I . I I~S  kI1nr.t (-ir(.i~it i5 , I~(>( I  witti tJ1i1 
7 

' ,- ' l 'y~v: OOO-\Y( )-I l ' ~ ( ~ i s i o ~ i  ( )I)PII-( ' i rv t i i t  

'S"r\rmin:t t iorl (cIr~.;c.ril~c~ri I,rlnwi t o  rust : I~I -  

~ I ; L ~ I P .  7'11~ rpfl~v~tion r ~ i ~ ( ~ f i ~ - i ~ i \  t int rt I -  I iqh  s \ i{~rt-  ;iricl o p t ~ i ~ - i ~ i r < ~ ~ ~ i  I r ( * b ' [ ~ ~ ~ ~ i i ~ ~ ~ ~  
' 1 ' 1 ~  'T~r lr . :  !IOt)-\\'.S+ Short-C'Irrk~rit rlor.r~E a t  thr nr.t~i:ll *h,,rt-r.irr.~iit p 1 : ~ l l r  p1:~11rss r.r~ir~caitlr,r~t within 0.02 (.in o\-r6r 

'I'rvminnbinn prtksc%nts :I Ir,lr-Io<.: hhtrrt ih g r w t ~ r  tli:k~i O.Il!h!I. : L ~ I  th:it i11ir{1- ~ l i ~ ~ ~ r i ~ i ~ r ~ r ~ ~ ~ ~ ~ ~ ~ r : i ~ ~ ~ ~ ~ r ~ r m ~ ~ ~ ~ t o S . ~ ( ~ ~ ~ ~ .  
rbir{.l~it 4.4)O vtn t)oq.{~rid tlrr. ~.c,l'r,~.rrir.v c j ~ t r . ~ r i  : ~ t  t h r  t.ortl~rr.trIr r r f ( .~ .~n~br  pl:inr 'l'hr ~.c*frlrr~nc-o j,l:~lrr..: +n ~.+t:t lrlirh*btl :rrtb 
p1:inr nr' it.; I :R?NIO C'nr~nrvtnr rt~l'~~r~c~rrc.c~ is E ~ { , : I  tt,ih th:\11 O . ! ~ ! ~ ~ i .  I I S I \ ~ I I I  ~ F I  [lir{vt i m t ~ r v l : ~ ~ ~ v ~ >  mcn;~b~iv(x- 



Figure 8. Multiple exposure ar time-domain- 
refleclomelcr traces for I h e  various GRVOO 
lerminalions nt Ihe end of a length of 50-ohm 

nir line. 

~ P L  
&' 

TYPE 
? 

J 

Thr TYPE !Im-11'0 1. prrsrnts an oprn 
rniriauit. 4.0 rrn 1,r.yond tlic GR9nO Con- 
nrrbtar r~frrcrlrc planr rwrr t,hr fu l l  
clv-t o-8.5-GTIz frrq ttcncy mngc*, as i l l ~ i s -  

trnt,ctI in I:iar~rc 10. Corngrnsntion for 
the Irrqurncy-drprn~:1~nt fringing cnpnc- 
it,anfr of thc trpcn-rnded i n r i c r  ron- 
cluvtor is nr~romplishrcl l)y rncnns of n 
sm:ill diqk on the innrr  vonrlurtor tip. 

APPLICATIONS 

:is a vnpnri t>,znrr st,nnrIar(l, t+hc TY PI,; 

Ol)n-I'IrO-I prerrnts n capntaitnnc.r nt its 
ronnrrtor rercrcncr pl:~t~r tha t  iq  ~ i \ ; c n  
nppmsim~trlp t)y 

t i o ~ ~ s  for  t t i ~  v : ~ I i l > r : ~ t i o i i  of I ) r i ~ l g h .  

-lot t c a r l - l i ~ ~ r  syst r w q ,  r,t r n .  
I'iy~rr. X i l lus( l - : ~ f t b s  t hc* r . : ~ l i l , ~ . ; ~ t i o ~ ~  

!~lvr+ls  ~ > l ~ t : t i t ~ : ~ l ~ l r ~  w i t t i  1 h(1 ' I ' ) - I~I ;<  !JOO- 
\\'I{. !H)l)-\V, ?)lIO-\VS-I :tntI !)00-IVO-I 
Sc;l:1n{l:11.lls. . i l l  t hmc. ~ ~ i ~ i t , s  a1.r. rcbrwm- 
rnt~~~t l r l r l  for t h r  v : ~ l i \ ~ r . : ~ t i r r l ~  nt" timo- 
(Iorn:~ir~-rr~H(. i , to~~~ct  r.?+ svst rmr. 

Si,l,,O t ]I{> r l ' ~ l s l ,  ! ~ O ~ I - \ V S  I P,>rnpri .4Vh il 

h i ~ ~ g l ~ b  ~ ~ v ~ t i o i ~  of 111i i t ' t~rrn  I ~ ~ ~ ~ s n ~ i s q i n ~ ~  

l i ~ j c .  { r i t l i  1111 ( l i \ t ~ ~ r l ) : t i t v r *  or ~li(~l:rtri(* 
b ~ ~ l ) l ~ ( ~ ~ . t q  I W ~ ~ ~ W I I  tt111 ~ I I I Y ~  v i r r r~ i t  : I I I I !  

TG'COULYC*.  f iH1 
10 

r. .,. 
Figure 9.  Inductmnce presented a! the GROOP 
Connerfor reference plane of the Type POD-WN4 

Precision Short-circuit Terminofion. 

900-W04 PRECISION 

OPEN-CIRCUIT TERMINATION 

= r, ( I  + 10 

whwr ttrr rn:lp:lrit: lnrr ('" ,is a ~ ~ l l t  of 
t h r  4-r'm I r n g t l i  of linr hrtwrtlrl thr 
rff~rrrtivc opcn-circuit r r f r r t ~ r l r r .  p l : l ~ i r  

nr l t l  t 11c ronnrtbl or ~.c.fcrrnrc pl:~ nc n l ~ r l  

f ir t hca frrclr~r-nrv iri C; 11 z. T I i r  c.:lp:~c-i- 

l ' i g ~ ~ l - ~  !) is a plot of t h ~  c*alrulated 

Figure 10. Average p051- 

tiun b e h i d  GA900 Cen- SaD,  

iilrlt~c.t.anrr a t  thr r o n r i e r t o r  relrrence 
pl:znr for f r ~ ( ~ i ~ t n v i r s  ~ I ~ v P  i O  AIHz 

nectar reference plane ot 
which open circuit i s  ap- 
plied. Data =re bared on 25  k 

I):lsrrl on :I c.crnclucbtnr rrsistivity of 1.7 
mir 'mhm-corn ,  whirh is bypicha1 for t,hc 
c.on<iuc:tnr.r of t h ~  TYPE OOO-WS-4. 

t' - POSITION OF 
SHORT CRCUIT 

4 Oncm - 

units. Spremd~ are rhawn  at e3" 2 I 3 II  5 6 7 
fR:WENCY- GHr 

7 7 .  .-"? 
2.5, 5.3, an$ 8.5 GHz.  

Crors tection of  o Type 900-WH4. 

- 

r - 
1 I I 1 ,  

, I 

S P E C  1 F I C A  T I O M 5 
TYPE 900-WN4 PRECISIOH SHORT-CIRCUIT 

TE R MlN AT1 ON 

I 

Frequency Range: i)C trr 8.5 (;Hz. 
Ref leclion Coefficient: (Iseater thuri O.Ylli a t  
thr ( ; li!)nO C:rmrlt~r.tor rt>F~rrtirt: p1:ine. 
Location af Sherl Circuit: 4.Onf 0.01 vfrl Iwyrnal 
t hr ( ; R!)OO C'lmnrt.t,or r r f (* r r r lv~  pl:tnr. 
Ckamcrerlslie lrnpedonca of Internal Coawlaf 
Line: 50.0 I?& 0.OEj5(,6 t i t  frequencies where skin 
elTret is rleglifihls. 
L-rclge: Better than 131) dB below signal. 
Dlrnennions: Length, 2 in (51 mm); mavimum 
diameter, I'd6 in (27 mm). 
Net Weight: 4 0s (120 g). 

I 

- I 
I 

Figvrs 11. Carreefion term. K, for Type 900-W04 
Open-Circuit Termination. 

in 
1 

is :I rrsi~lt of ttrt: ~ l i s t r i h ~ ~ l r ~ l  nat l~rr  of 
Z ~ P  c~:~p:lrit:~r~rr, ~ v h i r h  h : ~  nt l  i1ppi-r- 
ri:ihlc rfr'cr.t :it, frrtlt~rt~r,iras :il~o\,(.  YO 
1131~. Thr r1r~rrrvtion tclrrn l i  is plnttrd 
i l i  Figure I . 

,-is nrl nprn-rircr~i t, trl-mitw t ion fnr 

the 'I'YIII? !)Ot)-L% Rrfrrrncc .2ir l,ir\rs, 
i h r  ' l ' ~ 1 ~ :  !)Of)-\YO t provid~:: suplsort Tor 

the irlrlcr r o i ~ d u r > t ( r r s  nS t l ~ c  air linre. 
Sincaca tllc rfTc!c'tivr rrt'(v-r~lctn plnrlr of 



the TYPE 1100-WO4 Opcn Circuit is 
coincident with that of thr  TYPE 
D00-'IVS,T1 Short Circt~i t, thew tzrro units, 
alorlc or in conjunrticln with the TYPE 
900-LZ R~frrcnce Air Lincs, iorm a 

series of noruratc ronj ugntc-rrnctancc 
standnrds, which car) ht- \wed in t h p  
cnlibratinn of impcdnncc-mcfisrrring dc- 
viccs. Fnrthrr, t,hr rcfcrrnr:~ planc of 
the TYFE 000-IVO4 is coinricl(*nt tvi t tl 

GR900 REFERENCE PLANE 
EFFECrlYr POglflDn ( I  .I rm) TYIJK !IOU-L% 1 5 1tc.frr.mcc Air 
OF OQEM CIRCUI'  Line is l l r t  trr  t ha11 0.OALj;l ,  'rllc C:1!!100 

Conri~c'tor rrprn t :~ljillt.v a t  1 kl-Iz is 
-- 

-- 
-A- -====r better t hnn 0.(30 I picof:lrad. 

TYPE 900- W 0 4  PRECISION OPEN-CIRCUIT 
TERMINATION 

Cross rectien of m Type 900-W04. Frequency Range: I)C I n  3.5 &TI#. . . 
Rrflrctian Cmeffirient: c;rr:~t(!r th:111 O.! j ! ) f i  nt  ..- .- - 
t h ~  ;It!lOO ~ ' t ~ r i ~ ~ t t ~  It ,=r~r~!r~w ! ' I : ~ I I P .  iacrcmrn ttll mpncit:uncc st:incltircls for 
Lvctitlon of Open Circuih: ~1.00f 0.01 en? \lfyontl 

rtsc n t  a~r(litr and : ~ t  tlir* lower radio th, ul t ! lbo cnOnnrctllr refcrcllru 
those of thp T . ~ ~ , ~ : ~  !)()0-\~, 00 fr~CpIenci~s. Friuging mp:iri tnnrt? a t  Cepaeilanre of GRVOb Connector Reference Plane: 

t,Ilc measurinK-instl+nmrnt tmmill:I]R is 2.4iT:I ~ ) B z ~ c  o.:<' 4~:  7 0  ll'tz. 
-N200 T~rrnirintior~s withiri O.Wi  r m  to 

climinntrd mhrn tilp rr,.rl.: c,()O-\y(14 Chomcte"s"c Impedmnm a' Internal Line: 30.0 11 5 0. I ' ,' : k t  Irequt.nci~s 1% llrrc skin 
GI1' lvithiu '+'' '* '..' G'''. is llgrCl t o  rsta),li511 tllc initi:tl rn:ltli- pficct i a  t ~ u ~ l i ~ i t , l , ~ .  
Comt)inatians of th? TSIJE !)nO-W@J tions. ~h~ ngrrcmrrlt t,rt,rc,(,,l ,.al(.ll- Lemkage: Rrttcr t.t~:tn 130 dl% bclnrv sign:rl. 

Open-(:ir(:~it anti the ' l ' k - ~ l :  gOO-TA% his lsrrJ r:lpncjtnnrr :inl-E mrrLalrrrd r:lpn- DimensFons: I,rngth, 2'h in (50 ~ n n l ) ;  rr~:l?tin!rlm 
r l ~ : i ~ ~ ~ c t ~ r ,  lN, it1  (27 111~11) 

T,in~s glso makr an r ~ c c ~ ~ m t e  scrips of cit:inrr :11, I k1Iz for :I 10-picnf:trnrl ~ , t  Weigh!: .I 07: (120 9). 

~ ~ 9 0 0 '  PRECISION ADAPTORS 

.- .' *: Figure 1. The Type 900-LB Preelslon Slofted l ine 

2- .'%$ with the camplernenl aF odaptoro shown I5 the  

<-- : equivalent of 16 slolfed-liner, each with a dif- 
ytL ferent type  of celrnector, 

,- r 

I I I I L/ 

I3p means of precision adaptors, . t h ~  
rxcellcnt performzlncr of C;R!)OO ronsial 
stanclarc!.; ilnd inst,r~irncnts can bc? cx- 
tendctl to  mcnsr~rcrncnts on dc\,irrs 
eryuippcd with other types of ccinnrctors. 

Each adaptor contains a GRDOO Prc-  
cision Conxinl Connertor. n eperisllg 
tlcrigned continuolr.: trnilsitia~l I~ctuvrtn 
line P ~ Z C S ,  nncl n I O W - I \ ~ V R  vcr~ion of 
thc npplirnhle (jnrk or plug) cnnnnrctor. 

In measurement and standards 
loborafories, many different types 
of coaxial connectors are encoun- 
tered. For rnoximum utility, a basic 
line of measuring equipment based 
on precision connectors must include 

Slotted-Line Measurements 

1 
\Vith a ~ e b  of GR!)OO 13rtlci%inn .ld,ip- 

tors in rornhinntion with :L TI-PK I100- 
LE L'rcr-isiarr Slntt.c*ri Lint: one r::ln 

adaptors to other commonly used 
types. Recognizing this, General 
Radio has provided several odop- 
tors from the GR900 Precision 
Cooxial Connector. This article dis- 
cusses the effect of mating dimen- 
sions and gaps and, we hope, will 
help to answer some of the ques- 
lions thot hove been asked about 
VSWR errors from these sources. 

makc avcumtr impctl:itlcr mrnqise- 
ment:: t hrc~lgii nl:lrly d i f f~r rn l  co:~si:~I 
cnlllwr#tors :IS ql~nivn ill Figurc 1 :  the 
rr1ilit:lry t y g r s  S, RTC, T S C ,  C, zinrESC 
j w k s  nlirl p l t l p ;  tJw ClS3r*'XIIlI typos 
or r ~ ~ ~ i i v ~ i l c ~ ~ i  ts, . i ;~pk : ~ i ~ r l  ~ ~ I I K ;  t h ~  ~ ( T J -  

r l - : ~ I - p ~ ~ r p n ~ r  I -1-mrn CiIIS74 ; the pr~ci-  
$ion I-!-n~n, G1?!100; the prcrision 7-mm 
.4mplirnol .\I'C'-7; :~rld thr! 7-mm Rollrle 
a ~hd Sr111v:lrz I 'YPC~ {is :mrl Dezifix -+I 
~~rrn~ir~c. tnrs.  Id'ig~~re ?(a) shotvs the speci- 
liol prrfot-ni:lnc,c of t h r  \.:trious ndxptor- 
slottctl-Jilw c*nml>iilntior~s: t,ypicnl v s w ~  
is : ~ l ) o ~ t t  hfilf t lint, spet:ified, as i l lustmt,~d 
in Figilre B(h) for n type S oornhir~:ition. 



Figure 2. (a) Specified reriduol 
VSWR eF R e  Type 900-LB Prrcl- 
sian Sloned Line In combinofion 
with various GU90O Precision 
Adaplors. (b) Typical dala on a 
sample lot of the  lotted line, 
Type-N-jack-adaptor tombinu- 
tion. Bars above curve et 1. 3, 
5 , 7  and B.5 GHx are msxirnum 
YSWR's; bars below curve are 

average$, 

t.10 

1,OS 

e 1.06 
3 
2 104 

I02  

I 00 
C : 3 4 5 C 7 8  

FREQUENCY GHz m q  

VSWR OF GR9OO DEVICES EQUlPPED FOR OTHER COAXIAL SERIES 

T ~ P  advantage nf economy- is ohvi- 
OUP: the cast, of onp slotted linc, one ter- 
mination and several adaptors is far 
less thnn the cost, of indi\.iclual slotted 
Zincs and terminations for each con- 
nector type. 

Types UNC 
TNC 

C 
5C 

Type H 

type GR874 

Type USM/BRM 

I - rnm 
(Amphenol end 
Rohde B, Schwarz) 

GAPS 

\{'hen two connectors are mated, it is 
nol possible to achieve a butt joint 
simultaneo~~nly at both the outer- and 
inner-conductor junctions. Recnuse of 
axial mechanical tolerances, a gap will 
exist a t  one of the junctions. Usually 
tAhe outcr ronduetors are allowed t o  S!ollrd Ltne 

( T v p t  9W-LR Plrtv GR,QOO .,lrlnpior) 

Figure 3. (a) Spetlfled VSWR 
of *he Type 900-WSO 50-ehm 
Slanderd Terminalion in combi- 
nation wiih verious GRPOO Preci- 
sion Adaptors. (The POD- WSO/ 
900-0874 combinatierr i s  no* 
shown since ere r ly  equivulenl 
performance can be obfained 
directly wi(h the Type 874- 
WSOBL Tarminmlion.) (b) Typical 
data on a somplo jot of  the termi- 
nolien, Type N plug adaptor 
combinafion. Ears above curve 
at I ,  3, 3, 7. rrnd 8.5 GHz ore 
mmximum VSWR's; bars below 

curve ore averages. 

.in-ohm Slundnrd Ttrmiriation 
3 ' ~ 1 1 ~ 9 ~ - ~ l ' $ 0  PII~~GRDOI) ;I tlopior) 

- - 1b1 NER CONDUCTOR GAP 

Figure 4. Cop in Type N connectar [unction. 

1.006 -F 0.016fcH: to 1 GHZ 
1.01 6 3 C 1 . 0 0 6 ~ ~ ~  from 1 to 8.5 GHz 

butt, and the gap is leit in the inner- 
condurtor junctions (as shown in Fig- 
ure 4 for the type S junction) sn that 

I.LS mechanical damage to the connectors 
a E,IO (or the components to which thcy are 
," 10s connecbrd) is avoided. This presence 

of the gap introduces s swics induct- 
a- FREUUENCI- Gnr - ance into the line. For the! corln~ctor 

typcs of interest, the vswn resulting 
I J I i  1. from this residual i n d ~ ~ t a n c c  is s I 1 ~ , ~ l c ~ . ~  1 i , 

0 1 2 ' U 5 ~ T B  
lincnr function of frrquency and of the 

b. FREOUEMCY - GH7 1 aria1 dimension of the gap. The con- 
stant of proportionaIitv is dependent 
on the radini dimension of the gap and 

1 .(El 0 + 0 . 0 2 0 h ~ z  to 1 GHt 
1.020 + 0 . 0 l Q f ~ ~ , ,  f mm 1 to 8.5 GHx 

Matched Terminations 

SimiIarly, the precision adaptors in 
combination with a TE-PE 900-W50 
50-ohm Standard Termination provide 
I O W - V S ~ ~ ~ R  terminations far the various 
connector types. Figure :', shows the 
specified performance . 

Advantoges 

There are two important advantages 
to utilizing precision adaptors as de- 
scribed above: accuracy and economy. 
The accuracy of rneasurenient t h r o u ~ h  
esrh connector type is tlsunlly better 
than th3t provided hy slotted Iiries or 
terminations drsigne~l specifir~lly for 

T ,005 + 0 .005f~rf t  1 n.009 + O.OD~~QH,. 

the conncctnr type of interest. This is 
because ( 1 )  the TYPE 9OO-LB Slotted 
Line and the TYPE F)OO-IF'C'.iO Termina- 
tion exhibit cerj7 lorn rcsidual V ~ W R ' s ,  
which can be ~ccurately calibrntcd st  
the GR9OO Connector reference planes; 
(2) the continuous transitions in the 
adaptors are nmrlqr r ~ f l ~ r  tionless, and 

1.001 + 0.01bfC~~to 1GHz 
1.01 1 + 0.006fGrrr from 1 to 8.5 t H x  

1.006 f 0 . 0 2 6 1 0 ~ ~  to 1 GHx 
1.023 + 0.009jGH, from 1 ta B.5 GHz 

1.004 + 0.0031~11, 

on the width of any slots in the gap 
malls'. 
1 Srr  Reir.rcuce 1 I. 

1.005 + 0.020Jg~: to 1 GHz 
1.015 + O.LS10fcrrz from 1 to 8.5 GHa 

1.01 + D.03fLl~2 tb 1 GHz 
1.027 + 0.01 3 . f ~ ~ :  from 1 to 8.5 Glia 

1.008 + 0.007Jt:~~ 

(3) conn~c tnrs  of the series being adapt- C, SC 0.0'71 3.0-9.0 
ed t,o fire optimally designrrl. G R900 1 0.0115 ( 0.8-32 

t.04 

Figure 5 .  VSWR's lnrrodvzed by eido3 

fhe maximum gap dimensions, $1.02 
g, indicated i n  the tmble. > 

1.01 

1.00 
0 1 2 3 ~ 5 6 7 8 9  

FREOUENCY- GHz [-ff,l 



Th~rs, 
,T = I<Jq 

where: S is the T'SITR in per ~ c n f ,  
l i  is the pmportinnality cnnetnnt 

for t,he connector series nf intvrrst, 
f i s  the frequcrlcy in GI-Iz, 2nd 

is t,hc a x i d  lrngth of thc gnp 
in mils. 

The t n l ~ t ~  g i v ~ s  thc vnlues of TI; For 
thc connc~tn r  types cnvcl-~r! hy mili- 
tary sprrifiv:~tions. Vnlur~r nf T i  are 
not inrlucl~d for the OS;\I/RRJI ran- 
nrrtor typcs, hrcnasr the steps in con- 
cluctor ~ l i u r n r t r r ~  n t  t h p  mntinp plnnrs 
nltrr thc rllrrt, nor for the CiRST-I 
Com~cctnr ,  bvrn~rse the rnnfing con- 
ligur:ltion is of :l dilTrrcnt kind. .I vnFuc 
of Ti for the C;liB00 Cnnncctor is in- 
rluded fo iIIu~t,r:itr t l t ~  improvrmmlt 
gained through the usc of precision 
connectors. 

Thc vnlur of I< i s  1)nscrl on nominal 
rnlucs for the rzrlinl rlimcnsion nf the 
gap nntl for the wicith of the slots in 
thc gnp iv:tlls. The sprcnd in is the 
spread in thr nsis l  lrngth of thc gap 

TYPE 900-Q874 ADAPTOR 

{Conneck with either locking or nonlocking 
GRB74 Connector) 

Thr TYPE 900-QR7-f Adapt or com- 
prises :I TTPF: 374-BB L Lorking Conncc- 
tor and n TYPE 900-RT C'onr~cctor, 

thnt  rrsults from the critic:~l rnaf.ing 
tlirnel~siona of the conr~ectors. P i ~ u r e  .i 
is n plot, of v s n . ~  ucrsus frcc[~~cr~cy for 
the rn:~?cimum g indicntcd in the tnhle. 

For :i ty1.w S j jrjilrtion with a nomi- 
nnI gap (!I = 5.5 mils), t h ~  vsn-n in- 
trolllircrl a t  T GI12 hp the gap is ap- 
prosimatcly 1.02. For a GR!WO junc- 
tion ~vitlk a nnminnl grip (!I = '7.0 mils), 
t h r  corrcsprrnding VSIVH n t  7 GIIz is 
np~prnsimn trly 1.4)0 1. 

MATING DIMENSIONS 

\\'hen two GR000 Prccisin~l Cnnnec- 
tors are rnatccl, t h p  VSI\-R introduced 
hy one of the connertors is not in- 
Huenccd hy ~nr in t io t l s  in thr! climc~lsinns 
of thc sccotld connrrLtnr. On thc other 
hand, tvlicn tirn type  S connector< nre 
mntcd, thc vxn-n introd(~rcrl by the jnck 
ronnectclr is dirrrtIy { l ~ p r n t l c n t  on the 
dinmctrr of the pin nf t h p  plrzg-con- 
nector i n n ~ r  contluctor ng:linst w h i ~ h  
thc jack itln~r-ronrluctclr fingrrs re< t. 
Similarly, the t - s u - ~ ~  intmd~lrrd hy the 

mounted orr short, wction of pr~cision 
niln l i n ~ .  This ndapt,or ront>iins n n w l y  
designed, fully comprnsntrcl TYPE 37-i 
support hextl. ,ilt hnugh t h ~  :ldnptnr 
matrs with both I n r k i n ~  2nd nnnlorking 
1 ; 1: 37-1 C o n n ~ r  t ors. n mrch:inirnlIy 
stnhle, low-lenlingc conl~ection rcrluires 
n locking GR87.1 ('onnettor. The elcc- 
tricni 1ci1gtP1 an(! reference-pl;ttit: d:itn 
are  given in thc instmction sheet t,hnt 
accurup;lnics bhe ndaptor. 

TYPES 900-QN1 AND 900-QNP ADAPTORS 

jor u.sc with 'TYPE N 
TYPE TYPE 

900-QNJ 900-QNP 1 
Ih%ET(-CONDUCTCV CONCEIIIRIC a276 f a O l  Q1.Q 
YTITH DUTW CONnUClCW WlTHlN U Y X K  ?COT5 WHEY 
V3J9 l > R  CU:<R CPN7&1CTOA 

C * ) ! r T & C T  FlYFERB 
I 

. - 

I JACK PLUG 

plug connector is directly d c p ~ n d e n t  on 
the diamctcr of thc sho~ildes in the jack 
outer conductor a ~ a i n s t  which the plrg 
outer-condrictnr iingcrs rest. Thir dc- 
pcnrlrnct! of ronnertor performmrc on 
the rIimrnsiana sf the mnt,ing conncrtor 
is common to mnst gcnernl-purpose con- 
nector seri~s,  nnd, when low vvswn's are 
to he specified, it hcromes of major 
importance. 

Lister1 on thwe pngcq ;we the  spccifi- 
c:ltions nnrl critical mating rlimensiunr 
of tht! :td:~pl orc: iised t.o connect equip- 
mcnt fitfrrl with C:liT)On ront~cctnrs t,o 
ecluiipment 11-it11 ronncrtor.: of ot1rcr 
typcs. I n  a11 :~cl:~ptors, r n n ~ ~ c r t o r s  other 
thnu t lic GR!100 will nlntc with most of 
the kno~rn routlut~tnt. vnrintiotls, inr'lrld- 
i r~g  t , l i nv  mrr t ing npplic7:lhle TiIIL-C 
~t:ln~l:irds. However, for ~ninirnnm con- 
nector-jmnctioi~ ~qcflcrl ions, t.he mating 
dirnenwiol~s shnwn xho(11tI he rrnployerl. 
\ i r h t r ~  :~ppIicn hlr?, the  stlfirr .J i~dic:ltes 
t h n t  the ndnptor is fem:lle (contains a 
jnck) nntl sufis P irldicntes t h a t  t.he 
adaptor is male (contnina a plug). 

Typical Insertion YSWR of Type 900-0874. 

VSWR: I,rss th:lti 1 .On f 0.0'1 5 to 1 (;IIx; 
1 O l  +nno5, f~ ,1 , ,1  t n  S.5 I : I I j r .  

€lettri<al Length: 6.50 + 0.0'1 rm t o  front F X ~ P  
rlf m:rtetI norilrrrking ( ; It87 F connector IrenrI. 
Over-all Lengih: 2-~l116 ii~c't~es Ifis mm). 
Net Weight: 3 5  ounces (100 grnrnsi. 

VSWR: Lew than 1.004 + 0.001 X j ~ , r l ,  up 
tn s..? GHa, mthrr unit. 
Electrlcul Length: TYPE 900-Qx\'P - 5.50 t 
0.08 rrll t r ~  md nf mnlta outer condac,tor. 
TI.I=E RIWQX.1 - 5.0a + n.W3 rtn to ~ n d  nf 
Iernale inner condclctur. 
He4 Weighf: TI-PA 900-(/NP, 3 %  ounccs 
(100 g r n r ~ l s l ;  -QSJ, 4 ounccn (115 p-nrns). 
Over-all Length: TYPF: I1WQSP, 2-5/ l fi inrheq 
159 n ~ m ) ;  TYPE !ICK1-QY.I, 2:s inrhw 158 mm l .  

Figure 6. Criticai mating dimcnsionr sf low-VSWR connectors used with Ihc GR90u Connector o n  the precision aduptors. (Al l  dimensions are in inthe5.J 
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TYPES 900-QBJ AND 900-QBP ADAPTORS 

Kb ,-T.. -"s. o r  . r  1 TYPE BNC 6)'") TYPE 
POO+QBJ 9OO.QBP 1 

-- - - 0031 S l R A l T H T  SECTION 
I?-- Q003?0003 

-OOQ7' .00OlD14IOIELECTRlC~ 
W 0 8 5 0 f  0 0 0 0 5  Dl& 4 N E T l L l  
WnEN COYlhCT F lkG lRS  APE 
POSITIONED ON AN U 0 5 3 5 D l A  
E 0 0 4 0  LON& PLUG 

- O ~ P O ~ O O D I ~ I A  mEzm - -- o 2 1 0 ! ~ ~ $ 7 , * *  

CT 
JACK PLUG 

TYPES 900-QTNJ AND 900-QTNP ADAPTORS 

.LM- Jar tt,hmr 119111) TYPE TNC 
, - TYPE 

pDO.QTNj ';!! :' firJO-aTNp 1 
I r 5 500 

~ - 0 P O 9 - 0 0 * ~  - -- 0 20611 -- -0031 STRAIGHT SECTION 

POSITIONED ON AH 00535D111 
I( G.040 LONG PLUG 

JACK PLUG 

TYPES 900-QCJ A N D  900-QCP ADAPTORS 

- -Cam3 ?000101A  
' - 0 260t0 0 0 2  D m  I 0 1 8 4 ' 0 0 0 2  DIE 

1 1 , ; :;;;,";;j 

W H E H  C g V T A C T  FIN6SA9 bRF 
P O ~ I T I O K E ~  OH Ah ~ & 3 5  DFA 

STRhIGHT SECTION C - 
0 O O J ' O O O J  -' -I-- 0 030 STRAIGRT S E C T I O U  

o 3or!b??P - 1 - a 0 0 3 f b  no3 
.?a07 - c n,os:n;;;* fiLw L * ,, 3b3 d g > m T  

a m 0 j u l t ~ ~ ~ a * *  ail3 [ s n l ~ . r ~  

JACK PLUG 

FREOWENCY G H r  - a.8 

t y p e  900-QBJ Adoptor 

Frequencf Range: DG ti) S.5 GHz, 
VSWR: Lcgs tlxirl 1.005 f P.fll5Jom to  1 GIlz; 
1.01 ,i $ O.003 .SF~*,I to 3.: GFTz. 
Voltage: 5Ofl volts P P ~ C .  
Pawar: li\\. un to 1 l I H 2 :  3 ICI!-/\/&~ jtbove 
1 1IIIx. 
ElecfrFcal Length: 5.37 & 0.05 cru to thp ~ n d  r>f 
the 'type U S C  j ~ c I i  inner ctlnrl~ictor. 
Dimensions: Length, 2% inches ( 5  lmm), rnnxi- 
mum dinmeter, 1 inrll (27 mm). 
Net Welgh!: 3% Olances (100 pmm3). 

Type 900-OBP Rdaptar 

Type 9QO-OTNJ Adaptor 

Frequency Range: TIC: to K.5 GIIz. 
!/sWR: LC!S tll:l11 1.00,; + ~ . f l l . ' r ~ f ? ~ l r  I Gllz; 
1.01,; + o.nn,j.fG,,,l to S.5 ( : lJr .  
v ' ~ l r . ~ e :  5110 volh 11ro1c. 
Power:: l l i \ \  r ip  t o  I 3III1:::{ k \ l ' / \ ' . G r r l ~ l ) O ~ ~  
1 311-1s. 

Fleelrical Lenglh: .i.:<; + 0.05 rnl tv t h ~  p n d  l!f 
t,lw type TI(: j:trk innrr  cl~nrluctor. 
Dimensions: Length, 2!< inchrls lrnrn); n ~ n s i -  
nltlrn rli:~met,rr, I I$,  inch (27 mm).  
Net Weight: 3! .i ounces (100 gI+:tm3). 

Type 900-QTNP Adapter 

3:)nlr ns T!-llr> 'IOO-ItT?;J t,sr-q)t: 
Eletfricml Length: 5.71 *O,!l:F vrn tcl  t!!ch cud of 
t l w  'r! 111, TSt' l j lug 1111tdlr a 61ndh14 tor. 

Type 900-QCJ kdaplnr 

Frequencr Rsnge: Dr t u  8.5 GIIa. 
YSWR: Crsg th:lr~ 1.005 + 0.015 X fi;qr to E 
G M 2 .  1.1315 + U.005 x ,fclqn, 1 ttl K.5 k;Ilz. 
Elcctricol Lengfh: 5.03 kR.1)5 rnl tr) the end of 
thv Type C j.1r.k intier conductor. 
Voltmge- infin 1' I)P:~ k. 
Power (Average): klrT up 1 I I I Ia ;  

T klT1 vy,liRt above 1 311-11,. 
Dimension$: Lenfith, 176 inches ( I R  nlrn); maxi- 
mum rli:ilncti.r, I blf i  inches (27 mo~) .  
Net Weight: :<!h nunccs (100 gmnial. 

Same ns Type !)OO-QC,I ~.xcrpt: 
Electrical Length: 5.1;1) f 0.03 cnl to the ~ t l d  of 
l,hv 'l'y~w I; p l u ~  utt t r ~  crmclurtor. 
Dimensicns: [,enrth, 2 ! &  inr-lies ( 5 3  mm). 

Figure 6. Critical mating dimensions of low-VSWR connectors used wifh the GR9OO Connetfor gn the precision odoptarr. (Al l  dimensions ere in inches.) 



TYPES 900-QSCJ AND 900-QSCP ADAPTORS 

TYPE 6. ' TYPE 
700-QSCJ .d 900-QSCP 

- -04~3tO00tOlh 
- - 0 Z 6 m  t0 007 DIP 

- O ! E 4 ! 0 0 0 2  DlA 

' 0  128rO 001 DIAlDlELECTRlCl 9' f L ,  n1255:00005 DIA iMETU.1 
WHEn COMTaCT FINGERS  RE 

w +-- 

POSITIOHEP ON AN 00935 DIPI w,+Ldd I l . r  I 1 O 030 LONG PLUG 

0 030 
STRAIGHT SECTION * - 

0 0 0 3 ' 0  003 C' 

0307:;85? r r 

- t  0 3~9f::p:* 

I JACK 

.Tor rtsr rl*i/h TYPE SC 1 

11 
7- o ao3io 003 

*3 0 0 1  
&.- . 0 3,3-7:no 

- . - o a r , + o a O * * *  -0  000 

PLUG 

- 

* h n e r  cendllctor has I qlotr. ~qual l? .  rpacrd. O.012 t 0.001 wide by  0.210 + 0 005 dcep. 
** Clutcr conductor has h blot$, boo apnrt. (1 016 + U 001 wlde by 13.255 f; 0 On5 d e ~ p .  lnnpr dlarnet!-r In rrnion n i  ccltl- 
tocr-tinsen is  u.dri20 * 0 or105 when linccrs are ~nscrtcd tn 3 0.413 ~nn~r.d~; l~~betr .r  ring. 
All dimensions in inches. 

Type 900-t15C J Adapfor  

Frequency Rmnge: 1 )(, to K5 (;H;r. 
VSWR: 1,r.w I h: iu 1.003 4- O.01,; X ./"r:~r, trr 1 
( ; I I s :  L.Ol.7 $- 0.003 X,fcrrs, 1 t!)R..i ( : t12 .  
Electricml Length: .i.O:< f fl ll;? rnlrl trl tllc entl ~ r f  
t h c b  '1'>'1)(* S(7 j : ~ r k  i ~ ~ n r r  c t t~ l t l u r t r r r .  
Voltage: 1nOn jr I!~n:~k. 
Power (Average): 'i k\v Up kt" I ~ I I ~ Z ;  

7 kll' I dfGtyz nl>rlvc 1 3IIlz .  
Dimensions: Lmgth, 2 ~ I I C ~ P ~  (51 n ~ n l  J; 1n:lsi- 
t r i r l l r l  ~L:LIIIC~PP, I? ;  i n t ' l l + ~  (37 rr l in ). 
Met Weight: r)lIntqr.s ( 100 gr.zt~9). 

1 ype 900-QSCP Adaptor 

Snr;w ns T) pr! !)On-QsCJ P.'C(,PI)~,: 
Electrical Lensah: .i.riO f fi.135 1.m t o  the end of 
tlw 'I'yp~a SC' ~ I I I E  t j ~ ~ t r r  r n i ~ d ~ ~ r t g ~ r .  
Dimensions: I , c i ~ ~ t l ~ ,  236 irbchcxs ( 5  l rnrn). 

TYPES 900-QMMJ AND 900-QMMP ADAPTORS 

Tor n.cr w r f h  TYPE OSM/BRM 
TYPE ' ' TYPE 

900-QMMP Y ' I C H  
FREO ICHCY-CHI p?T 

I 5 003 PdOlUStMPX1 

0 0 7 6 ? 0 . W l ,  \ - 0 l 8 1 $ ~ ~ ~  Dl* 

I 
0004iOW4- - 

- ~ - 0 ~ 0 7 f :  ::? *** 
JACK 

- 0085?0005 

-4-0004f0004 

PLUG 

*** lnnpr r~crnrlllrmlor 11'1s I ~ l ~ l l x t t . ~  R P R ~ P I ~  ?lots O.Ws I 0.CIUI 5% hi?  Irv 0 @is f 0 005 llp.,r 
All dimensions i n  inrher. 

Type 9 0 0 - Q M M J  Adapfor  

Frequency Range: Dr to 6.5 ( ; I r a .  
VSWR: I>I,PIP t h : t r ~  I.UO.5 f fl.t'k25 X ,fr;rr, to 1 
(.;I [ z ,  I .02? + o.nnn x J ~ ; I ~ , ,  I t11 8.5 ( ; I I r .  
Eleclrieal Length: 4 ri7 f n.0.5 vln t,r) thr outer 
~ , r ~ ~ ~ r l u c t ~ v r  jur~cticm. 
D~rnenrlons: 1,1.11qth, 1:; i n r l l r s  ( i8 m m ) :  mnui- 
rnurn t i i : ~ ~ r t r r  1 '  ~IIP~IPS (?; I I I I ~ I ) .  

Net Weight: $ j 0 l l l l c ru  (TO grams). 

Type 900-QMMP Adapter 

Snrnr, ri.9 Type !tDfl-C$\i 1lJ cxrt~pt,:  
Electrical Length: 4.7s f 0.05 ?In tn the outer 
rontl~lctnr jrrnction. 

Figure 6. Critical ma t i ng  dFmensian6 at  low-VSWR cannectors used with the CRPOO C ~ n n e c t e r  o n  the  precision adaplor.. 

TYPES 900-QAP7 AND 900-QPF7 ADAPTORS 

, [ I I ~  vsr with 7 MM 7 

i d #, J -CB.001> 011 I 
a,"** . 

,VIM 01, 
J 

'l'hrw t,wn nc kipt nra pcrmit i l l  tcrcen- 
nrrtinn of C;lt!t00 :~nrl  7-rnm c.onxi~iI 

,2c3;oT, 

mnncctors. 
T h p  TYPE nnfl-QxlJi ~ : L ~ P S  C;R!lOfl 

with thc . imphrnnl  .I!'('-7 connr~ to r ,  - 
!' "-"~,-rn. 

o tld the T I - ~ ~ c  !r01)-Q1'1'7 m : ~  trs C: 11!)00 
with the RolirEr & Srh~vnril l ~ c c i f i x  'W'LR' 

a- 6 0  MIU IC FM or SVLL TFIIEA? 

7 7  and Dezitix .i Cotlncrtnrs. .- 70.0 I 

* 
- Y l Z *  0 ,  

I P L O  113Cr- t l47 

Type 900-QAP? Adap lo r  
and  

~ y p e  900-OPFT Adoptor 

Frsquenty Range: i)r t l r  fi.5 ( : f fz .  
VSWR: I,P~S t l u n  I ,003 + n.noz !<.,I,. 
Electrical Length: 5,:iO f 0.02 r'ln. 
Maximum Voltmge: !WOO \' 11V:lk. 

Mani rnvm Power: k\v 11!> l o  1 l l l i r ;  
(i kt\./\. : t i ~ ~ t >  I 1 1 1 1 ~ .  

Dimensions: [ . ~ n ~ t h  ?'A i:~. ( 2  1 l i f 1 i  ): n1:lX 4 1 1 : ~  
1 1 It, 111. (2; ~I~III). 

Net  Weight: 2 oa (100 ~ 3 .  

* inner- ond outer-condudor diomeiers in the vicinity of r h m  dielectric support moy be varied ta provide eiectficnl compensation. 
** Cenler-conductor conlact shown in mafed coplanor position. 
hll dimensions in  rnillfrnelers. 



rltlmcy, t h ~  xtlunrc hccamrs 3 (Iinrnond 

IM~E-ANCE-MATCH~NG TUNERS tjf srn:ilI~r arr:i irut is still caitcrerl 011 .. 
tAr:  Smith chart, (SPC I:igt1rv 2 ) .  l ' h ~  - 

FOR PRECISION wr~llctinn of m:itching nrcn limits th r  
usrlr~l frrr11tcmc.y mngr: o f  n given pair - 

, 
COAXEAL-MEASURING of s , r p w s  to t11r: oct:tt-e t,rtwl>rn ttvo- 

SYSTEMS third:: :ind lour-thircls of the center 
frequency. 

Each tuning screw can IF sct so thn t 
i t9  s h u n t  si~srtptnnrr, rsnc#t,ly cancels 
thr s~r ics  indjwtnr l r~  of thc groove, 
nnrl thr net ef fcr t  of thr two fliscontin- 
~ritiea is zcro. This is 1~:111~:iI the IICII- 

In  mnny m ~ n ~ i ~ r c m c n t s  with t h r  tuned ou t :  if the setting is rhangcrl. t,he t'"' pnsit inn of thr ' "'justment" 

C:119C)n s y s f ~ m .  tlirrr i~ thr nrctl to original tuning is ciuplicatccl when the 13ccriusr the r f f r r i s  of lhntlr s h u n t  sup- 

tunr u ~ ~ t  tlw smnll rcsiill~nl rcflcctions original rctting is rcstorr>d; if the eon- "Qtancc rrriri ind'lctsncn in- 

(if tllc CR9On r t , r n ~ ~ ~ ~ i ~ r i t s  I:nr l1\-;lrn- nprtinn hpt1vn.n linrt ancl t n n ~ r  i s  "'"""'. f r p ( t l ' P T ' r ~  "' thC mtp, 

plr, hy mntrhing t h r  TYPE TII)O-l\.'.iO hrokcrk nnd then restorcrl, the tuning is nnrl h r c n u w  tlir w r r w  nnrl thc groove 

T,O-ohm 'Tvrmin:i t inn 2 0  t111. TYI>K DOO- unchanged. are plncrd a t  thn sxma pnint in t,he 

I,13 12rerision Slnttc~rl I,int., onr rnn c h f -  R:lc*h tilr~cr has thren tuning screnrs, tr"nsmission line, I h r :  7'e7iirr1F s r t ' i n ~  

frrtivcly 11pgr:ltlr: th r  prrfnrrnunrar of two of which nrp us td  to  adjust, s rn:ttch i*'ff'P""l''"l n?' . f V ~ ~ ~ f l r ? ! .  Tllc ncutml- 

thr f tbr rn i r~nf io~~ to thr 1c:vrl of the (deprndirig on frequency). E:lch t u n i n g  srttirla fcnturc n7ss, in fn r t ,  funrlnmcn- 
slot trtl linc - n li~.rfol~l i rn~~rnvrmrnt .  r l rmrr~t ,  (SPF I.'ixllrr: 1 1  rnnsists of :I tnl tn thc dt.sign of t h r  tuner; nnlp with 

tuning s(arI:lt- find ail  inductive grotjrFo in stlrI1 provision corlld scl+ernl srrf nrs 

t t l t t  ilir~rnr r~o~rtlutdnr, i r l  t l ~ r  w m r  plane plnctrl in thr! t m n ~ ~ i e s i o n  line at cl if-  
ns  t h r  l111ting scrrw. Trirnitlg t h r  srrvw frrcnt spacings to satisfy the c~dcl- 
~ ~ t r ~ ~ r ~ t c ~ t . c ~ l n r : k ~ ~ ~ i s c !  ~ lnrors  :L srnnli in- eighth-\~nvclcngth condition a t  rnnny 
rluct:lncqr in sr~rbs svith tha linr, wI~ilt! frcrlupnrirs allt] to p~ovitie r~nsonnblp 
trlrlling the srl+cn- clorkwise ntlds n nrthogonnl trlning scaj,lstmrnte .over a 
~n1nl1 c:~pftrif :IIICP i n  ~ 1 1 1 1 1 1 f  with t h ~  hrOnd cant jnlrnrls frcquencv mngc+ 
lirlr ; po5itit.c or nrgntivc irlfrclncnts two of the tllrcc screSTTs 
:Ire tll~ls ~,rorluccr? :iIong tllc irnnginflr<y are adjllstcd for two 

, 8 ,  nsis of n Smith-chnrt i rnpr~l :~~irc  plot. depPnds on freq,lPncy), the 
'Srr prnrl~lrc incrcm~ntal t+h:rt~gcs :~Inng 

Figure I .  Cross-section view of  tuner. the rcnl fixis, n~rntllrr t t~ning scrcnT is unused screw is set to  the ncutraI posi- 

pInccrj t,l,c-riEl,~~l T\.nvcll:ngth (or nn tion. Ench s ~ r c ~ ~ F  hns n ~ r n l c ,  with 
rn suhst i t l ~ t  inn mrns~~rrmrntcr, nrr~lr f i ry  otld mu~t ip lc  cjnc-rigllth rcnvp]rngthj vernier, nnrl can 1 lc Inckerl at any  
and speed nrr i r n p m ~ r t l  r:an~iilrr:~lj!y from ihc  lira+, for tkliq Fcpfimtir,n pro- wtting. 

nkntching tllnns is lrsrci wt r i dcs  nrthogonnlity of thc two adjust- Thr V ~ W R  matching mrn~~cs of the 
t j l f  initial con(litic'rl' to  a P'J"~" mfltch m p n t ~  tI1p smil,ll CI~:l rt. Thp smith- TI.PI:S gflO-Tt-13 and --rt-X Tuners (see 

The TypE for the chnrt coyrmgc of thc t z ~ o  nrljttstrncnts Figure :i), nhiIc thry :Irp high enough 
'.';- to 2h'i-GHz frcquenclr a t  1,unl.I crrltcr is n Fqll:lrc in the nlitldIc for most npplic:itinns, have I~ctn kept 

the Typ' T1lnp.ry which of t h ~  Smit11 ~ h ~ i r t .  Off c r ~ i t r r  frc- .sufi~irntly 1011, t,hat estrernely fine 
rover3 the 1 - to  8.5-GITx freqlienry r : tn~c,  
art. rlcsigr~cd t o  provide such anntchin~.  
T h r ~  ttva tuners nre similar in design nnd 
con~truct~ion and, in addition t o  their 
widr Fmndwidt,hs, h n v ~  the follo~ving 
desirable feat~rres: 

1. A unique neutral position, from -I 

which rapid convergence to match can 
always be achieved 

2. A fineness of control, so that  
vswn's as lot* as 1.0002 can he tuned 
out with ease 

Figure 2. Smlth-chart plofs showing tuning range of Type 9001tUR Tuner. Numbers at CQroerr ere 3. - when aellings of  screws 2 and 3, rerpecgively. Tuning screw t ir set at 3-00. A x i l  valuer ate i n  ferms of  
ing-wav@ ratio is t , \ l~~ed  out, it stays percent deviation from match. A 10-percent mismalch correspands to a YSWR of 1.100. 





MEASURLIYG TERM~HAT~OH tians (1) and (2) by the vector relation 
IISTWWENT rl - E r = 7 
MEASURING 

(3 1 
b INSTRUMEKI 

TERMINNIOM I The reflection coefficients rl 3nd r2 
I -. *"*--"s:? - f ---1 are plotted on the Smith Chart of 

Figure 7. a) Setup to mansure r,. b) Setup to 
Figure S vit,h the construction required 
to obtain r,. measure p:. 

h'orv, with the tuner forming n com- 

tude of $he ansrver is required, it ran be posite mcnsuring instrument as shown 

directly from just one in Figure 9,  rl can he t,uned to zero. 
tude measurement. (4) 

Quarter-Wovelength Substitution to 
where r', is the residual reflection 
coefficient of the composite measuring 

Measure Termination 
instrument under t,hc condition of (4). 

ws:tp/' 
The simplification resulting from the nr;+,h Flgurn8. Smlth Chert construction 10 determine p,. -"-- 

use of the tuner is illustrated by the 62 = C - St, ('I no const-ructions on the Smith Chart, example of the sllbstitution technique the terminntion reflection coefficient is required. 
that employs a qunrter-wavelength is given directly by 

Similar simplifications can be realized 
reference air line to determine the re- r? rt = - -. (6) in other substitution techniques Aection of a termination In the presence 2 
of the residual reflection of the measur- through the application of the TTPES 

ing instrument. No vector subtraction, and therefore 900-TYX and -TUB Tuners. 

IVithout, the tuner, t n ~ o  m~asurrl- MFASURING 

ments are  required, one with and one rNsTRUMEHT 
TERMIN8TION 

without the reference air line in the ~ M W S I T E  
-MEASURING I N ~ T A U M E N T ~  

Flgure 9.  a) Setup fa adlust r, 
system, as illustrat~d in Figure 7. (It is te zero. b) Sekp *a measure f ?  

end l o  determine rt directly. 
assumcd t'hae the referpnce air line is ~ ~ E ~ S I J R I ~ ~ :  

INSTRUMENT TERMltdATtOH 

reflectionless and lossless and that the +++ Igoo-rvuzrJ 

reflection co~ficients  of interest are 
small.] Thus 

rl = rm + r% 
r, = r, t- f, e-'= = r, - rd  (2 )  

where 
r, is the rnensurecl reflection coefficient 

without the refrr~nce air line inserted, 
r, is the rnensurcd reflection coeffi- 

cient with the reference air line inserted, 
7, is the reflection coefici~nt of thc 

terminat ion, and 
r, is the rcsidunl reflection coeffi- 

cient of t h ~ !  measuring instrument. 
The termination reflection coefficient 
is given from the dilTpra~ce of q u a -  - Range i~ wider tloder rnotlt conditions 

TYPE 900-LB PRECISION SLOTTED LINE 

Frequency Range 
Characteristic Irnpednnte 
VSWR Matching Range 

(worst-rese rnlnirnum)* 
VSWR Resettabilify 
R e s i d u d  VSWR (all controls 

at neufrol) 
Insertion toss 

Repeatability or Canneetlen 
Elecfrieal length 
Dimensions 

Net Weight 
Shipping Welght 

'l'hr slol t rd l inv  is t ht. I,:lsirb imn~i l -  
t :mc'r- :ind vsn-1~-rnr*;1sui-i11g instr.~~mc*nt 
for thr* nhf :lnrl shf rni\gcLs. Ft !1:1s ycat 
tn hr surpnsacd iri :lbsnIut r :lrgcur:wy, 
vrrsntility, :ind t~ :~rn lwid th .  Its :lrbchtu.ntny 
is : ~ I ~ ~ o ! I I ~ P  IIPC:~I~,SP its l ~ i i i l t - i ~ ~  inip[$<l- 
:Inror stnnrlxrrl is t h r  (~h;u.:ir~tri*irt irl  iln- 

p~~d:uit*r of its ~bn:~.rcial linr, \vt~ica'tr is 
riirrratly iIt*prwrIrl~ t upnri tnrc.h:ii~irbnl 

~ ~ I I I P I I S ~ ~ I I S .  

lmptrfrrtioiis in  t h r  slrlttrd r r~ i~x in l -  
linr sgstcnl :IIFI! (h(viisl'nt1t i l ~ ~ ~ i t i ~ %  : ~ t  
slr,t c\~,d, t r:i~~hit inns. :~tirl rotulc,<bturs :IIT 

thr  pl.irlrip:~l sotlrrrt; of raml.. Such im- 
11~rft~-tit111+ :IW 1 I l i s ~ o t i t i ~ ~ ~ ~ i t i v s  in  t !I[& 

j.o:~xi;~l-lint* srvt ic~n ha\*(. hi+(.n 1.il.t ~r:lllv 
r*limit~:~ t r \ d  i i ~  t hcb Ty~w !IOU- [,n I1rr*c-isinn 
Slot trd 1,inr. Ytb\\- n~: i~~~i f ;~ r . t  itt-ing nvhth- 

900-TUA I 900-TUB 

o{ls ;LIILI  f11rt hvr L I I \ Y P I ~ . I ~ ~ I P I ~ I  in I h~ 
r.onvr>nt irrnrrl 1nr t hrrtls II:LIY~ rn:irlc. this 
pocsil>lfl. I : L I ~ !  hrrm~nrr., t 11t.r~ i.: 110 t r :~ 11- 

sit inn ~)t-ol"tc>n~ I~rr.:~u~ct t horr is iln t m n -  
sit inn : t hr c~oi~~lrctinrl 1 ) c h l  w-r~n  t l w  slot - 
trd srtbt inn :tt lcl  t hr r o n l ~ r ~ d  or  i s  :L r , r } ~ ~ -  
tinnous, unifflrm. r~o:ui:d tr:itismissfan 
lint, wit11 I7rry vlos(v*ointrol nf I l i f l m ~ t r r s ,  
:IS in t h ~  slot trd srction. . l n d  TYPE 

1 t o  8.5 GHz 
50 1! 

1.00 f D.Ol2 , ~ G H *  

< 1 .On05 -!- 0.0003 jGn, 
< l .I13 to 5 C>I-Iz 
< l . O j  from 5 to  7 GHx 
< O . l  ta GHK 
<0.3 d B  t o  8.5 GTTa 

0.05% 
I 12.0 cm 

4% /?X:%I$ X 1 in 
(1 13, RS, 25 mm) 

1 Ib (0.5 kg) 
3 111 ( 1.4 k ~ )  

0.23 to 2.5 GI12 
50 r! 

4.00 f 0.05 j ~ n ,  t o  1 GHa 
1 -0.i from 1 to  2.5 GIle  

< I  .nOO.i + o.oofl3 fG*= 
< 1.03 tn 1.5 GI-12 

<0.1 dB 

O.OS% 
18.5 r m  

6% X .13( X I in 
(165, 120, 2.) nim] 

I 11) (0.G k ~ )  
I Ih ( I . ! )  kqi 



\ Rddition:tl :rpplirnt ions inrludrl : 

Flgure 1. Vlew of 
the Type 90bLFl Precirlon Slonad Llns. 

900-BT Connector has e f f~c t~ iv~ly  rlim- 
inxted conncrtor errors. 

The nPnr pr~cision slottrd l i n ~  is sim- 
iInr in g~nera l  construrtion t o  thr  TYPE 
874-LRR, which has in sPcPnt yrnrs 
h ~ ~ n  con st:^ nt ly improv~d nnd r u g ~ ~ d -  
i d ,  and n+osr :trrz\mcy is cornpnrnblf: 
with that, of ot,her commercially avail- 
able typps. >[any of its design features 
haw h w i  r n ~  hodirc? in t hr $100 mod~1, 
along with a number of refinements 
and improvements.* 

Thr- pr~cision slotted line uses an air- 
diel~ctzic coaxial I i n ~ ,  with an m t ~ r  
conductor ID of 0.5825 inrh, made t o  

The 90n-JJR cnn he quickly (#on vcrted, 
by mrnns of low-vsn-R adnpt,ors, in to a 
precisinn type IY, BKC, TXC, C, SC, 
@SJf/RR3I, 7-mrn Arnph~nol  APC-7, 
7-mm l lohde and Schrvarrr Precifis and 
Dezifix A connectors, or TYPE 87-1 
Slotted Line. 

The sIottrd l i n ~  I ~ : L ~  be rnlihrnt~d 
rtbmh~tely with thr TYPE 900-1Yr Con- 
nectors tu  a much higher degree of 
:Ircuracy than {{-it h f i t h~ r  conucctor 
types. The TYPE 900-LZ Reference Air 
Lincs :md t.he TYPE 900-IT50 Terminn- 
t ion nrp excellent, r.alit~r;ttion drvices for 
this purpostl. 

( 1 )  ll~:tsuremrnf, of c'trnri~ctors :~nrl r lr-  
m ~ n t s  hy t hr ~;uhstit.lltin~~ 1n~thoCi.l ln -  

(2) D P ~  enninntion of small-signal c*h:~r- 
nrtrlrist ics of clinrlt\s :lnd t mnriqt ors. For 
thpse rnt'as111~11lr~t P, t11~ slntted tint, is 
drivclr through thr p r o h ~  \\'it h I h~ spe- 
cial ronnrrtor pmvidrd, : ~ n d  thr rlctrr.- 
tor thrri conmv-tt: to w\.h:tt is hnrrnnlly 
thr gcnrrntor rnd nf t h e  linr. Rp this 
nzcnns, iideql~ntr tr~nsitivity is main- 
taintad at low vnltngv I~vrlx. 

(3) 3Iens11rrmvnl nf dirlcctric: mrld:ttlt 

:~nd loss tnrtgcnt of clirl~rt.ri~ m9,t erin1.s. 
(4) Pr~cision phnsr shiftrr. T l 1 ~  sllrttrd 
linr cnrl 11c trrmit~:~trd with thr Tyrn 
00R-W50 Tvrmi~~:rtior~:~nrl \.:tt.i:~hlr ph:! sr 
sigllnl tnkrn from thr prot)c*. P ~ : ~ s P  shifl, 
is accurntrly c:llihmtrd in tr.rrns of 
probe tmvrl. 

Thaw rngngyd in the ~lrvrloprnent nf 
rnnlrinl clcricrs n-ill find this slot trrl Elr 
:in invnl~~nblr  nicl to the drsign of ~rluip- 
mrnt with t,ruly low stnnding-:-wave rnticl. 

8re Reicrrncr 2. ' 5rc I?c f i~r~nvr~  22. 

rx l  rcrn~ly clow dimensicrnnl tolrrnnces. Thp most important. ftlnt urr, howcr~~r. .  
Connectors arp R TYPE 900-RT fit the is p~r-formance : 
unkl~o~vn t~rrninnls ,  x GR9OO Co~l~lcctnr Rrsidu~1 YSII-R is rxtrr.mrly smnll 
n t  t,he input side 2nd n  onlo lor king (F igur~  2), 1.001 + 0.001 X folit \Tilh 
GR874 at the rlemodu2nterl datect.or a TYPE 900-QK.r or -QSP .4dnptor to : > * : ,  r a r n v ~ ~ t ~  - M, 

out put terminals. 
The following ncn7 f~a tures  h n v ~  been 

incnrporot~d : 
A IIPIX- probe nswrnbly, rompriwd of 

~ t 1  ~ x t t i - n ~ l l y  ~ ~ l j ~ ~ s t c i h l ~  probe, rvith 
mlibrated pen~tration depth, n11d a 
probe tuner with micromrtpr-type drive, 
calibrated in centirnrters, and having 
excelIent tuning stabilit,y. 

iZ ~ e r n i ~ r  E C J ~ C  ~ n d ,  in addition, n 
m i c r o m ~ t ~ r  drive for firw rrwIution. 

Provision for dirpct rf conn~ction to 
the probe ; t hr tunrr is replacrd with an 
rf probe nssemhly. 

A protective cnwr,  which can hp 

typc h- installed, ov~r-all  vsn-R is 
I .OR5 + 0.005f0,,. 

Constancy of p r o h ~  cnupling, :L most 
irnportrtnt characteristic, is +_0,5%. 

1:reqnenry mngc is 3.00 IIRz t.0 8500 
MHZ; probe cnrriagr: +rave1 is 50 em. 

IVjt  h the pi~cision lines the length 
rnn b~ estcndpd to prrmit operatmion 
down to 150 IIEIz. 

Applications 

Th? TYPE 900-L'R Plnttrd Linr i s  
w ~ l l  xuit~cl to all thp w~11-kno~rn slotttld 
l i n ~  rnca~i t r~ments ,  such as irnrnit tnnrc, 
~ s n * ~ ,  sncl reRrr:tion c o ~ f i r i ~ n t s  of dis- 

S P E C I F I C A T I O N S  
Characterislie Impedance: .50.1) ohm< 4 0.1 yo. 
Probe travel: 50 ctri, Sc:ile calihmtcrl in rm- 
tirnet~w f r t m  the ~efcwrlce p l n n ~ .  J I ~ ~ u P ~ P ~  
vernier SC:IIP ~ ~ 1 1  I)P SC:III le) 0.1 mm. 
Scale Acturacy: r (0.1 mm + n.@.i'T,),). 
Frequency Range: :in0 I l H z  to 8.5 (.;ifx, A t  :<no 
I Z H a ,  cclvrrs :I  h:rll rvavcletlgt,h. ()perntcs helotr 
300 I I H z  rrith 'l'rrw 900 I'r~cision Air 1, in~.  
Constancy el Prabe Pickup: 40.5 . 
Residual VSWR: Lrscr than 1.001 f 0.00T X 
 OR= (r.g., 1.002 n t  1 GHz ), unknnwi~ conr~ector 
side. 
Accocsoriw Supplied: TsWI 874-R?24 Patch 
C'tlrrI; TYPE 9M!-n̂ S Prec~sion Sllort-Cirvuit ; 
Type IIO(l-TT'I I Prr r is io~~ {jperl-C'irruit : $7-t- 
QDIIfJL .idnptor; t llr:ine: stuh-probe nssm~ihy 
(ilicludir~g 1S21C nnd 1933C' rhorl~s):  rf-prohc 
nssernl)lv (with TY rr: R74-RnL Connector), 

clowd to prewnt dust ~ccumulst  ion t r i h ~ t p d  :ind lumped clrrn~n ts and :tn- mlcrOntct" c: trr in~e drive (ficcumtc to O.O1 
mm);  spare drive cable; storage box: Smith and damag~.  The covw reinforcrs the tcnn:is. 310rr importantly, i t  is rrrnm- ,h,ds, 

hnsic assembly anti adds vPry lit LIP m m d ~ d  for tht: xbsolutr caIibrat,ion of Accerrorier Requimd: Generator and detector. 
extrn weight. st:lndnrtls. Dimenxiens: \I-lrltlr 271?, height 10, depth 

4J., irrc\r*s (7ml bv 255 by 12; mm\. 
Tlip Type 4M-LB Slotted, Line d o u  not aupserde thp ' Sep Relercncc 19 

Tvp' S7.1-I,R11, n hrch 1s ?til l  uvn~ lnb l r .  : See ltri#'rencr 17. 
Weighk 111~42 p~llllt?~'(a.l) k ~ ) .  

Shipping Weight: 27 pound9 (11.5 kg). 



A SLOTTED LINE RECORDER SYSTEM 

As the basic tool in coaxial impedancr 
measurements, the slotted line remains 
unsurpassed; its accuracy is ahsolute, 
since it,s standard impedance is the 
characteri.stic impedance of n, coaxial 
line. The inherent sccuracy of the 
dotted line, as well as its stability and 
broad handwidt h, led to t,hp iovestiga- 
tion of hhr: limitations of this  instru- 
ment for low VSWR rn~asurem~nts .  As 
might be espected, we found the limit- 
 in^ inctnrs to be not in the  slotted 
line itself but in the noise level and 
Iimited scale expansion of comrnerciaI 
standing-wave indicators. This con- 
clusion led to the develelopment of the 
TYPE 1640-A Slotted Line Recorder 
System. 

The combination of a slott,ed line 
and a graphic recorder produces a re- 
cord in^ of the slotted-line probe output 
8s a function of probe position that far 
exceeds, in resolution and usefulness, 
the convcntionrtl meter readout. The 
noise figure of the transistorized TYPE 
1640-A System is held to less than 5 
dB, and the high signal -to-noise ratio 
at the crystal detectw (normally over 
80 dB) is preserved t,hrough the am- 
plifier chain and the recording process. 
The recording of vstva's as low as 1.001 
with excellent signal-to-noise ratio is 
entirely practical. 

The use of a slotted line recorder 
system not only overcomes the t,radi- 
tional scale-fartor and noise prohlcms 
but also offers the marly advantages 
of a permanent recording. The chart 
record, for example, can be analyzed 
graphically for the most accurate meas- 
urement of vavT\.R, position of minimum, 
and other waveform characteristics. 
The minima of loncvsn-R pat.terns are 
partic~harly difficult to locate hy tradi- 
tional techniques, hecarrse of their shal- 
lownrss and hecause of the apparent 
shift of position if tilt exists in the 
flatness crlrve, On a chart r~cord ,  the 

Severnl plots can be made i ~ n  t,he 
snmc chart, FO t h t ,  Er)r rxnr~~plc ,  the 
posit,ior-s of minima with short-r~ircuit 
ternlinntic111 and with ultkno\\*n a t  thc 
r~f~mnvrt plfirt~ ran 1 ) ~  ir1l~rromp~red 
di~.rrt,ly. W h ~ r r v v r  t h r  ~ ' V ~ T ~ I C F  he- 
t ~ v r ~ n  two mmn~rrtnent rondit,ioorw is 
impc~rtant, any irregl~lnrities in the 
s l o t t ~ d  lint] (in r~ntlstanrv of prnt~e 
pen~t~mtion,  for i rlstnnrc) effect i  v ~ l g  
cancel out I n  x rnillt iple plot,, and tllc 
difference shoi~s up cl~arly as x sinus- 
oidal 11-ohhlt: of one trace xhont, t;\c 
other (see Figrlre I ) .  Hersuse of t.he 
eff'ective eliminatiol~ of slotted lirle im- 
perfertions from the m ~ n s u r e m e ~ ~ t . ,  the 
sub~t~itutinn method by graphic record- 
ing yields the mast nccuratc, r~pe: t t~hlf :  
measurrrncnts of low VSWR - \vit,h f h ~ :  
TYPE I G4O-A, rlo~rrl to 1.001. 

Repeatahi1it.y and comparixon mcas- 
urcmenta are nlso fncilitntcd by the 
multiple-rerording technique. -4 wries 
of mcasurcrnents, fnr instance, mn be 
plotted on thc snnle scrtion of chart, 
paper as a rapid mrthod of cornp;t~+ison- 
c l~e rk in~ .  compoi~ents agninst rt stand- 
rtrd. The graphic rworil also quickly 
reveals whcthrr tI~c measurrmmf, is n 
trnc one or w h ~ t ~ h r r  it is being dis- 
torted hy a noisy signxl gpnerst,or, a 
connecbr that docsn" rrep~at, or  some 
ot.her unforcwen factor. F:innllp, a s  n 
eontinnous monitor on equipmpnt o p  
prntmionl t,he recording far snrpassps the 
rrsual VSWR mctrr in conveni~nc~.  

THE TYPE 1640-A SLOTTED LlNE 
RECORDER SYSTEM 

The new Slotted Line Recorder Sys- 
tem, shorvn in Figure 2, c0rnprisrl.s 
a stnndnrrl Trrr: 9OO-LB l'rccision 

positions of minima are strikingly easier 
to  locate, not only heca~~ae the pattern 
is greatly espnnd~d,  but also because - 
bhc vsn-R pattern and the flatness 
curr.e arc easily disentangl~d when o -- 

Slnlled Lint: and n mnrlified version of 
the TYPE l 3 2 I  G r ~ p h i c  T,evel Re- 
~ n r d c r  (TTPF: 1531-ST,), along with tlic 
ncrcssnry interconnecting linkage and 
mount,ing h n r d ~ w r c .  The  potted Iine 
is rnountcd in its ~tsunl bench-bop posi- 
tion, and the rtcorder is benvat,h the 
hcnch, rither on a s h ~ l f  or suapenrled 
from thc! hrnrh top with the bolts 
providrd. Tha rnctsl mounting plate on 
which t,he slottrd line rest.s has four 
s t~lds ,  whioh rngsgc the ruhhrlr feet of 
the slottrrl linc, and ,a project,ing shaft. 
h ~ P : I F  on nnc cnrl af this shaft, is 
cnoupled to thc! pmt~c-carriage drive, 
and x sprocket nn the front cntl engagcs 
thc external rahnin-link drive of the re- 
cord~r .  The mutor !hat powers the 
c h ~ r t  dri1.c thtm nlso clrivcs the probc 
carriage of t h ~  slot,tcrE lint, and the 
chart paper is a ~ ~ t o m ~ t i r a l l v  ~ v e n  the 
correct horizontal axis for the desired 
v s i v ~  plot,. The vrrtical asis of the 
plot is supplied by t h ~ !  audio output of 
the crys t ~ l  detcctnr, which i s  c o n n ~ c k d  
by w consial cable from the probe 
carriage to the reccrrtI~r input conn~rtor.  
The rruorder suppressses the zero level 
and applies thr! r ~ s u l t i n g  greatly ex- 
panded vs \ \ -~  pattrr11 to thc vertical 
axis of thc strip chart, ' h e  degree rrl 
scale eapnnsion is remnrkahIr: On a 
typical v s w ~  meter n rsn.rt of 1.10 
takcs up two inches rjf scalr, wherras n 
vst\-R of I.On8 can i ~ r  expnnrErd t o  thr 
full  4-inch riridth of the chnrt  paper! 

THE SLOTTED LlNE 

The TYPE Wn-LB Prcciqiort Slotted 
Line is t,hr most prrrjsc rorrxinl imp?- 
dnnremms~~r ing  i i~str l~mrnt  avail~hle 
commerrinlly, with a rrwidtrnl v s w ~  of 
1.001 + 0 . 0 0 1 j ~ :  frnm 3On MHz to 
8.5 GHz; it is, moreover, nn pstrrmely 
ruggcd, r~linlrle inytrr~men t rvhosr! culi- 
bration ran I)e cspccterl t,o stay wit hi11 

- -  Figure 1. Mulllple plot 
used ta measure dff- 
ference between two 
mea8wrement condl- 

5 2 7  lions. Note that the d l f -  
fercnce in !he ~ e c o r d -  
ing Io + b) is a sine 

.- wave  corresponding ta 
a VSWR of l.b02! 

both are visihle together. 
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specificat ion indefinitely. The fo rg~d  ADJUSTABLE CI 

outer concluctor joins its oonnrchors PROBE-TUNER\' I 
VSWR RANGE CONTROL 

smoothly, without thc  r~flection-cxus- 
jng steps and di~contin~ritics found in SLOTTED (COMPLETE\' LINE SYNCWROHOVS 

MONITOR , D R I V E  LINKAGE 
noncylindriral coasial slotted lines. 

I 
i 

Thc chmmr-plated outer conductor 
1 - 

of t , h ~  Iitw i~ n %-inch, precision-forg~d, 
brass tuhc, lincd with fi 0.000.',-jnch e 

layer of flure silver for low loss. The - 
----.- 

finished ir-ln~r diameter is 0.SCl.i inch 
f 100 microinches. The inner con- - * .- * ' 

PEN-POSlf LON / MOTOR 
CONTROLS 1 

- DRIVE 
drictor is stpel n-ith a 0.0005-inch layer - - . I CoNTRoCr 

=- * ,..T 

of silver and is centerlrss-ground to ,z rn ; - .  1 
' 4  

tolcrancc of + 50 microinchrs. 130th TRIP CHART- - pdf3. $ 4  

inner and outer conductors are stress- :A I 
relie~wl to r~sist  diameter changes due 
to machining. 

?'\YO in t r rchung~nblc clec ti-05 h t i ~  Figure 2. Type 1640-A Slotfed Llne Recorder System. Owners of Type 900-LB Slotred Lines 
can emrily add recorder and connecting Iinkoge. 

prohc nssernhlies are supplied : s t ~ ~ n a -  
l ~ l r  probe for rrse with the built-in de- 
tector for  modulated signals and ,zn rf pmvrnts t,he pwhe from striking lhr: tml cnlihratrtI in v.;n R, 5, FI,T,L  hi.,,^^ 

probe to couplc an t lnmodulut~d signs1 ccntpr conduct.or- (a vstva of 1.0 1 is clcfi 11t.d as (vllli~ral~nt 
to a n  extrrnnl detcrtor. Kithrr mounts The proheis t u n 4  toresonnncc; (al,nny to  I r , ; i ) .  Standing-nx:-c pn t t~ rn s  of 1.2 
in the carringr t,hnt transports the frequenry from 300 311-Iz to 8.3 GHz) trr 1.1108 i r i  VSWR can hr cspatldrr 1 to 
prohe through the ent,irc .iO-em length rvit,h a builbin short-circuit~d st,rth, occupy f ~ l l  scnlc. 
of the slot. This cast brass carriage, ~vhose length is adjusted by m a n s  of The Of the st rip-ehnrt 
with its honed sleeve bearing, rides rotating bnrrcl drive. One turn of thc recording depends only or1 three stable, 
smoothly on the finely ground surface barrel m o v r  the short einoit I cm. lvire-ivound potentiornet ers in the servo 
of the outor conductor. A logging scale indirates positiorL nf loop. Thcse are custom-calibrated in 

Probe position along the 5O-rm slot, the short circuit within t h r  barrel. each instrument. The accuracy is within 
r~lat ive trr the rcfrrcnrc plnnc of the one minor division of the chart pnper 
CRg00 connector, is indicatrd to within SLOTTED LINE RECORDER 
0.1 millimeter hy a calibrated milli- 

(1J4Oth of full scalej for all positions of 
the VSIIT, yo FULL SCALE control. 

n~etcr  scale with aktarhrd vrrnicr. Thc TYPE 1.i21-Sl~ Slol,trrl Line Rc- 
Depth of penctrat ion of the tunable co rd~r  is a transistorized, singlc-fre- Sensitivity (the level 

prohc is controll~d anrl indicated by qurncy, servo-typr in~t~rrlrnent (sPc an 0"-3cale is con- 
rt microm~trr  xdj~wtmant.  The srale hlnrk diagram, 1:igure :$), which pro- tinuously from 50 micro- 
in  pr~set.  tn indiratc dirrctIy the dis- clur+ra, a n  ~ h i t p  rhnr t  paprr, fin ink volt"~ 2 millivolts. 'Yhe 2-mi1litt0lt 
tancc betwren t,hr pmbe tip and the r ~ r o r d  of thr ~tf lnding-~vare  pattern UPPer limit is set the sqnare-?alv 
cent,cr condi~ctor {smallest rnnrk~d in- of the slc~l,tt)d linv. Scale expansion is cha~cteris t ic  of the crystal detcctnr, 
tervnl: 0.001 inch). A positive stop rontinunusly adj tistablr, with thc con- the 50-microv5lt lower limit by tfle 

degradation in signal-to-noisr-ra ti0 
{which also determines the minimum 
detectable TSWR). 

The amplifier i s  fixed-t.uned ta  9!)0 
Hz (avoiding harnlonirs of riO Hz and 50 
H a )  and 113s a 35-rylc bnndgvidth. The 
5-dI3 noise figurc nt t l i i ~  Ixir~dtvidth r p -  

sults in R vsn-a-equivalent noixc Ivr-c.1 
of 1.0001 (O.UIY,) at an audio input 
signal level of 1.0 millivolt. 

Chart Drive 

The chart drive has four speess, 
I 

L- - - P E N -  POSlTlONIHG SERVOMECWAMISM--  -- - --A since two sprockets of 2:1 diiTcrcnt 
sizes are supplied, there nre eight 

Figure 3. Blork diagram of Type 1521 -51 S l ~ l t e d  Llne Recorder. possible slotted-line carriage d r i v ~  



Flaurm 4. Typic01 direct recording of VSWR. Figure 5. Mullipla recL ,l,.., ".-d In direct measurement o f  
VSWA and phase. 

speeds, from 5 to 0.08 centimeters per 
second. One horixnntal dirision on the 
chrtrt paper carresponds te  either E or 
0.5 eerilim~~ter rro tile slutted-line scale, 
depending on which sprocket is nscd. 
Fast chart speeds nnd the 1 -cm/division 
sprock~t. arp used a t  lorver frequencies, 
while the slov-r.rr speeds and the 0.5-cm/ 
division sprork~t cspand the hnrizantsl 
scale for better precision a t  the high 

Direct YSII-R rnens~uwments ?:In he 
made on connector systcms otllrr t h s n  
GRDOO by menw of GR9OO preci~ion, 
loacvsrv~ adnptors. Thcsr. arc now 
nr*nilnhle t o  typrs RTC, C, S,  TSC, 
SC. C)SJI/BR 31, Amphenol 7-mrn 
Al'C-7, Rohdc and  Srhwnrz I'r~cif is  
and Dczifix :mil C:ItS'T3 connectors. 

Substitution VSWR Measurement 

wsitlual rsn+\'R of t,he slotted line ef- 
fectively ranrels out. 

To rlcLcrn~itw philse, a ctirve is rrin 
iritli a short, circuit a t  tJhc referc.nce 
 plan^, as hcfore ( s ~ e  Figure 7). The posi- 
t,inn . nf ~nil i imum of t h p  ~~riknou-11 is 
hnlfwrty l > ~ t ~ c c e n  t , \ t ~  ndjortln t int ersec- 
t io t~s  on t h ~  multiple v s ~ i , ~  plot itncl can 
thus b~ locstrd with pitipoint accuracy, 
n o  a i l f i t tc tnho~v lolv thr t'5n.n may bp. As  

end of the hand. r l l  on?/ jrcnu~nc!y f r o m  F ~ ~ .  cl,cn Rl.enl rr nccurncy, rllh5ti- I I C F O ~ P ,  1 1  nlitl A nrr. both on the c h a r t  
0.6 s-i GJ12, t l p o  full e~rit.8 d t,ltio,l krhniqllc i.ntl r le  ,ise,l,~ paprr, a n r l  their qootirnt brromea thr 
stnncfing-ubaer pnEl~rn can he scnnnrd in a T ~ ~ ~ . :  ~OO-LZ Rrfprrnrc -%ir ~j~~ flcb ~'~vavcl~ngt~lr~-t~~~~ard-lonr~'~rpnrling on 
five s~conda, ~ r i t h o ~ d  perceptible disiorlinm ing as fin i~npecianre stnndnrd. Xccu- the fifith chart- 
of t h ~  stonding-uwvc pallrrm. mry cd mcnsusrrnrtit is intarr:tsed hy a 

factor of froln 2 t,o 5 ,  deprnrlinc on  Insertion VSWR 
AP PLlCATlONS 

Direct VSWR Measurement 

The primary application elf the 
Slotterl Linc Recorder System is, nf 
course, t ~ I P  n~ens~~ren le~zf ,  of t hc VSWR 

of an unknnnvn ow1-port compolwnt, hy 
the direct rn~tkod.  If vsrr*~ a10~1c is 
r l ~ ~ i r ~ d ,  the r?cord~r motor r i r i v ~  is 
rn~ : f i g~d  for at least nnp cyrle of the 
standing-wave pattern, to  produce a 
recorrl similar to that  shr~mn i t )  Figure 4. 
Tf t h p  phusc of the v s ~ r . ~  pat t ~ r n  is also 
important, thcn a TYPE 9013-IT&' Short- 
Circait Terrninntion (supplied with thc  
system) i~ tirnnected in plarbr! of the 
unknown, and a second curve is szrprr- 
imposed on t hc first (see Figure 5 ) .  Thr? 
distance b ~ t , ' ~ ~ - v r n  positions of n l i ~ ~ i n i a  is 
the11 measured clircctly on t h e  chnr t  
pnpcr, ns is w s v ~ l ~ n g t h ,  and the vnlrre 
of djX, thus dctrrmined, is transfarrcd 
t o  thc Smith chnrt as ma~elmgt ,hs-  
t,owsrd-load. Thc ease 1vit.h rvhich the 
~ ~ r ) s i t i o ~ s  of rninin~n r%tl be In~a t ,~d  
graphicnlty ctlsures rscrllcnt phase 
n i ~ n s ~ ~ r ~ : ~ ~ i e ~ ~ t s ,  I ~ V C I I  for VSWR'S as l u ~  
rts E.Il1. 

f r e i l ~ ~ c t ~ c y ,  311d t,hp positint~ of minim11111 
can be located nccar:~t,cly for n v s z v ~  
as low ns 1.9(11. 

TI\ t,he sulntitution method, a multi- 
plr! plnt is rcrnrdcd, showing ( I )  the 
v s n ' ~  of the nrikrwi~vn connect~r l  di- 
rrr'tly to hhr slotted liilr nrtd (2) thr 
vs~r n with tlw r*rfrrrnre air linr! i i l ~ ~ r t ~ d  
lrct~wt*n the uitkr~olrrn nncl thc slnttcd 
line. (See I:ignre fi.) \ITith the imperl- 
nncc tmnsfnrm:~tion of zr. quartcr-wave 
sir-linc scrtion, the diffrrrncc I~c:\rrc~n 
the two rurycs represents twic? the 

3Inny of the most cctmrnon design 
pl-nhlcn~s ran be vast in the form of t ~ j -  
polVt, unknowns, and the i~ l s r r f io t~  vswn 
of a t\z.c~-port ut1know11 cnll htl niwsrirrtl 
V P T ~  : ~ c ' c I I E ' : I ~ P I ~  011 t l~tb slot t~11-line 
rer~~rtlrr syst rtn hy :I suhqtitut in71 
r n ~ i h o d . ~ .  ? I~:snrngIrs r1.S d ~ s i g n  prob- 
lrnrs crntrr ing on t h v  insertmion VSIVR 

nrc t h ~  drsign of coaxin1 cnnnpctors, of 
knl: i t~d I)rntl supports, or of transitit~~rs 
l ~ ~ t t v r e r ~  so:lsi;~ l l i ~ w  of tlifft~rrtit diunl- 
etrt.5. Srpar:~t ing the 1.rl2r~tiolls of  the 
two-port n r ~  kl~cnvi\ frr~m t host* of thc 

V S U ~ R  of thr unkno~vn impc(1anc~ with 
1 sr,,. Ilvrr.r<~r,PP 17. 

rcspert t n  the rcferrncr wir linr The - F,JP l ~ ~ ~ r v r < m : ~ c v  IS 

KNOWN + - 
I AIRLINE 

7-. 
Figure 6. Multiple 
recording used in 
rubslilutien - method 
V5WR memrurernenl. 



Figure 
used 
YSWR 

7. Multiple recording 
in subrtituticln-rnelhmd 
and phmse measure- 

menf. 

s l o t t ~ d  f i rw and tertninat,ion has always slotted line to its lond hy mpans of the 
b ~ e n  difficult in such design problems. TYPE 900-TUh Tuner (see page 2'7) 
In the substitution method with t,E~e for maximum rccorder scnle expnnsion 
recorder system, separation is easily (1.005 full-scale). The successivr carves 
achieved, since the undesired reflertiorls are spared wit,h the recorder CEKTERZSG 

rancel out, while the desired reflections control and should agrec within 0.05%, 
do not. The insertmion v s w ~  of the two- or 1.0005. 
port is the difference between two 
curves recorded on the satne s~ct inn of 
chart paper, just as in the one-pnrt 
st~bstitution method described above. 
The short-circuit rrfpml~ce pfari~ marks 
can also be recorded or1 the. r'llart paper 

Figure I. Reeetdlng showlnn Insertion VSWR of  a 
rnmted palr of GR9OD admptorr (Types 900-OFIJ 

and -QMP) et 7.5 oHr. 

for Smith-chart plots of the measure- 
ment (see Figure 8). 

Aepeata bFlEty 

In t h ~  process of VSIYR meastire- 
mcnt it is important to r h ~ c k  pcrindi- 
cally that the measurement is repeat- 
able, t h a t  is, that  it can be dr~plicltted 
sev~ra l  times in succesrion 111th n 
variation no greater than the  ratcd 
repeatability of the runnector (for the 
C:HWO, 0.057,). T h e  TYPE I~j40-rI  
system is we11 suited for s ~ ~ c h  checks, 
bccnuse severs1 successive curves can 
hr! platter1 ou t,hc chart for direct inter- 

System Noise Check 

The cquivalrnt ~loisc! l~l -e l  of  the 
system, all-importailt i r ~  precision VSWR 

measnremcnta, rnn he ch~cblied pasily 
with the TYPE 1640-A Slotted Linr: 
Rrrosder 8ysten1. Cont,silx~t ing nhou t 
equally t o  the system noisc arc f hrcc 
sources: the signal sources, the crystal 
d~tec tor ,  and the rerorder itself. To 
measure: the V8lVR eqllivnlent of system 
noise, the probe rarriage drive is de- 
clu trhec?, the recorder stat, for maximum 
resolution, and hhe chart  rlrii~r? ncti- 
vated. Pinre the pmhc is rrot mnring, 
the sole cnuw of any n i~g le s  on iIie 
chart  is syst~rn noisrv. I 'h r  p~rtk-to- 
valley noise elrcur.Gnns can then he 
Ira~islulrd illto all approsirnatcIy equiv- 
alent VSIYR. In thc csarnple of Figure 
10, the peak-tJa-valley ratio is 0.02%, 
for a VSWR eqiiivalent of 1.0002. Thia 
nmolints to a hasic figure of merit for 
tFlp system, since the vswn of the un- 
knou-n must he comfnrtnhly above thnt 
of the noise level in order t o  give 
accurate results. 

SUMMARY 

Tl~c usc of n, graphic lc~rcl recorder 
greatly enhnnws the usrfuln~ss nf t8hr 
precision slnt,ted Iinn. Among t h v  Ijenc- 
fits clerivrcl from this syrirrgistic al- 
lianre are : 
- n, scnle espansion that, makes thc 

rect~rdcr the e r ~ u i v n I ~ n t  of n vs~vn  nlcter 
with a 10-foot-long scale, 
- a si~nal-to-11oiw ratio of ovcr 

SO dB, 
- the pinpuint location of positions 

of nlinirna, 
-the many aclvar~~nges of ~nultiplt! 

rernrding (in subst,it>u t i r ~ i ~  mrasure- 
~rlrnts, for esxmplc), 

Figure 10. Typical recording of system noise at 
2 GHz,  wilh Type 1360-% Microwave Oscillator 
used us signel rource, Chwt speed war 30 div/ 
min. Nole thmt WaF excursion over entire 25- 
aeeand recording I s  equivalent fo VSWR of  only 

1.0002. 

- t h ~  ~nssihilities of graphical analy- 
sis nE rrrol-dings, 
- thc availability of pcrnlarient re- 

cording for referet~ce n ~ i d  later study. 
For rngin~ers wnrkin~ on coasinl 

design prohlpms, lor instructors wishing 
t o  dernollstrate standing-wave phe- 
nomena most eflcctively, for anyone 
concerned with slot,ted-lint! measure- 
ments, the TYPE 1 CFO-A Slotted Line 
Recorder Eystcn~ ~nerits very sprinns 
appraisal. 

comparison, as shown in Figure 9. For -.d1cm+--~-.-.------7- VSWR = 1.0 

this rherk, it is desirable to match the 

Figure 9. Mullipls retotdlng 
showing excellen! repeatubility 
of GRSlOO cannection at six dif- 
ferent arienftationr, in a very 

low VSWR measurement. 



S P E C I F I C  A T  IONS 

SLO?TED LINE (TYPE 900 -LB)  

Probe Travel: ,50 rnl. Svnlr r.%lilir:~tcrl i r l  renti- 
r ~ w t r r s  Trotn rtaicbrcnrc 1ll:~nr. .\ t , t :~chl~et l  vcrrlirr 
r.xn I)c rc:~rl to 0.1 mrn. 

Scale Accuracy: f (0.1 nrrn f 0.05 x}. 
Ftequenry Rmnge: 0.3 to  8.5 GHa. At :JO0 AfHz, 
covers a hnlf rvavelengtl~. Operates below 
300 AIR2 with Trrts !!00 l'wcision Air Line. 
Cvnstaney of  Probe Pickup: eD .5  5. 
Reriduel VSWR: T4css than 1.001 + 0.001 Jmc 
(e.g., 1.002 nt 1 GHz).  
Access~r let  Required: ccrlerahr nild detector. 
Dimensions: \ \ ' idtI~ 2 i '  5, h~ ig l t t  10, ~ I r p t h  
4 d t  i n ~ h u s  (700, 255, I25 nim). 

Frequency: 900 Hz f25. 
Bandwidth: 35 Hx i 7 Hz (at 3 dB). 

YSWR Range: Cqnlin~~ouslv :rtlj!istnl~lr fmni 
1 (cl.X%i t f ~  1.20 (20%) rulI-s.:~le: : ~ c r k t r ~ t ~  
to rv~tIlirl rmc minlrr ~ l i v i s ~ c ~ ~ ~ .  

Noise Level (referred to input): Sh~~rt-cirr'tlit, less 
than 0.1 v\.'; rrpetl-vircuit, It-s thon 3.n p \. 
Suise Ci~nrc  SF: tti:~tl 5 1113 :kt I l 1 ( ~  opI,irnl I I ~  
sllurer: resiatflncc (:tl~rrut 31) kiltihn~r; ). 

Power Requited: 105 to 1'25 or 210 to 250 Y, 
60 Hz, 35 IT. TYPE 1531SLQ 1 Recorder, used 
with TYPE lti-i0-:iQ 1 System, 50 HZ. 
Chart Paper: -I-irlch reo~rditlg rrn 5-ir1i:h I l X F r ;  
40 lninrlr nnrl R rnnjor tllvbir~tls vrrtic.:klly. 
llorifiontnl 3c:tle ruIirlg, 9 II~I-~I. 

Paper Speeds: .kdjusC:~l)le, 2.3 bo 75 inchm prr 
minute; plstts cc~rreal~or~d tu 5- C4, :<IlO-c~t~/rnir~ 
cnrria~e 1.ravcl: on slnttctl line. Twu inkr-  
rtl:~r~~enf~le sprnrkct* ntlvnncr p:ipcr 1 or 2 
! I K ~ F ~ ~ ~ P I I L : ~ I  diviqi(1113 per vrn l>rol)~ tr:~vc!. 

Servo Bandwidth of Pen Drive: Irorr t l l : l i~  I I !z. 
Input Connector: [:1<8T 1 Con~inl (:r>r~t~r~ctot, 
lur:l<iai y,  recrzsrd. 

A<re$oories Supplied: ' ~ I ' F :  97 1-11'12h Pntcll 
'am!; TI 1.1 aJOO-it  I'mcifli1~11 bFtlr~i-l C'ircbttil ; . . I TPIJ !MlO-il'~ 1 'r(bt:kion ) p ~ ~ i  C'irv111t : t 1111inx 

~t 111) - prcil lr :~ssl,lnl~ly (ir11'1l1tlirt~ 1 \ 21 U :III(I 
I f 2:l( : . r.rvst:~ls ): r f -~>r th~ '  n~st.~nl>lv (wit11 
TY FT: H7-i-73RL Conn~ctor) :  rnicron~cter bnr- 
riaac drive (xccrlsnte to 0.(11 mm): .spare drive 
cnEhe: storage \lox; S m i t i  ch r~ r t s ;  1 cct  of 
jmtrok reconler rnnrkem of ns5ortrcl colors; 
ten I t l l l - f l ~~ t  rnlls of chart pspcr; powr?r rortl; 
spare f u s ~ a .  
Bench Spate Required: n ' i l I r 1 1  IS, rir*~>t,h 1 I in  
I 1 ?lO I ~ v  ;Z.i I I \ I ~ I  i; !rPigkt 4 1 I j r ~ v v  ~>P~ICII ,  12 
i r~ ,  fhytlk I )PI<IW IIWI(~II, ll ~ r i  ( : { I ;  :II~<I 2:;O ~I~III). 
Net Weight: (;; 11) k ~ ) .  
Shipping Weight: 1211 Ih 155 kt). 

Measurements of Dielectric Materials with the 
Precision Slotted Line 

The slotted line has long been 
recognized as o fundamental tool 
for measuring the d~electric prop- 
er?ies of meteriais a! high frequen- 
cies. In principle, the measuring 
technique is simple: fi l l o section sf 
coaxial line with dielectric material, 
determine the propagation constant 
of the filled secfion of line from the 

pEc hnl t f r r  Inr solid dicalrrtrirs. The 
error i r i t r o d ~ l r r d  1 I? t,hl- incliisiotl of 
thr* C; I<UOC) Connrrtor brlt~vrrr~ t h r  
sfin~plr ant1 thc pnint oi' rn~nsur~snrn  t 
i.: nrgIigi tjlr for rnnht, pttrposrs. 

Thrl rlirnmsic~ns fnr n ryli~~tlrirnl 
s:~rnpltb of srblirl rlirlcv,trirb :Ire shorvn in 
Iiigurr 1 .  'I'h l,nf:~l Ipngt.h of thr snmplr 
rnjy 1,c mntltl 1111 11f :I numhc~r  of pirrcs 
2nd mny I I P  ~ r l l z n l  t,o nr l r ss  thnn thc 
Irngth of thr x:trnplv h o l d ~ r .  Thrrt! 
sbo~tld lrr no g:tps I ~ o t w t ~ r n  t h r  i11c1 ir - ir l -  
t1111 p i r v ~ s .  Thc nr:rllrncBy of Ihck rnrr~s- 
~~ r t~ rn rn t s  will rlcprlntl rlporl the precision 
with mhirh thv d iarn t~ te t .~  :Irr m:tcIiirl~tl. 
A light prms f i t  of th r  s:irnpic ng:~inst 
t,llp i r ~ r l ~ r  :ltld n t ~ f r r  c~or~r lur tors is 
~TcsirabPr, 1)zit too tight :I fit, m!Lp 
rlnrnngr f h~ TI-r11: !)00-L% Rrfcn.ncc Air 
1,inr. I'or n r r ~ t  r:ttr loss-f YI ngrrt t M m s -  

l l r r rn rn ts  of ;I lrrry Ion--loss mltrbri:ll, the 
lmgt h oF t hr s:) mplr sIiol zld t~r s~ lc t :  tod 
l>y t h r  proc.c*[ l t~r~ clrsrrit)rd F > r n t o w  ~ l r l t l r r  
J,'jTt>t,t f o  o!~I(-! l<(jsifif(~ W P .  

St:lrul:inl I t ~ i ~ g t l ~ s  of '~'YI'I~: NID- LZ 
1lrfcrcnc.r jiir I,~T~Ps (.i (*ma t i  ('nl, 7.5 em, 
1 ( J  om, 1.5 rm, 20 c m )  will mrt~t most 
t~c~rcls. If ntflcr Trttgth:: arr nrrtlctl, t iu-y 
v:ln I ) (% constnirtrd ft-om "r~11a O!)OR- 
 in^ lmr)l~, rr YIJI; O ~ I O O - ~ ) : ~ ~  I ttl ~~d 
'rvllrm: 0OI)-.iI' Onnnrcbtnr Tiits. 

I I 

THEORY 
1 hc rnrns~n.c,rnrt~ t s  t11:it. will Irr cbrrn- 

sidr1rrrl hero :trrh t hour of rrol~m:~gnrtic 

I 

rn:lt~ri:~ls i r l  :i short- t . i tc .~~i t i r l  snmylc 
holtl(.r. Oihrr t,ypr%s rrl' rnrb:kxllrrrnrw ts  
n r r  rlc~sr.r.il,r~tl ;TI v:irious rrt'~~rruc.r~s.~ 

1f :i vi}:~ ~ i : ~ l  I i rw  v t ~ i ~ t : ~ i r ~ i ~ ~ g  :I ( lit~lc\vt r iv  

s:inlplv is w11rlt.t-rirvui tr%{l :it, i t s  I':lr 

end, the rrlationship hettvcen the 
pr~pagat~inn cnnstnn t, 7, of the clielec- 
trir-filled line and thc: standing-wave 
ratio, S, and warrlenglth, lo, in an 
attachrd air-fillrd section of thc line is: 

1 ~ T S ,  
--j tan - 

tnnh yrl AS -- - (-, j) A0 

yi! 1 2 ,  3rd I - j - h n -  
,4' X o  (I)? 

w h ~ r c  So = t,hr distance from the fare 
of the d i~ l cc t r i r :  sample to the first 
voItagc minimum in the :ijr-filIcd line, 

r f  = the lcngth of the sample, 
A, = the ~t+zvrlmgth in the air- 

f llrd line, 
P = t h ~  stnncling-wnv~ ratio 

in t h ~  air-fi l led line. 
This  rtluation ran ht= sepsmtrd into 

its rcnl and imaginary pnrts nnd, if 
trtn 6 (thr loss taogrnt) is IPSS t,ll:tn 0.1, 
sirnplihrd n ~ i t ~ h  rrs11Its ~ccurntc* witchin 

f lcb. Thr simplified equat,ions are: 

needed ( I )  an accurate slotted line, 
2 sect ion of air line usable as 
sornpte holders, and (3) low-reflec- 
tion, low-foss, cooxiol connectors. 
Xhese are all now available in the 

I GR900 series, and the accompany- 1 .  
Inq article tells how to use them. 

'Fhr low nntl r t?pentnbl~ VSIVR :rrtrl 
thr  Iow loss of the  C:R9OO I'recisinn 
Cnnsial Connr r to r  m:tke possihln thc 
usv rlf CR9On r t j l ~ i p r n r ~ ~ ~  fnr t , h r  rlrorlil- 

rate c l r t r r m i ~ ~ n t i o n  nf dirlrctrir con- 
P ~ : I R  t ~ t i d  103s t nngr l~ t .  S o  sp~cdinlizcd 
d i r le r t r i c  mr:isuring npg:v:it~~s i* 
nccewary. 

Thr rnr:lsuring d ~ v i r r  is  t i le  Tl-r~r.: 
900-TAR Precision Slot,cd 1,inc. The 
cornhinntinn of a TYPE IjnO-LX R ~ f r r -  
cncr Air  Linr and n TYPIC 900-\VXC' 
Short Circu i t  rnnkcs n r~onv t r i i r n t  snm- 

phase and magnitude of the refkc- 
tion introduced, ns determined by 
measurement of standing-wave ra- 
tio on the slotted line, and calculate 
the dielectric constont and loss 
tangent from the propugation con- 
stant. 

For valid measurements, there ore 

, 



NOTE : 
DIMENSIONS IN INCHES. 
TIA . TOTAL INOICRTEO RUNOUT. 

a24425 - goo 
0 005 TIR MaY 

OUTER C_OUDWCTOR 
TYPE 

900-WW 

DIELECTRIC < 
ShMPLE 

b ShMPLE IN HOLDER 

DIELECTRIC, 
SAMPLE 

where B = phmc constant, and 

where a: = attenuation constant. 
If the frcyuency and sample length 

nrp chosen so that X. = 0, then tan 
@rl = 0 and flrl = X3r, W ~ F ~ P  N, is the 
nurnhpr of half wavelengths in the 
samplc. The t:quation for ad then 
becomes: 

From n kriowledge of a :lnd B in the 

AX 
and tan 6 = -. 

rl 

If the minimum is vcr-y narrow it mny 
be desirable to use point,s more ~vidcly 
s~pnmted,  such as the 10-dl3 points. In 
that case, for small 0 

1 T A X  - 
X 31.' 

113) 

A X  
and tan 8 = - 

3 rl 
(14) 

MEASURING PROCEDURE 

Figure I .  Dlmenrl.ns inrfallm- (1) Insert the s3mpIc into the refer- 
lion of  dieledric sample. ence air line flush wit11 one end and 

with no spxers between the pieces in the 
sample. 

( 2 )  Attach the TYPE 900-W4C Shnrt, 
1 

drtrrrninc - by a width-of-minimum 
IS 

method rather than by direct measurr- 
1 

ment. - is related to the volt,age a t  
S 

AX 
point S, a distance - from the mini- 

2 
mum by: 

f - - sin B - 
S (9) 

Circuit so that i t  is in contarlt with t.hp 
snmplr, as shown in Icigure Ib. 

(3) Connect the snmple hoIder t o  
tht measnring setup (I:igurc 21, con- 
sisting of the TI-ri.: 9nO-LB Sloftrtl 
Linr, a ' ~YPF:  DST-:3 nr DS'I'-4 I-Irtrro- 
d y n ~  Drtrrtor, nnrI nn npprnpri:ltr- 
g~nerator ,  S I I V ~  n? n GTi I-nit osrillntor. 
A "11-PE 874-Cr 12ixctl . i H r n u ~ ~ t o r  clr 

311 isolator s h o ~ ~ l d  Ijc 1 a r 3 r l  hrtnren 
tbr gpnrratnr nnrl t h r  ..;lotted linc.. 
An arnplit~~tlr-mod~rlntcd somre atltl 

R s tn~idi i~g-IV~VP i ~ ~ d i ~ : ~ t o r  vnn h r  11xcrl 
if the frerlue~1cy rnoclrdntion of t11r 
source is kept very sm:111. 

dielcctrie-fi1lr.d line. thr! rcht ti ve dielec- (4 . i ~ I ju s t  t h ~  fwqr~~~ri~ 'y  FCI ~ I I R  t :I 

tric constant, 9, and thr~ I o s ~  tarlgnnt, If "(is ''''is'''''  bet"'^ points vcrlingr millinuim orrllr* a+, +hr 
tvhrre the power is tivice that  at the riirlrrtric, Fnmplr ,  . . 

tan 6, can bc mlriilatrd. For thr '1'EJI r ur not 
minimum (:{.Ol-rEB pointa), then: rnocIr in n conxisl line: f h~ s:lmplr complrtcl, c Tvl~pth 

XZo I sin f l  --(a'- - = (10) of the IiaEdcr. ?'(I rln 1 p:irr t Ilr 
t -  

4a2 4 , ( 5 )  S (2 - cos70) % poaitinu~ of t h r  rnit~irn:~ ~ i r s r  li i t  li t h r  

wllethr~ 
if fills t11 
his, rom 
.. I' . 

2mP smn]l valups of 8, (<O.OT;j snrnp l~  hoIdcr (rrlhtniuillg thc. ~:lrnplcl 
and tan 6 = - 82 - ~ 2 '  (6) radian), sin 0 = 0 and cos p = 1 are on thr ' ~ Y P I . :  1100-I,]< Slo l l r i l  i,itlr nt~tE 

CIOSP approximations. Then : tBcn with n T~rrs  !)CIO-11'1 Sllort If a' is small compared with fi" as is 
the case w h ~ n  tan 6 is less than 0.1, 
equations (5) and (ti) simplify, for DETECTOR- TYPE DNT 

samplcs that are an integral number of 
half-wa~rlengt~hs long, t o  

h "  Nb XO * e r = - -  - 
4 iT2 - ( 2" ) ' 

2 m  X, 1 
and tan 6 = - = - -. (8) Flgure 2. setup  or dl- 

0 ad AS eleclrfc metrrurernents. 

I 
For small vnlues of: (Iligh stJanding- 

h 
m v e  ratio) it is more acrurahc to ATTENURTOR 
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Figure 3. Length* of rampier let a Type 900-LZ15 
Reference Air Line for minlrnrrrn tan d error In low- 
losr dleleclric rnemruternents, (See equalions 18 

and 19.j 

Meter Errors 

If n 8-dB mirlth of minimum is used. 
meter indicantiorln on thta GI? TYPE 
12Ifi-X I-nit 1-1: rZmplifier will, ilk ~ P I I -  

rml ,  r,ausc 1legligil>1~ prror when the 
upper p:rrt of zhc scale is l~srtl and ~ v h ~ n  
rnrr is t n k ~ n  to t l i r l ~  tht 10eal-owillator 
frrtlucnry esntbtIy for mas i rn~~m o~itput .  
.t I 0-d R width-of-minimum measure- 
r n ~ t l t  m:iy r e q u i r ~  that t h ~  i-f ~rnplifipr 
vnlihratiun he checked rvit h n pr~rision 
n t t ~ n n a t o r  for grmtent ncruravy. .\< :tn 

r>s:lmpl~ of thr prrors in loss-tangent 
r n ~ n ~ u r e r n ~ n t s  mused by poor i-f :im- 

plifier calibration, :ill rrror of 11.1 d R  
in :I t ypirul :' l-dH ~ridth-of-minimum 
rnmsnrpmcnt \rill rausP an errnr of 
I.!)'; in tsn 6. An rrror of U.1: dB in o 
typicnl 10-dB ~vidth-rnf-mi~~irntim me:is- 

Effect of Contoct Resistance 

-\ltho~rgh thc ronnertor rontart re- 
sistance is typically less than half n 
millinhm, a smaI1 part of the mcasur~d 
loss is due to t,his resistance. The mag- 
r i i t ~ ~ d ~  of thr error caused hy this loss 
depends upon the rrlntire currrnt  
through the contar t for each measure- 
ment and is significant only w h ~ n  very 
lorn-109s dielertrirs are  rneasur~d. If the 
rurrpnt is the same w h ~ n  the sample 
i.s measured as ~irhen the empty sample 
holder is measured, the con tar t  l o s ~  
will have no pffrrt on  the ncnlrary of 
the tan 6 mean~remmt.  If  t h ~  r u r r e n t ~  
rliffrr, there may be ntl error in tan d 
as large ~s n.nflnl. Thr amolint of 103s 
dur  to t h ~  f i ~ l i t ~  contart rrsistnnrr in 
LI givcln mrasur~rnen t is 

I 
~ v h p r p  8 = - 300° ant1 i it: the d i s h n r ~  32 

X I 
from s ~oltngr minimum to t h ~  I.OII- \ 

Ion--loss dielertrirs. For Inn--loss mate- sgmmetrips in the dielec trip twial. 
rials, the currcnt through the coritnct~ lyhile the air-fi~led section of line lie- 
rrill he of approximatply thc samr tween the sample and the point of 
magni tud~ with und xvithout t h ~  Sam- mPasurtment acts as filter for these 
PIP in the  holdel' lrhpn thp f r p c l l l ~ n r ~  highcr-ordPr modes, in some instances 
and ler-gth are so rhosen that  sample betr,,een the and TE 

2 S,I, 
length il = rnodts may be great cnough to pro- 

( S  + I )  df-+ s,' ducc an error in rn~ssurement.  JIeas- 

2 %'E urcments above this freqnency, there- 
and A, = - h- (1- ( fore, should he made a t  small (sav 10%) 

1 
tact. l lnsimum loss ocrurs wkrn :I 

voltngr minimum orcurs : ~ t  the conturt .  
I t  is d i f i r~ i l t  to er.nli~ete the masim~rm i26m 
10s; ~ x a ~ t l y  ~ P C ~ U S P  01 its *me11 value. 

y 1 Thc. mnditinn that the rurrpnt lip thr 
samP for both rnrast i r~rn~nts  ( w i t h  unct 
withom sample) may bp mrt by np- g Z 2  prupriate r h o i r ~  of length and f r ~ -  = 
ipzPncy For a sample with a gir.en diplpc- A 

- 

triv constant. Tf t h r  dielcrtric~ constant 
is ~ ~ n k n a w n ,  it may h~ nerpssary first 
to nlPRYtlrF d i e l ~ ~ t r i c  c ~ ~ ~ s t a n f  and then 

1 a l ' Z a J ' r l ' 5 A  

\ : 

N;,E- 12 

I i 0 C U P .  A s 5..r[[ =511 w c W t i h C  tx1oE 

of thc nsr: of these curves, suppose that 
&50k 

r E,U'. I E  41:  PO-YUER 0 2 W S  thc loss tangent af a low-loss mntcrial E 

to tr im t h ~  snrnp l~  iu the proppr length DIELECTRIC CONSTANT PZEl 

for ar rura te  d ~ t e r m i n a t i n ~  of lous. Figure 4, Lengths or smrnplrs for 0 Type 900-LZ~O 

 hi^ is ,lpresssr,. on]v for arl,uratr Reference Air Line fer minimum ton 8 error in low- 
lclrs dlelerrrlc mealuvemsal$. 

me:tsur@m~nts of t h ~  105s tnngrr,l of 

-'* frequency incremcn3 and pornpared 
where S, and S are integers and b i~ 9.5 
the length of t h ~  sample holder. Lengths with m~asurernenta below - GRz, 
that satisfy the relationship and the 4; 
correspnding values of 3-, can be d ~ -  in order that  anomalous result,s ran br 
te rmin~d from Figure 3 for a l k r n  detected. 
sample holder and from Figur~ 4 lor a 

2.BO 

- 
22.40  

with a dielectric constant of 2 is to ho : 1 I I I 

I 

30-crn sample holder. I:ig~ire -4 ehon-s 

measured. If a samplc 12.43 ern l o n ~  is !'.3$$ 

i ,F?ILYUA~NLT 

used in a 15-cm sample holder, tan 6 " 22 0 1 I I I 

only the most useful curve of a very 2 7 0 ~  I I . I  
I I 

curacy at A, = 17.60 cm, 11.73 cm, 
8-80 cm, 7.05 cm, .5.&7 cm, and -5.03 I 

can be measured with maximum ac- 

cm, corresponding to h'. = 2, 3, 4, 5 ,  a006 

fi, 7 .  If,  instmd, a ~ a m p l ~ !  lfl..jl cm o.oo~,  I I I I I I 

! 

' . P o L Y c ~ ~ ' ~ W ~ T E  long were chosen, tan 6 could bc rnexs- z,,,i 

2 10 

"red with maximum accurgcy on]; at 
X. = ;5.4R cm, X, = 7. 

Existence of Higher-Order Modes oool 

9.5 
A t  frerj~icnries higher than /I GHz,  FRCUUEYS> c* ,  5 * L E q ?  

ror .'# 4- I 
LOSC: - X rnnsimum ltrss. 

2 ( I S )  

Y C  

higher-order modes, psrticularly the Flewre 5. Dieiecytlc consFanr and lore tvngent or 
typical ms?erlalr as menrwred en !he Type 900-LB 

TI:Il modr. can be esrited by axis! dis- precition siotiect Line. 
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