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h f h i n g  Rep/oces the Slotfed Line - 

Frederick V ~ l n  Yeen 

T HE SLOTTED LINE remains the basic 
instrument for standing-~vave micru~rave 

measurrments ,  such as impedance, phase, 
vswr and reflection co~mcient. 

It  is a section nf coaxial o r  wav~guide 
transntission line, with a longitudinal slot cu t  
into its outer  wall to p e m i t  the insertion of a 
p~obe .  The probe, nrtaich is usually mounted 
on a movable can-iape, travels the length of 
t h ~ !  line to explore thc electrornagn~tir field 
inside. A detector and rnetcr, connected to  
the prnbe. indicate the relativc voltage o r  
current  rnr:pitudes along the line. 

What tn Look For 
In Picking n Slotted Line 

Any irregularities on the inside w:ill s iir- 

faces of tPe outer conductor, OP nn the out- 
side o f  the inner conductor will disturb the 
iields, and  intrnduce ewors in the measure- 
ments. Other sources of errnys may be the 
connector-s of coaxi:~l slotted lines and nckisy 
detectors. So, if you are on the  verge of buy- 
ing a slotted line, it v+ould he a good idpa to 
consider these factors: 

Residual v s ~ r r .  
F1:ttlless or slope. 
Frequency range. 
Connector series. 
Accessories available. 

Residual vs\itr is usually the first spec- 
ification you should look at, for this is the 
fundamental measure of a line's accuracy. In 
practice, this figure is determined chiefly by 
the co~~nector and by any transitions. as, f o r  
instance, fronl a slab-type line t o  its coaxial 
connector. 

X serious shortconling of this specification 
u-ith many coaxial slotted lines is that  it is 
based on measurements made with a uniquely 
rnatclied load through a custom-built connec- 
tor. Precision slotted lines, on the other hand, 
are calibrated in terms of generally available 
ail.-line impedance standards. 

Flatness (sometimes called "slope") refers 
to the  constancy of ppobe c o u p l i n ~  as a 

fnnction uf t h e  prohe's position on the  line. 
lf'hiIe flntness is itself independent of fre- 
quency. its effects are not. Tlre lower the 
f r ~ q u e n c y .  the greater the portion of slntted 
line that must  be used, and thus  the greater 
the nver-all effect ni' any departures f ~ v m  
flatness, At the high end of the line's fre- 
quency Yange, only a very small section is 
nn17naa11y used, and flatness is less of a con- 
sideratios. 

The frequency range is obviously a critical 
factor in f i n r i i n ~  ;t proper line. The low Cre- 
quency limit of t h e  slottecl line is the fre- 
quency at which its lenflh equals a half 
wavelength. IT,ow-irequency coveram can, 
hot\-PV~P, be extended by the addition of air- 
line secticbns.) The high-frequency- limit, a 
function of line size, i s  the frequency at 
which the coaxial line b r ~ i n s  to propagate 

d 
liicl~er orrler mocles. 

The ct~axial slnttcd line is a very broad- 
l~ancl instrument, and engineers should have 
no t~auhle  in selecting a s i n ~ l e  s1ot:ed line to 
cover the frequency range in which they are 
worlcing-. 

The connector series used on t h p  slotted 
line is important. It  is hard to predict what 
connectors one mill encounter in the labora- 
rtolhy; the availability of adaptors from the 
slotted line's cnnnector to nther coaxial scrips 
could be a significant factor. Fo r  example, a 
set of precision adaptors from Ule slotted 
line's connector t o  types N, TNC, and EXC in 
effect gives the user several slotted lines f o r  
the price of one. It is also a good idea to And 
out  just what nther coaxial elemer!ts (termi- 
nations, air lines, ells, tees, etc.) are available 
in the  connector series used by the slotted 
line. The slotted line is, aftel. all. usually 
surrounded in a measurement setup by 
auxiliary equipment, and  if there's one thing 
better than a drawerful of adaptors, it's a 
drawerf ul of components for  which you don't 
need any adaptors. 

The accessories available sliould be checked d 

over carefully by t he  prudent shoplxr. Anrong 



1. When shopping for a slowed 
line, it is o good ~ d e s  to keep an 
eye on the needed accessories. These 
may not be readily available, or moy 
cos! more if bought separately. 
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the more important items one may or may overstated. Coaxial slotted lines are now 
not find included are detectors, micrometer capable of the same high performance as 
pl-obe-position indicators, short- and open- rectangular waveguide lines, but with band- 
circuit terminations, tunable probes, patch widths up to 30 to 1. Vswr measurements 
cords and a storage case (Fig. 1). down to 1.001 are becoming. routine. Second- 

Precision Connectors and Recorders 
.-. Enhance Value of Slotted Lines 

The precision of slotted lines was consid- 
erably improved in recent years by two 
developments : 

Precision coaxial connectors. 
Recorders that can replace detectors. 

The impact of the precision connector on 
coaxial slotted-line development cannot be 

order effects such as source mismatch, probe 
reflections, slope and line flatness can easily 
be taken into account and eliminated from 
the measurement results. 

The recorder (Fig 2) increased the resolu- 
tion of measurements. For example, i t  is 
possible to detect variations in the VSRT as 
small as 0.0002. 

I 

- 
2. A slotted line becomes very 
precise when a servo-type strip re- 
corder i s  used for the readout. The 
chart effectively represents o 10-foot 
long conven~ional meter. The driving w 
link of the recorder is designed to 
duplicate the posit~on of the probe - - 
along the horizontal axis of the chart. 
The full scale vswr con be as small os 
1.008, and it con vary os little as 
0.0002 and still be detected. 



Type 900-LB PRECISION SLOTTED LINE 

USES: In the field of microwave impedance measurement, the machined steel  tube with a Iayer of silver. The true coaxial 
s l o t t~d  line is  [he funrlamenhl instrument, hccause of its in- cross-section of the. TYPE 9C)O-Ln allows refl~tionlegs e&n- 
herent accuracy, broadhnnd cl~arsct~eristics, ~~~ plrn,se- ,ion the into the gross 
memuring cnpahility. Of the sewral types of instruments diameter chsnge transition pieces, 
romrnonly used to measure VSIVR, only the sIotted linc gives The removal,le, barrpl-t?.pe pmbe tuner, which includes the design engineer all the information tie needs to evaluab 
the uvcr-all perrnrmnncc of devices and netr5-firks ovrr a P T ~ C ~ ~ Y  calibrated adjustments for probe penetration {in 
wide hnntI, Among t . h ~  many pararnrtrrs that tan be. deter- incrern~ntrc of o-OO1 inch) and for (300 
mined by use of the sIottPrt line fire vsrvn, reflection-copIfic:ipnt l l c / s  to 8.5 GcJs), mountq on the movshIe zarringr. Probe 
mngnitude and phasp, i m p e d n l ~ c ~  or inmrticln lwsition with rcfrrcnce to  t h e  GRWO contact surf~ces is in- 
loss, and rvrtv~length. tlicat~d hp a vernirr scale ~ v i t h  a11 ficctiracy of 0.1 mm 1 

The most prcwse consial connector, the G R m ,  and a 0.05%. A micromrter cnrriage drivc, also supplied, extends 
nearlv p~r fec t  s~c t ion  of coadnl transmipsion line combine to resolution to 0.002 mm. 
~ i v r  thc TYPE NO-TdN Precision Slotted Line unparnllpled Accessarip~ supplied with the slotted line include, in d d i -  
~)erforrnnnce specificstlons. The resid~ixl ~ s w n  cf the instru- tion to the tuner ~ l r ~ a d p  mpntioned, sh0i-L arid *pen- 
merit is that  of its GWOn c o n n ~ e h r :  1.001 + 0.m1 fc~. circuit terminations, patch cord, nlicrometpr cnrriwe drive, 
W ~ I J P ~ ~  with the appropriate GR9w l o ~ - - v s l v ~  n d a ~ b r  and a. separate p r o b ~  acr:essory for npplirations requiring a 
t l~r  'I'TPF: 1)(3O-L1J hernrn~s 3 t y p ~  S ,  L ~ S C ,  TNC, C, G F W 4  direct rf  output, - 
slotted line who* .r!sp~rificntions still exceed t h m ~  of slotkd The outst,andinqiy low v s w ~  of the T Y P ~  9WLB Bhould 
lines originnllg equipl~~rf  with the other series ( s ~ e  curve usem the houm to cahbrntP less 
below). in~trument~s. For those whose applications demand the uIti- 
D E S ~ R I P ~ ~ D N :  ne T'pE g o o - ~ a  i9 a alotw of mate in accuracy, the TYPF: 900-LB Can he cnlil~rated against 
la-mln (fl,.?.(j2,5-in) coaxinl transmission line \rhnse rhnract,pr- a TYPE EK)O-r% Refewnce -4Er Line, an impedance stnrl(lnrt1 
istic imperinnre is very arrumtely known (50.0 ohms 1 0. l wit11 n rswn urhder 1.1)@25 nt  8.5 Gc/s, A TYPE 90E)-'TI;.I or 
'I'l~e outcr contluctor is prrcislon-forged brass tubing lined 900-TUl3 'funer cnn Ilc useti h tune out srnnll r~siclunl 
with pure silver for Ion1 loss. The inner ronductor is z precision- reflections. 

S P l ! t l F l C A T I O N S  
Chumtterlrtlr Impedance: 50.0 Q 2 0.1 yo. ekr  r ~ r r i a a c  drivr! (urrur.stc to 0-01 mm); nt.trnctive storwe 
Probe Travel: 50 rm. Scale calibrated in rent,inl~tets from rrf~rrnre rswl Smith cllarts. 
pl:rne. Att:irhtd vernitr can he re:tcl to 0.1 Inm, mirromp~r Arcassariss Rsqairud: Genernt~r and deterlnr. 
carriage drive tsupplietl j to 0 2  mm. Dimensions: Width 27%, height, 10, depth 43i in (700, 255, 
Scale Accuracy: f (0.1 rnm f 0.05y0). 125 mm). 
Freguenq Range: 0.3 to 8.5 GcJs. .kt 300 1Ic/., coven s half Net Wei~ht :  10% lb (4.9 k~). Shipping Weight: lb (15.5 k~). 
n nvrlmrth.  Otwmtrs l ~ r l o ~ v  300 3I(,/r: wit11 TYPE mIl or -1,Z 
Prccklon .kir L ~ C  (p:rge 102). 
Constancy of Probe Pickup (Flatnesuj: 40.570. 
Residual VSWR: 12s thiin 1.001 f 0.001 ,figc ( e . ~ . ,  1.002 at E Gc/s). 
VSWR ('a1il)r:lt Ion rl!ita is m p p l i ~ d .  
Repeahbil l ty: W~thln 0 . 0 5 ~ b  (O.MO5 in v c r ~ l ,  
Dc Conract Rwlstance ef Type 900-Bt Connector: Inner conductor, 
less thsn 0.5 rnfi; outer conrlrlcior, Irm t h u ~  0.07 mfi. 
Arrcssories Supplied: TYPE 874-IB2A Patch Cord; TYPE KIO-WN 
Precision Short-Circuit Terminnt~on; TYPE m - W O  Precision 
O~PII-Cirrurt Terrnini~tion; adjustable probe-tuner n ~ c m b l y ;  
1 N21C" and lN23C Jetrctor diodes; rf prohc accessory; rnicrom- 

Combined VSWR speciR- 
cation of Type 900-LB 
Precision Slotted Line and 
Pyps N, BNC, THC, C. and 
GRB74 adaptors. Bottom 
CuWs i s  VSWA speciR- 
cation of slotted line 

wifhout adoptor. 
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