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‘This application note will review a number 
of RF & microwave switching configurations, 
from the simplest single-pole, double-throw 
switch through transfer switching to full- 
aceess matrix switching including matrix-test 
considerations. We hope that some of these 
application concepts may be of use to ATE 
and production test system designers who 
have to combine novel ideas with known 
switching concepts to meet their own local 
test requirements. 

The note will also consider operating char- 
acteristics such as insertion loss, SWR, and 
isolation. It will cover only mechanical switch 
designs, not semi-conductor types, Diode 
models switch faster but generally exhibit too 
much loss and too little isolation for ATE 
purposes. Finally, since most switching is 
done for ATE purposes, some material is 
included on the HP 11713A Programmable 
Switch Driver.



  

  

  

Figure 1. The “edge-line” transmission line concept (a) uses a flai 
conter-conductor perpendicular to two ground planes which 
‘concentrates the field pattern at s edges. This allows a fexible 
“fipper" blade tn the HP $761/8 Coaxial Switch (b) 1o contact 
either output connector port 
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Figure 2. The HP 8761A/8 Coaxial Switch offers @ variety of 
connector options which allow swilch “iees™ 10 be configured. The 
7 mm sexed inter-conneciion skown has partialarly low SWR 10 18 
GHz. 

SPDT 
Single-pole, double-throw coaxial switches are the 

basic building block for switch trees and most micro- - 
wave switching. The HP 8761A/B Coaxial Switch is 
the simplest of these since its design features the so- 
called “edge-tine” [1J12] concept wherein a flat flexible 
center conductor moves between two COAX QUEPUL POrts 
while suspended edge-on between two ground planes. 

Figure 1(a) shows the field configuration of the edge- 
line concept as compared with the “slab-line” and an 
internal view of the switeh, Figure 1(b), showing the 
“flipper” blade with the solenoid-activated push rods. 
Since the center conductor is a flat, thin strip, perpen- 
dicular (o the slabs, the field is even more concentrated 
than with  round center conductor. This field concen- 
tration is desirable if the center conductor has a 
number of reasonably sharp turns, or if the center con- 
ductor is movable, as it must be in a switch. Keeping 
the fields concentrated near the center conductor edges 
also improves isolation between the two output ports in 
a switch. 

‘The transitions from the coaxial ports to the special 
edge-lines are at the contacting areas. The flexible cen- 
ter conductor is made of beryllium copper held to close 
tolerances to keep the characteristic impedance con- 
stant along the line. It s heat treated to ensure long 
life. Polyiron blocks inside the switch suppress the 
bigher order waveguide modes and improve isolation. 

These HP 8761A/B Switches typically have SWR’s 
less than 1.2 from de to 18 GHz, insertion losses less 
than 0.5 dB, and isolations greater than 50 dB (at 124 
GHz) between ports. One of their best features is that 
they are available with many different connector types 
as well as with an optional built-in 50 ohm termination 
on one port. 

For measurement switching applications, repeatabil- 
ity of the switched connection is & key factor in min- 
imizing measurement error. The excellent repeatability 
of these switches (typically 0.03 dB after one million 
switching operations) has been achieved by employing 
gold-plated contacts for the transmission fine. The. 
design feature of switching only the center conductor 
eliminates high-friction sliding contacts of the outer 
conductor, and results in long lfe and high 
repeatability 

The activating, or drive mechanism for the HP 
8761A/B Switch is a magnetically latching solenoid. A 
12 Vde (Model A) or 24 Vde (Model B) pulse 20 ms 
long or longer will operate the switch, the direction of 
switching depending on the polarity of the pulse. The 
switching voltage can be applied continuously if 
desired, but only pulses are required. This is important 
in systems where drive power requirements and heat 
must be minimized. Switching speed, including *) 
‘mechanical bounce, i typically 30 ms 

  

  

    

 



  

The mechanical design of the HP 87614/ B Switches 
makes it possible for one switch to “tree” off to two 
others as shown in Figure 2. When used in this config- 
uration, the 7 mm male and female connector options 
give an interface with a particularly low SWR, which 
could be especially important if the signal path design 
includes five or six switches in series 

ALL-MATCHED PORTS 
The HP 33311B/C Coaxial Switches (Figure 3) 

improve on the older HP 87614, B in several important 
ways: 

1. HP 33311C operates dc 0 26.5 GHz. 
2. Internal coil contacts are designed to disconnect 

the solenoids after the 30 ms switching operation (and 
‘magnetic latch) to minimize power supply drain and 
heat rise. 

3. Isolation is 90 dB to 18 GHz (50 dB 10 26.5 GHz), 
4. A'S Vde option provides for casy compatibility to 

standard IC circuit designs. 
‘The internal design of the HP 33311B/C still 

depends on the edge-line transmission line structure, 
and can be examined in Figure 4. The edge-line trans- 
mission line elements are four shorting bars each 
approximately 1-cm long attached to four sliding plas- 
tic plungers. The four plungers are arranged in two 
‘pairs and cach pair works off a “sce-saw” pivot ar- 
rangement 50 one shorting contact is down on its pair 
of coaxial posts when the opposing plunger is back up 
against the hackstop polyiron signal absorber. 

Figure  explains the circuit action diagramatically. 
In the switch position shown, the common coax port C 
connects to port I, while at the same time, port 2 con- 
nects to its internal 50 obm termination. The termina- 
tion uses a well-matched thin-film 50 ohm resistive 
element on sapphire, mounted over an air channel. 

  

The basic approach to the design was to dimension 
the ground-planes surrounding the contact mechanism 
50 they function as a waveguide beyond cut-off. The 
inherent rapid reduction in coupling with respect to 
distance between ports achieved by this construction 
allowed close spacing of the port connectors while still 
achieving at least 90 dB isolation between the common 
port and the “off” port up to 1§ GHz (50 dB at 26.5 
GHz,) This made short conductors possible, so inser- 
tion loss, even at high frequencies, is quite low. 

‘The shorting-bar conductors are slightly bowed to 
provide a slight wiping action as the contact seats, 
achieving very good repeatability and long life. By the 
nature of edge-line construction, SWR is not apprecia- 
bly affected by slight flexing of the conductors when 
making contact. The magnetic switching circuit uses 
two 24 Vdc coils (5 Vdc optional) and permanent- 
magnet latches. Separate de coil contacts remove 
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Figure 3. HP 33311B/C Swiches operaie de— 18 GHz and 26.5 
GHz respectvely, with excellent isolaion of 90 and 50 dB. 

  

  

Figure 4. Internal view of HP 33311B Switch shows “see-saw’ 
action of shorting bar plungers. Note the two iniernal S0-ohm 
terminations o sapphire atthe edges. 
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Figure 5. All-matched poris of HP 3331 1B/C Switch automatically 
terminate signals at the wnused port.
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Figure 6. Electrical performance for HP SPDT coaxial switches 
showing specified and ppical charactrisics 

power from the activated coil as the switching action is 
completed 50 power is consumed only while the mech- 
anism is switching (30 ms). Besides reducing power 
consumption and related heat buildup, this arrange- 
ment allows external circuits to sense the switch 
‘mechanical position since one of the two solenoid coils 
will be clectrically “open” for each mechanical position. 

Coaxial connectors for the HP 33311B Switch oper- 
ating to 18 GHz are SMA female, while the HP 
33311C Switch uses APC-3.5 female connectors for 
mode-free coverage dc to 26.5 GHz. 

Figure 6 shows specified and typical performance for 
the SWR, insertion loss and the isolation characteris- 
ties of the three switches. 

High isolation of the HP 333118/ C Switches 
assumes great importance in applications such as Fig- 
ure 7 where two signal generators are switch-sclected 
for a recciver test. The wide dynamic range of the 
receiver-under-test could detect switch leakage from the 
unused signal generator if the isolation wasn't high 
enough. (Naturally, the unused generator should nor- 
mally be turned off.) The isolation performance will 
also turn out to be critical in matrix applications 
covered in a later section. 

HP coaxial switches are obviously “break-before- 
make” type. Thus, during the switching interval, the 
switch exhibits an “open-circuit” condition momentar- 
ily. The designer should consider that action if a 
momentary reflection will affect the switched 
equipment. 

  

ALL-MATCHED PORT SWITCHING FOR 
MEDIUM-POWER APPLICATIONS 

For certain microwave signal switching applications, 
the switching “trees” require use of SPDT models with 
all-matched ports. A typical application might be 
where two active amplifiers or sources are combined 
through an SPDT switch, as shown in the previous 
Figure 5. 

With a power rating of 1 watt for each internal ter- 
mination, such a switch easily handles most instrumen- 
tation jobs, where signal generators, sweepers, and 
amplifier output powers are in the 10—100 mW range. 

In other system test applications, such as VHF trans- 
ceivers with S—10 watt plus outputs, another solution 
must be sought. A 5-port version of the same HP 
33311B SPDT Coaxial Switch serves this higher-power 
requirement 

Model HP 33311B-C0S Switch has both internal 50 
‘ohm terminations removed and each replaced with 
another broadband SMA connector port. In operation 
then, 1 or 2 external medium-power terminations serve 
10 absorb the system power, at the unused port. See 
Figure 8.



    

With a specified insertion loss of 0.5 dB at 18 GHz, a 
10 watt average signal passing through the switch 
would cause approximately 1.1 watt heating of the 
switch frame which is well heat-sinked and tolerable. 

Contact lfetime at medium powers is not specified 
because performance depends on power level, arcing, 
oxidation, etc. Thus it is preferable to make the switch 
action first, then turn on the power, rather than switch 
the medium power “hot”. In that “cold” switch mode 
RF contacts will last much longer. 

‘TRANSFER SWITCHING 
For RF and microwave purposes, the term “transfer 

switch” is a switch configuration used 0 route a signal 
path from a straight through condition to a path which 
passes through some arbitrary external device. 

Traditional transfer switches look like the diagram of 
Figure 9. The configuration most likely derived from 
early waveguide models which functioned by rotating a 
center section 90 degrees. Coax models are similar in 
function but use a different structure 

‘Transfer switches also can be built using two separ- 
ate SPDT coaxial switches connected together as 
shown in Figure 10. The sctup works fine with two dis- 
advantages: (1) it takes two separate switches at extra 
cost (although the doubled isolation resulting from two 
switches is higher); (2) the through-line signal path 
SWR is slightly degraded du to extra cabling and 
inter-connection. 
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Figure 8. A4 5-por verson of the HP 333115 Switch pplies: 
unused mediupower signals 0 xternal power loads. 
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Figure 7. Greater-than-90 dB solation of HP 333118 Switch is an 
important actor for measurements on the muliiband receiver with 
wide dynamic range. 
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Figure 9. Traditional waveguide ransfer swich had rotating 
cenier section which inserted device inio signal line. 
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Figure 10. Two SPDT coaxial switches perform iranser function 
with high isolation.



  

Figure 11, HP 333118-C03 5-port Coaxial Swich is compact and 
operates from de—18 Gz with 90 dB isoation. 
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Figure 12. 5-por switch serves as ransfer switch. 
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Figure 13, Equivalent swiching funcion of swtch of Figure 12 

The previously mentioned HP 33311B-C0S S-port 
switch (Figure 1) provides a single-switch solution. 
Examining the diagram of Figure 12, this configuration 
now can be envisioned as a four-port transfer switch 
functionally equivalent to Figure 13, (Port § is unused 
for this function.) (Note that the through connection s 
asingle shorting bar and is internal.) And isolation of 
the HP 33311B-COS remains at 90 dB to 18 GHz. 
Transfer switch applications are numerous: 

1. 1 a signal generator design requires a PIN pulser 
component in the signal line for pulsing but the 8—10 
dB insertion loss degrades the CW power too much, a 
transfer switch can save about 7—9 dB of CW power 
by switching in the pulser for pulsed function and re- 
‘moving it for CW (higher power) function. 

2. 1 the application requires switching in a fixed, 
specified amount of attenuation, say 36 dB, for some 
sort of calibration, just connect in 36 dB worth of coax 
pads between ports | and 4 

3. Sometimes microwave signal processing may need 
extra amplification, but not at all times. Connect in 
amy amplifier to ports 1 and 4, and actuate the ampli- 
fier whenever required. 

4. By connecting in a low-pass filter to ports | and 
4, harmonic outputs of multi-octave microwaye sources 
can be cleaned up. Use the straight-through path for 
the highest octave, then switch the LP filter for the 
lower octave to knock down second and higher 
harmonics. 

5. To insert a passive harmonic generator into a sig- 
nal line, wire it into ports I and 4. Likewise, a micro- 
wave detector could be switched in to give a video out- 
put when engaged. 

6. Also consider inserting one of these coax compo- 
nents: mixer, PIN attenuator, step atienuator. 

7. Switching in a device under test. Often a meas- 
urement test setup requires a transfer switch to insert 
a device under test (DUT) into a repetitive production 
setup. The test setup first runs the signal straight 
through to calibrate, then switches to the DUT for an 
insertion loss, gain or noisc-figure test. By attaching 
two extender cables to ports I and 4, the transfer 
switch cuts in the zero-loss path. For example, a noise 
figure measuring system itself can be characterized for 
noise figure and signal sensitivity. Then, with the 
unknown DUT switched in and connected at the end of 
the extender cables, the overall noise figure can be ana- 
Iyzed and corrections can be computed for the second- 
stage noise figure. 

  

    

 



  

A TYPICAL SYSTEM APPLICATION FOR 
‘TRANSFER SWITCHING 

‘The HP 117298 Carrier Noise Test Set serves as a 
prominent example for a high-isalation transfer switch- 
ing requirement. Essentially, a low-noise microwave 
downconverer, the HP 117298 gets its first local oscil- 
lator reference signal by power-multiplying an ultra- 
low-noise 640 MHz reference signal of the HP 86624 
Synthesizer to obtain spectral “comb” lines out to 18 
GHz. 

‘The design then calls for a series of 7 fixed-tuned, 
band-pass filters to select a given spectral line on com- 
mand. See Figure 14. Since it was critical to preserve 
rejection characteristics of each of the 7 filters, the 
chosen design used 7 transfer switches in series, each 
able to insert in or out of the “comb” signal line its own 
band-pass filter. The 90 dB isolation of the switch pre- 
served the fidelity of each high-performance band-pass 
filter. 

ANOTHER TRANSFER CONFIGURATION 
Another adaptation of transfer switches involyes the 

application where “parallel” insertion of filters is 
required. This contrasts to the “series” configuration 
just described in Figure 14. 

In the "parallel” transfer configuration, two 1PnT (I~ 
pole, n-throw) switches are used as shown in Figure 15 
HP uses such a schematic in the HP 8673/ D Synthes- 
ized Generators to clean up signal purity in several fre- 
quency bands. 

A primary limitation of this scheme occurs when any 
bandpass filter rejection specification exceeds the com- 
bined isolation of both 1PaT switches. In that case, 
signals being rejected by the operating bandpass filter 
(BP #2 in Figure 15) might couple to the *low-loss™ 
passband of BP #3 in path 3 and thereby cause 
degraded and unwanted spurious signal performance. 

At frequencies below 10 GHz, rejections of 2 times S0 
dB are common (50 dB per switch), but at 26 GHz, iso- 
lations of as low as 2 times 30 dB would be possible, 
especially at sharp frequency resonances, so care must 
be used in setting the design configuration and then in 
specifying and qualifying the switches. A designer 
could consider using trees of SPDT switches to 
improve isolation 

ACTIVE DEVICE UNDER TEST 
‘While most devices to be inserted in and out of a 

signal line are passive, some applications can be envisi- 
‘oned where an active device such as an amplifier is 
nceded to boost the signal, for cxample. 

In this case, Figure 16 shows how an external termi- 
nation connected to port 5 serves to absorb signal 
power from the amplifier-under-test during the test 
condition where it is not inserted in the signal line. Or 

    
Figure 14. A bank of 7 HP 33311B-C0S Transfer Switches used in 
HP's 117298 Carrier Noise Tes Set 10 select one of 7 bandpass 
Silers o command: 
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Figure 15. A pair of IPST selecior switches can serve to “transfer” 
“n” components into a signal pah. 
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Figure 17. An alierae view of the switching function shows how 
the HP 33311B-COS can be used as 2 separaie SPST switches, one 
opening while the other coses. 
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Flgure 19. When o sysiem is designed 10 analyze external signals 
@ wikch mairix can be configured allowing the 4 testlines 10 be 
routed 10 @ variey of analysis instruments. 

there may be other applications where a test compo- 
nent needs a 50 ohn termination, to prevent an ampl 
fier from oscillating by loading its input, perhaps. 
(Incidentally, the HP 33311B-C04 4-port Switch to be 
introduced on page 12 will do this same job with its 
own internal 50 ohm load with 1-watt rating.) 

‘OTHER CONFIGURATIONS FOR 5-PORT 
SWITCHES 

From aslightly different view point, the internal struc- 
ture of the HP 33311B-C0S Switch can be visualized as 
the switching function of Figure 17. If one ignores port 
3, it can be used as two separate but mechanically- 
linked SPST switches, one closing while the other 
‘opens. The excellent 90 dB isolation keeps the two sig- 
nal paths well isolated. A 50 ohm termination could be 
added to port 3 to load out a switched signal from one 
or both ports 2 and 4. 

Or maybe there’s an application for two separate but 
overlapped SPDT Switches with one unusual common 
terminal (port 3). 

    

SIGNAL INVERSION 
Finally, Figure 18 shows a configuration for the HP 

3331 1B-COS 5-port Switch used in conjunction with a 
broadband power splitter to serve as a signal inverter 
whereby 2 input coax lines are inverted on command to 
2 output lines. The penalty is the 9 dB path loss from 
the power splitter (combiner) plus 3 dB pads. But for 
any particular application, that path 10ss in one chan- 
nel may be quite acceptable. The offsetting advantage 
of the HP 33311B-C0S is its 90 dB signal isolation vs. 
typical 50-60 dB specs for more traditional transfer 
version switches. The extra 3 dB pads are used to pro- 
vide extra isolation since in cither switch condition, one 
microwave path ends in an open circuit, thereby caus- 
ing approximately 1 dB of power “ripple” interaction 
on the opposite line. Depending on the application, this 
‘may or may not be tolerable. 

    

    

MATRIX SWITCHING 
In the configuration and design of microwave auto- 

‘matic test equipment, the designer usually wants to 
provide  highly flexible signal-switching arrangement 
‘This will involve some sort of matrix switch in which 
‘multiple input lines can be applied to various output 
lines. 

For example, if the ATE system is intended to ana- 
Iyzer sigaals from a unit-under-test (UUT), the matrix 
switch could be configured as in Figure 19, where three 
or four UUT lines could be routed to a variety of signal 
analysis instruments. Ideally, each of the four UUT 
lines could be routed to any of the measuring instru- 
‘ments concurrently. 

 



  

  

An abvious alternative to switching might be to use 
power splitters ot to sample signals off directional 
couplers. But then measuring sensitivity would suffer. 
Further, all UUT signal inputs could not be sampled 
and split 10 all instruments without signal interactions. 

The opposite matrix function might involve the out- 
ing of various system stimulus instruments out to 
selected units under test (UUT) (see Figure 20). 

Designing such switching matrices is not a trivial job 
hecause signal quality, isolation, path loss, and SWR 
must be considered, especially when signals up t0 18 
and 26 GHz must be routed. 

‘The simplest matrix switch merely combines several 
standard 1PnT.(1-Pole, n-Throw) seleetor switches as 
shown in Figure 21. In this case, two 1P4T switches 
form a 4 x 4 matrix capability allowing any of four test 
system instruments to be automatically gated to any 
one of four units-under-test 

‘Working against the simplicity of that matrix are 
two disadvantages; (1) only a single channel connection 
(single-channel access) can be activated at one time, 
forcing measurements into a sequential and more time- 
consuming pattern, and (2) the path isolation of (PnT 
coaxial switches is often specified at 50 to 60 dB and 
may not be high enough to prevent fecdthrough and 
eross-talk, especially if wide dynamic ranges are 
involved. 

For example, the signal generator #1 of Figure 21 
may have signals up to 100 mW (+20 dBm) while the 
spectrum analyzer has sensitivities down to 70 dBm. 
Switch isolations of 60 dB would then require careful 
attention in the programming to be sure all unused sig- 
nal sources and emitting UUT' were gated off to pre- 
vent such interactions. 

Building up a switching tree from high-isolation 
SPDT switches offers one solution (o the isolation 
problem. For example, each HP 33311B Switch in Fig- 
ure 22 has 90 dB of isolation, cffectively giving a 4 x 4 
‘matrix with substantial isolation between system 
instruments as well as the unused units-under-test. The 
‘matrix s still a single-channel access. 

In such configurations the designer can use his or her 
ingenuity in choosing ports for the various instruments. 
For example, the isolation between ports | & 2is 90 
dB, but the isolation between ports | & 4 has one addi- 
tional 90 dB switch in between port | and port 4. 

Two additional advantages come from using HP 
33311B Coaxial Switches with all-maiched ports: (1) 
the internal 50 ohm load can terminate signals such as 
the signal generator at port #1 of Figure 22, and (2) any 
unused coaxial connecting cables (like the asterisked 
ones in Figure 22) are “loaded out” with 50 ohm termi- 
nations on the unused port of another HP 33311B 
Switch. 
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Figure 20. Various signal simulators can address four uniss under 
st (UUTs). Designing such swiiching marices is not a rivial job 
since signal qualip, isolation. path oss, and SWR must be 
considered. especially when routing signals of 18 10 26 GHz 
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Figure 22. HP 33311B Switches provide beter signal isolation 
Wwhen used in matrix “rees"" This 4.x 4 single channel matrix shows a 
4B connection. 

9



  

    
    

            

  

      
«Unused Segment 

Figure 23. Simple matrices using SPDT Switches are fairly easy 1o 
buitd This 3 x 3 matrix of SPDT coax swilches requires 12, 
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Figure 24. The extra 90 dB isolation of the HP 333118 SFDT 
‘Swiches enhances limied isolation of IPAT selector switches in 
muli-channel mairices. 
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Specifically, the feature of internal 50 ohm loads is 
important since each unused segment of coux transmis- 
sion line — if unterminated on one end or the other — 
may resonate at a frequency where it is one-half wave- 
length long, and at all higher frequency multiples. A 
10-em length, for example, in coax with dielectric con- 
stant of 2 would be 0.5A at 3000 MHz. These reso- 
nances might suck out signal power at high Q at 
specific frequencies. 

“This can be quite important when designing switch 
trees up to 26 GHz where switch isolations drop to 50 
dB (the HP 33311C Switch operates de-26 GHz). Such 
leakage, though small, might otherwise excite reso- 
nances which would selectively draw down poswer. 

FULL ACCESS MATRICIES 
To most ATE designers, operational time on a large 

expensive test system dictates multipath testing be run 
concurrently so that all stimulus and measuring equip- 
ment is used 0 its maximum capability. Furthermore, 
several channels may need to be operational together, 
for example, to activate a stimulus channel and meas- 
urement channel simultancously. 

‘This requires a so-called “full-access” matrix, mean- 
ing that there can be multiple active channels through 
the matrix coneurrently. For example, ina 3 x § 
matrix, there would be three active arbitrary signal 
paths through the matrix at one time 

Simple matrices can be built with SPDT switches as 
shown in Figure 23. The sample shown is 3 x 3 (3 input 
lines, 3 output lines.) 

1f the mateix is (n x m) the number of such SPDT 
switehes required is (n-1) m + (m-1) n. In Figure 23 a 
total of 12 switches is needed. Switches can be laid out 
physically to provide a convenient clustering. HP 
33311B Switches can be mounted upright and con- 
nected with U-shaped 0.141 semi-rigid coax and SMA 
connectars. 

For small and simple matrices, the modular advan- 
tage of SPDT switches in terms of serviceability is hard 
to beat. In particular, this matrix architecture is good 
for designs going to 26 GHz sinee the isolation offered 
by multiple switches (50 dB each for the HP 33311C) 
helps prevent signal interactions. On the other hand 
insertion loss increases because the signal must traverse 
multiple switches. 

Notice that in Figure 23 (drawn with connections for 
1C, 2A and 3B), there are many unused coax segments 
shown with asterisks, but every one of them ends in & 
switch with an internal 50 ohm load connected. 

   

    

A COMBINATION MATRIX 
The isolation performance of 1PnT sclector switches 

can be a significant limitation to instrument matrix 
applications as in Figure 21 since signals on one port 
may feed across and interfere with others on adjacent 
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ports. Whether such performance is satisfactory 
depends on the particular application. For example, 
signals of widely-differing dynamic range are handled 
(60 dB plus), such selectors may not be adequate. 

For the single-active-channel application of Figure 
21, 50-60 dB of isolation may be quite adequate since 
instruments or UUT modules are often de-activated 
during a measurement sequence at another port. 

The isolation and eross-talk becomes much more 
significant when designing a matrix with multiple 
active channels. By using SPDT switches for half the 
matrix, the extra-high isolation offered by the HP 
333118 Switch can enhance the effective isolation of 
1PAT switches as shown by the schematic diagram of a 
4x 3 matrix in Figure 24. 

For example, if a high-power UUT signal was ap- 
plicd to UUT port B in Figure 24, the intended pathto 
System port 4 (perhaps a power meter) is shown by the 
SPDT connections shown. Now, assuming a 50 dB iso- 
lation in selector switch S10, a signal 50 dB smaller 
also appears on connection coax B. But since it gets 
rejected by the 90 dB solation of S6, it cannot get 
through to port 3 where the spectrum analyzer might 
be making 70 dBm measurement concurrently on 
UUT port C through switches S5 and S11 
Likewise, a 10 dBm signal generator signal at port 2 
will be 80 dBm at switches S10 and S11 0 it won't 
interfere with UUT ports B & C. But since it exits 
through UUT port A, it also appears on connection 
coax A2 at 40 dBm. But SPDT switch S5 and its 90 
dB isolation prevents it from entering the spectrum 
analyzer at port 3 

“This type of isolation analysis needs to be performed 
during the matrix design process, especially when 
exceptionally wide dynamic ranges of signals are pres- 
ent in stimulus and response or at the UUT equipment. 

      

  

A PREFERRED ARCHITECTURE — 
INTERSECTION SWITCHING 

As matrices get Jarger, the number of SPDT switches 
begins to increase rapidly, and another alternative 
which uses fewer switches and interconnecting cables 
becomes more attractive. It uses the “intersection” 
switching architecturel3]. To review a low frequency 
matrix, see Figure 25. This “crossbar” type simply con- 
nects the appropriate horizontal and vertical lines. 

At microwave frequencies, life gets tougher since all 
those parallel wiring arrangements to the intersection 
switches would require tee connections, unterminated 
transmission Jine stubs of various lengths, and totally 
unaceeptable mismatehes. 

For microwave frequencies the ideal matrix intersec- 
tion switching action would be as shown in Figure 26, 
In this configuration, the unused segments beyond the 
active intersection are switched out and unused. 

  

  

  

  

  

        
Figure 25. At low frequencies, his ideal mairix switch works fine. 
Howerer, al microwave frequenciesailthe parallel wiring 
arrangements require iec-connections, unierminated iransmission 
ine stubs of various lengiks, and totally unacceptale mismatches. 
  

  EaT 
i 

Through Connection Cross Connection 

Figure 26."Heal" microwave matrx intersection swilching acton 
provides highisolation for through connection and ow loss for cross 
connection. 
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HP 339118-004 
“T-Port Switch 
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Figure 27, Internal switching action of typical 4-port marix inter- 
section swilch. SOC termination helps swamp out any half wave 
resonances caused by external unused coavial segmens. 
  

       *Unused Segment WP 33118 
Figure 28. 5 x 4 mairiz with connectons for 28, 3C, 4D and 5A. 
  

  
Figure 29. Typical layout for 4 x 6 maix with 4-port isersecton 
Swiches mounted vertically showing semi.rigid coux 
interconneciions. 
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Interestingly, a modification of the HP 333118 
Switch performs just that action. One of the internal 50 
ohm terminations is removed and a fourth coax con-   

  

nector added for the circuit configuration of Figure 27. 

  

In one position it provides a “through” connection (1 
102 and 3 10 4) and in the other position cross- 
connects (2 to 3). This modified switch is called HP 
33311B-CO4. 

Note that now port 1 gets internally terminated with 
50 ofms in the cross connection mode which will turn 
out t0 be important. 

‘This switch can be used to build a § x 4 matrix, good 
from do to 18 GHz (Figure 28). Notice that the 4-port 
HP 33311B-C04 Switch is used at all intersections 
except at the left end and bottom where only SPDT 
switches are needed. The matrix of Figure 28 is shown 
switched for the following connection: 2B, 3C, 4D, and 
A 

Each 4-port switch provides a “cross-bar” switching 
action. It cither connects hoth crossing lines with low 
insertion lass or passes both signal lines through the 
intersection with 90 dB isolation from dc to 18 GHz. 
Figure 27 shows the internal “see-saw” structure of the 
HP 33311B-C04 d-port Switch with two of the shorting 
bars down on coaxial pins | and 2 and also 3 and 4. 
The other two shorting bars are retracted. 

The switches themselves can be interconnected 
externally with U-shaped segments of 0.141 semi-rigid 
coax cable. By mounting the coax switches vertical to a 
panel, an interconnection pattern like Figure 29 results. 
That picture shows a 4 X 6 matrix. 

Physically, the coax switches provide a convenient 
layout cluster. For example, the layout of Figure 29 is 
made to assure that many interconnecting lengths of 
coax are identical and has been oriented to make 
shorter cable runs to and from the panel 

A useful feature of the HP 33311B-C04 Intersection 
Switch is the internally switchable 50 ohm termination 
which “loads out” any short, unused external coaxial 
line segments to prevent half-wave resonances. 

Notice especially that each and every unused line of 
Figure 28 (shown with an asterisk) ends up in a 50 ohm 
termination, either in connector number I of an HP 
33311B-C04 Switch or in one of the internal 50 ohm 
terminations in the HP 33311B SPDT Switches on the 
borders. In addition, unused signal lines are termi- 
nated; for example, if unused matrix input at port | 
would have a signal on it, the signal would end up in 
the 50 ohm termination of the SPDT switch at intersec- 
tion 4D, 

Notice that any unneeded intersection can be 
bypassed by just leaving out the switch (3B and 4C in 
Figure 28). The designer can examine intended usage 
and determine which system instruments will never 
connect to certain UUT’s and climinate those intersec- 
tion switches. 

  

   
  

   



  

Now let’s look at the economy of the 5 x 4 interscc- 
tion matrix of Figure 28, (Putting intersections 3B and 
4C back in). 
12ea HP 33311B-CO4 _ at $735=$8,820 (U.S. prices) 
7ea HP 333118 SPDIT at $570=53,990 

12810 Total 
To use the SPDT-switch-only technique of Figure 23 

would require (5-1) 4 + (4-1)5 = 31 switches, 
31 ea. HP 33311B SPDT at $570 = $17,670 Total 

So the intersection switch architecture usually gives 
the lowest cost. And usually it involves the lowest 
number of switch traverses, thus less insertion loss. 

By connecting the matrix of Figure 28 as shown in 
Figure 30, system stimulus instruments such as signal 
generators may be routed to the unit under test (UUT), 
a5 shown by the signal path arrows. Likewise, signals 
from the UUT may be routed to measuring instru- 
‘ments, for example a power meter, spectrum analyzer, 
or counter. 

1f you study the action of any given HP 33311B-C04 
Intessection Switch in Figure 28, you can see they are 
in a proper orientation to allow the signals to flow 
from the top of the diagram downwards and to the 
right side as shown by the flow arrows. Ay other 
orientation of an intersection switch sends signals in 
the wrong flow direction. 

‘The graphs of Figure 31 show microwave signal per- 
formance. Signal characteristics of insertion loss and 
SWR were measured for a test path consisting of a 6- 
switch chain. In the Sx4 matrix of Figure 28, the long- 
est traverse is 7 switches (1-D) and the shortest, of 
course, i 1 switch (5-A). The 6-switch measurement of 
Figure 31 shows a maximum insertion loss of about 2 
dB at 18 GHz. The SWR curve, likewise, shows fairly 
well-behaved reflections with very little “regular- 
irregularity” occurring due to equal spacing of connect- 
ing cable segments. 

Incidentally, the higher path loss of the longer paths 
doesn't necessarily have to be a severe drawback, since 
the designer often has some control over which stimu- 
lus signal or UUT lines go where. For example, lower 
frequency signal lines could be routed through paths 1, 
2, C and D, while the 18 GHz signals could be reserved 
for 4,5, A and B. In this way, signals for the higher 
frequencies (I8 GHz) may only have to traverse path 
lengths of up to four switches. 

EXPANDING THE MATRIX 
Because of the modular nature of the intersection 

switch, the size of the matrix is quite arbitrary, limited 
mostly by the allowable path loss of the longest paths. 
The other criterion to be considered is the maximum 
‘number of concurrent signal paths needed for the 
intended use of the interface. As mentioned, four con- 
current signal paths may be used by the matrix of Fig- 
ure 28 

      

  

  

  

        
  

  

  

  

A 
- o 3 
15 = CHE 

Stimulus Measuring ] St pos St e         
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Figure 31. Typical performance of six HP 33311B-C04 4-port 
Switches connecied in seres. 
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Figure 32. A 5 x 4 matrix expanded 10 7 x 5. 
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Figure 3. A simple automatic method for testing switch path foss. 
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The schematic of Figure 32 shows a very straight- 
forward expansion of the matrix to handle more signal 
lines. Three additional SPDT switches have been used 
to expand the matrix to a 7x5 unit. Of course, the basic 
limitation of four concurrent signal paths still exits, but 
the designer is now able to chaose which of the system 
ports (1-7) goes to which instrument and likewise for 
the UUT ports. Thus, lower usage instruments might 
be “switch-treed” off to a single basic matrix port. The 
designer's ingenuity is the watchword here, since the 
designer i the only one who knows the true switching 
requirements 

SWITCH MATRIX CALIBRATION 
System interface calibration takes many forms, and 

has had reams of reports and many ATE workshops 
devoted to it. Sometimes, roll-up standards are brought 
up to the interface pancl. For example, a power meter 
can check system stimulus power at the UUT panel 
For others, test signals must be calibrated down inside 
the UUT interface adapter. 

For the matrix of Figure 28, coax “shorting seg- 
‘ments” might manually connect ports A to B and C to 
D externally. In this way, system stimulus instruments 
(generators) can be routed backwards into system 
detector instruments like power meters or counters. 
Path losses may be pre-measured and stored in correc- 
tion look-up tables. Both the “outbound™ and 
“inbound” path loss must be considered. 

There is an automatic way to do this shorting tech- 
nique. Figure 33 shows how several of the HP 33311B- 
C04 Switches provide an automatic “shorting bar” 
between ports A and B or C and D. If the system signal 
generator were connected to port 1, and the system 
power meter to port 2, most of the intersection switch 
paths could be checked. For example, Figure 33 shows 
the path 1 system signal generator routed toward UUT 
port D, turned back onto path C, and thereby back to 
port 2 to be measured by the system power meter. 
Likewise, ports A and B could be shorted to test those 
paths also 

In a similar fashion, system ports 3, 4, etc., can be 
checked by routing cither the port I signal generator to 
detection type system instruments on those ports or 
using the port 2 system power meter to measure other 
system stimulus instruments. 

  



A NOVEL PATH CHECK CONFIGURATION 
The ultimate interface check is to attach a perfect 

power meter or a perfect signal generator right at the 
external UUT test port and run a calibration data 
procedure on the system stimulus or detector 
instruments, respectively, right on the UUT panel. 
Such a hookup obviously lacks the advantage of being 
automatic. 

The following material describes a way to 
automatically switch signals from right behind the UUT 
interface panel to a calibration self-test path rank of 
switches. Figure 34 shows the detail of such  self-test 
path. 

First, notice that the position of the HP 3331 1B-C04 
Switches in the calibration sell-test path causes signals 
normally headed outwards to the UUT to be directed 
upwards to and from the calibrating power meter or 
signal generator. The main advantage (0 this 
configuration is that it puts a fairly well-characterized 
power meter or calibrating signal generator right up 
behind the UUT panel, on each UUT port as 
programmed. In Figure 34, the system stimulus is being 
routed to the calibration power meter through paths | 
and B. 

A second advantage is that since the system 
calibration would be done infrequently, such as daily, 
the switches in the calibration vertical rank would not 
be expected to deteriorate very rapidly and would thus 
maintain quite repeatable switch and path loss for 
extended periods 

Some systems may not have a power meter or a 
calibration-quality generator in their racked configura- 
tion. So the test path connector could be on the front 
panel and use a roll-up generator and power meter dur- 
ing the calibration sequence. 

If the system itself is configured with a calibration- 
quality generator and power meter, can they be 
switched in and out for the calibration function? The 
amswer is yes. Figure 35 shows a novel switch hookup 
swhich performs a number of functions with & minimum 
number of switch traverses and associated losses. An 
HP 33311B-C0S 5-port Switch is used (S1) in addition 
to the HP 33311B-C04 4-port (52) and an SPDT 
version (S3). 

‘The first feature is that the power meter remote 
sensor would be mounted cither right at the internal 
rack panel or as shown in Figure 35, just inside the 
interface box. In addition, coax switch 3 can 
automatically switch in the 50 MHz, 1 mW, 1.2% 
accuracy, reference oscillator to be used for power 
meter reference. For the power meter, normally 
mounted at some distance from the interface panel and 
matrix switch, this puts a traceable 1 mW power 
reference close to where system power exits to the 
UUT. 

    

            
  

  

  
    

    
  

Figure 34. A special switch rank (calibration paik) can inject 
calibration signas right behind the UUT panel or pul out stimids 
signals for the test power meter. 
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Figure 35, This switching allows the system signal generator and 
power meter i also be used for calibration. 
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435808 DUAL poweR RepERence The new HP 438A Dual-Sensor Power Meter 
contains a 50 MHz reference oscillator which could be 
coaxial cabled to the 50 MHz input jack. Or, the HP 

TR e 435B-K05 Dual-Power Reference Oscilltor (Figure 36) 
® ° is & separate instrument containing two scparatc S0 

MHz power reference oscillators for redundaney and 
‘measurement assurance. It could be mounted near the 
interface pancl. Let’s examine the switching functions 
of Figure 35 by looking at the various desired functions 

o of interface. In the following table, the switch positions 
o as shown in Figure 35 are designated state [0]. The 

opposite switch position is noted as state [I]. (- ) isa 
don’t care position. 

  

  

  

  

    

  

  

  

= SWITCH STATE 

LGy Switch| Switch Switch 
Sl | s 

1. Signal gencrator for systemwse; | 0 | 0 | 1 
power seasor for system use 

Figure 36. HP 1358 K0S Duak Power Reference Oscilltor 
provides highly accaraie 1 W power raceabiliy for sysem 2. Sensor caliration using 50 1o fo 
Cabbradion’ MHz pover reference oscilaor. | 

3. Signal generator output cali- 1o 
brated vs. frequency, using pre- 
calibrated power sensor. 

4. Signal generator to calibration o |1 
paths power sensor for system | 

5. Signal generator for system o oo 
use; poer sensor o system 
calibration path. |       
  

It will be noted that for most functions, the desired 
signal only traverses 2 or 3 switches. For example, the 
calibration sequence might be: 

  

Figure 37. HP 11713A Atienuator/Switch Driver supplies drive 1. Zero power sensor and meter. 
power for up t0 10 HP 33311B/C Switches under HP-IB program 2. Calibrate power sensor with | mW, 50 MHz 

3. Calibrate system signal generator against the power 
sensor to 18 GHz (using stored frequency response). 

4. Switch the signal generator to the calibration path and 
calibrate all system detection instruments such s the 
counter, spectrum analyzer, and, in fact, the power 
meter 10 re-check its system switching. This checks 
effectively at the UUT panel. At the highest 
frequencies, some path loss corrections will be needed. 

5. Switch the power sensor to the calibration path and 
calibrate all system stimulus instruments, including & 
re-check of the generator and its switching. 

  

6. Switch both the signal generator and power sensor 
back 1o system use, and test with confidence. 
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‘Well, all this looks relatively simple and automatic, 
albeit somewhat expensise, due to the large number of 
switches in a moderate-size matrix. And for modest 
accuracies, it is quite straightforward. The very highest 
accuracies would require more complex calibration 
routines, probably using roll-up power sensors right at 
the UUT panel. Such routines are a user decision because 
only the user knows the final requirements. And, luckily, 
the entire set of paths is not likely to need the highest 
accuracy. 

On the other hand the total number of individual 
switches affects the effective ifetime calculations. HP 
33311B Switches are specified for repeatability of 0.03 dB 
at 1 million switch operations. A matrix of 25 switches, 
then, would obviously have a shorter ife, but not simply 
1 million divided by 25. The user would instead look at 
s/ her test sequence and predict the switch actions of 
ach intersection to find the critical high-use paths and, in 
twrn, the expected MTBF. 

Incidentally, one useful flexibility of such a matix of 
Figure 28 s that the user could design a spare switch rank 
to be available for alternate use when a high-usage rank 
fails. And the calibration and test path strategics above 
will help monitor how the various paths are doing day- 
by-day. As usual, then, the designers must use their best 
ingenuity to achieve the optimum balance of cost, lfe and 
performance. 

AUTOMATED SWITCH CONTROLLER 
FOR HP-IB USE 

‘The recommended controller for all HP 33311B, HP 
33311B-C04 and HP 33311B-C0S Switches is HP's 
11713A Switch/ Driver. (See Figure 37.) It can control 
s many as 10 of the switches and provides both the 
solenoid de drive power and the HP-IB interface for 
automated programmability. The operator can also use 
lighted front-panel pushbuttons to energize any coax 
switch manually. Note that the 5 x 4 matrix example of 
Figure 28 reguires only two controllers. 

Incidentally, the standard HP 11713A Switch/ Driver 
can also operate two of the older HP 8761B SPDT 
Coax Switches, and a special modification is available 
which can run up to a total of 10 HP §761B Switches. 

The HP 11713A Driver offers convenient 
configuration for ATE system designers as well as the 
confidence of a predesigned attention to arc- 
suppression protection diodes, and an included power 
supply. Furthermore, if the system signal interface box 
requires a programmable step attenuator for signal 
level control, such as the HP 33320-series Attenuators, 
the HP 11713A Attenuator/ Switch Driver handles 
them directly. 

  

Finally, the HP 33311B Switch family can be 
programmed by other HP-IB relay drivers such as the 
HP 34884, 3497A, 6940B, or 6942A. In those cases an 
external 24 Vde power supply is required. One advant- 
age of the above modular “card-cage” type instruments 
i that they may already be specified for other ATE 
relay control or LF/RF switching. In that case adding 
another relay-control card and power supply could 
permit actuation of RF and mierowave switching 
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