RF Insertion Loss Repeatability Testing of RF300 and RF303
Relays

THE PRODUCT
RF300 and RF303 high signal repeatability, double pole double throw (DPDT), ultraminiature,
RF TO-5 relay.

KEY FEATURE
The RF300 and RF303 have a characterized bandwidth to an impressive 3 GHz and provide
improved RF signal repeatability of £0.1dB or better over the entire bandwidth. They are ideal
for low level RF and DC signal switching.

APPLICATIONS
Attenuators, tuning and precision measurement circuits, filters and amplifiers.
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METHODOLOGY FOR DETERMINING REPEATABILITY IN A SWITCHABLE
ATTENUATOR CIRCUIT

RFREPEATABILITY TEST

Thirty-six (36) RF300-12 relaysweretested to devel op repeatability datafor one million cyclesof opera-
tion. Therelaysweretested as described below over afrequency range of 0.3 MHzto 3 GHz.
RELAY UNDERTEST

RF300-12 relayswere soldered to .031 inch thick, two sided, copper clad, PTFE test boards. The
periphery of the header and cover flangeswere soldered to the ground plane of thecircuit board. The
moving contacts (terminals 2 and 8) were connected to SMA connectors serving asinput/ output ports.
Thenormally closed contacts (terminals4 and 6) were connected in series. The normally open contacts
(terminals 3 and 7) were connected to a20 dB attentuator, p (pi) resistor network, asshownin Figure 1.
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Figure 1
Repeatability Test Board for Relay Under Test (RUT)
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Figure 2
Test SetUp
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TEST METHOD

Withtherelay coil de-energized, theinsertionlossof theRUT wasmeasured and stored inthe network
anayzer'smemory. Thismeasurement isthetotal insertion lossof therelay'stwo normally closed contacts
and any insertion | oss contributionsfrom the circuit board and thetwo SMA connectorsand served asthe
base linemeasurement. Therelay wasthen cycled 100 timeshaving every tenth cycleplotted.

Thisroutine of measuring and plotting insertion lossover thefrequency range producesafamily of curves
liketheoneshowninFigure3. An"ideal" result would beno changeor variationininsertionloss. The
spread of the dataisameasure of therepeatability of therelay'snormally closed contactsduring this
increment of therelay'slife.
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Figure 3
Repesetability Plot

TheRUT wasthen cycled without load on the contactsfor 100,000 cycles. After cycling, anew baseline
measurement wastaken and repeatability plot generated using the method described above. A repeatabil-
ity plot wasgenerated every 100,000 cyclesuntil one million cycleswere accumulated.

The same general method was used to measure the repeatability of the attenuated path. Thistimethe
relay wasenergized and theinsertion loss of thetwo normally open contacts and the attenuator resi stor
network were used asthe reference point.

TEN MILLION CYCLE REPEATABILITY

The 10 million cycle datawas accumul ated in the same manner described in the RF Repesatability Test
section, except, the datais based upon resultsfor ten (10) RF300-12 relays and arepeatability plot
generated every onemillion cyclesuntil datafor 10 million cycleswereaccumulated. Theshaded areain
figure4indicatestherange of the repestability test resultsat each onemillion cycleincrement. The hashed
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line running through the center of the shaded area( x ) istheaverage repeatability.

Fepeat@abiity of ate nuaton during life (nomally cpen contacis)
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Figure 4
TenMillion Cycle Repesatability

METHODOLOGY FOR DETERMINING RF PERFORMANCE

RF PERFORMANCE CURVES

The RF performance curves (insertion | 0ss, isol ation across contacts, i sol ation across poles, return loss or
VSWR) were generated using aHP8753B Network Anayzer and HP85047A S-Parameter Test Set. The
testswere performed using 0.031 inch thick, two sided, copper clad, PTFE circuit boards, asshownin
Figure5. The periphery of therelay header and cover flangeswere not soldered to the ground plane of the
circuit board. RF performance characteristicswere measured for each pole, except thefor theisolation
across poles measurement. 50 ohm termination loads were attached to the SMA connectorsfor those
contacts not being measured. Plotted typical valuesshown in Figure 6 arethe average readingsfromthe
two polesof five (5) RF300-12 relay samples.

Thematrix shown in Table 1 identifiesthe specific test pointsof the RF performancetests.
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Figure 5
RF performance Test Board for Relay Under Test
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Figure 6
Typicd RF Performance

IMPROVING RF PERFORMANCE

Thetypica RF performance curveswere obtained whiletherelay case was seated on but not soldered to
theground plane. Grounding the case by solderingit to circuit ground will resultin some parametric
improvement.

Therelay header flange and leads may be soldered using soldering iron, vapor phaseor infrared soldering
techniques.
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NOTESON RFINSERTION LOSSREPEATABILITY DATA AND RF PERFORMANCE
CHARACTERISTICS

TheRf insertion | ossrepeatability dataand RF characteristics presented inthisprofile arerepresetative
valuesand are not intended as specification limits. Insertion lossand V SWR characteristicsrepresent one

closed contact set only.
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RF PERFORMANCE CHARACTERISTICS TEST MATRIX
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Terminal number 1&9 2 3 4 6 7 8

Isolation (De-energized) OFF|] IN | OUT| 50 50 50 50

Isolation (Energized) ON IN 50 | OUT| 50 50 50

E Insertion Loss (De-energized) OFF | IN 50 | OUT| 50 50 50

& |insertion Loss (Energized) ON IN | OUT| 50 50 50 50

VSWR (De-energized) OFF |invouTt| 50 50 50 50 50

VSWR (Energized) ON [|inouT| 50 50 50 50 50

Isolation (De-energized) OFF | 50 50 50 50 | OUT| IN

Isolation (Energized) ON 50 50 50 | OUT| 50 IN

E Insertion Loss (De-energized) OFF | 50 50 50 | OUT| 50 IN

& |insertion Loss (Energized) ON 50 50 50 50 | OUT| IN
VSWR (De-energized) OFF | 50 50 50 50 50 |IN/OUT
VSWR (Energized) ON 50 50 50 50 50 |INJOUT
ﬁ o Isolation (De-energized) OFF | IN 50 50 50 50 | OUT
& * |Isolation (Energized) ON]| IN | 50 | 50 | 50 | 50 |ouT

Table 1




