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1 Purpose

To validate the extended life performance of the Mini-Circuits Mechanical Switch
Product line in the defined environment under defined operating conditions.

2 Scope:

e MSP2T-18XL
e MSP2TA-18XL
e MTS-18XL-B

3 Background:

Prior to developing our Mechanical Switch, Mini-Circuits purchased a significant
quantity of mechanical switches for use in our production test facilities. These switches
utilized a combination of springs and solenoids to accomplish the switching. Most operated
for less than 1 million cycles, or approximately 50 days in our production environment. This
turnover prompted Mini-Circulits to develop our own design to address the short operating
life, long lead times, and high cost of using commercially available Mechanical Relay
switches.

4 Design Approach
Design Objective: Develop along life mechanical switch
Design Criteria
1. Eliminate the use of any springs
2. Select combinations of materials based upon compatibility and ability to mate
with limited wear.

3. Simplicity of design with the minimum number of components possible
4. Codt effectivenessto meet internal and external market demands

5 TestsPerformed
51 LifeTedting

In a production test environment, afailure is very important. When using
commercially available mechanical relays, we observed a number of cases where “good”
products failed as aresult of abad switch in our test system.

It was commonly believed that a mechanical switch has “failed” when it failsto
switch states (was closed when expected to be open, or open when expected to be closed), i.e.
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catastrophic failure. We learned that a mechanical switch will actually show many cycles of
degraded performance prior to reaching catastrophic failure. For customer use purposes, the
number of failed switching cycles is a more meaningful criteria for determining the “failure”
of amechanical switch. For example, many commercially available mechanical switches are
specified at one-million cycle life expectancy; however, we have seen that these switches
often exhibit failed performance starting at 800K cycles. In atest environment, every failed
performance cycle can mean arejected good DUT.

To determine if aswitch has failed life test, we define “Life Test Failure” asan
accumulation of individual cycle performance failures. The failure criteria of any one
performance cycle is one that measures DC resistance exceeding 240 milliohms. That is
equivalent to an increase in RF insertion loss at low frequencies of 0.021dB (see chart
below).

The Mini-Circuits criteria for Mechanical Switch Life Test Failure is a unit which
passes both of the following conditions:

1. First 10 cumulative cycle failures occurs at greater than 5 million total switch cycles
(equals 2 DPPM)
- and-
2. Cumulative of 1000 cycle failures occurs at greater than 10 million total switch cycles
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Figure 1 — First Failure

52  Sleep Mode Testing

Sleep testing validates the ability of a mechanical switch to remain in a fixed state for
an extended period of time, and still switch reliably to another state when energized. This
parameter is aresult of applications where mechanical relay switches are used to switch-in
redundant paths in the event of a failure in the main path. A switch functioning in this mode
is often referred to as operating in “sleep mode’.
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Mini-Circuits' has, and continues to test switches in this mode of operation. Sets of
10 switches are stored in a fixed state over a period afour (4) years. At specific intervals,
switches are removed and tested for their ability to “switch” after the period of inactivity.

6 Switch Tune-Up

Even though the life of the Mini-Circuits switches is far greater than any other switch
on the market today, even our switches will fail —at some point. Mini-Circuits unique
construction makes it very practical to clean the switch contact assembly enabling switch
performance recovery for extending the switch life to well over 100 million cycles.

Mini-Circuits also validated the effectiveness of the “tune-up” on our mechanical
switches, subjecting switches to extended life testing with “tune-ups’ after any switch
reached 1000 cumulative failed cycles. We achieved atotal life cycle of greater than 300
million cycles.

7 Production Life Testing

It isaMini-Circuits internal quality requirement that each production lot of
Mechanical RF Switches be subjected to sample life testing prior to Lot Acceptance. On
each production lot, a minimum of two (2) switches are randomly selected and subjected to
the same DC life test as outlined above. All units are required to passthe First Failure and
the Cumulative Failure criteria for lot acceptance. Datais recorded on all lots and a sample
summary isincluded herein

Production Life Test datais used in thisreport as basis for Life Testing. (referred
herein in TEST 1: Life Testing - without Tune-Up)
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8 Test Summary
81 TEST 1. LifeTesting (without Tune-Up)
Seventy-five(75) switches tested over a period of 1 year

Model: MSP2T-18XL and MSP2TA-18XL

Test Results
Units Min Avg Max
First Failure Occurs | Cycle 5,096,137 18,798,751 44,252,850
at Number
1000 Cum Failures Cycle 10,476,000 33,045,867 83,526,000
Occur at Number

Table 1 — Life Test Results

8.2 TEST 2. Extended Life Testing — after Tune-ups
Five (5) switches tested

Test Results:  All units exceed 300 million cycles after

No. Cycles No. Tune-Ups
Unit No. Achieved Req.'d
1 336 million 23
2 336 million 17
3 306 million 29
4 339 million 21
5 339 million 20

Table 2 — Extended Life Test Results

Testing terminated after 300 Million Cycles (units show no permanent wear and
continue to operate)

83 TEST 3. Sleep Mode Testing
20 unitstested (10 units MSP2T-18, 10 units MSP2T-18XL)

All units energized in State’1”
Units Energized to State “2” over 4 years
All units successfully switched to State “2”

AN-83-001 Rev..D M150261 (04/15/15) Filez AN83001.doc Sheet 6 of 20
This document and its contents are the property of Mini-Circuits.



mMini.Circuits@ APPLICATION NOTE: AN-83-001

Document:  AN83001.doc

File Save Date:  4/30/2015 3:01:00 PM Page 7 of 20

9 Test Methodsand Conditions
9.1 LifeTests(Tests1 and Tests 2):

Test Conditions:

e Contact resistance is measured at DC, between the probes of the connectors in the
ON path in every cycle.

e DCcurrent=2mA

e The cycle time is ~110 milliseconds PORT X to PORT Y

e All tests performed at room temperature (+25C)

Failure Criteria:
Individual Switch Cycle Failure: Contact resistance >240 mQ max

Switch Assembly Failure Recordings
a) First Failure: The first time a contact exhibits greater than 240 milliohms DC
resistance
b) Cumulative Failures: A cumulative of 1000 cycles in which the DC resistance
measures greater than 240 milliohms

9.2 Sleep timetest

Mini-Circuits switches have passed four year sleep timetest. Sleep Time definesthe
period over which switch is not energized and hence not switched.

Test Conditions:
e Frequency 1, 100 & 1000 MHz at low RF power, 0 dBm
Twenty (20) switches randomly selected from production lot:
MSP2T-18 10 pcs
MSP2T-18XL 10 pcs
RF test before sleep test.
RF test after sleep test.

Failure Criteria:
e Must work when switched for the first time and meet specifications.
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10 Detailed Test Results—Test 1. Life Tests(without Tune-Up)

10.1 TEST PROCESS-TEST 1 Life Test (without Tuneup)
Life Test Datais derived from results of Production Life Test process, performed as

follows:
PRODUCTION ASSEMBLY | DAILY DATAREVIEW |
ANDTEST perQC SHEET
{includes 100% RF TEST)
IS SWITCH CYCLE
COUNTatFIRST 10
FAILURES >5M
?
SELECT SWITCHES FOR CYCLES?
LUFETEST FROM
PRODUCTION LOT

}

CAUBRATEEQUIPMENT
(DCRESISTANCE
MEASUREMENT)

}

RUN MECHANICAL
SWITCHLIFE TEST

ISTOTALNo.
SWITCHCYCLES
>10M CYCLES?

ISTOTAL No.
FAILURES
>1000?

y

SOFTWARE PROCESSING for
ISTOTAL No. UFETEST FAILURES
SWITCH CYCLES
U >10M CYCLES
MOVESWITCHSTATE NO
{eachPort)
NOTIFYENGINEERING

T TESTMANAGER
RECORD DC RESISTANCE -FINALDATAREVIEW
(FAILURE s >240 mili- -5IGN QC SHEET
ohm) -APPROVE PRODUCTIONRUN

IS TOTAL NO.

FAILURES
>1000

STOP TEST

SERVICEMAINTENACE
ON FAILEDUNIT,

RESTOCKFORTEST
DEPARTMENT
Figure 2 — Production Life Testing — Process Flow
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10.2 DC Resistance M easurement

DC Resistance is measured at each switching cycle for each Port on Life Test units.
Datais collected and reviewed on adaily basis. Life Test Units are tested to failure; i.e.
Greater than 1000 Cumulative cycles with DC Resistance >240mq.

Typical DC Lifetest dataon asingle unit is presented below in Figure 3 below.

MECHARICAL SWITCH LIFE TEST OATA
Maodel: MEP2T-185L

Fun Date: Mar.2 72002

LR e 2l Test Complete:  Apr 26 2008
Forn. [ra0hnn 110 2 Million Cycles
250
100
e e ]
I:|1 A0k SO0k 1.2M 1.60 z2om
Nurrber of Cyoles
Forn, [rahnq 2 to & Milion Cycles
230

=’ ZEM 321 .50 4.4 5.0m
Murrber o Cyolen

Forn, [rahnq 5 1o 10 Milion Cycles
250
100
q w
5. 6.1 wm am an 10.m
Nurnber of Gyoles
Fies. [ridthr] 10 to 15 Milion Cycles
250 N\
JARY il
[ | 1 |
100 I | I
0
10.10 1.1 1zn \J 131 1410 151

Nurrber o Cyoles
FIRST FAIL: 12.39M CYCLES
Fes. [rnhre] 15 1o 20 Milion Cycles

15.1M 16.1 17.M 1.1 12.M 20.1M
Murrber of Cyoles

Fen. [rnOhrn] 20 to 25 Million Chycles
el
I || IR PO | 1 | I— |
100 e T T L T T [T P e T

200.“ 1.1 22N 250 24.M 25.M
Murrber o Cyoles

1000 CYCLE FAIL: 24.01M

Figure 3 — Sample Life Test Data — one Switch
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10.3 75 Unit Data Distribution — Test 1. Life Tests (without Tune-Up)

First Failure — Production Distribution Results

Mechanical Switch Life Testing Results
First Failure

Number of Units Tested

SIS N N R RN I N N SN SN NIRN
ST OT AT 9T T DT 0T T RT AT T AT AT DT T ADT 0T AT DT 0T 7 (0T Q)T 7 o
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Figure 4 —Switch First Failures — Recorded Cycle - Distribution

1000 Cumulative Failures — Production Distribution Results

Mechanical Switch Life Testing Results
1000 Cumulative failures
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Figure 5 —Switch 1000 Cumulative Failures — Recorded Cycle - Distribution
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10.4 DETAILED TEST DATA —Test 1. Life Tests (without Tune-Up)

Ll FE TEST REPORT DATA First Failure 1000 Cum Fail

No. Runs 75 75

Models: MSP2T-18XL Min 5,096,137 10,476,000

MSP2TA-18XL Max 44,252,850 83,526,000

Time Period 01/18/08 Average 18,798,751 33,045,867

01/12/09 STDEV 9,675,126 15,422,011

Run Life Test No. Failures at|
CT |Run| No. |Run Number |Model No. Unit No. DATE |Run Qty | Release Date Qty First Failure{1000 Cum Fail| TEST STOP
1] 5] 7 IN59890 MSP2T-18XL 0041 01/18/08| 90| 28-Jan-08 3 31,172,114] 37,203,000 1000
1] 5| 8 |N59890 MSP2T-18XL 0033 01/18/08| 90 20,759,979 22,325,000 1000
11 5] 9 IN59890 MSP2T-18XL 0038 01/18/08| 90 23,564,880] 25,691,000 1000
117 1 |IN61840 MSP2T-18XL 0017 02/14/08| 100| 18-Feb-08 3 26,939,466| 42,849,000 1000
117 2 IN61840 MSP2T-18XL 0020 02/14/08| 100 28,195,716| 47,836,000 1000
1] 7] 3 |N61840 MSP2T-18XL 0050 02/14/08| 100 30,601,417] 43,353,000 1000
1] 8 | 7 |N73210 MSP2T-18XL 0040 02/20/08| 100| 28-Feb-08 3 20,659,367 29,580,000 1000
1] 8| 8 IN73210 MSP2T-18XL 0044 02/20/08| 100 27,911,046| 28,223,000 1000
1] 8| 9 IN73210 MSP2T-18XL 0012 02/20/08| 100 30,601,417] 35,472,000 1000
1112] 1 IN76230 MSP2T-18XL 0001 03/14/08| 100] 27-Mar-08 3 10,499,055] 13,823,000 1000
1]12] 2 IN76230 MSP2T-18XL 0002 03/14/08| 100 26,703,742| 40,925,000 1000
1112] 3 IN76230 MSP2T-18XL 0027 03/14/08| 100 18,582,758| 20,902,000 1000
1114] 1 IN82720 MSP2T-18XL 0011 03/26/08| 100|  9-Apr-08 3 9,165,115 10,643,000 1000
1]14]| 2 |N82720 MSP2T-18XL 0020 03/26/08| 100 40,864,775| 45,414,000 1000
1]14] 3 IN82720 MSP2T-18XL 0008 03/26/08| 100 28,325,529| 41,480,000 1000
1] 8] 4 |N73210 MSP2T-18XL 0040 03/27/08| 100| 14-Apr-09 4 19,563,929 22,676,000 1000
11 8] 5 |N73210 MSP2T-18XL 0044 03/27/08| 100 16,376,513| 60,545,000 1000
1] 8| 6 |N73210 MSP2T-18XL 0012 03/27/08| 100 12,379,073) 24,012,000 1000
1]16] 1 |N79510 MSP2T-18XL 0001 03/28/08| 100| 25-Apr-08 3 12,822,783| 18,334,000 1000
1116] 2 IN79510 MSP2T-18XL 0032 03/28/08| 100 28,054,932| 44,704,000 1000
1]16] 3 |N79510 MSP2T-18XL 0052 03/28/08| 100 26,693,321] 32,055,000 1000
1] 8] 1 |N73210 MSP2T-18XL 0040 05/01/08| 100| 15-May-09 3 28,457,105] 50,239,000 1000
1] 8] 2 |N73210 MSP2T-18XL 0044 05/01/08| 100 18,262,282 29,609,000 1000
1] 8 | 3 |N73210 MSP2T-18XL 0012 05/01/08| 100 14,555,303| 71,963,000 1000
1119] 1 IN92790 MSP2T-18XL 0035 05/02/08| 100| 15-May-08 3 44,252,850] 64,260,000 1000
1119] 2 IN92790 MSP2T-18XL 0055 05/02/08| 99| 21,608,347 58,286,000 1000
1119] 3 IN92790 MSP2T-18XL 0081 05/02/08| 99| 32,252,419| 83,526,000 946*
1124] 1 |N97820 MSP2T-18XL 0021 06/24/08| 100 3-Jul-08 3 21,817,045 47,478,000 1000
1] 24| 2 |N97820 MSP2T-18XL 0092 06/24/08| 100 22,753,600f 48,740,000 1000
1 124] 3 |N97820 MSP2T-18XL 0100 06/24/08| 100 11,990,051 50,000,000 291*
1125] 1 |N01200 MSP2TA-18XL 0019 06/30/08| 100 7-Jul-08 3 11,483,701] 32,275,000 1000
1125] 3 |N01200 MSP2TA-18XL 0076 06/30/08| 100 26,578,121| 43,830,000 1000
1126] 1 |NO1210 MSP2TA-18XL 0023 07/09/08| 100| 16-Jul-08 3 22,459,922| 44,584,000 1000
1]26]| 2 |NO1210 MSP2TA-18XL 0037 07/09/08| 100 14,809,803| 35,989,000 1000
1126] 3 |NO1210 MSP2TA-18XL 0045 07/09/08| 100 19,115,307| 37,028,000 1000
1]28] 1 |NO1220 MSP2TA-18XL 0058 07/23/08| 100|  1-Aug-08 3 35,599,736] 50,000,000 412*
1128] 2 IN01220 MSP2TA-18XL 0061 07/23/08| 100 17,523,486] 42,901,000 1000
1]28] 3 |N01220 MSP2TA-18XL 0083 07/23/08| 100 23,463,694| 44,729,000 1000
1129] 1 |NO1230 MSP2TA-18XL 0021 07/30/08| 100|  8-Aug-08 3 7,344,686] 32,790,000 1000
1129] 2 IN01230 MSP2TA-18XL 0067 07/30/08| 100 7,342,293| 25,843,000 1000
1]29] 3 |N01230 MSP2TA-18XL 0088 07/30/08| 100 21,364,154| 34,155,000 1000
1 130] 1 |NO5490 MSP2T-18XL 0010 08/05/08| 100| 13-Aug-08 3 20,055,732| 42,004,000 1000
1 ]30] 2 |NO5490 MSP2T-18XL 0052 08/05/08| 100 18,870,088| 50,000,000 496*
1 ]130] 3 |NO5490 MSP2T-18XL 0093 08/05/08| 100 40,649,155| 50,000,000 3*

1131] 1 INO5510 MSP2T-18XL 0001 08/06/08| 100| 13-Aug-08 3 38,331,892| 49,241,000 1000
1]31] 2 |NO5510 MSP2T-18XL 0002 08/06/08| 100 27,598,369| 40,208,000 1000
1 ]131] 3 |NO5510 MSP2T-18XL 0003 08/06/08| 100 25,385,306] 50,000,000 604*
1] 34| 1 |N05520 MSP2T-18XL 0021 09/10/08| 49( 16-Sep-08 2 10,737,191 25,619,000 1000
1 ]34] 2 |NO5520 MSP2T-18XL 0041 09/10/08| 49 10,399,379 22,772,000 1000
1 ]35] 3 |N01240 MSP2TA-18XL 0031 09/10/08| 37| 16-Sep-08 1 9,411,508 16,835,000 1000
1]35]| 1 |NO1240 MSP2TA-18XL 0041 09/26/08| 63| 3-Oct-08 2 17,015,585| 22,434,000 1000
1] 35| 2 |NO1240 MSP2TA-18XL 0043 09/26/08| 63| 10,049,030f 20,737,000 1000
1136] 1 |NO7280 MSP2T-18XL 0001 10/03/08, 100 13-Oct-08 3 15,992,340| 20,782,000 1000
1 136] 2 |N0O7280 MSP2T-18XL 0002 10/03/08, 100 14,702,337 20,412,000 1000
1 ]136] 3 |NO7280 MSP2T-18XL 0003 10/03/08, 100 6,454,447, 17,736,000 1000
1]37] 1 |INO7290 MSP2TA-18XL 0001 10/15/08, 100] 24-Oct-08 3 11,348,571 12,029,000 1000
1 ]137] 2 INO7290 MSP2TA-18XL 0036 10/15/08, 100 8,653,387 18,824,000 1000
1 ]37] 3 |NO7290 MSP2TA-18XL 0088 10/15/08, 100 6,633,372 13,499,000 1000
1 139] 1 INO7300 MSP2TA-18XL 0065 11/18/08, 137| 26-Nov-08 4 5,676,884| 20,444,000 1000
1 ]39] 2 INO7300 MSP2TA-18XL 0096 11/18/08, 137 13,326,921| 30,748,000 1000
1]39]| 3 |NO7300 MSP2TA-18XL 0102 11/18/08, 137 15,986,248| 24,187,000 1000
1 139] 4 INO7300 MSP2TA-18XL 0130 11/18/08, 137 14,867,459 19,616,000 1000
1 ]140] 1 |N12090 MSP2T-18XL 0030 11/20/08, 100] 26-Nov-08 3 15,609,451 26,409,000 1000
1 ]140]| 2 IN12090 MSP2T-18XL 0033 11/20/08, 100 16,387,139 28,144,000 1000
1 ]40]| 3 |N12090 MSP2T-18XL 0048 11/20/08, 100 32,946,303| 32,946,000 1000
1]41] 1 |NO7310 MSP2TA-18XL 0025 12/03/08, 100| 16-Dec-09 3 6,812,588| 13,833,000 1000
1 ]41] 2 INO7310 MSP2TA-18XL 0062 12/03/08, 100 9,556,473 11,139,000 1000
1]42] 1 |N14600 MSP2T-18XL 0031 12/16/08, 150] 22-Dec-08 4 7,416,966] 31,190,000 1000
1 ]42] 2 IN14600 MSP2T-18XL 0053 12/16/08, 150 7,334,380] 16,385,000 1000
1 ]42]| 3 |N14600 MSP2T-18XL 0110 12/16/08, 150 7,337,631 29,561,000 1000
1142 4 IN14600 MSP2T-18XL 0127 12/16/08, 150 24,230,600f 32,696,000 1000
1 144] 1 INO7320 MSP2TA-18XL 0034 01/08/09 100| 16-Jan-09 3 5,794,741 14,478,000 1000
1] 44| 2 |INO7320 MSP2TA-18XL 0040 01/08/09 100 7,244,288| 14,138,000 1000
1 ]44] 3 INO7320 MSP2TA-18XL 0050 01/08/09 100 5,096,137| 10,476,000 1000
1 145] 1 |N05520 MSP2T-18XL 0050 01/12/09 51 22-Jan-09 2 8,523,567 12,648,000 1000

* Life Test terminated prior to 1000 cycle failures for units exceeding 50 million cycles - Change instituted May.02.2008

Table 3 —Life Test Data (without Tune-up) — Details 75 Switches
(Specific Data from highlighted unit in Figure 3)
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11 Detailed Test Results—Test 2: Extended Life Tests (with Tune-Up)
11.1 TEST PROCESS- TEST 2 Extended Life Test (with Tuneup)

PERFORM PRODUCTION
LIFETEST
{1000 Cumulative
failures)

v

SELECT FOUR (4)
SWITCHES FOR
EXTENDED LIFE TEST
FROM PRODUCTION
LIFETEST

ON EACH SWITCH

PERFORM 100% RF TEST

(1D

A

RUN PRODUCTION LIFE
TEST PROGRAM

ISTOTAL No.
FAILURES
>10007?

RECORDCYCLE at
TUNE-UP

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

! k PERFORM MECHANICAL
1 SWITCHTUNE-UP
' PROCEDURE
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

\ 4

PERFORM 100% RF TEST

PASS

UNIT PASS /
FAIL

RECORD No. CYCLES AT
FINALFAILURE

Figure 6 — Extended Life Test Data (with Tune-up) Process Flow
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11.2 TEST RESULTS-TEST 2 Extended Life Test (with Tuneup)
Run: E39070 Start Date: October 19", 2006 End: March 3 2008

Tune-up #

1(2|3]14|5|6[7|8]9(10] 11 (12| 13|14 | 15| 16| 17| 18 | 19 | 20 ( 21 | 22 | 23 | 24| 25| 26 | 27 | 28

Switch#

2 8130 |61]76)93[151|170{190|206| 225| 238 | 240 | 247 | 255 | 256 | 260 | 264 | 276 | 291 | 299 | 311 | 322 | 336
13 18| 41 | 42 1114164 (186| 211|236 256| 273 | 286 | 293 | 306 | 315 | 327 | 336
15 191 45|63 ] 79| 87 (100]| 106|116 123| 133 | 142 | 150 | 154 | 159 | 166 | 178 | 191 | 202 | 210 | 219 | 230 | 232 | 246 | 259 | 264 | 274 | 285 | 292
17 9 | 38| 57)66]100(140|174]193] 211|227 242 | 252 | 258 | 270 | 282 | 292 | 304 | 310 | 319 | 327 | 339
18 14141 (54 ] 731 78 [137]1671179]196]216] 229 | 244 | 247 | 258 | 270 | 285 | 299 [ 310 | 323 | 339

Table 4 - Cumulative Number of Cycles Completed (in millions) prior to Each Tune-up
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12 Detailed Test Results—Test 3: Slegp Testing
121 TEST PROCESS—TEST 3 Sleep Test

SELECT TWENTY (20)
SWITCHES FOR SLEEP
TEST FROM APPROVED
PRODUCTION LOT
MSP2T-18 10 units
MSP2T-18XL 10 units
| e I |
| ONEACHSWITCH 9
E ===
! EACHSWITCH IN z | '
h STORAGEIN FIXED = -,
1 STATE oo ! 1
! e ! ===
1 < 1 og ) 1 1
. SELECT SWITCHBASED S0y ' ==
\ UPON SPECIFIED e B o h —_ -,
1 SCHEDULE g0 3 12! 1
1 123 5 < b,
. 1 [ I -l |
. PERFORM and RECORD 1 12 % A TR R [
1 100% RF TEST : : BT : 12 : .
! (e N < R
1 ‘ 1 ! ] E Iy : s g : :_
! WAIT"X" PERIOD of ! X I P el g g T
TIME . | ! ! P T C R T
1 1 I 1 - LU N -4
| T 1 ! 1 1 ! g Yo n 8!
1 1 | | 1 1 12 Ve | o I& 1
1 TEST SETUP: ! ! 1 1 ! 1 PE oo awm
: ENERGIZE SWITCH : : 1 1 : 1 : e :
2t0 IN i ! ! ! 1z e
\ 1 1 1 ! 1 ! 1 1 <
| MAINTAIN STATE 1 1 . ' 1 . 1 X HER
1 ! 1 ! 1 1 ! 1 ! 1 1 !
1 1 1 \ | 1 . 1 . . 1
1 PERFORM and RECORD 1 1 1 | 1 . 1 . . 1
! 100% RF TEST ! X 1 1 ! i ! | ' '
1 1
| 1 1 . \ 1 : 1 : : 1
1 1 1 \ | 1 . 1 . . 1
1 1 ! | 1 1 | 1 . 1
' STOP | 1 . . . ! . ! 1 .
1 1 1 . \ 1 . 1 . : 1
P | I 1 1 1 1 1
| [~—" "—"" 1 . | 1 : 1 : : 1
B Bk s S N N B R R A
1
L ~— S
________________ S !
N N e o
| I R
H — . : . 1 1 h
- 1 : 1 1
| RS IR N A e = g = 1 I 1
1 N7 1 : : 1
L I R . . :
[| [ P N H — 1 1
1 \i/ : 1
l----.--------«.---ry---- 1
[ [ I I 1
A
FINALREPORT
Figure 7 — Sleep Test Process Flow
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122 TEST RESULTS-TEST 3 Sleep Tests

MODEL Number Serial Number Test Pre-Test | Sleep Time Post-
Completed Results Test
(Sched.) Results
MSP2T-18 N46550-0008 2/12/05 PASS 3 months PASS
N46570-0010 4/12/05 PASS 6 months PASS
N46570-0011 7/12/05 PASS 9 months PASS
N46570-0012 10/12/05 PASS 12 months PASS
N46570-0013 1/12/06 PASS 1.5 years PASS
N48290-0031 7/12/06 PASS 2.0 years PASS
N48290-0044 1/12/07 PASS 2.5 years PASS
N48290-0045 7/12/07 PASS 3.0 years PASS
N48290-0046 1/12/08 PASS 3.5 years PASS
N48290-0048 1/12/09 PASS 4.0 years PASS
MSP2T-18XL N05490-0033 3/18/2009 PASS 3 months PASS
N05490-0034 5/18/2009 PASS 6 months PASS
N05490-0035 7/18/2009 PASS 9 months PASS
N05490-0036 10/18/09 PASS 12 months PASS
N05490-0037 02/18/10 PASS 1.5 years PASS
N05490-0038 07/18/10 PASS 2.0 years PASS
N05510-0045 02/18/11 PASS 2.5 years PASS
N05510-0074 07/18/11 PASS 3.0 years PASS
N05510-0081 07/18/12 PASS 3.5 years PASS
N05490-0096 07/18/13 PASS 4.0 years PASS

Table 5 — Sleep Test Results
NOTE: Actual data for Model shaded in YELLOW is in APPENDIX 1
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13 Conclusion

Due to the design approach as outlined in section 4, for all practical purposes, these
switches do not wear out and have a lifetime far exceeding switches commercially available.
They have the ability to be used in excess of 300 million cycles with periodic tune-up,
meeting all electrical performance as outlined in our catalog datasheet.
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14 Appendix RF TEST DATA
Typical Test Datataken on Switch, BEFORE and AFTER Sleep Test

141 BEFORE SLEEP TEST DATA

te (RSN B RAT, DGR TR

T CIROTiTS™ ©DATA - “SWITCOH ™ & °
INSERTION LOSS
RF PERFORMANCE OF MSP2T-18 MECHANICAL SWITCH

TEST CATEGORY: PRE (BEFORE SLEZPING) TEMPERATURE: ROOM DATH: 01-12-2005 AT 13:04:40

MODEL: mspaT-18 AP#: NDR REV: TESTED BY: YB
PROD RUN: MN46570 DATE CODE: NA WAFER/LOT#: NA QUANTITY: 1 8/N: #4
PURPOSE: To check performance before starting sleeping test. REQUESTED BY: ARON
FREQUENCY Pin IN-J1 IN-J2
(MHz) (dBm} (dB) {d3)
100.0000 3.35 -03 .03
250.0000 3.19 03 03
500.0000 2.98 .04 L 04
750.0000 3.24 .05 .04
1000.0000 3.18 .05 .05
1500.0000 2.90 .06 .08
2000.0000 3.30 .07 .07
2500, 0000 2.85 .08 .07
3000.0000 Z.34 .08 .08
3500.0000 2.35 .09 .09
4000.0000 2.10 -1e .10
4500.0000 1.76 .11 .11
5000.0000 1.68 .13 .12
6000.0000 1.86 .15 214
70000000 1.28 .15 .15
B000.0000 1.22 14 .14
2000.0000 .93 .13 .13
10000.000 .82 W14 W13
11000.000 .65 .15 .15
12000.000 1.15 17 16
13000.000 .06 20 19
14000.000 -.28 .22 21
15000.000 .11 20 .19
15500.000 -.52 L18 .18
LE000.000 72 .18 .18
1E6500.000 .90 20 .19
16750.000 .87 .20 .18
17000.000 .76 .19 A7
1725¢.000 .72 1% .17
17500.000 .97 .21 .19
17750.000 36 .20 .48
18000.000 .18 .21 .18
18250.000 .07 e 17
18500.000 A0 .20 )
18750.000 .52 .18 .17
19000.000 -.33 .21 .19
19250.000 =-.68 .21 .19
19500.000 -.62 .21 .18
13750.000 =47 .17 .16
20000.000 =.17 .22 .21
Flatness +.09 £.09

REMARK: AG N5230A NETWORK ANALYZER. 50 OHM SYSTEM. SN#: 65735. CAL DUE DATE: 12,/10/05. TEST FIX#: N/R.
8/N 0012, D/C 0451, Vdo=24V,Idc=
7ilas 17:\TEST DATA\ERGINEERING TEST DATA\Mcde130\Mech_switch\D_CRSLEREING\map2t-18\0451\54"

Page 1
Figure 8a — RF TEST DATA - Before Sleep Test
INSERTION LOSS — RUN N46570 - S/N 0012 (D/C 0451)
AN-83-001 Rev..D M150261 (04/15/15) File: AN83001.doc Sheet 17 of 20

This document and its contents are the property of Mini-Circuits.



mMini-Circuits@ APPLICATION NOTE: AN-83-001

Document:  AN83001.doc

File Save Date:  4/30/2015 3:01:00 PM Page 18 of 20
[, . e . e e e e = . . .
MINI-CIRCUITS DATA - SWITCH
ISOLATION
RF PERFORMANCE OF MSP2T-18 MECHANICAL SWITCH
TEST CATEGORY: PRE (BEFORE SLEEPING) TEMPERATURE: RCOM DATE: 01-12-2005 AT 13:04:40
MODEL: pgpaT.qg AP#: NDR REV: TESTED BY: ¥YB
PROD RUN: MN46570 DATE CODE: NA WAFER/LOT#: NA QUANTITY: L S/N: #4
PURPOSE: To check performance before gtarting sleeping test. REQUESTED BY: ARON
FREQUENCY Din IN-J1 IN-J2
(M z) (dBm) (dB) (aB)
100.0000 3.35 113.52 115,54
"250.0000 3.15 118.29 109.43
500.0000 2,98 112.90 108.48
750.0000 3.24  109.90 110.99
1000.0000 3.18 102.04 114.07
1500.0000 2.90 101.58 107.85
2000.0000 3.30 98.35 10B.63
25800.0000 2.858 101.31 118.62
3000.0000 Z.34 105.74 104.05
3500.,0000 2.35 106.13 119,67
4000 .0000 2.10 108.14 109.51
4500.0000 1.76 107.89 1iz2.08
5000.0000 1.68 116.15 117,97
5000.0000 1.86 114 .40 111.44
7F000.0000 1.28 117.20 106.63
8000 .C000D 1.22 101.78 101.72
9000,0000 .99 1p1.01 97.31
10000.000 .82 97.02 101.35
11000.000 .65 100.27 101.45
12000.000 1.15 #7.85 G4 .44
13000.000 .06 91.94 93,01
14000.000 =-.28 93.58 87.40
15000.000 .11 ag.16 BB.03
15500.000 -.52 86.07 85.11
16000.000 T2 85.55 85,90
16500.000 .80 B4 .82 B85.07
16750.000 .87 B4.87 85.11
17000.000 .76 B5.56 84,81
17250.000 .72 82.77 83.76
175040.000 .97 84,15 83.70
17750.000 .36 84.30 83.77
18000.000 .19 81.61 81.78
18350.000  1.07  80.65  B0.98
18500.000 A0 80.80 80.3%
18750.000 .52 80.86 80.23
19000.000 -.33 79.38 79.47
19250.000 -.69 78.62 78.78
19500.000 ..82 77.54 78.20
15750.000 -.47 77.21 76.53
20000.000 -.17 76.34 76.45
Flatness +26.45 +24.13

REMARK: AG N5230A NETWORK ANALYZER. 50 OHM SYSTEM. SN#: 65735. CAL DUE DATE: 12/10/05. TEST FIX#: N/E.
S/N 0012, D/C 0451, Vde=24V,Idc= &6 mA.

gilez ?;:\TBST DATA\ERGINEERING TEST DATA'Mcdel80\Mech switch\D_C&SLEEPING\msp2t-1210451%#47

age

Figure 8b — RF TEST DATA - Before Sleep Test
ISOLATION — RUN N46570 - S/N 0012 (D/C 0451)
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141 AFTERSLEEP TEST DATA
MINI-CIRCUITS DATA - SWITCH
TEST CATEGORY: FINAL (BFTER 1 YERR) DATE: 01-12-2006 AT 9:08 AM
MODEL: MSP2T-18 AP#: N/A NORF REV: N/A TESTED BY: YB
PROD RUN: MN46570 DATE CODE: 0451 WAFER/LOT#: N/A QUANTITY: 1 §/N: Unit 5

FURPOSE: SLEEPTIME TEST REQUESTED BY: ARON
TEST CONDITIONS: Z:50 OHM SYSTEM. TEMPERATURE: ROOM

FREQUENCY
(MEz)

Pin I.LOSS I.LOSS  ISOLATID ISOLATIO
IN-J1 IN-J2 IN-J1 IN-J2
{&Bm) (ds} {de} (dB) (de)

1.0000 .00 .00 .01 110.54 111.51
1 .00 .0 . O 108.17 107.38

1000.0000

00 .02 .02 106.82 103.07

Flatness

.01 +.02 +5.66 +4.22

REMARK: UNIT#5 AFTER 1 YEAR, Vde=24 V, Ide= 85 mA.

MODEL
S/N

CAL Di
ile: YH:\TES

DATE
T DATA\ENGINEERING z DATA\ModeL80\Mech_switch\D_CESLEEPING\msp2t-18\0451-0508\#5_lyear?

M ES071B
67040
05/07/08

Test Program Manuallh.exe Ver 1
Page 1

Figure 9 — RF TEST DATA — After Sleep Test
INSERTION LOSS and ISOLATION — N46570 - S/N 0012 (D/C 0451)
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IMPORTANT NOTICE
© 2015 Mini-Circuits

This document is provided as an accommodation to Mini-Circuits customers in connection with Mini-Circuits parts only. In that regard, this document is for
informational and guideline purposes only. Mini-Circuits assumes no responsibility for errors or omissions in this document or for any information contained
herein.

Mini-Circuits may change this document or the Mini-Circuits parts referenced herein (collectively, the “Materials”) from time to time, without notice. Mini-Circuits
makes no commitment to update or correct any of the Materials, and Mini-Circuits shall have no responsibility whatsoever on account of any updates or
corrections to the Materials or Mini-Circuits’ failure to do so.

Mini-Circuits customers are solely responsible for the products, systems, and applications in which Mini-Circuits parts are incorporated or used. In that regard,
customers are responsible for consulting with their own engineers and other appropriate professionals who are familiar with the specific products and systems
into which Mini-Circuits’ parts are to be incorporated or used so that the proper selection, installation/integration, use and safeguards are made. Accordingly,
Mini-Circuits assumes no liability therefor.

In addition, your use of this document and the information contained herein is subject to Mini-Circuits’ standard terms of use, which are available at Mini-Circuits’
website at www.minicircuits.com/homepage/terms_of_use.html.

Mini-Circuits and the Mini-Circuits logo are registered trademarks of Scientific Components Corporation d/b/a Mini-Circuits. All other third-party trademarks are
the property of their respective owners. A reference to any third-party trademark does not constitute or imply any endorsement, affiliation, sponsorship, or
recommendation: (i) by Mini-Circuits of such third-party’s products, services, processes, or other information; or (ii) by any such third-party of Mini-Circuits or its
products, services, processes, or other information.
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