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Evaluating the ADGM1304 0 Hz/DC to 14 GHz, Single-Pole, Four-Throw MEMS Switch
with Integrated Driver

FEATURES

Supply voltage: single 3.3V

Wide frequency range

High power handling capability: 36 dBm

SMA connectors for RF signals

SMB connectors for switch control signals

On-board CALIBRATION THRU transmission line for analyzer
calibration

GENERAL DESCRIPTION

This user guide describes the EVAL-ADGM1304EBZ evaluation
board for the ADGM1304, a dual-chip, radio frequency (RF)
switching solution containing a single-pole, four-throw (SP4T),
microelectromechanical systems (MEMS) switch and a control
chip copackaged in a compact, 5 mm x 4 mm, LECSP package.
The SP4T switch uses Analog Devices, Inc., MEMS switch

technology, providing optimum performance in terms of
bandwidth, power handling capability, and linearity for RF
applications. The control chip generates the high voltage signals
needed for the MEMS switch and allows the user to control its
operation through a simple and flexible complementary metal-
oxide semiconductor(CMOS)-/low voltage transistor-transistor
logic (LVTTL)-compliant parallel interface.

The EVAL-ADGM1304EBZ comes fitted with connectors for RF
and control signals as well as links to allow the user to control
the operation of the switch and evaluate its performance.

For full details on the ADGM1304, see the ADGM1304 data
sheet, which should be consulted in conjunction with this user
guide when using these evaluation boards.

EVAL-ADGM1304EBZ CONNECTION DIAGRAM

POWER SUPPLY 3.3V DC

Eval-ADGM1304 'BZ

PLEASE SEE THE LAST PAGE FOR AN IMPORTANT
WARNING AND LEGAL TERMS AND CONDITIONS.
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EVALUATION BOARD HARDWARE

The ADGM1304 evaluation kit contains a fully fitted, printed
circuit board (PCB).

The EVAL-ADGM1304EBZ evaluation board allows the user to
connect RF signals to the MEMS switch. The user controls the
switch operation using the on-board links, or by applying the
correct control signals to the appropriate connectors.

The EVAL-ADGM1304EBZ provides an additional transmission
line to facilitate the calibration of the network analyzer to
minimize the effects of the PCB tracks that connect the RF
signals to the MEMS switch. This user guide describes the
calibration process in the Network Analyzer Calibration
Procedure section.

POWER SUPPLY

To operate the EVAL-ADGM1304EBZ, the user must provide an
external power supply connected to the power block, P1. The
supply voltage is 3.3 V and must be positive with respect to the
ground of the PCB. The ground of the PCB is marked with
GND on the silkscreen near P1 (see Figure 11).

RF CONNECTORS

The SMA edge connectors on the EVAL-ADGM1304EBZ (RF1
to RF4 and RFC) connect to each switch in the ADGM1304 for
performance evaluation purposes. The RF5 and RF6 connectors
connect to a transmission line to estimate the loss associated with
the PCB (see the Measurement section). Table 1 describes the RF
connectors to the ADGM1304.

Table 1. RF Connectors Connection to the ADGM1304

The ADGM1304 comes with a standard LVTTL parallel interface
consisting of five inputs: IN1 to IN4 and SLEEP. The logic level
applied to the IN1 through IN4 inputs controls the state of the
MEMS switches, and the logic level applied to the SLEEP input
sets the operation mode of the ADGM1304. When SLEEP is set
to high, the ADGM1304 enters sleep mode, a low power state
that reduces the current drawn by the device to only 1 pA. To
set the ADGM1304 to normal operation mode, set the SLEEP
pin to low.

CLKSEL and EXTCLK

The CLKSEL pin controls the reference clock signal used by the
ADGM1304. The logic level to this pin can be set by using the
CLKSEL link or by applying an external signal to the CLKSEL
SMB connector (see Table 2).

Table 2. CLKSEL Link and CLKSEL SMB Connector Settings

Position Reference Clock Setting
EXT External reference clock (supplied by user)
Removed Controlled via CLKSEL SMB

High equals external

Low equals the internal 11 MHz clock
No signal equals the internal 11 MHz clock
INT (Default Setting) | Internal reference clock

Connector | Description

RF1 Port RF1 of the ADGM1304

RF2 Port RF2 of the ADGM1304

RF3 Port RF3 of the ADGM1304

RF4 Port RF4 of the ADGM1304

RFC Common RF port of the ADGM1304

RF5, RF6 CALIBRATION THRU transmission lines used for
calibration

When the ADGM1304 is set to use an external reference clock
(see Table 2), apply a clock signal to the EXTCLK SMB
connector.

RF1, RF2, RF3, and RF4 Mode

The IN1 to IN4 and SLEEP input pins control the switch state and
operation mode of the ADGM1304. The EVAL-ADGM1304EBZ
allows the user to control these pins using the RF1 to RF4 links
or by applying external signals to the SMB connectors, IN1 to
IN4 and S/N, respectively (see Table 3 and Table 4).

Table 3. Link Mode and S/N SMB Connector Settings

SWITCH CONTROL CONNECTORS

The control IC packaged with the MEMS switch internally
generates the voltage signal required to drive the switch. To
operate, the internal control IC contains a reference clock
signal at a nominal 11 MHz. The ADGM1304 chip provides
the user with the option to choose between using an internal
oscillator operating at a nominal frequency of 11 MHz and an
external clock signal supplied by the user with a frequency range
from 20 MHz to 23 MHz using the CLKSEL and EXTCLK pins.
See the CLKSEL and EXTCLK section for information on
configuring the device to use an external clock signal.

Position ADGM1304 Operation Mode
S Sleep mode
Removed Controlled via S/N SMB

High equals sleep mode
Low equals normal mode
Normal mode

N (Default Setting)
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Table 4. (RF1) to (RF4) Links and IN1 to IN4 SMB Connector Settings

Link Name Controlled RF Switch Link Position RF Switch Status'
(RF1) RF1 to RFC Removed Controlled via IN1 SMB
High equals on
Low equals off
On On
Off (default setting) Off
(RF2) RF2 to RFC Removed Controlled via IN2 SMB
High equals on
Low equals off
On
Off
(RF3) RF3 to RFC Removed (default setting) Controlled via IN3 SMB
High equals on
Low equals off
On On
Off (default setting) Off
(RF4) RF4 to RFC Removed (default setting) Controlled via IN4 SMB

On
Off (default setting)

High equals on
Low equals off
On
Off

" The RFx switch status is valid only when the ADGM1304 is in normal operation mode. When the device is in sleep mode, all RFx switches are off.
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MEASUREMENT

Figure 1 shows the EVAL-ADGM1304EBZ evaluation board of
the ADGM1304. Apply a Voo to the board to measure the
performance of the switch. The links are set according to the
switch under test (see Table 4). After selecting the desired
channel and its state, a network analyzer can collect the switch
performance data. Terminate the RF edge connectors of unused
switch channels into 50 Q2 loads to achieve the full performance

of the channel under test.

The EVAL-ADGM1304EBZ shown in Figure 1 comes with a
calibration transmission line (CALIBRATION THRU) on the
PCB. The purpose of this calibration line is to remove the
insertion loss and phase offset of the PCB transmission lines
connecting to the switch from the measurement. Figure 2 shows
the calibration line and its insertion loss and return loss up to
16 GHz. The calibration line is exactly the same length as the
distance from any one RFx connector to the switch pin, plus the
distance from the RFC connector to the switch pin. Figure 3
illustrates the definition of the calibration line length. All RF
traces connecting to the ADGM1304 are of equal length.
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Figure 2. EVAL-ADGM1304EBZ Evaluation Board Calibration Transmission
Line Used for PCB Insertion Loss and Phase Offset Correction

11963-003

Figure 3. Calibration Transmission Line Length Equal to a + b

To deembed the PCB transmission line insertion loss from the
entire switch insertion loss board measurement (RF1 to RFC
path), the measurement S(2,1) data must be divided by the [S(2,1)]
of the CALIBRATION THRU. Perform this deembedding by
using the network analyzer at the time of the measurement or after
the measurement using individual measurement data files. Refer
to the Network Analyzer Calibration Procedure section for

more information.

Use the network analyzer port extension function to deembed
the phase offset introduced by the PCB transmission lines. The
port extension method uses time delay offset values to correct
for phase. Enter the time delays into the port extension menu
on the network analyzer that correspond to the phase offset
introduced from an RF edge connector to the switch pin. Figure 3
shows an example of these phase offsets on a typical switch
measurement, labeled as a and b. Both a and b are identical in
length and can be calculated by measuring the time delay of the
calibration line and dividing it by two.

Figure 4 shows the ADGM1304 switch insertion loss (network
analyzer two-port S(2,1) measurement) measurement results
that were deembedded with respect to the PCB transmission
line losses. The blue trace is the RF2 to RFC switch channel, and
the red trace is the RF1 to RFC switch channel. The dashed traces
are the respective return loss traces. The performance of the RF2
switch is identical to RF3, and the RF1 switch is identical to RF4.
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Figure 4. PCB Deembedded ADGM 1304 Insertion Loss Performance
(Blue = RF2 to RFC Channel, Red = RF1 to RFC Channel)
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Figure 5 shows the ADGM1304 switch off-isolation performance
measurement results for two channels. The blue trace is the RF2
to RFC switch channel, and the red trace is the RF1 to RFC switch
channel. As with insertion loss, the performance of the RF2 switch
is identical to RF3, and the RF1 switch is identical to RF4.

OFF ISOLATION (dB)
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Figure 5. ADGM1304 Off-Isolation Performance
(Blue = RF2 to RFC Channel, and Red = RF1 to RFC Channel)
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NETWORK ANALYZER CALIBRATION PRUCEDURE

Use the following procedure in conjunction with the EVAL-
ADGM1304EBZ evaluation board for two-port measurements;

assuming that the user has a set of manual calibration standards

or an electric calibration (ECal) type unit to perform a SLOT

calibration of the network analyzer. The maximum value for 7.
the network analyzer frequency sweep for the EVAL-

ADGM1304EBZ PCB can be up to 16 GHz.

1.

Perform a full, two-port standard short, load, open,
through (SLOT) calibration of the network analyzer.
Connect the CALIBRATION THRU calibration line
(Connector RF5 and Connector RF6) to the analyzer and
measure its insertion loss S(2, 1).

Save the measured data to the network analyzer memory to
later use.

Configure the EVAL-ADGM1304EBZ links and power up
the EVAL-ADGM1304EBZ with a 3.3 V dc power supply.
Connect the network analyzer to the desired MEMS switch
RF connectors and apply the external control signals, if
needed.

Rev.A |Page 7 of 11

Measure the complete insertion loss of the EVAL-
ADGM1304EBZ. Include the insertion loss of the MEMS
switch and test fixture (PCB transmission lines and RF
connectors).

Deembed the PCB losses from the complete evaluation
board measurement using the data saved at Step 3 and the
measured data at Step 6. Because the extraction method is
dependent on the network analyzer used, consult the network
analyzer user manual before performing the extraction.
Typically, the divide function is used to divide the complete
S(2, 1) measurement data by the CALIBRATION THRU
line S(2, 1) data stored in memory.

Use the network analyzer port extension function to deembed
the phase offset introduced by the PCB transmission lines.
The port extension method uses time delay offset values to
correct for phase. Enter the time delay values into the port
extension menu on the network analyzer for each RF edged
connector to switch the pin path equal to the electrical length
of the calibration line divided by two.
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EVALUATION BOARD SCHEMATIC AND ARTWORK
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Figure 6. Schematic of the EVAL-ADGM1304EBZ
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11963-007
11963-009

Figure 7. EVAL-ADGM1304EBZ Component Side PCB Drawing (Layer 1) Figure 9. EVAL-ADGM1304EBZ Component Side Ground Plane PCB Drawing
(Layer 3)

11963-008
11963-010

Figure 8. EVAL-ADGM 1304EBZ Component Side Ground Plane PCB Drawing Figure 10. EVAL-ADGM1304EBZ Component Side, Bottom Side PCB Drawing
(Layer2) (Layer4)
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Figure 11. EVAL-ADGM1304EBZ Component Side Silkscreen PCB Drawing (Top) Figure 12. EVAL-ADGM1304EBZ PCB Stack Up with Coplanar Waveguide with
Ground (CPWG) Dimensions
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ORDERING INFORMATION

Table 5. Bill of Materials

Quantity | Reference Designator Description Supplier/Number
1 c1 0.1 pF, 0603 package, 16V, X7R, SMD ceramic capacitor FEC 940-6140
1 c2 47 pF, 0603 package, 100V, COG/NPO capacitor Digi-Key 478-1144-1-ND
1 c3 10 pF, 0805 package, 10V, X5R, SMD ceramic capacitor FEC 940-2136
7 CLKSEL, EXTCLK, IN1 to IN4, S/N | 50 Q SMB connector through holes FEC 111-1349
6 (RF1) to (RF4), MODE, (CLKSEL) 3-pin SIL headers and shorting links FEC 102-2248 and FEC 150-411
1 P1 2-pin terminal block (5 mm pitch) FEC 151-785
6 R1toR6 10 kQ) (0603 package) SMD resistors FEC 933-0399
6 R7 toR12 Not populated
9 RF1 to RF6, RFC 50 Q side launch SMA connectors Rosenberger 32K243-40ML5
1 U1 ADGM1304, 0 Hz/dc to 14 GHz, single-pole, four-throw Analog Devices
MEMS switch with integrated driver
3 Not applicable’ Wideband 50 Q termination SMA loads Pasternack PE6081

' Screwed on at measurement time (see Figure 1).

ESD Caution
ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of functionality.
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Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board"), you are agreeing to be bound by the terms and conditions
set forth below ("Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the Evaluation Board until you
have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you (“Customer”) and Analog Devices, Inc.
("ADI"), with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to Customer a free, limited, personal,
temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and agrees that the Evaluation Board is provided
for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted is expressly made subject to the following additional
limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (i) permit any Third Party to access the Evaluation Board. As used herein, the term
“Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is NOT sold to Customer; all rights not expressly granted herein, including
ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all be considered the confidential and proprietary information of ADI. Customer may
not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation of use of the Evaluation Board or termination of this Agreement, Customer agrees to
promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any
occurred damages or any modifications or alterations it makes to the Evaluation Board, including but not limited to soldering or any other activity that affects the material content of the Evaluation Board.
Modifications to the Evaluation Board must comply with applicable law, including but not limited to the RoHS Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice
to Customer. Customer agrees to return to ADI the Evaluation Board at that time. LIMITATION OF LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO
WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED
TO THE EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL
PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER'S POSSESSION OR USE OF
THE EVALUATION BOARD, INCLUDING BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE
AMOUNT OF ONE HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable
United States federal laws and regulations relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of
Massachusetts (excluding conflict of law rules). Any legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby
submits to the personal jurisdiction and venue of such courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.
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