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0.1-20 GHz Surface Mou

DEVICE OVERVIEW

General Description

The MSW2-1002HLGA is a reflective, single-pole double throw (SPDT) switch. The part is
manufactured using a Silicon-On-Insulator (SOI) process. The switch operates from
100MHz to 20GHz with average insertion loss and isolation of 0.8 dB and 44 dB respectively
and input power handling and hot switching capability of 33.5 dBm. The MSW2-1002HLGA
requires positive and negative 3.3V supply inputs and is controlled via a single input pin
compatible with LVTTL logic. This switch has a 50-Ohm characteristic impedance. The
MSW2-1002HLGA is packaged in a compact 2.25x2.25 mm LGA for surface mount
integration on circuit board-based systems.
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Port Configuration and Functions
Port Diagram

Atop-down x-ray view of the MSW2-1002HLGA package outline drawing is shown below.
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Port Functions

DC

Function Description Equivalent
Circuit

RF port 2 of the device, impedance looking into this port matches RFC load
1 RE2 impedance in the ON state. This port is reflective and shorted to GND in the OFF )
state. This port is DC coupled. A DC blocking capacitor is required ONLY if max DC
voltages will be exceeded.
13,461012| Ground These pins should be connected to RF/DC ground. All GND pins are internally i
connected.

RF common port of the device. This port is DC coupled. A DC blocking capacitor is
2 RFC required ONLY if max DC voltages will be exceeded. This port has a 50 Ohm input -
impedance when the active port is terminated with a 50 Ohm load.

RF port 1 of the device, impedance looking into this port matches RFC load

impedance in the ON state. This port is reflective and shorted to GND in the OFF

5 RFI state. This port is DC coupled. A DC blocking capacitor is required ONLY if max DC i
voltages will be exceeded.

7 VDD Positive DC supply pin. (+3.3V). Port has an ESD clamp to GND. -

Control voltage input pin. Low Voltage Transistor-Transistor Logic (LVTTL)

8 VCTRL compatible. Port has ESD clamp to GND and VDD. An external pull-down resistor is -
recommended on this pin.

9 VSS Negative DC supply pin. (-3.3V). Port has an ESD clamp to GND. -

IC backside must be connected to a DC/RF ground with high thermal and electrical
Paddle Ground . -
conductivity.
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Specifications

Absolute Maximum Ratings

The Absolute Maximum Ratings indicate limits beyond which damage may occur to the device. If these limits are exceeded, the
device may become inoperable or have a reduced lifetime.

Parameter Maximum Rating Unit
Control Voltage 39 \Y
Max Current on any RF Port, Unbiased 50 HA
Max DC on any RF Port, Unbiased 0.5 \Y
Max Hot Switching RF Input Power 33.5 dBm
Maximum Operating Temperature for MTTF > 1E6 hours 105 °C
Maximum Storage Temperature 150 °C
Max Junction Temperature for MTTF of > 1E6 hours 135 °C
Max Power Dissipation for MTTF of > 1E6 hours at 85°C Baseplate Temperature 0 mW
Minimum Operating Temperature -40 °C
Minimum Storage Temperature -60 °C
Negative Supply Voltage -3.6 \Y
Positive Supply Voltage 3.6 \Y
RF Input Power, Nominal Bias 335 dBm
RF Input Power, Unbiased 21 dBm
8JC, Junction to Ambient Thermal Resistance 0 °C/W
Package Information
Parameter Details Rating
ESD 250 to < 500 Volts HBM Class 1A
Dimensions - 2.25x2.25mm
Moisture Sensitivity Level - MSL 3

Recommended Operating Conditions

The Recommended Operating Conditions indicate the limits, inside which the device should be operated, to guarantee the
performance given in Electrical Specifications. Operating outside these limits may not necessarily cause damage to the device,
but the performance may degrade outside the limits of the electrical specifications. For limits, above which damage may occur,
see Absolute Maximum Ratings.

Parameter Min Nominal Max Unit

Control Voltage Low, VINL 0 - 1.55 \Y
Negative DC Voltage -3.45 -3.3 -3.15 \"
Control Current, IINL - - 1 HA

Ta Ambient Temperature -40 25 101 °C

Control Voltage High, VINH 1.63 - 345 \Y
Positive DC Voltage 3.15 3.3 345 Vv
Control Current, IINH - - 1 MA

Negative Supply Current - 550 - MA
Positive Supply Current - 650 - HA

Sequencing Requirements

The startup sequence for the switch should be as follows (required only on initial startup of the device):

1) Apply Vop

2) Apply Vss

3) Wait >20us (Waiting for internal Vggg to stabilize and power internal logic)

a. VCTRL may be safely applied during this time but will produce un-predictable output until after 20us when the internal regulator
has stabilized.

4) Apply Vctre (See Diagram Below)
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VDD —
vsg — An edge (Positive or Negative) on VCTRL
i i / triggers the internal switch logic.
VCRTL X
RF Output State Invalid Valid
| RF Output state becomes valid
t=t, Wait t>20us for after the first VCTRL edge is

internal VREG detected. (See VCTRL Timing

to stabilize Diagram for exact timing)
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Electrical Specifications

The electrical specifications apply at TA=+25 °Cin a 50 Q system. Unless otherwise noted, all specifications are for VDD=3.3V,
VSS=-3.3V and VCTRL = 0 or 3.3V (both switch paths) with all ports terminated into 50 Q loads.

Minimum Maximum
Frequency Frequency Min Typ Max Unit
(GHz) (GHz)

Test Conditions

Parameter

Input 0.1dB Compression Point vdd=3.3V, Vss=-3.3V, Vctrl = 0 or 3.3V 0.1 20 33.5 dBm
Input IP3 Two Tones @ +12dBm, dF = 1 MHz 0.1 20 54 dBm
Insertion Loss Vdd=3.3V, Vss=-3.3V, Vctrl = 0 or 3.3V 0.1 20 0.8 dB
Isolation, RF1 to RF2 Vdd=3.3V, Vss=-3.3V, Vctrl = 0 or 3.3V 0.1 20 44 dB
Isolation, RFC to any non-active Port Vvdd=3.3V, Vss=-3.3V, Vctrl = 0 or 3.3V 0.1 20 41 dB
Make-before-break overlap - 0.1 20 42 ns
Nominal RF Impedance Vdd = 3.3V. Vss =-3.3V, Vctrl = 0 or 3.3V - - 50 Q
Off-Time 50% VCTRL to 90% RF output 0.1 20 67 ns
On-Time 50% VCTRL to 90% RF output 0.1 20 67 ns
Return Loss Vdd=3.3V, Vss=-3.3V, Vctrl = 0 or 3.3V 0.1 20 21 dB
RF Settling Time 50% VCTRL to 0.05dB final RF output 0.1 20 104 ns
RF Settling Time 50% VCTRL to 0.1dB final RF output 0.1 20 99 ns
Risetime/Falltime 10-90% of RF output 0.1 20 4 ns
VCTRL Latency 50% VCTRL to start of RF state transition 0.1 20 58 ns
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Typical Performance Plots

Insertion Loss (dB) Return Loss (dB)
0 0 T
——RF1 On
0.5 S ---RFR20n
-1 — 10 | e RFC A
1.5 \\ -15 a
o~ | -y
2 RF1 On \ -20 /“ \ ".--_ TR e
25— ---RF20n \ 225 | # k\ f
-3 -30 ,i !
3.5 -35 iﬁ
-4 -40 L
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Frequency (GHz) Frequency (GHz)
Isolation (dB) Input IP3 (dBm)
0 i i 60
-10 |— RFx to RFE 55 AA " .
TN A W
20 |~ - - =RF1to RF2 A A N
30 50
-40 I 45
-50 i 40
60 [/
o f 35
-80 30
0 5 10 15 20 25 30 1 3 5 7 9 11 13
Frequency (GHz) Frequency (GHz)
Compression (dB)
! | |
0.8 —2GHz —
0.6 — —6GHz |
o4& 10GHz |
0.2
0 s —_— ——
-0.2
-0.4
-0.6
-0.8
-1

19 21 23 25 27 29 31 33
Input Power (dBm)

_ Rev: - | Copyright © 2024 Marki Microwave LLC.


https://www.markimicrowave.com/
https://markimicrowave.com/assets/be6f3a6e-026f-46af-a55e-3bcf9144d1c8/MSW1002HLGA_Insertion_Loss_vs_Frequency.svg
https://markimicrowave.com/assets/644f4a30-d913-4d3a-bce1-c3bc1ee77590/MSW1002HLGA_Return_Loss_vs_Frequency.svg
https://markimicrowave.com/assets/ea639c4c-9f8a-4a5f-87fd-4946acb8d310/MSW1002HLGA_Isolation_vs_Frequency.svg
https://markimicrowave.com/assets/f169f378-7125-4959-9da4-666f864d7edf/MSW1002HLGA_IIP3_vs_Frequency.svg
https://markimicrowave.com/assets/35383792-c330-4d6c-adad-05259df578ce/MSW1002HLGA_Compression_vs_Input_Power.svg

—

MSW2-1002HLGA
Marki 0.1-20 GHz Surface Mount High Power SPDT

microwave .. i
www.markimicrowave.com SWItCh

Application Information

The MSW2-1002HLGA is an RF SPDT switch built on an SOI process. The switch is designed with two main-branches, each
having a corresponding shunt-branch switch to GND. The shunt-branches exist to improve off-state isolation of each port. When
each main-branch switch is activated, the associated shunt-branch is de-activated. Likewise, when the main-branch switches
are de-activated, the associated shunt-branch switch is activated. Thus, ports RF1 and RF2 appear internally matched to 50 ohms
while in the on-state and are reflective (short to GND) when in the off-state. The RFC port is internally matched to 50 ohms.

RF2

v

RFC

N

Switch
Control

()

RF1

RF Switch Configuration
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The MSW2-1002HLGA is capable of hot-switching powers up to +33.5dBm. Hot-switching is enabled by a “make-before-break”
circuit in the switch. This circuit acts to safely transition power to the newly active switch branch from the previously active
switch branch. There is a period of time when both switch states are active during the state transition. See the timing diagram
below for details on the timing of the switch transition between states.

Make-before-break
overlap time period

VCTRL

RF Output State RFL | RFL W RF2

i | ! RF1andRF2 :

! ! ' Active I !
t=t, t=t +t, t=tg

t=0
VCTRUinitiates — / f X
state transition RF Output State

RF begins to respond Make before break transition complete
to VCTRL command overlap period ends

Switch Timing Diagram
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The MSW2-1002HLGA requires both positive and negative 3.3V supply voltages. Supply voltages are internally regulated to
minimize the impact of transient supply voltage variations. Bypassing capacitors are recommended on both supply lines. (See
Application Schematic)

The Vctre input is used to control the switch state. (See Vctre Logic Table below). The internal switching logic of the MSW2-
1002HLGA is triggered by an edge on the Vg line. For this reason, at device startup, at least one Vg edge is required to
synchronize the switch state with the Vg input condition. (See Startup Sequence) A pull-down resistor is recommended on the
VceTre line to prevent floating control voltages from changing the switch state.

VerL Logic Active Switch Path

0 RFCto RF2
1 RFC to RF1

Vcrre Logic Table
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Application Circuit Description

12 |
11—e 7 4Y

100pF 10uF

10/
Hp>
H >

- _O-li} o Vg
: —
T =
® “H7

1
o * Voo 1-

100pF

<+ H

[=]

T 44 e—Ho}—e
[>]
-

Supply bypass capacitors are placed on Vpp and Vss supply lines to minimize supply noise and RF coupling into the switch supply
circuitry. Capacitor location, value and case sizes are chosen to maximize bypassing bandwidth. The 0201 100pF capacitors
should be located as close as possible to the switch to maximize high frequency bypassing. Placing the capacitors close to the
switch minimizes parasitic pcb trace inductance present between the capacitor and the switch which can reduce bypassing
frequency. The larger 0402 10uF capacitors are used for low frequency RF / supply-noise bypassing and can be safely placed
further away and/or shared between devices.

A pull-down resistor is recommended on the Vq1g. line to provide a well-defined control input and minimize the chances of a
voltage transient causing unexpected behavior. It is also recommended to place a high frequency bypass capacitor on the VcTre
line. Similar to those on the supply lines, an 0201 100pF capacitor placed as close to the part as possible will provide the highest

frequency bypassing.
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Mechanical Data

Outline Drawing

Download: Qutline 2D Drawing
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Footprint Image

Download: Footprint Drawing
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Evaluation Board - Outline Drawing

Frontside Backside
RF2
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RF1
Port Connector Type
REF1 24 mm Female
RF2 24 mm Female
RFC 24 mm Female

RoHS Compliant (SN96.5/AG3.5) Components/Assembly
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DISCLAIMER

MARKI MICROWAVE, LLC., (“MARKI") PROVIDES TECHNICAL SPECIFICATIONS AND DATA (INCLUDING DATASHEETS),
APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, AND OTHER INFORMATION AND RESOURCES “AS IS” AND WITH ALL
FAULTS. MARKI DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT.

These resources are intended for developers skilled in the art designing with Marki products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3) ensuring
your application meets applicable standards and other requirements. Marki makes no guarantee regarding the suitability of its
products for any particular purpose, nor does Marki assume any liability whatsoever arising out of your use or application of any
Marki product.

Marki grants you permission to use these resources only for development of an application that uses Marki products. Other
reproduction or use of these resources is strictly prohibited. No license is granted to any other Marki intellectual property or to any
third-party intellectual property. Marki reserves the right to make changes to the product(s) or information contained herein
without notice.

MARKI MICROWAVE and T3 MIXER are trademarks or registered trademarks of Marki Microwave, LLC. All other trademarks used
are the property of their respective owners.

© 2024, Marki Microwave, LLC
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