AIR40SEO DC-40 GHz SPDT switch

Features

e Wideband. true DC-40 GHz

e Low Insertion loss. < 1.26 dB up to 40 GHz
e High isolation. > 32 dB up to 40 GHz

e High linearity. IP3> 60 dBm

e Low Consumption. <1 uA

e Compact chip. 2.8 x 2.3 mm?

e Reliable. >1 billion cycles
e |eadfree

Figure 1 - Picture of the AIR40SEO switch.
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Figure 2 - Functional Block Diagram.

General Description

The AIR40SEO is an extremely wideband single pole, double throw (SPDT) switch based on a
patented technology developed by AirMems. This Micro-Relay offers insertion loss at the
lowest level of the semiconductor industry while maintaining an isolation higher than 32 dB on
a DC-40 GHz frequency range. The AIR40SEQ also exhibits a high linearity (IP3> 60 dBm).
Available as a 2.8x2.3 mm? die easy to flipchip on a PCB Board, the AIR40SEQ is an ideal solution
for all your applications where the switch needs to be compact and to preserve the maximum
signal integrity.

AIRMEMS 1 Preliminary datasheet AIR40SEQ 1.2

MICRO-RELAYS



AIR40SEO DC-40 GHz SPDT switch

Electrical Specifications

Table 1 provides the AIR40SEOQ key electrical specifications at 25°C in a 50 Q system for Vcin=0V
when SW1 and SW2 is OFF and V=85 V when SW1 and SW2 is ON, unless otherwise noted.

Parameters Min  Typ. Max Unit Test Conditions/Comments
Insertion Loss
DC-500 MHz 0.24 ~ All paths
0.5-6 GHz 039 | dB |- Mounted on PC Board
6-18 GHz 0.72 - Data is de-embedded
18-40 GHz 1.26
Return Loss
DC-500 MHz 31 - RF1to RFCwhen SW1is ON
0.5- 6 GHz 23 4B - RF2 to RFC when SW2is ON
6-18 GHz 17 - Mounted on PC board
18-40 GHz 12 - Data is de-embedded
Isolation
DC-500 MHz 63 - RF1 to RFc when SW2 is ON
0.5- 6 GHz 42 4B - RF2 to RFc when SW1 is ON
6-18 GHz 35 - Mounted on PC board
18-40 GHz 32 - Data is de-embedded
- RF1 to RF2 when SW1 or
Crosstalk SW2 is ON
DC-40 GHz 29 dB | - Mounted on PC board

- Data is de-embedded

- tested at 1 GHz, Af=0.25
Third-Order Intercept Point (IP3) 60 dBm

MHz
Switching speed 04 - bias line connected to a
RF rise time (10% to 90%) 0 “z 100  kQ  resistor,  (cf.
RF fall time (90% to 10%) ) 20 “S recommended external
50% Ctrl to 90% or 10% RF HS 1 circuitry)
Bias current consumption 1 UA

Table 1 - Electrical specifications under recommend operating conditions.
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AIR40SEO DC-40 GHz SPDT switch

Recommended Operating Conditions

Devices should not be used outside the recommended operating conditions described in
Table 2 Exceeding the operating range for an extended period may reduce reliability or cause

permanent damage.

Parameters Min Typ. Max Unit

Operating Temperature Range +25 °C
Control

Voltage Control on Ctrl1 or Ctrl2 (Vcin) 80 85 90 Vv

Supply current on Ctrl1 or Ctrl2 1 PA

Bias resistor to place in series with the bias path?! 90 100 110 kQ

Rise time or Fall time (10/90%) of the bias voltage? 1 s
Power Handling

RF input power, CW cold-switched (RFC-RFx)? 33 dBm
Hot Switching

3V 1x108

3.5V 5x10° Cycles

5V 1x10°

10v 5000
ON/OFF Mechanical Life 5108 | 3x10° Cycles

Table 2 - Recommended operating conditions.

Absolute Maximum Ratings

Exceeding absolute maximum ratings listed in Table 3 may damage the component.

Parameters Min Typ. Max Unit
Storage temperature range -40 125 °C
Voltage Control on Ctrl1 or Ctrl2 (Vcin) 0 100 Vv

Table 3 - Absolute Maximum Ratings.

CAUTION: When handling the AIR40SEQ, observe the same
precautions as with any other ESD (electrostatic discharge) sensitive
devices. Operators should always wear wrist or foot ground straps.
ESD test equipment should be available to insure proper ESD

grounding at all times.

1 See recommended circuitry on page 4.
250% duty cycles, 50 Q, 1 GHz, 25°C.
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AIR40SEO DC-40 GHz SPDT switch

Control Logic

The states 2 and 3 of the control logic truth table below are used for normal switching
operations.

CTRL1 CTRL2 RFc-RF1 ‘ RFc-RF2 State
oV oV OFF OFF 1
85V oV ON OFF 2
oV 85V OFF ON 3
85V 85V ON ON 4

Table 4 - Truth Table.

Recommended External Circuitry

To ensure reliable operations of the AIR40SEQ, AirMems recommends:

- Toconnect a 100 kQ series resistor as close as possible of each Ctrl pins
- To control the rising or falling time of the bias signal to 1.0 ps

These guidelines permits to stabilize the switches dynamic and prevents for floating nodes that
could damage the electrical contacts.

100 kQ a o o
= — MW ctrl1 & = & Ctrl2
GND
AIR40SEOQ
RF1 RF2
GND GND

Figure 3 - Recommended external circuitry of the AIR40SEO.
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AIR40SEO

DC-40 GHz SPDT switch

Typical RF Performances? (measured at 25°C, data is de-embedded)
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Figure 4 - Insertion Loss (DC-10 GHz).
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Figure 8 - Isolation (DC-10 GHz).
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Figure 5 - Insertion Loss (DC-40 GHz).
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Figure 7 - Cross Talk (RF1-RF2).
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Figure 9 - Isolation (DC-40 GHz).

3The AIR40SEQ SPDT MEMS switch is measured mounted on a evaluation board (g, = 3.66). Data is de-embedded.
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AIR40SEO

DC-40 GHz SPDT switch

Pin out Description
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Figure 10 - AIR40SEOQ Pin Configuration (Top view).
PIN no. Pin Name Description
2,4,6,8,9,11 GND Must be connected to RF and DC Grounds
1 Ctrl1 Control input 1- When 0V, RF1 and RFC are opened.
When 85V, RF1 and RFC are shorted.
3 RFC RF common port
5 Ctrl2 Control input 2- When 0V, RF2 and RFC are opened.
When 85V, RF2 and RFC are shorted.
7 RF2 RF port 2
10 RF1 RF port 1
Table 5 - Pin Description.
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AIR40SEO DC-40 GHz SPDT switch

Die Mechanical Dimensions

BOTTOM VIEW
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Figure 11 - Chip drawings (not a scale).
Parameters Min Typ. Max Unit
A 2.3 mm
B 0.8 mm
C 2.8 mm
D 0.35 mm
Table 6 - Die Mechanical Specifications.
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AIR40SEO DC-40 GHz SPDT switch

Recommended PCB Layout

To ensure a high level of performance up to mm-wave, AirMems recommends to bond the
AIR40SEO SPDT micro relay on the following PCB pattern. This design has been optimized on a
commercial laminate substrate RO4350B permitting 40 GHz operations*. The minimum
isolation gaps and trace widths are compliant with a standard fabrication process. Complete
dimensions of the PCB will be provided upon ordering the SPDT.

Warning: The ball bonding are 350um diameter, but the soldermask pattern on the PCB is
300um diameter.

385 um Typ. RF line width —;

120 um RF line
spacing

1— 200 um Via hole
O - diameter

Figure 12 : Recommended PCB layout for a substrate RO4350B

4 Can be adapted to another commercial laminate substrate upon request.
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AIR40SEO

DC-40 GHz SPDT switch

Bump and Via hole Coordinates

Top view/As mounted/Bumps down

4 v-axis

Figure 13 - Top view of the PCB.

1 2 3 4 5 6 7 8 9 10 11
-1003.2 | -500 0 500 10032 | 1003.2 | 1003.2 | 10032 | -1003.2 | -1003.2 | -1003.2
1000.4 | 10004 | 1000.4 | 10004 | 1000.4 500 0 -503 -503 0 500

Table 7 - Bump Coordinates.

12 13 14 15 16 17 18 19
-483.9 0 483.9 0 0 -539.8 0 539.8
340.3 287 340.3 | -359.5 | 359.5 | -388.7 | -388.7 | -388.7

Table 8 - Via hole Coordinates.
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AIR40SEO DC-40 GHz SPDT switch

Mounting and Reflow Profile

The AIR40SEQ SPDT micro relay is provided ready for PC board mounting. It includes lead free
solder balls based on a SAC alloy. It shall be mounted on PCB pads:

- previously connected to GND
- manufactured with an ENIG surface finish
- previously covered with a type 3 (or higher) SAC solder cream

The reflow profile shown in Figure 14 is recommended to ensure a proper attach on your board.
The dwell at peak temperature should be optimized according to your PCB material.
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Figure 14 - Recommended Reflow Profile for the AIR40SEO soldering process.
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AIR40SEO DC-40 GHz SPDT switch

Other information

Document Category

This datasheet contains preliminary datas that should not be regarded as a guarantee of final
specifications. AirMems reserves the right to add further information or to make changes in
these specifications at any time in order to improve the product features.

Disclaimer

The information presented in this document is the result of measurements that are considered
to be reliable. However, under no circumstances, regardless of the cause, may AirMems be held
liable for the use of this information and for consequential or/and indirect damages arising out
of the use of its products.

Patent Statement

AirMems products are protected under several patents. The use of the products shall not be
construed as a grant of a license by implication, estoppel or otherwise, to make, have made, or
sell any product. Moreover, it should not be construed as a license under any patent, patent
application, utility model, copyright, mask-work right or any other industrial or intellectual
property right covering the product.

Any warranty or license for this product shall be specified and governed by the terms of a
separate contract.

Trademarks
All trademarks and product services are owned by AirMems SAS.

For more information...

contact@airmems.com
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