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MM3100

6 Channel SPST RF Micro Switch REHS

Product Overview

Description

The MM3100 device is a high-power, normally open (NO), six channel Single Pole Single Throw (SPST)
micro-mechanical switch for RF and microwave switch applications. The MM3100 is based on Menlo’s Ideal
Switch® technology and is capable of 25W power transfer. Each channel provides ultra-low on-state
insertion loss and high off-state isolation from DC to over 3.0GHz with industry leading cycle life. Gate
drivers and control logic are provided internally. Each channel can be individually controlled by the serial-to-
parallel interface. The flexibility of six SPST channels enables implementation of different signal topologies
such as dual SP3T, triple SP2T, or 2 x 3 matrix.

Features

e DC to over 3.0 GHz Frequency Range.

o 25W (CW) to 300MHz, 200W (Pulsed) Max Power Handling.
e Low On-State Insertion Loss, typical 0.5dB @ 3.0GHz.

e 18dB Isolation @ 3GHz.

RF 1 RF Out
e Low On-State Resistance 1.0Q typical. Cuntanct ——o\\o—— BeanL:
e Standoff Voltage > 100V across input to output. -I-
e Switching Time 8.5us typical. Gate

e High Reliability > 3 Billion Switching Operations.
e Integrated driver eliminates need for an external gate driver.
e 6mm x 6mm BGA Package.

MM3100

Applications

e High-Power Tunable Resonators and Filters

e Broadband Power Amplifier Impedance Matching

e Electronically Steerable Antennas and Phase Shifters
e Automated Test and Measurement Systems
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Electrical Specifications

Operating Characteristics

Absolute Maximum Ratings

Exceeding the maximum ratings as listed in Table 1 below may reduce the reliability of the device or cause
permanent damage. Operation of the MM3100 should be restricted to the recommended operating
conditions listed in Table 2.

Electrostatic Discharge (ESD) Safeguards
The MM3100 is a Class 0 ESD device. When handling the MM3100, observe precautions as with any other
ESD-sensitive device. Do not exceed the voltage ratings specified in Table 1.

Power Sequencing

The following power sequence is recommended:

e Power-Up: Apply Vop, set all inputs to known state with no signal on switches, apply Ves.
e Power-Down: Power off signal on switches, remove Vgg, remove all inputs, remove Vpp.

The high-voltage supply (Ves) may be applied and removed as required when Voo is present. Ves should not
be allowed to float during operation or create a hot switch event.
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Table 1. Absolute Maximum Ratings'

Parameter Minimum Maximum Unit
Driver Voltage Supply (Vbb) — 7.5 Vbc
High Voltage Gate Supply (Ves) — 90 Vbc
Driver Logic Input Levels -0.3 Vop+0.3 \Y,
Open State Voltage INx to OUTx? -100 100 \Y
On-State DC Carry Voltage® 0 13 Vbe
Off-State Output Voltage to GND* 0 50 Vbc
AC/DC Carry Current per Channel® — 1.0 A
Total Carry Current Across All Channels® — 2.0 A
Storage Temperature Range® -65 +150 °C
ESD Rating HBM Driver Pins’ — 500 \Y
ESD Rating HBM RF 1/0 Pins?®® — 150 \Y
Mechanical Shock'® — 500 G
Vibration™ — 500 Hz

Notes:

1.

All parameters must be within recommended operating conditions. Maximum DC and RF power can only be
applied in the on-state.

2. This also applies to ESD events. This is a Class 0 device.
3. Voltage a given channel can carry above which unintended de-actuation may occur with Vgg at 80V.
4. \Voltage on the output of a given channel above which unintended actuation may occur.
5. With case temperature < 85°C.
6. See section Storage and Shelf Life for more information on shelf and floor life.
7. Driver pins include: CLK, LE, DIN, DOUT, BL, Vs, Vob.
8. REF /O pins include: IN1 to IN6, OUT1 to OUT®6.
9. REF I/O pins must not be allowed to electrically float during switch operation. See section Floating Node
Restrictions for details on avoiding floating nodes.
10. See JESD22-B104 for mechanical shock test methodology at 1.0ms, half-sine, 5 shocks/axis, 6 axis.
11. See JESD22-B103 for vibration test methodology at 3.1G and 30min/cycle, 1 cycle/axis, 3 axis.
Table 2. Recommended Operating Conditions
Parameter Symbol Min Max Unit Conditions
Driver Logic Supply Voltage Vbp 4.5 5.5 Vbe
High Voltage Gate Bias Ves 78 82 Vbc
Operating Temperature Range -40 +85 °C Ambient
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Electrical Characteristics

All specifications in Table 3 are valid over full Ves range and full operating temperature range with operating
frequency range of DC to 3.0GHz.

Table 3. RF Characteristics

Parameter Minimum Typical Max m

CW Power / Channel "2 — — 25 w
Peak Power / Channel @ 10% Duty Cycle 3 — — 200 W
Insertion Loss @ 3.0GHz — 0.5 — dB
Input / Output Return Loss @ 3.0GHz — 15 — dB
Input to Output Isolation @ 3.0GHz — 18 — dB
Adjacent Channel Isolation @ 3.0GHz 4

Both Channels Closed — 25 — dB

One Channel Open — 30 — dB
Third-Order Output Intercept (IP3) — 85 — dBm
Second Harmonic (H2) $ — 130 — dBc
Third Harmonic (H3) ° — 140 — dBc
Notes:

1. Maximum allowable Continuous Wave Power below 2.0MHz is 1.0W.

2. 25W maximum @ 300MHz. See section Thermal and Power Handling Considerations for maximum power vs
frequency.

3. Duty Cycle based on 10us period.
See section Adjacent Channel Isolation for more information regarding isolation measurements.

Measured at 2.0GHz fundamental frequency and 35dBm input power.
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All specifications are valid over full temperature and voltage range unless otherwise noted.
Table 4. DC and AC Electrical Specifications
Parameter Minimum Typical Maximum Unit

On / Off Switching and Settling Time'

Turn on time — 8.5 16 us

Turn off time — 2.5 6 V&
Full Cycle Frequency — — 10 kHz
On/Off Channel Operations? 3B — — Cycle
On/Off Channel Operations?® (Hot Switched)

20dBm — 100M - Cycle

25dBm — 10M — Cycle

30dBm — 0.3M — Cycle
Off-State Input-Output Leakage @ 100V — 470 — fA
On-State Resistance* — 1.0 3.0 Q
Off-State Capacitance (Cio)® — 45 — fF
Channel to Channel Off-State Capacitance (Coff)®

In1 —In2 — 40 — fF

In1 —In6 — 2 — fF
Notes:

1. Settling time to within 0.05dB of final value.

2. Predicted number of operation cycles as observed on a sample size of 75 units, 10kHz cycle rate, and room
temperature with Hot Switch Restrictions.

3. Point at which 50% of the population of tested channels failed. Hot switched operations, 500MHz CW RF
signal, measured at 10kHz cycling rate at room temperature. See section Switch Reliability Test Results.

Measured at 1A, DC.
Capacitance between input and output pins measured at 1MHz at room temperature.
6. Capacitance between channel inputs measured at 1MHz at room temperature.
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Table 5. Driver DC Electrical Characteristics

Parameter Minimum Typical Maximum Unit

High Voltage Gate Bias VBB Current (Iss) — — 0.1 mA
Driver Logic Supply Vop Current in standby
(lop) — 10 50 MA
Driver Input (Din) @ Vop=5.0V

High-Level Logic Voltage Vi1 3.5 5.0 5.3 V

Low-Logic Input Voltage Vi -0.3 — 0.8 \Y,

High-Logic Input Current I — — 1 MA
Driver Output (Dout) Voo=4.5V

High-Level Logic Output Vor ! 4 — — \%

Low-Level Logic Output VoL 2 — — 0.1 \Y

Notes:
1. Von measured at IDOUT = +0.1mA.
2. VoL measured at IDOUT =-0.1mA.

Table 6. Driver Interface AC Electrical Specifications

Parameter Minimum Typical Maximum m
Clock Frequency fcLk — — 5 MHz

Clock Width High and Low twi,twn 100 — — ns
Data Setup Time before Clock Rises tsu 50 — — ns
Data Hold Time after Clock Rises tu 50 — — ns
Latch Enable Pulse Width tw.e 100 — — ns
Latch Enable Delay Time after Rising Edge of Clock tpLe 50 — — ns

VIH

DATA INPUT 50% 50%
VIL
tsu — - tH
VIH
CLK @ L 50% A 50% 50% £
\_ / \_ / Vi
L A Viu
50% 50%
LE _/ \ Vi
[« toLe »—— twe —>

Figure 1. Driver Interface Timing Diagram
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Hot Switch Restrictions

The MM3100 is not intended for hot switching applications and care should be taken to ensure that switching
occurs at less than 0.5V difference between the input and output. In addition, keep the voltage on the output
below 6V when closing the switch.

GATE
CONTROL
SIGNAL RF ON RF ON

If the MM3100 is used in hot switching applications, the number cycling operations of the device will be
degraded. See section Switch Reliability Test Results and Figure 13 for more information.

Floating Node Restrictions

RF I/O pins must not be allowed to electrically float during switch operation and therefore require some form
of a DC path to ground to prevent charge accumulation. DC paths can be an inductor or high-value
resistance that serves as a discharge path. Floating node examples and recommendations include:

e Unused RF I/O pins: resistively terminate or tie to ground.

e Series capacitance coupling between RF pins: shunt with DC path to ground.

See Menlo Micro application note Avoiding Floating Nodes for detailed explanation of the hazard
conditions to avoid and recommended solutions.
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Typical Design Considerations

When using the MM3100, exercise care to maintain certain voltage levels on the switch, depending on its
state.

e To avoid Hot Switching when opening or closing the switch, the MM3100 Input and Output always
need to be within 0.5V of each other. See section Hot Switch Restrictions for more details.

e To avoid unintended de-actuation of a closed switch, the voltage on the output can be no greater
than the ‘On-State DC Carry Voltage'.

Output

Figure 2. Closed Switch Gate (Vgg) to Output Voltage Considerations

e To avoid unintended actuation of an open switch, the output must be kept below the ‘Off-State
Output Voltage to GND’.

e To ensure that the switch is able to actuate, the voltage on the output must be kept below 6V when
closing the switch.

Figure 3. Open Switch Gate (Vgg) to Output Voltage Considerations
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Thermal and Power Handling Considerations

In high-power operation, the case temperature of the MM3100 should not be allowed to exceed 85°C. Self-
heating of the device, due to internal power dissipation, will elevate the case temperature over and above
ambient temperature. Self-heating is a function of the applied power and signal frequency.

As an empirical example, an internal power dissipation of 0.9W resulted in a 40°C rise in case temperature.
With an ambient temperature of 45°C (85°C - 40°C) and an insertion loss of -0.15dB at 300MHz, the
allowable power handling can be estimated as:

Power Handling = Max. Power Dissipation / (1-10A(Insertion Loss/10))
=0.9/0.034
=26.5W

Additionally, since the MM3100 device is very linear, insertion loss is approximated as:
Insertion Loss = (-1.764E-10) * frequency (Hz) — 0.1087

Given these relationships, a convenient graph of Maximum Power Handling versus Frequency with a 40°C
rise in case temperature is shown in Figure 4 below.

Maximum Power Handling vs Frequency
40
35
30
25
20
15

10

Maximum Power Handling (W)

0 1 2 3

Frequency (GHz)

Figure 4. Maximum Power Handling versus Frequency at Ambient 45°C
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Functional Block Diagram

MM3100

, IN1 \ ouT1h

Linz ~ 1 ourz |

IN3 ~. | our3)

1‘ ------ I
ING ~1 oumI:

Ains T~ | ours X
_____ .l N\
& IN6 ~ ouTs |
, ______ N
|
HVI1..6

Figure 5. Functional Block Diagram

49-Lead BGA Package Pinout

Al | (@ A1
B1 B11
c1 C11
D1 D11
E1 E11
F1 F11
G1 G11
H1 H11
J1 J11 | Top view
K1 K11
L1 L11

Figure 6. Top View Pin Layout

Dot indicates pin 1. See Table 7 Detailed Pin Description for detailed pin description.
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Table 7. Detailed Pin Description

m Pin Name Description

GND A1, C1,J1, L1, L2, L4, L6, L8, L10, L11, J11,
C11, A10, A11, A6, A8, A2, A4, E5, E6, E7, Ground Reference, internal shield
F5, F6, F7, G5, G6, G7

VBB G1 Gate Bias High-Voltage Supply
VDD F11 Driver Logic Supply
VSS G11 Supply Voltage Return
IN1 K1 Input (Contact 1)
IN2 L3 Input (Contact 2)
IN3 L5 Input (Contact 3)
IN4 L7 Input (Contact 4)
IN5 L9 Input (Contact 5)
IN6 K11 Input (Contact 6)
OuUT1 B1 Output (Beam 1)
OouT2 A3 Output (Beam 2)
OouT3 A5 Output (Beam 3)
OouT4 A7 Output (Beam 4)
OuUT5 A9 Output (Beam 5)
OouT6 B11 Output (Beam 6)
DIN E1 Driver Serial Data Input
DOUT H1 Driver Serial Data Output
CLK H11 Driver Clock Input
LE E11 Driver Latch Input
BL D1 All Channels Off
N/C F1, D11 Do Not Connect
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EVK Performance

Typical performance as measured on the MM3100EVK evaluation board.

Adjacent Channel Isolation

Adjacent channel (Ch) isolation is defined for the MM3100 in two ways:
1. Both channels closed: measured between Ch 3 Output and Ch 4 input. This particular combination is
the worst case for channel-to-channel isolation.

2. Second channel open: measured between Ch 3 Output and Ch 4 input, with Ch 3 Closed and Ch 4
open.

Measurements are done at 3.0 GHz with all ports terminated with 50Q during measurement as shown in
Figure 7. Increasing channel physical separation increases isolation for the two cases as follows:

1. Both channels closed:

e Second adjacent channel performance is typically 8 dB better than adjacent channel
performance (example: Ch 2 — Ch 4).

e Third adjacent channel performance is typically 15 dB better than adjacent channel performance
(example: Ch 1 —Ch 4).

2. Second channel open:

e Second adjacent channel performance is typically 13 dB better than adjacent channel
performance (example: Ch 2 — Ch 4).

e Third adjacent channel performance is typically 17 dB better than adjacent channel performance
(example: Ch 1 — Ch 4).

O o

ol T ol T

o— o 1o o o 1o

ol T 500 ol T 50Q
—» 0 ° ° ol—H —» 0 . ° ol _H

o = o—p I, B PRI

o-—o/o—-o 0-40/0—-0

ol T ol T

0-—0/0—-0 0-40/0—-0

ol T ol T

Figure 7. Adjacent Channel Isolation Measurement
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13

Ron (Q)

Leakage Current (fA)

On-State Resistance over Temperature

Measured at 1A

-60 -40 -20 0 20 40 60 80 100

Temperature (°C)

Figure 8. On-State Resistance over Temperature

Leakage Current vs Voff
1600

= Room Temperature
1400 —85°C
1200
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Figure 9. Off-State Input-Output Leakage Current vs Vorr

© 2022-2023 Menlo Microsystems, Inc. All Rights Reserved March 16, 2023 www.MenloMicro.com



http://www.menlomicro.com/

l::' MeNIoMICrO  MM3100 — 6 Channel SPST RF Micro Switch Datasheet v1.9

Insertion Loss / S21

All Channels Measured at 25°C
0.0

-0.5

-1.0

CH4

CH5

Insertion Loss (dB)

-15 CH6

-2.0

0 1 2 3
Frequency (GHz)

Figure 10. Typical Channel Insertion Loss vs Frequency (S21)

Return Loss / S11

All Channels Measured at 25°C

-10

Return Loss (dB)

0 1 2 3

Frequency (GHz)

Figure 11. Typical Return Loss vs Frequency (S11)
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Off State Isolation / S21

All Channels Measured at 25°C

0.0
B e e R CHL1
- sl
200 A CH2

-30.0
/ ——————— CH3

-40.0
/ ——CH4

-50.0

o
hei
c CH5
-% -60.0
g CH6
2 -70.0
-80.0
-90.0
-100.0
0 1 2 3

Frequency (GHz)

Figure 12. Typical Input to Output Isolation vs Frequency (S21 with channel off / open)
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Switch Reliability Test Results

Hot switched actuation cycling reliability per channel test results are plotted below from 20dBm to 30dBm.

MM3100 Hot Switch

RF Hot Switch CW 500MHz, Room Temperature

100 & <
A &/
90 4 : /
A : |
80 Y ‘o‘
P : /
70 A 0: |
A
B A N
2 /a *
& S
L 0 /A * /
c A S/ 4 20dBm
8 A L Y
] A/ *
£L ) * /
3 50 & S/
n(? A ¢/ 25dBm
e A :,
o / A <
E 40 /A :
S L 3 A 30dBm
o A /&
o 3 A ?
A @
A / &
A/ b4
20 A/ ‘ot
A / *
" :
10 A P
A *
A s
A * *
0
0.01 0.1 1 10 100 1000 10000
Cycles (in millions)
Figure 13. Hot Switch Endurance Test Results
March 16,2023 www.MenloMicro.com
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High-Voltage Gate Driver Control

Operating Description

The integrated high-voltage gate driver is controlled through a serial-to-parallel interface that drives the high-
voltage gate lines of the channel. Channel control data is shifted into a 10-bit shift register, latched, level
translated, and applied as gate control signals as shown in block diagram Figure 14.

LE ©
DIN 0——| VBB
e 10-bit 10-bit E_—
R:;f:er " pateh —5.-. Trat’i\":tlms 4’ — ErSZE?
DOUT e g
BLo

Figure 14. High-Voltage Gate Driver Block Diagram

The gate driver is controlled by serial data input to DIN, sampled by CLK, latched by LE, and blanked by BL
as follows:

e A 10-bit data byte is serially loaded into shift register bits 1-to-10 on the positive edge of CLK. Shift
order is MSB first starting with bit 10.

o Parallel data from the shift register is transferred to the high-voltage gate output buffers through a
10-bit D latch when the latch enable input LE is logically high. It is recommended that LE be held low
while data is being shifted into the register.

e The MM3100 uses only six of the ten data bits latched for channel control. Bits 1 through 6
correspond to high-voltage gate lines HV1 through HV6 respectively. Bits 7, 8, 9, and 10 are unused
bits; we recommend you set these to a logical “0”. Data bits set to logical “1” close the corresponding
channel to On and “0” open the channel to Off.

e Shift register data output pin DOUT may be used to cascade multiple devices by connecting DOUT
of the first device to DIN of the next device. Other control signals should be shared between all the
devices. In this case, it is recommended to load 10-bit words consisting of four unused bits and six
channel control bits so that each data packet controls one device.

e There is no reset function. To clear register content, new data must be loaded.

e The blanking input BL will turn all gates off when logically high. The pin should be logically low for
normal operation.
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Shift Register High-Voltage
Output HVx

Table 8. Truth Function Table

All off (blank) LL----L
Load Shift H/L 1 L L HL *..* * Ao
Register

Latched X X L L * L * R
Transfer H/L X H L HL  *..* HL **----%
Notes:

H = High logic level

L = Low logic level

X = Don’t care logic level

1 = Low to high logic transition

* = Dependent on the previous stage’s state before the last CLK or last LE high

HVx corresponds to high-voltage gate drivers where only HV1..6 are used. A high level closes the switch.
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Package Drawing

49 Lead Ball Grid Array 0.30mm Ball, 0.50mm Pitch
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Figure 15. Package Drawing
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Recommended PCB Layout and SMT Parameters
e PCB pad pattern diagram is shown in Figure 16.
e Connect RF Ground node (floating shield inside the package) to RF Signal Ground.
e Open space around the package can have grounded thru holes.
e 20 micron (um) thick solder mask.
e Type 3 or higher solder paste with no clean flux.
e Component placement force not to exceed 100 grams.

Recommended PCB Pad Pattern

Al All

Pin Spacing: 0.5mm |

Pad Diameter: 0.25mm § | ~
Soldermask Diameter: 0.35mm | I

2.0mm
min

Minimum RF Ground Reference I
Pad area: 2.0mm x 2.0mm

2

.O0mm
min

L1 L11

Figure 16. Recommended PCB Pad Pattern
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Recommended Solder Reflow Profile

200

Time within 5°C
of peak temperature -/
250 (90 so0onds) - FPeak temperature
<4y = 5 255 = 260°C
L iy iy i e B“Efsnpc-mrallx Eﬂacmf:;; ?r“;lx
Q200
< | |
E | |
IRED L~ ' |
g | |
5 Preheat/ Soak | | Reflow
=100 (60120 seconds)| Time above 217°C | \
| (60 = 150 seconds) |
= | I
/ | |
| |
0 | I
0 30 (=] =] 120 150 120 210 240 270 200

Time [seconds)
Figure 17. Reflow Profile
Follow MSL-3 (Moisture Sensitivity Level) handling precautions specified in IPC/JEDEC J-STD-020.

Storage and Shelf Life

Under typical industry storage conditions (<30°C/60% RH) in Moisture Barrier Bags:

e Customer Shelf Life: 24 months from customer receipt date.
e Extended Shelf Life: 60 months from customer receipt date if re-bagged every 24 months or less.
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Package Marking Information

The MM3100 package marking and nomenclature are shown in Figure 18.

® Dot e = Pin 1 Indicator

2D BAR CODE

QY xxxxx

Figure 18. Package Marking Drawing

Package Materials Information

T Do . P2 Po El
0.30 + 0.03 ©1.50 'Ba0 __,2.00 +0.10 (1) _4.00 1 0.0 (I 1.75 + 0.10
T N r

S e =

1

F {1}

N
Bo
LL]

| Lko Pl
SECTION Y-Y - B
0:71-- S e— ]
| ﬂ]
SECTION X-X
{n
Ao 6.30 +/-0.10 = :
Bo 6.30 +/-0.10 " holesis £0.20
Ko 225 +/-0.10 {ll}  Mesasured from centreline of sprockst
F 750 +/-0.10 ‘ hole to centreline 0.' pocket.
1 12.00 +-0.10 {IW)  Other material availabla
W 16.00  +0.30/-0.10

ALL DIMENSIONS IN MILLIMETRES UMLESS OTHERWISE STATED,

Figure 19. Tape and Reel Drawing
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Package Options and Ordering Information

All Menlo Micro solutions are EAR99 compliant.

Part Number Package Description Temp Range Device
Marking'
MM3100-00NDB DC-3GHz - 6xSPST - 6mm x 6mm BGA, -40°C to +85°C QY xxxxx
Industrial Temp
MM3100-00NDB-TR  DC-3GHz - 6xSPST - 6mm x 6mm BGA, -40°C to +85°C QY XXXXX

Industrial Temp, Tape and Reel (Qty 250) 2

MM3100EVK Evaluation board for MM3100,
DC-3GHz - 6xSPST - 6mm x 6mm BGA

Notes:

1. Additional markings may be present, including logo or lot trace code information. This information may be a 2D
barcode or other human-readable markings. Note that x’ is a placeholder for a 5-digit numerical code.

2. 250pcs standard tape and reel increment.
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Figure 20. Evaluation Kit (EVK)

Datasheet v1.9
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Important Information

Disclaimer

The data presented in this document is for informational purposes only and shall in no event be regarded as
a guarantee of conditions or characteristics. Any warranty or license for this product shall be specified and
governed by the terms of a separate purchase agreement. Menlo Micro does not assume any liability arising
out of the application or use of this product; neither does it convey any license under its patent rights, nor the
rights of others.

Menlo Micro reserves the right to make changes in these specifications and features shown herein to
improve reliability, function, and design; or to discontinue this product at any time without notice or obligation.
Contact our product representative for the most current information.

Warning

This product is not authorized for use:

e In any life support systems.

e Applications for implanting into the human body, without the express written approval from Menlo
Micro.

Trademark Notices

All trademarks and product service marks are owned by Menlo Microsystems, Inc.

Contact Information

Please contact Menlo Micro for the latest specifications, additional product information, test and evaluation
boards, product samples, worldwide sales and distribution locations:

Internet: www.menlomicro.com
E-mail: sales@menlomicro.com

For product technical questions and application information: support@menlomicro.com.
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