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Fully Integrated Ideal Switch Solution 

Meets PCIe 6.0 Requirements 

with HSIO Loopback

The Ideal Switch
Enabling the electrification of everything
Milliwatts-to-kilowatts, DC-to-light
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Introducing the Ideal Switch

Technology platform with breakthrough 

innovations in materials and processing
Unique Glass Packaging

Improved RF & thermal performances 

High RF power handling

High Reliability

>3B switching cycles                      

Hermetic-sealed package

Through-Glass-Via

Low parasitic and resistance           

Small-size package

Scalability

50μm x 50μm (unit cell)

Scalable switch arrays for high 

voltage, high current, high power 
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Ideal Switch Technology - How It Works | Menlo Micro

https://menlomicro.com/technology/how-it-works
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Two-Port S-parameters

S-parameters are complex matrices that show reflection and transmission 
characteristics (amplitude and phase) in the frequency domain 

2-Port S-parameters
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Differential S-Parameters

Differential mode responses can be obtained by balanced measurements 
and are represented by differential S-parameters 

Differential mode responses 

Single-Ended 
2-Port DUT

Port 1 Port 2

Single-Ended 
4-Port DUT

Port 1 Port 2

Port 3 Port 4

Single-Ended Port Configuration

Differential 
2-Port DUT

 Port 1  Port 2

 Port 3  Port 4

Logical Port 1
(Balanced)

Logical Port 2
(Balanced)

Balanced/Balanced 
(2 logical ports –   physical ports)

Sabxy

Device output mode
Device input mode

Device input "logical" port number
Device output "logical" port number

Mode
s: Single-Ended Mode (Unbalanced)
d: Differential Mode (Balanced)
c: Common Mode (Balanced)
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4-Port Differential S-Parameters

4-Port Differential S-parameters
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The Touchstone file contains frequency values and S-parameters

Touchstone File Format

Frequency units are Hz

S-Parameters
dB and Degrees

Reference Impedance 50 Ohm

.s1p: 1-Port S-Parameter File

.s2p : 2-Port S-Parameter File

.s4p : 4-Port S-parameter File

20,000,000 Hz → 20MHz

SDD11: -44.3 dB, 106.3 Degrees at 20MHz 

SDC11 SDD12: -0.071 dB, -1.76 Degrees at 20MHz

SDC12
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De-embedding Technique: 2x-thru De-embedding

2x-thru Fixture

Left Network Right Network

DUT Only  Performance

MM5620 Evaluation Board

As the device under test (DUT) is mounted on a board with input/output RF 
traces and connectors

Need to de-embed the measured performance to obtain the true DUT 
performance  



Menlo Microsystems Proprietary Menlo Microsystems Proprietary Menlo Microsystems Proprietary. ©2023 Menlo Microsystems. All rights reserved 

MM5620 – Target Markets & Applications

Automated Test Equipment

Measurement Equipment 

Semiconductor Final Package Test

Compliance and loopback testing

High-Speed Digital SoC Testing 

     PCIe Gen 5 & 6, SerDes, USBx.x, InfiniBand, HDMI… 

O/E module testing

High Speed Signal Routing

Differential Switch Matrices
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Target Markets

Target Applications
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PCIe 6.0 is twice as fast as PCIe 5.0, PCIe 6.0 has a 64 Gbps data rate, 
compared to 32 Gbps with PCIe 5.0.

PCI Express Link Speed
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MM5620 – Product Highlights
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Dual 2 Form C DPDT Differential Loopback Mode

DC to 20 GHz range, up to 64 GT/s

Optimized for PCIe Gen 5 & 6, SerDes

Built-in AC coupling capacitors

Integrated high-voltage driver 

Power supply +5 V (Charge Pump) and +3.3 V

SPI and GPIO interface 

High reliability >3B switching cycles

8.2 mm x 8.2 mm LGA

Menlo MM5620 Preliminary Datasheet (menlomicro.com)
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MM5620 - Functional Block Diagram
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Differential, Dual DP3T

High-speed(HS) loopback path supports 64 GT/S PAM-4

Flexible functionality:

▪ HS1 → HS2 (loopback)         HS1 → MS1 (ATE)

▪ MS1 → MS2 (loopback)        HS2 → MS2 (ATE)

▪ HS → LS (ATE)

▪ LS → LS (LS loopback)
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MM5620 - LGA 16x16 Footprint Diagram

Key Features:

• Size: 8.2 x 8.2 mm2

• 0.5 mm pitch / 0.3mm pad diameter

• 16x16 LGA array – with removed 
pads as needed

• Internal VPP capacitor

• Internal 4.9k pullup resistor

• Internal 0.1uF/10V Vin to CPGND 
bypass capacitor

• SPI & GPIO control

Top View
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MM5620 – Six Signal Paths, Nine Measurement Cases
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MM5620 Signal Paths

Case 2Case 1 Case 3

Case 4 Case 5 Case 6 Case 7 Case 8 Case 9
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MM5620 – Measured S-Parameter Performance
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Parameter Symbol Minimum Typical Maximum Unit Conditions

Differential Insertion Loss
High Speed (HS1 to HS2)

SDD21

2.3

dB

@16GHz, De-embedded
Medium Speed 2(MS1 to MS2) 3.3

HS1 to MS1 1.4

HS2 to MS2 1.4

HS1-LS1 2.9

@ 6 GHz, Not de-embedded
HS2-LS2 2.9

MS1_LS1 3.1

MS2_LS2 3.1

Low Speed (LS1 to LS2) 3.0 @ 3 GHz, Not de-embedded

Differential Return Loss
High Speed (HS1 to HS2)

SDD11

19

dB

@16GHz, De-embedded
Medium Speed 2(MS1 to MS2) 15

HS1 to MS1 13

HS2 to MS2 12

HS1-LS1 23

@ 6 GHz, Not de-embedded
HS2-LS2 23

MS1_LS1 25

MS2_LS2 25

Low Speed (LS1 to LS2) 27 @ 3 GHz, Not de-embedded
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MM5620 - MEMS Switch Control Block Diagram
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Booster,
Charge Pump

Menlo
MEMS 
Device

Control Interface (SPI or GPIO mode)

5V

VIN VPP Gate Control

MM5620
Logic & Control3.3V

VDD

High Voltage CP Driver

High Voltage  
Driver 

1.8V ~ 5V

VDD_IO

The communication interface: GPIO and SPI

VDD_IO: Digital I/O supply (+1.8V to +5.0V)

VDD: +3.3V supply to analog circuits

VIN: +5V supply to the internal charge pump



Menlo Microsystems Proprietary Menlo Microsystems Proprietary Menlo Microsystems Proprietary. ©2023 Menlo Microsystems. All rights reserved 

HS1_A
HS2_A

MS1_A
C1

MS2_A
LS1_A

LS2_A

AGND

VPP

DGND

CPGND

H
V

ou
t1

Switch Control
(GPIO Mode)

VIN

H
V

o
u

t0

H
V

o
u

t3

FLIP_BIT

CP_EN

FLT_MODE

4.7 nF

H
V

o
u

t2

GND Pins

FLTB

220nF

HS1_B
HS2_B

MS1_B
C2

MS2_B
LS1_B

LS2_B220nF

PULL_UP

VDD

R4

T5

1uF4.99k

T4VDD_IO

VDD

T15

T16
FLTB

0.1uF

1uF

1uF

P16

T13

P16

T13

MODE
VDD_IO

+3.3V

VDD_IO(+1.8V ~ +5.0V)

+5.0V

FLT_MODE

SSB/CTL4

MOSI/CTL2

MISO/CTL3

SCK/CTL1

GPIO_CTL4

GPIO_CTL2

GPIO_CTL3

GPIO_CTL1 T10

T9

T8

T7

T3

R16

T14

T6CP_EN

MM5620 – External Circuit ( GPIO Mode )
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Enable the GPIO Mode:

▪ MODE:  Connect to VDD_IO

▪ FLIP_BIT: Connect to GND

Enable the Charge Pump

▪ CP_EN: Connect to VDD_IO 

Disable the Fault Mode: 

▪ FLT_MODE: Connect to VDD_IO

▪ Monitoring VDD and VPP when enabled

FLTB:

▪ Fault indicator

▪ Open-Drain output

▪ Goes low when the fault is detected & the Charge 
Pump is turned off.

▪ Toggle the CP_EN pin low and then high to re-start 
the IC

▪ Can be left open if not used

Bypass with a low ESR 1 µF ceramic capacitor
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MM5620 – External Circuit ( SPI Mode )
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Enable the SPI Mode:

▪ MODE:  Connect to GND

Enable Spread Spectrum: 

▪ FLIP_BIT: Connect to VDD_IO

Enable the Charge Pump

▪ CP_EN: No connect

Disable the Fault Mode: 

▪ FLT_MODE: Connect to VDD_IO

▪ Monitoring VDD and VPP when enabled

FLTB:

▪ Fault indicator

▪ Open-Drain output

▪ Goes low when the fault is detected & the Charge 
Pump is turned off.

▪ Toggle the CP_EN pin low and then high to re-start 
the IC

▪ Can be left open if not used

Bypass with a low ESR 1 µF ceramic capacitor
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MM5620 - S-Parameter Performance (HS CAL Line)

HS CAL Line

SDD21: 

-1.7 dB @16GHz

SDD11: 

-32 dB @16GHz

Eye-Diagram Test Conditions

PCIe Gen6 

PAM4, 32 Gbaud, PRBS 215-1

+600 mV/-600mV
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MM5620 S-Parameter Performance (HS1 to HS2 Signal Path)

HS1 to HS2 Signal Path

SDD21: 

-2.2 dB @16GHz

SDD11: 

-18.4 dB @16GHz

Eye-Diagram Test Conditions

PCIe Gen6 

PAM4, 32 Gbaud, PRBS 215-1

+600 mV/-600mV

De-embedded
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MM5620 – Double Density HSIO Loopback Mode Test
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Test Two PCIe 4/5/6 lanes at high-speed using ONE MM5620 device
• TX0_X  → RX0_X (HS1  → HS2) at speed test

• TX1_X  → RX1_X (MS1  → MS2) at speed test

LS signals can be shared for low frequency and DC sweep test

Two transmitters can be ALWAYS ON to reduce test time

Fully bi-directional signal paths
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MM5620 – Customer Evaluation Board
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MM5620 Area
MM5620 EVK

On-board 
2X-Thru Fixtures

HS1A

HS1B

HS2A

HS2B

MS1B
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