Fully Integrated Ideal Switch Solution
Meets PCle 6.0 Requirements
with HSIO Loopback

The Ideal Switch

Enabling the electrification of everything
Milliwatts-to-kilowatts, DC-to-light

April 2023

POWERED BY
ﬂ ideal switch
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Introducing the Ideal Switch™

Technology platform with breakthrough
Innovations in materials and processing
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@ menlomicro

Unique Glass Packaging

Improved RF & thermal performances
High RF power handling

Through-Glass-Via

Low parasitic and resistance
Small-size package

High Reliability

>3B switching cycles
Hermetic-sealed package

Scalability
50um x 50um (unit cell)

Scalable switch arrays for high
voltage, high current, high power

Ideal Switch Technology - How It Works | Menlo Micro
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Two-Port S-parameters

@ menlomicro

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

Freq=f0

S:1 (Port 1 excited by Portl)
e Reflection coefficient
e Return loss

) o—

S,; (Port 2 excited by Port1)
e Transmission coefficient
e |Insertion loss

=

Z+ 120

Port 1 Port 2

S12 (Port 1 excited by Port2)
e Transmission coefficient
e Insertion loss

Sy
f

Output port Input port

Freq=f0

—o {1 N\u

S,, (Port 2 excited by Port2)
e Reflection coefficient
e Return loss

2-Port S-parameters
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Differential S-Parameters €3 menionmicro

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

. Logical Port 1 Logical Port 2
Port10O Single-Ended |_ 5 port (Balanced) (Balanced)

2-Port DUT
|:> Port1 Differential Port 2
Port3 2-Port DUT Port4

Port1 O— Single-Ended O Port2

4-Port DUT
Port 3 O— —O Port4

Balanced/Balanced
Single-Ended Port Configuration (2 logical ports — 4 physical ports)

Sa bxy

(i Device input "logical" port number
Device output "logical" port number
Device input mode
Device output mode :I Mo_de
s: Single-Ended Mode (Unbalanced)
d: Differential Mode (Balanced)

¢: Common Mode (Balanced)

Differential mode responses
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4-Port Differential S-Parameters

Logical Port 1 Logical Port 2

(Balanced) (Balanced)
Portl D Port2

Logical Portl

(Common)
Portl
Port3

Logical Port2

(Differential)

[  Port?
(N  Port4

Mode conversion:
EM susceptibility, immunity

Port]l [N Port2
Port3 [ Port4

Logical Port2
(Common)

Port3 I Portd
. . Differential Mode Common Mode
Differential Mode Stimulus Stimulus
Responses
Logical || Logical || Logical || Logical
Port1 Port2 Port1 Port2
Sifferential Mode ng:_ﬁ" Sop11  Spp12 Soc11 Soc1z
Responses Logical
pgrtz Sobp21  Spp22 Socz1  Socaz
Logical
Common Mode | Port1 Scom Scorz Sccr Scez
Responses Logical
Port2 Scp21 Scop22 Scca1 Scea
Portl [N Port2
Port3 I Portd
Logical Portl Logical Port2 Logical Portl
(Differential) (Common) (Common)

Mode conversion:
EM interference, emission

Common mode responses

4-Port Differential S-parameters
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Touchstone File Format £ meniomicro

@ The Touchstone file contains frequency values and S-parameters

Frequency units are Hz
S-Parameters .s1p: 1-Port S-Parameter File

dB and Degrees .s2p : 2-Port S-Parameter File
Reference Impedance 50 Ohm .
.S4p : 4-Port S-parameter File

1S4P [File: Measurements: <Sddll,Sdcll, sSddl2,Sdcl2>,
1<Scdll), Scegll, 3cdl2, Scclz>,
1<sdd27¥, sdc21,/5dd22, Sdc22>,
1<S¢cd2/l, Sgc2l,Scd22,5cc22>:

# Hz S dB R 50
10000000|-46.887413 162.24268 -46.695118 -33.026134 -0.068148375 -1.0384876 -46.298244 11.523661
-46.692268 -35.953835 -46.716522 160.54953 -46.435684 14.344072 -0.066351458 -1.0450206

~0.050488863 -0.99340469 —-45.303799 -10.566242 —-47.015465 -141.53207 -48.130299 19.855814
~45.068867 -7.7613277 -0.055597607 -0.9842146 -47.557877 21.219717 -46.607079 -137.76706
(20000000] F44.2533 106.29446])(47.321148 -59.671833)(-0.07096079 -1.7549706)(47.131927 1.5383472 |
—47.304211-60.167545 —44.179386 105.96419 —47.186459 2.6364694 -0.070606634 —1.7535229
~0.050903711 -1.8230745 -45.709652 -13.290565 -51.274353 -131.08434 -47.738243 54.710979
~45.\554943 413.748737 -0.050477076 -1.8270626 -47.669868 55.314487 -51.231934 -132.05318

SDC12
SDC11 SDD12:-0.071 dB, -1.76 Degrees at 20MHz

SDD11: -44.3 dB, 106.3 Degrees at 20MHz

20,000,000 Hz - 20MHz




De-embedding Technique: 2x-thru De-embedding €3 meniomicro

@ 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

HS CAL LINES

2x-thru Fixture DUT Only Performance

Left Network Right Network
MM5620 Evaluation Board
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MM5620 — Target Markets & Applications

Target Markets

@ Automated Test Equipment

@ Measurement Equipment

@  Semiconductor Final Package Test
@ Compliance and loopback testing

Target Applications

@ High-Speed Digital SoC Testing
PCle Gen 5 & 6, SerDes, USBx.x, InfiniBand, HDMI. ..
@ O/E module testing
High Speed Signal Routing
@ Differential Switch Matrices

0
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PCI Express Link Speed

@ menlomicro

© PCle 6.0 is twice as fast as PCle 5.0, PCle 6.0 has a 64 Gbps data rate,

compared to 32 Gbps with PCle 5.0.

" PCle

PCle Data Rate(Gb/s) x16 B/W Year
Spemf’ ication (Encoding) per dirn*
' 64GTis

6.0 @ 64

. - PCle 5.0 @ 32GT/s 2.5 (8b/10b) 32 Gb/s 2003
PCle 40@16GTis 2.0 5.0 (8b/10b) 64 Gb/s 2007
© PCle 3.0 @ 8GT/s 3.0 8.0 (128b/130b) 126 Gb/s 2010
4.0 16.0 (128b/130b) 252 Gbls 2017
@ PCle 2.0 @5.0GTs 5.0 32.0 (128b/130b) 504 Gb/s 2019
PCle 1.0 @ 2.56T/s 6.0 64.0 (PAM-4, Flit) 1024 Gbl/s 2021

é (~1Tb/s)
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* - bandwidth after encoding overhead




MM5620 — Product Highlights

Dual 2 Form C DPDT Differential Loopback Mode
DC to 20 GHz range, up to 64 GT/s

Optimized for PCle 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

G I+ B + B + B+ N+ T N + D +

8.2 mmx 8.2 mm LGA

Menlo MM5620 Preliminary Datasheet (menlomicro.com)
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https://menlomicro.com/images/general/MM5620_Preliminary_Datasheet_v0.18__.pdf

MM5620 - Functional Block Diagram

@ menlomicro

@ Differential, Dual DP3T HS1A G
@ High-speed(HS) loopback path supports 64 GT/S PAM-4 st

Ls1_A ¢

@ Flexible functionality:
= HS1 - HS2 (loopback) HS1 > MS1 (ATE) 518 ¢
= MS1 > MS2 (loopback) HS2 > MS2 (ATE) MS1_5
» HS 2 LS (ATE) e
» LS -2 LS (LS loopback)

VDD
VvDD_IO

PULL_UP
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MM5620 - LGA 16x16 Footprint Diagram

o Key Features:
e Size: 8.2 x 8.2 mm?
* 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

Menlo Microsystems Proprietary. © 2023 Menlo Microsystems. All rights reserved
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MS1A
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FLIP_BIT
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Top View

VPP
NC
MODE
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SSB/CTL4
MISO/CTL3
MOSI/CTL2
SCK/CTL1
DGND

FLT_MODE
PULL_UP
FLTB
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MM5620 — Six Signal Paths, Nine Measurement Cases

Case 2 Case 3

Case 1l

MM5620
HS1_A T~ —
HS1_A MM5620 HS2_A HS1_A %— MM5620 Tx—% HS2_A - H-l\—lB a
C1 Cl H\B
- 4 > MS1_A T———————o{|o———¢ "
MS1_A Tt i ——t—F MS2_A LA Fo— - PMs2_A - H-{-/D :\/A :I—VA I
HVD HVA HVA HVA A LS1 A O T
LS1_A ()—T\— LS1A Q——7 \T—() LS2_A - e |
< Hve HVC HVC <
Hs1_B T\—
HS1_B + HS1_B T—T\L T\_(I) HS2_B VB o
HVB Q HVB 2 HVB
- ; > Ms1_B ———— |} o——
Ms1_B Ty e = Ms2_8B Ms1_B ¢ T o Fo—= = O Ms2_B F'I';/D :VA :\IA
HVD HVA HVA HVD HVA HVA HVD 151_B Q———— Q2.8
~— — |
1518 Q——7 1518 Q——7 — Q2.8 HVC | HVC
HVC HVC HVC < 5
HS1 <@ HS2 MS1 <= MS2 LS1 <@ LS2

Case 4 Case 5 Case 6 Case 7

T MM5620 T T MMS5620 T MMS5620
| HVB a HVB ! v a five a
Ms1A O - T\._' |—’—T = Oms2_a MSl_A+ T T\—0—| I—‘—T — MS2_A T —e] I—‘—T MS2_A
HVD HVA HVA HVD HVS HVA HVA {vo HVA HVA HVD |
LS1_A ()—T\— —\T—() LS2_A LS1_A - T 1s2_A LS1_A - T LS2_A
HVC HVC HVC HVC HVC HVC
Ms2
HS1B Q—— ———QHs2.B HS1_B = + HS2_B HS1 B T\— — T HS2_B
1 HVB Q HVB | HVB Q AvB HVB Q HVB
Ms1 B O = T |— = O MS2_B MS1_B T e | — C T Ms2_B MS1_B = T |— = MS2_B
T T T T T T
HVD HVA HVA HVD HVS HVA HVA o | HVD HVA HVA HVD )
LSl_B()—T\— — T Ls2_B LS1 B + T 1s2_B Ls1_B T T LS2_B
HVC HVC HVC HVC HvVC HVC
HS1 MS1 HS1 LS1 MsS1 LS1
HS2 MS2 HS2 Ls2 MS2 LS2

MM5620 Signal Paths
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MM5620 — Measured S-Parameter Performance €3 menlomicro

Parameter Symbol Minimum Typical Maximum Unit Conditions

Differential Insertion Loss

High Speed (HS1 to HS2) 2.3

Medium Speed 2(MS1 to MS2) 3.3 @16GHz, De-embedded
HS1 to MS1 1.4
HS2 to MS2 1.4

HS1-LS1 SDD21 2.9 dB

HS2-LS2 2.9

MS1_LS1 31 @ 6 GHz, Not de-embedded

MS2_LS2 3.1

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

Differential Return Loss

High Speed (HS1 to HS2) 19

Medium Speed 2(MS1 to MS2) 15 )
HS1 to MS1 13 @16GHz, De-embedded
HS2 to MS2 12

HS1-LS1 SDD11 23 dB

HS2-LS2 23

MS1 LS1 o5 @ 6 GHz, Not de-embedded

MS2 LS2 25

Low Speed (LS1 to LS2) 27 @ 3 GHz, Not de-embedded

Menlo Microsystems Proprietary. © 2023 Menlo Microsystems. All rights reserved 15



MM5620 - MEMS Switch Control Block Diagram €3 menlomicro

@ The communication interface: GPIO and SPI
@ VDD_10: Digital I/O supply (+1.8V to +5.0V)
@ VDD: +3.3V supply to analog circuits

< VIN: +5V supply to the internal charge pump

Control Interface (SPl or GPIO mode)

1.8V ~ 5V

High Voltage CP Driver

MM5620

Logic & Control

Booster,
Charge Pump

16
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MM5620 — External Circuit ( GPIO Mode )

@ Enable the GPIO Mode:

= MODE: Connectto VDD IO
= FLIP_BIT: Connect to GND

@ Enable the Charge Pump
= CP_EN: Connectto VDD 10

@ Disable the Fault Mode:
= FLT _MODE: Connectto VDD _IO

= Monitoring VDD and VPP when enabled

o FLTB:
» Fault indicator
» QOpen-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 yF ceramic capacitor

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

CP_EN

FLT_MODE

GPIO_CTL1
GPIO_CTL2
GPIO_CTL3
GPIO_CTL4

VDD_IO

@ menlomicro

HS1 A o
MS1_A E | - T
LS1 A 220nF
HS1 B o
Ms1_B E | -~ T
L1s1.8 220nF

HS2_A
MS2_A
LS2_A
HS2_B
Ms2_B
LS2_B

GND Pins

T3 /

MODE
16 & cp_En

T14 & FLT_MODE
R16 &) FLip_BIT
T10 ¢ sc/crLt
19 mosi/cTL2
18 % miso/cTL3
T7_( sse/cTLa

(=] - o~ m _—
- - - -
3 3 3 3 Ra +3.3V
E £ £ e €0
vDD O-12 I 1uF
vDD_I0 A T4 VDD_IO(+1.8V ~ +5.0V)
A\

4.99k % PULL UP

Switch Control

J_ 1uF
| T15 I

T16
FLTBQ————{ > FLTB
(GPIO Mode)
J_ V|N<>ﬂ5 +5.0VJ_
. 1uF
0.1uF _|_ CPGND I T13 I u

vep

4.7 nF
[_aewp

P16
——X

[ 113

DG N:I—4
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MM5620 — External Circuit ( SPI Mode )

@ menlomicro

@ Enable the SPI Mode:
MODE: Connectto GND

@ Enable Spread Spectrum:
FLIP_BIT: Connect to VDD _10

@ 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:

@ Bypass with a low ESR 1 yF ceramic capacitor

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

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 S"-™'s°

the IC

Can be left open if not used

HS1_A
MS1_A
LS1_A

HS1_B
Ms1_B
LS1_B

T3

SS_EN

SPI_CLK
SPI_MOSI

SPI_CS#

HS2_A
S
220nF LS2_A

HS2_B

ZZOnF LS2_B

MODE
CP_EN
FLT_MODE
FLIP_BIT

SCK/CTL1
MOSI/CTL2
MISO/CTL3

SSB/CTL4

I I I I GND Pins
e = 9§ 0 =
g 3 8 8 R4 +33V
= T T T VDD -
vDD Q12 1uF
VDD_IO / O T4 VDD_IO(+1.8V ~ +5.0V)
1
4.99k % puis e | m1s 1uF
Switch Control 6 =
FLTB FLTB
(SPI Mode)
VIN A P16 +5-0VJ_
il T
) 1uF
0.1uF == a0l 11 I u
> P16 X =
4.7 nF L
T aeno L 113

N,
DG N%{
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MM5620 - S-Parameter Performance (HS CAL Line) €3 menlomicro

SDD21

(ad Y = Lo X B :

UL L.

1.7dB @16GHz
-30.000 ¥ iy ’ /‘/\M A'WHA
40,000 A]N‘W‘rm%" | W / \‘\‘NUP}VJV
w SDD11: I
32 dB @16GHz

@ (115620 DUT REUL
'."’ DGN-00072-1M5620

Eye-Diagram Test Conditions
o PCle Genb

o PAM4, 32 Gbaud, PRBS 215-1

e +600 mV/-600mV

~
{3

e ¥ m
1% L]

"
spr oaisy @
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MM5620 S-Parameter Performance (HS1 to HS2 Signal Path) € menomicre

SDD21
M
SDD21: De-embedded
29 dB @16GH7
T L \
= . — —
nnnnn SDD11:
18.4 dB @16GHZ

1, 5 Eye-Diagram Test Conditions

: HS1 to HS2'Signal Patfi . - o PCle Gen6

FLTB HODE it
CPULL _UP SEL) 2 IS

e © PAM4, 32 Gbaud, PRBS 215-1

© +600 mV/-600mV
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MM5620 — Double Density HSIO Loopback Mode Test €3 meniomicro

MM5620
HS1_A ~ - LS1_A
z /T - T ’
TX0_P B P
TXo_N _\_ ~ A | 1518
HS1_B E I I
MS1_A
- I)—-\o— ) (B
> TX1_P J “;I _I_-(
MS1_B .5;. ~ H ATE
2l >:l\- -::%::( System
HS2_A ~_ I P 1s2_A
T
RX0_P J B \%\‘.
¢ RX0_N _\_ — = | 1s28
HS2_B E T
Ms2_A L'
4 A
- .
MS2_B ;

@ Test Two PCle 4/5/6 lanes at high-speed using ONE MM5620 device
TX0 X €& 2> RX0_X (HS1 € - HS2) at speed test
TX1 X €& 2 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
2 Fully bi-directional signal paths

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



MM5620 — Customer Evaluation Board

Ke) o

HS .CAL .LINES D¢

On-board -L LL LL 06° B
2X-Thru Fixtures \ co e h

MSlA MSZA ... ----- . :.::.':::.:.EEEEEEEEE.::.:.:'o... oooooo ..o.

HS1A
HS1B

HS2A ........-.....'.. 0 o: .:::.:.:::.
» '.o. ..-...' . [Z]. i ‘,.-.. .o::.
HS28 : ;

MS1B MS2B

MM5620 EVK MM5620 Area
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