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Stewart Yang

Sr. Sytems Applications Engineer, Menlomicro Systems
stewart.yang@menlomicro.com

As part of Menlo's Application Engineering Team, Stewart has played an integral role in supporting
leading customer designs and assisting them with their product development. Stewart has extensive
engineering experience working in the semiconductor industry supporting major global accounts, with
expertise at the device level supporting xDSL, 802.11, microwave backhaul, and satellite front-end.
Stewart has a Bachelor’s degree in Electrical Engineering from Hanyang University in South Korea.

Jangwoo Lee

Sr. Researcher, Advantest Korea
Email@address.com | website.com | @twitter

In charge of SoC Device Interface Board development at ADVANTEST KOREA R&D Center. The main role is
Design & PCB electrical simulation of front-end / back-end interface boards of various applications such
as high-speed digital interface, microwave RF, mmWave RF used in V93K and T2000 SoC ATE Test.
Jangwoo has a bachelor's degree in electrical engineering and VLSI design from Hallym University in
South Korea.
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- Introduction of an RF MEMS Switch

- MM5600 Differential DPDT Switch, Switch Control

- PCI Express Speed — Gen4/5/6

- S-Parameter Overview, Signal Integrity Measurements using a VNA
- De-embedding Technique: 2x-thru De-embedding

- MM5600: DPDT Differential Switch — Signal Integrity Measurements
- High-Speed Digital PCB Design

- MM5600/MM5620 Loopback Circuit with Evaluation Board

- Eye-Diagram Performance of the Evaluation Board

- Summary and Conclusion
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Introduction of an RF MEMS Switch

The unit cell architecture.

The ldeal Switch consists of
glass substrate, glass cap,
through glass via, beam, contact,
and gate, (a) & (b).

The unit cell - only 50um x 50um,
(c). Through Glass Vias,
miniaturized packaging with
highest performance, (d).
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MM3100 Hot Switch RF vs DC

509 50OMHZ CW RF System, 470 DG System, Ambient 25C Insertion Loss Variation over Hot Switch Cycles
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Moving from silicon to glass and removing the transistor from the RF signal
chain helps reduce many sources of non-linearity.
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PERFORMANCE

100X LESS POWER

Longer battery life, less heat, new form
factors

Power Consumption (m\Y)
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SWITCHES 1000X FASTER
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100X HIGHER LINEARITY
Distortion-free RF signal

Linearity/IIP3 (dBm)

Ideal =85 dBm*

50 55 60 65 70 [E] 80 85

*Menle RF switch compared to typical RF coax switch performanca

1000X LONGER LIFE
Massive reliability gain

# Switching Cycles

EMR

Ideal =3B Operations

0B 1B 2B 3B

<3M Operations

#DesignCon

SIZE

Conventional EMRs

——
24 cm? 1 cm?®
B ideal switch
0.6 cm? 0.4 cm= 08 cm=
2400204 relay with 1A relay with signal relay

ntegrated protection integrated profection
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MM5600: High-Speed 40 Gbps DPDT Differential Switch

« Built on Menlo Micro’s breakthrough ldeal Switch™ technology
« Targets “high-speed” differential signal devices up to 40

 Low insertion loss, fast switching speed, internal ESD diodes on all RF
I/O pins

« Utilizes an internal high-voltage serial-to-parallel driver for control of the
switch gate lines

. MMS5600
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MM5600

‘h""h-.
T | Aux2 |
"llu...‘_-‘-_
r— Differential OUT 1
—
T
RFINA
Differential IN Internal Crossover
RFINB —

Differential OUT 2

| Aux1 |

j/ -/

HVout2
HVout3
HVout8

High Voltage Gate Driver

!

VBB
DOUT
BL
VDD
DRVGND

HVGND
DIN

DesignConemm 5 iDesigncon 10 ) iformamarets

WHERE THE CHIP MEETS THE BOARD




52

1 r £
« D - -
~ - -
TX-P - _ —
we 53-61 e
- 000 - -
e - -
TX-N o - -
- - -
» - -
» - -
P -
AMARARAAARAARAAR
DUT M epgvnvgigege” ATE
b = = Loopback
—— s System
7 eI -
- . - -
= s
RX-N -~ D "
e - - sutn
- D eee - -
Py 444 e
RX-P - D - -
» - -
» - -
» - -
» - -

© AMARRARAARARR
14 2%

2 x MM5600 Menlo concept board for PCle Gen 5 test
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MM5600/MM5620 Switch Control

*The MEMS switches are activated via electrostatic force, and thus require a
high voltage source for switching operation.

*The MM5600 device has a built-in high voltage driver, the upcoming MM5620
device even has a built-in charge pump.

Control Interface (SP1 or GPIO mode)

Control Interface (5V)

MM5620

Menlo
MEMS Device
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MM5600

Logic & Control

5V

VIN

Menlo
MEMS Device

Booster,
Charge Pump

Booster, VPP
Charge Pump

High Voltage CP Driver
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» The MM5600 uses only four of the eight data bits latched for switch control. Bits

1, 2, and 3 and 8 correspond to high voltage gate lines HV1, HV2, HV3, and HV8
respectively.

*BL (Blank input,pin 10 ) is always high.

*HV1 is “1” at the rising edge of the CLK, so RFINB(Pin7) will be connected to
AUX1(Pin22) after the data is latched.

LEC ) AUK2 OUT2 OUTL AUK1
- VBB HVE8 HV7 HV6 HVS HvA HV3 HV2 HV1
DIN © L
cLK O— &bi — ] Data lnput o 0 0 0 o o 0|1
Sh]:': 1.8 | sbit | 1238 ]
! "l platch ) '..+ T,,,,f;}:w_,,-—r’—» HV 1,2,3,8
Register | Clock
DOUT o] o
BLo ] Latch Enable
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*PCle 5.0 is twice as fast as PCle 4.0, PCle 5.0 has a 32 Gbps data rate,
compared to 16 Gbps with PCle 4.0.

- PCle Data Rate(Gbl/s) x16 B/IW Year
s Speclf' ication (Encoding) per dirn*
A

.Pme“@ “roi s0030Te 2.5 (8b/10b) 32 Gbls 2003
' 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 Gb/s 2017
@ PCle 20 @ 5.0GT/s 5.0 32.0 (128b/130b) 504 Gb/s 2019
PCle 1.0 @ 2.5GT/s 6.0 64.0 (PAM-4, Flit) 1024 Gb/s 2021
é (~1Tbl/s)

* - bandwidth after encoding overhead
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S,: (Port 2 excited by Port1) Sz 1
e Transmission coefficient
¢ Insertion loss f

|:> Output port Input port

Freq=f0 Port 1 Port 2 Freq=f0
SN o zx0 [0 {27
S:1 (Port 1 excited by Port1)<::] |:> S,, (Port 2 excited by Port2)
e Reflection coefficient e Reflection coefficient
e Return loss e Return loss

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

Simple 2-port S-parameters for a reciprocal passive device
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Logical Port1 Logical Port2 Logical Port1 Logical Port2
(Differential) (Differential) (Common) (Differential)
Port] (NN Port3 Port] (NN Port3
port2 NN port4 port2 (NN ports
Differential Mode Differential Mode || Common Mode Mode conversion:
; cal Logical Port 2 Responses Stimulus Stimulus EM susceptibility, immunity
Port1 Single-Ended L O Port2 Logical Port 1 8!
2-Port DUT : i ;
. . Port3 Logical | Logical || Logical | Logical
Port1 Differential Portl | Port2 Portl | Port2
2-Port DUT Port4 Cogical
Port 2 1 or
Port1 O——1 single-Ended 0O Port3 Differential Mode | Portl Sop1 Soorz | Speur Soerz
4-Port DUT Responses Logical
Port2 O— —u~O Porta Pgrtz Sopz1 Sopzz | Spcar Spczz
Balanced/Balanced -
. A Logical s S, s S
Single-Ended Port Configuration (2 logical ports — 4 physical ports) Common Mode | Portl CD11  OCD12 cc11 cc12
Responses Logical
S : PgrtZ Scp21 Scp2z Scca1 Sceze
Y Device input "logical" port number Portl (NN Port3
Device output "logical" port number Port2 N port4 Portl NN Port3
Device input mode j Mode Logical Port1 Logical Port2 Port2 Port4
Device output mode . (Differential) (Common) Logical Port1 Logical Port2
s: Single-Ended Mode (Unbalanced) (Common) (Common)
d: Differential Mode (Balanced) M ih:gedrfefg:!:rzgins:sion
¢: Common Mode (Balanced) ' Common mode responses

Differential mode responses 4-port Differential S-parameters
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*Time domain analysis is useful for measuring impedance values along a
transmission line and for evaluating a device problem (discontinuity) in time or
distance.

*For accurate TDR measurements, the analyzer should be calibrated. The
measurement start and step frequencies should be equal. This is necessary for
TDR measurements.

*For a Balanced input/Balanced output topology, this means that FOUR Thru

connections should be made. e .
For example: :@: o @zu
port2 2-Port DUT porta
Balanced Port 1 is ports 1 and 2
Balanced Port 2 is ports 3 and 4 gl orts]

Thru paths to be calibrated should be: Ports1-3, 1-4, 2-3, and 2-4.

DesicnCon Eza
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Differential

Output 1 MM5600 EVK1
Rev2.0
- ———
———
Differential Differential : %
Output 2 e Input Left Right 2X Thru Fixture DUT
| -

Network Network

2x-thru de-embedding

= 2XThru
Test Fixture

DC Control Board
Power/Control

MM5600 EVK1 Rev2.0

TDR measurement
DesicnCon eza
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32 Gbps Eye Diagram Performance 40 Gbps Eye Diagram Performance

Test conditions for measurements above are:

e 2151 PRBS signal

e PRBS outputis 1000mVp-p NRZ at RF connectors
e RF connector and RF traces are de-embedded

e Measured differentially on the MM5600 EVK board

DesicnCon Eza
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Very important to get deep understanding of fabrication houses’ capability and
details of their design rules in advance, then work very closely together with

them.
Substrate Material (Er2)
& H2 W 5
W 5 f— |
| e
|| T /] —
HI Substrate Material (Er) HlI Substrate Material (Erl)

(a) (b)
Edge-coupled microstrip  Edge-coupled stripline

Important to choose better dielectric material with low dielectric constant,
low-loss tangent, better surface roughness, Reverse Treated Copper Fail,
and better PCB finish (plating method) such as EPIG, ISIG, EPAG, etc. if the

design has high-speed routing on top/bottom layer.
|y
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« Two MM5600 devices need to be placed as close as possible to each other.

*To optimize transmission line design, wider and shorter traces are better to minimize
the insertion loss.

For the differential signals, routing should be smooth with minimum bends and tight
length matching is required.

*To provide a proper de-embedding, the 2x-through needs to be implemented with
symmetrical routing and placement.

«Stitching vias are required to be placed along all the high-speed routing from DUT to
Connectors. If space allows, it is ideal to implement two rows of stitching vias along
the RF signals routing.

DesinCon ez
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*Optimizing via transitions is necessary to minimize the impedance mismatch. A TDR
simulation using 3D EM tools is a good method to check the impedance of vias and
optimize it.

*Soldermask needs to be removed on high-speed traces.

Although it takes additional time, confirmation by running post-layout full 3D EM
simulation, to obtain s-parameter, TDR, and eye diagram results, is a must to ensure
that the board layout can meet the requirements.

DesicnCon Eza

WHERE THE CHIP MEETS THE BOARD ‘, JAN. 31 - FEB. 2, 2023 #Designcon 22 @ informamarkets



*The Nyquist frequency is 16GHz for both PCle Gen5 and Gen6; for digital signal,
need to use at least K connector (2.92mm, up to 40GHz) or V connector (1.85mm,
up to 67GHz).

*For high-speed, high performance RF board, it is recommended to use a solderless
PCB connector.

*For the edge launch connector, copper underneath of the connector should be
flushed with the board edge, otherwise the signal will lose reference and will get an
inductive spike from that area which will affect performance.

Edge Launch Connector  Solderless PCB connectors — 45 degree
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MM5600 Loopback Circuit with Evaluation Board

A test coupon board to evaluate the high-speed loopback circuit to make sure the
load board design can meet the PCle Gen5.0 requirements.

CAP Trace: 0.8mm Total Trace: 074.6mm
(0.0315") (2.937")
MMS600 \ CAP  MMS600 DuT

1.85mm female RF connectors

Backdrill (a) SIDEVIEW

Length: 31.44mm Length: 1.6 mm Length: 41.6mm On-board charge pump

o (1es8) ckt and control interafce
TX Trace CAP Trace RX Trace
(Layer 5) (Top) (Layer 3)

(b) TOP VIEW

M CAPACITOR MM5600 RX m

Load Board Structure MM5600 Loopback Test Board

1.85mm female RF connectors

DesicnCon'Eza
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MM5600 Loopback board design with two different topologies

A test coupon board to evaluate the high-speed loopback circuit to make sure the
load board design can meet the PCle Gen5.0 requirements.

CASE TOPOLOGY DETAIL

TX-RX Loopback with

MMS5600 MM5600 mounted and full path case.

TX-RX Loopback without MM5600 is not mounted, and the
2 MM5600 internal circuit of MM5600 is mounted
(Connected to Trace) as a trace

DesicnCon'Eza
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A test coupon board to evaluate the high-speed loopback circuit to make sure the
load board design can meet the PCle Gen5.0 requirements.

Simulation Result Measurement Result
(Included Socket Touchstone File) (De-embedded 50cm Cable of OSC Side)

.| Real-Time Eye
Sl 8.961 kUI
Sl 1 Wims

Input signal: PRBS15 All Case of Input signal: PRBS23
Amplitude: 800mV (V;:400mV V;: -400mV)

Reference Result (Measurement) imulation Result Measurement Result
Min. Eye Width Min. Eye Height Min. Eye Width Min. Eye Height in. Eye Width ( % VS Ref.) | Min.
| 26.46ps 510.0mV [ 15.5ps 121.0mV ;

DesicnCon eza
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@® 240 mv/ |00V ©> 1

960 mv

- 720 mV
Real-Time Eye Amplitude: 800mV (V;:400mV V;: -400mV)

58.330 kU1l L e ) e i S 1 480 mV
: = Smm———— s e 240 mV

0.0V

290 mVv

-
3
®
=
®
&
w -
2
=
8
=
®
&
w

480 mvV
720 mV
-560 mV

25.0 ps 313ps @

| Measurement Result
| Min. Eye Width ( % VS n. Eye Height ( % VS R

]

32Gbps Loopback without MM5600 (Connected to Trace),
Measured result, NRZ, 800mVpp, PRBS 223-1

Y|l
i
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- MM5620
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(b)

MM5620 Functional Block Diagram MM5620 (8.2mm x 8.2 mm LGA) Top View
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Port1

Port 2

Logical Port1
Portl  (E— Port3
pory, — Portd

Logical Port2

MM5620

HS1A Port3
a
Ms1_A b f— 4
HVA HVA
1A
HS1 B Porta
=]
Ms1_8 e | —
HVA HVA
1518
Hs1 Hs2

} = MM5620

HS2_B
Ms2_B

1528

ms1 ms2

MM5620

HS2_A

Ms2_A

152.A

HS2_B

Ms2_B

1528

HS1_A
a
Ms1A T~ ———=
HVA HVA
Ls1A
Hs1B
=]
Ms1_8 bt
HVA HVA
1518
Ls1 Ls2
HS1_A &—,— ,—J} HS2_A

HVB a HVB
MS1_A + '—T\H H—T\ = MS2_A
HVD HVA HVA HVD
LS1_A P — 5 1s2.A
HVC HVC
HS1B + - HS2_ B
1 HVB =] HVB
Ms1_B — T\—o—l H—T\ = Ms2_B
HvD HVA HVA HVD
— L
1518 T T 2.8
HVC HVC
Hs1 Ms1
Hs2 Ms2

MM5620 Signal Paths
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! T MM5620

1

HS2_A
VR a five
MS1_A T\-o—.r\—o-l I-Q—T\—< — Ms2_A
Hyor HVA HVA Qo
LS1.A T T 1S2_A
HVC HVC
Hs1_B + HS2 B
B ] AUB
Ms1_B T\-A»—T\—o-l '—O—T\—4 —F MS2_B
HYD HVA HVA HvD
Ls18 T T LS2_B
HYC HVC
Hs1 Ls1
Hs2 152
wird—=—  MM5620 wrn
HVB a HVB
Ms1_A - — ~—o{ |o——"—4¢ - ms2_A
7 T I HVD
1 E) HVA HVA 1
1S1_A + T L1s2.A
HVC HVC
ms2
HS1_B T — T Hs2_B
HVB Q@ HVB
Ms1B »—T\—o—l |—0—T\— = Ms2_B
HVD HVA HVA HvD X
1518 + T 1528
HVC HVC
vis1 Ls1
ms2 Ls2

#DesignCon

Input Output

| (Output) | (input) HVA HVB HVC HVD
HS1 HS2 HIGH HIGH Low LOW
HS1 Ms1 LOW HIGH Low HIGH
HS1 LS1 LOW HIGH HIGH LOW
MS2 HS2 LOW HIGH LowW HIGH
MS2 LS2 LOW LOW HIGH HIGH
MS1 MS2 HIGH LOW Low HIGH
LS2 HS2 LOW HIGH HIGH Low
LS1 MS1 LOW LOW HIGH HIGH
LS1 LS2 HIGH LOW HIGH LOW

MM5620 Truth Table
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MM5620 Eye-Diagram Performance — High Speed Loopback Path

Cory

0,00

uuuuu

R T T e e Bl

PCle Gen5: +/-400mV, NRZ, 32 GBps,

PRBS 215-1
- Y— e———
e
S
. PCle Gen6 — 32GBaud (64GBps), PAM4,
MM5620 evaluation board PRBS 2151 (64GBps)
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« The MM5600 device, Menlo’s first differential DPDT switch available in
production quantities, is introduced. This device can support PCle Gen5.0
loopback test and can be used for PCle Gen4.0 applications for improved
performance and reliability by replacing EMR relays on the existing load

boards

 We have presented simulated and measured eye-diagram performance of
the PCle Gen 5.0 loopback board utilizing two MM5600 devices to ensure
that the load board design can meet the PCle Gen5.0 requirements.

* An excellent eye-diagram performance is achieved at 32Gbps signal with an eye
height of 108mV without pre-emphasis or equalization enabled, and both RF
connectors and transmission lines are not de-embedded.

DesicnCon Eza
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e The MM5620 device, differential dual DP3T switch, is introduced: it can
support PCle Gen6.0 loopback test.

« An excellent eye-diagram performance is achieved at 32GBaud signal with an
eye height of 154 mV, both RF connectors and transmission lines are de-
embedded.

« Test engineers requiring an RF switch that meets the requirements for PCle
4.0/5.0/6.0 performance while saving crucial space in the load board and
improving reliability, will appreciate a MEMS-based approach solution that is
also cost competitive to EM and solid-state solutions.

DesicnCon Eza
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High-Speed Loopback
Applications by Utilizing a
Differential DPDT MEMS Switch
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=  https://menlomicro.com/

= stewart.yang@menlomicro.com

= https://www.advantest.com/

= Jangwoo.lee@advantest.com
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Thank you for attending !

Join us again for Advanced Manufacturing Minneapolis

October 10-11, 2023
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