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For high-speed differential interface
64GT/s Mux/De-Mux bus switch
TDS5B212MX, TDS5C212MX
Application Note

Overview

This document describes the guidelines and precautions for using Mux (multiplexer) /De-Mux
(demultiplexer) bus switch TDS5B212MX, TDS5C212MX for high-speed differential interfaces.
Recommended transfer rates can be used for interfaces such as 1 to 64GT/s, PCIe® 6.0, PCIe® 5.0,
CXL 3.0, USB4® Version2, Thunderbolt™5 and DisplayPort™ 2.0.
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1. Introduction

In recent years, PCle, USB, Thunderbolt and other high-speed communication interfaces have
been widely adopted in PCs, servers, and other electronic devices, and these interfaces have been
used to connect and expand CPU, peripheral chips, graphics boards, peripheral devices, and
servers, testers and other applications.

However, if the frequency increases as the communication speed increases, the signal loss on the
transmission path tends to occur. This loss occurs even when the signal passes through the board
wiring, and it is necessary to design the circuit design to reduce the loss.

Therefore, Mux/De-Mux used when expanding the differential interface also requires high-
frequency and low-loss products. We have recently developed a high-frequency, low-loss 2:1
Mux/1:2 De-Mux bus-switch TDS5B212MX, TDS5C212MX that can be used in PCle 6, PCle 5,
USB4, Thunderbolt 5 and other applications.

This document explains applications using TDS5B212MX, TDS5C212MX and precautions for
designing the circuit board.

© 2026 -07-
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2. General

This chapter describes the basic specifications, pin configuration, and functions of the TDS5B212MX
and TDS5C212MX.

It outlines the common features of both products as well as the differences in their pin assignments,
providing the basic information required to choose the appropriate device when considering system
configuration and board layout.

In addition, this chapter explains the differences between these products, which are passive
switches, and active switches such as redrivers and retimers.

2.1. Overview

The TDS5B212MX and TDS5C212MX are high-speed differential 2:1 Mux / 1:2 De-Mux bus
switches. Each device handles two differential channels, switching one lane of TX/RX differential
signals. Both products share the same functional and electrical specifications, differing only in
pinout and high-frequency performance.

These products achieve excellent high-frequency performance by adopting Toshiba's proprietary
SOI process, "TaRF SOI™". The -3 dB bandwidth reaches 29 GHz for the TDS5B212MX and 34 GHz
for the TDS5C212MX, providing low-loss and wideband differential insertion loss characteristics.

Combined with these excellent high-frequency characteristics and wide electrical operating range,
the devices support many high-speed data protocols. The recommended transfer rate is 1 to 64
GT/s, including PCIe 6.0.

e PCle® Series : PCle 6.0/5.0/4.0/ 3.0

e CXL™ Series:CXL3.0/2.0/1.0

e USB Series : USB4 Ver.2 / USB4 / USB3.2 Gen2x1 / Genlx1

e Thunderbolt™ Series : Thunderbolt5/4/3/ 2

e DisplayPort™ Series : DisplayPort 2.0 /1.4/1.3/1.2

The compact XQFN16 package (1.6 x 2.4 mm) also helps reduce PCB footprint.
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Fig. 1 Block Diagram Fig. 2 Packaging Dimensions (unit:mm)
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2.2. Pin Layout

TDS5B212MX and TDS5C212MX have the same function but different terminal arrangements.

The TDS5B212MX adopts the same pin assignment as the TDS4B212MX, a Mux/De-Mux desighed
for 32 Gbps data rate.

TDS5C212MX achieves a wider bandwidth than the TDS5B212MX through a pin assignment
optimized for high-frequency performance.
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Fig. 3 Pinout Diagram (Top View) Left: TDS5B212MX Right: TDS5C212MX

Fig. 4 illustrates the use of TDS5B212MX and TDS5C212MX to switch the connection of System A
between Systems B and C.
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Fig. 4 Typical Wiring of TDS5B212MX, TDS5C212MX
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2.3. Functions

TDS5B212MX and TDS5C212MX can be combined with a SEL to select either port B or port C as
the A port connection destination, and to transmit differential signals bidirectionally between the
connected ports.

Setting OE to the low level (L), the unit enters the active mode. By setting SEL to the low level (L),
ports A and B are connected. By setting SEL to the high level (H), ports A and C are connected.

Setting OE to the high level (H), the unit enters the standby mode. All ports are disconnected
irrespective of SEL.

Table 1 Port Connections and Control Input Logic (n =0, 1)

InputOE Input SEL Function (n = 0, 1)
L L An+ Port = Bn+ Port, An- Port = Bn- Port
L H An+ Port = Cn+ Port, An- Port = Cn- Port
H Don't care An, Bn and Cn Port Disconnect
© 2026
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2.4. Differences from Active Switches (Redrivers, Retimers)

Switches for high-speed differential interfaces are broadly classified into two types: active switches
and passive switches.

Redrivers and retimers are categorized as active switches. They receive the signal internally,
reshape and amplify it to compensate for insertion loss and jitter, and then retransmit it. This
improves signal quality but introduces response delay (latency) and power consumption due to
internal processing. Redrivers and retimers with built-in Mux/De-Mux functions also fall under this
category.

The TDS5B212MX and TDS5C212MX, in contrast, are passive switches: they electrically connect
and switch differential signals without compensation or regeneration. Since signals pass through the
device without reshaping, path switching is achieved with minimal latency. Their transparent
structure—independent of protocol or physical layer (signals pass through as-is, regardless of
standard or condition)—also supports switching between different high-speed differential interfaces
such as PCIe and USB, enabling flexible Mux/De-Mux implementation in diverse systems.

Host
SoC /etc.

Interface A

Interface A
or Interface B

Driver
/Receiver

Device

D /Slot
: /Socket
—D /Connector

/etc.

AVANRVAY,

Interface B

Driver
/Receiver D

Fig. 5 Example of switching between two interfaces using a passive switch

In addition, this product features very low current consumption.

It is also suitable for short-distance Mux/De-Mux applications where redrivers or retimers are not
required.

In summary, while active switches aim to correct signal quality, passive switches are suited for
systems where signal quality is already ensured, providing a simple means of path selection.

© 2026 -07-
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3. High-frequency characteristics and eye patterns

High-frequency characteristics and eye patterns are critical parameters for high-speed differential
signal bus switches. This chapter presents the evaluation results of high-frequency characteristics
and eye patterns for the TDS5B212MX and TDS5C212MX.

3.1. Evaluation board used for measurement

High-frequency characteristics and eye pattern evaluations were performed using evaluation
boards on which the TDS5B212MX and TDS5C212MX were respectively mounted. Signal loss in high-
speed transmission occurs both along the transmission lines on the board and when passing through
the TDS5B212MX or TDS5C212MX. Therefore, de-embedding was applied to the evaluation data
obtained from the product-mounted evaluation board to subtract the loss components attributed to
the transmission lines, thereby extracting the standalone device characteristics.

For eye patterns, to confirm the impact of the standalone device characteristics on the differential
signal, de-embedding was also applied to the evaluation data of a through board, and the resulting
eye pattern data is presented as the "through board" reference.

The evaluation board is fabricated using MEGTRON6 material. 1.95 mm connectors (V connectors)
were used for the connection between the evaluation board and cables. Since the evaluation board
is designed to minimize the trace length including the device, measurement is limited to the path
between the AOx port and the CO=x port.

ol

Through Path
MEGTRONG _

Fig. 6 Evaluation board (Left: Through board, Right: Product-mounted board)

For the cascade connection evaluation results described later, an evaluation board capable of

mounting two devices on a single board, as shown in the figure below, was used.
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Fig. 7 Cascade evaluation board (Left: Through board, Right: Product-mounted board)
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3.2. High-frequency characteristics evaluation results

The —3 dB bandwidth (Typ.) is as high as 29 GHz and 34 GHz, providing low loss even at high
frequencies.

DDIL - f
0 .
-3dB Bandwidth

5 -1 TDS5B212MX: 29 GHz(Typ.)
c TDS5C212MX: 34 GHz(Typ.)
= -2
©
8 5 /
d _________________________________
2 -4
%))
3 -5
5
v -6
3
£ -7 TDS5B212MX
©
2 g —TDS5C212MX
3
s 9

-10

10 MHz 100 MHz 1 GHz 10 GHz 50 GHz

Frequency f (Hz)

Fig. 8 TDS5B212MX, TDS5C212MX Differential insertion loss - frequency

Table 2 TDS5B212MX, TDS5C212MX -3dB Band width and Differential insertion loss

High-frequency characteristics (Typ.) TDS5B212MX TDS5C212MX
-3dB Bandwidth 29 GHz 34 GHz
f=2.5GHz -0.6 dB -0.6 dB
f=4.0GHz -0.7 dB -0.7 dB
Differential f = 5.0 GHz -0.7 dB -0.7 dB
insertion loss f = 8.0 GHz -0.8 dB -0.8 dB
Supri f = 10.0 GHz -0.9 dB -0.9 dB
f=12.8 GHz -1.1dB -1.1dB
f=16.0 GHz -1.2dB -1.2dB
© igiﬁiba Electronic Devices & Storage Corporation 11 2026-07-15
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3.3. What is Eye Pattern?

An eye pattern is a method for visually assessing the transmission waveform of a differential signal.
It is generated by overlaying signal waveforms for each bit, resulting in an eye-like shape.

Eye patterns are widely used to evaluate signal integrity in the design and testing of semiconductor
devices, communication systems, and boards.

An ideal NRZ (Non Return to Zero) eye pattern has a wide opening with short rise and fall times,
as shown in Fig. 5. In practice, however, signal attenuation and noise cause the eye opening to
narrow and rise/fall times to increase, as shown in Fig. 6. This degradation becomes more
pronounced as attenuation and noise increase, making eye patterns an effective indicator of
differential signal waveform quality.

Fig. 9 Left: Ideal eye pattern Right: General eye pattern
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|
|
v

v_

Fall Time

Fig. 10 Typical measured values on the eye pattern

Eye height: Eye Height indicates the vertical opening of the eye. A larger Eye Height represents a
better eye pattern.

Eye width: Eye Width indicates the horizontal opening of the eye. A larger Eye Width represents
a better eye pattern.

Jitter: Jitter is the time difference between the rising and falling edges at their crossing point,
visually appearing as the thickness of the horizontal line at the crossing. A smaller Jitter and TJ (Total
Jitter) represent a better eye pattern.

The eye pattern evaluation results for each interface are shown on the following pages.

© 2026 -07-
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3.4. PCIe 6.0 eye pattern evaluation results

Through board PCIe6

PCIe 6.0
64GT/s PAM4
1Vp-p(Diff)
PRBS-7

313ps 250ps -188ps 25

peT SIEae:
‘lzm ut Jo.our @O) a|

Fig. 11 PCIe 6.0 Through board result
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Fig. 12 PCIe 6.0 TDS5B212MX result Fig. 13 PCIe 6.0 TDS5C212MX result

Table 3 PCIe 6.0 eye pattern evaluation results

Ttem Eye HeEigEt Héi?;: Ey‘(ap\é\;idth Wi dﬁf’z‘;s) TI(ps) | ATI (ps)
(mV) (mV)

Low 231 - 14.36 - 18.94 -

Through board Middle 243 - 16.99 - 14.83 -
High 241 - 14.65 - 18.51 -
Low 191 -40 12.74 -1.61 20.56 1.62

TDS5B212MX Middle 205 -38 15.82 -1.17 15.96 1.13
High 180 -61 12.26 -2.39 20.57 2.06
Low 214 -17 12.70 -1.66 19.87 0.93

TDS5C212MX Middle 219 -24 16.41 -0.59 15.72 0.89
High 214 -27 13.53 -1.12 19.47 0.95
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3.5. PCIe 5.0 eye pattern evaluation results

PCIe 5.0
32Gbps NRZ Reamete
1Vp-p(Diff)

PRBS-7

313 250ps 188 ps 25 25p 00s 62555 125ps 188ps 250ps )

[200u1  [o.our |@0> 3|

Fig. 14 PCIe 5.0 Through board result

TDS5B212MX A0-CO PCIe5

stomv TDS5C212MX A0-CO PCIe5 oy
[ f o i —————————— 4—4

Real-Time Eye
931.231 kUl | 931.226 kUI
1 Wfms

[S— —— — r_?

| . . | : | s T T T s S 0|
e e

Fig. 15 PCIe 5.0 TDS5B212MX result Fig. 16 PCIe 5.0 TDS5C212MX result

Table 4 PCIe 5.0 eye pattern evaluation results

Ttemn Ey(emk\'/e)ight HéiZT‘?c Ey‘(ap\é\;idth AE’EES\;Vidth T3 (ps) ATI (ps)
(mV)
Through board 844 - 28.42 - 4.08 -
TDS5B212MX 725 -119 29.00 -0.59 3.87 0.21
TDS5C212MX 714 -130 28.76 -0.34 3.93 0.16
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3.6. USB4 Version2 eye pattern evaluation results

Through board USB4 V2

USB4 Version2
40Gbps PAM3 ine ™
1Vp-p(Diff)
PRBS-7
o T To1Y
Fig. 17 USB4 Version2 Through board result
TDS5B212MX A0-CO USB4 V2 ‘ TDS5C212MX A0-CO UsSB4 V2 _—

L 1 ! it 1 i ! 1 L 640 my L | il
p 2w a4 Qs6m asips s Wi e 2Ap 2m 1 2w 24 256p

mrm—" b pow 1002

Fig. 18 USB4 Version2 TDS5B212MX result Fig. 19 USB4 Version2 TDS5C212MX result

Table 5 USB4 Version2 eye pattern evaluation results

Eye Height AEye Eye Width AEye
ftem Eye (mv) Height (mV) (ps) Width (ps) T3 (ps) AT)(ps)
Through ngh 418 - 25.39 - 14.07 -
board Low 418 - 24.96 - 14.15 -
High 384 -34 23.19 -2.20 16.33 2.27
TDS5B212MX
Low 389 -29 23.74 -1.22 15.73 1.57
High 386 -32 23.74 -1.65 15.76 1.69
TDS5C212MX
Low 376 -42 23.19 -1.77 16.01 1.86
©2026 2026-07-15

Toshiba Electronic Devices & Storage Corporation 15
g p Rev.1.0



TOS H I BA For high-speed differential interface 64GT/s Mux/De-Mux bus-switch
TDS5B212MX, TDS5C212MX Application Note

3.7. USB4 eye pattern evaluation results

Through board USB4

|| 40 mv.
|

usB4 | e
20Gbps NRZ = | 1™
1Vp-p(Diff) .
PRBS-7
! Sl
500 p5 -400ps -300ps. 200ps -100ps 00 100ps 200ps 300ps 00ps sa0ps ()
povt_ oo J@O)
Fig. 20 USB4 Through board result
TDS5B212MX A0-CO USB4 TDS5C212MX A0-CO USB4
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Fig. 21 USB4 TDS5B212MX result Fig. 22 USB4 TDS5C212MX result
Table 6 USB4 eye pattern evaluation results
. AEye .
Eye Height . Eye Width AEye
Item (mv) Height (ps) Width (ps) TJ (ps) ATJ (ps)
(mV)
Through board 930 - 48.28 - 3.17 -
TDS5B212MX 854 -76 48.05 -0.23 3.49 0.32
TDS5C212MX 859 -71 47.89 -0.39 3.47 0.30
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4. Design considerations

This chapter describes key points to be noted when applying the TDS5B212MX and TDS5C212MX
in circuit and board designs.

Design guidelines for achieving stable signal transmission are provided, covering topics such as
switch I/0 voltage conditions, internal structure, and placement examples of AC coupling capacitors.

4.1. Voltage Conditions for Switch I/0 Terminals

The datasheets of the TDS5B212MX and TDS5C212MX define both absolute maximum ratings and
operating ranges as the voltage conditions applicable to the switch I/0 pins (An£, Bn%x, Cn%). The
absolute maximum ratings specify the upper and lower limits of the switch I/0 voltage Vs; exceeding
this range may cause device damage. The operating range, on the other hand, specifies the
recommended conditions for differential signaling, defined by the differential signal voltage Vyo(pitr
and the common signal voltage Viocom). The former represents the signal amplitude, and the latter
its center potential.

Table 7 Switch I/0 Voltage Conditions (See the datasheet for details.)

Category Item Symbol Rating
Absolute Maximum Ratings Switch I/0 voltage Vs -0.5~25V
. Signal pins differential voltage V1/o(Diff) 0~1.8V
Operating Ranges Signal pins common mode voltage V1/0(Com) 0~20V

The differential signal voltage Vi/oiry of 0 to 1.8 V corresponds to a single-ended amplitude of O
to 0.9 V. Accordingly; each signal line is allowed to swing up to £0.45 V around the common
signal voltage as it varies.

Specifically, as shown in Figure 23, when the common voltage ranges from 0 V to 2.0 V, the I/O
voltage operating range including the differential component is defined as —0.45 V to 2.45 V. This

also represents the I/0 voltage operating range for non-differential use.
r~ ™

Operating Ranges Maximum Ratings

Signal pins common Switch I/O voltage
mode voltage. VA
VL-"O (Com

ov AL A

. /

Fig. 23 Relationship Between Absolute Maximum Ratings and Operating Range for Sw I/0

When using these devices, ensure that the switch I/O voltage does not exceed the absolute
maximum ratings and that the differential and common signal voltages remain within the operating
range. Observing these conditions ensures stable operation.
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4.2. Data Signal Connections

A bus switch is a passive switch that electrically connects I/0 terminals through an internal
switch. Therefore, the A, B, and C ports can be connected independently of the signal direction,
allowing flexible use as a Mux/De-Mux as shown in Figure 24 and Figure 25.

Unlike active switches such as redrivers and retimers, no signal direction needs to be specified,
providing flexibility in usage.

An+
An-

Bn+

B ]

/S5
T
|

V22N

Fig. 24 Example of use as a Mux

An+
An-

X

An-

B+ |
Eljx> lj(\’>An+
Cn+]

o ]

[1 9\
[\
&

Fig. 25 Example of use as a De-Mux

Additionally, there are no restrictions on the polarity of signals passing through the switch.
Differential signals can be transmitted even when the positive and negative polarities are reversed

with respect to the terminal names.
For example, when OE = L and SEL = L, An+ © Bn+ and An— © Bn- are internally connected

through the switch. Therefore, it is possible to pass a negative signal through the An+ < Bn+ path
and a positive signal through the An— < Bn— path for communication.

/ .
_/— + signal
_f - signal
o— + signal
0— - signal
\

Fig. 26 Example of transmitting signals with reversed polarity relative to the terminal
names
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4.3. Internal Structure of Switch I/0 Lines

The internal circuits of the data lines for the existing TDS4 series and the TDS5 series are shown
in Figure 27 and Figure 28, respectively.

The TDS4 series is a passive switch with excellent high-frequency performance, designed to
implement a PCle 5-compatible Mux/De-Mux. As a result, both the common- and differential
resistances of the data lines are infinite, as shown in Figure 27.

The TDSS5 series, designed for the higher-speed PCle 6, incorporates a circuit at the A port (An+/-)
that monitors the common signal voltage (Viocomy) of the differential signal, as shown in Figure 28.
A switch control circuit (SCC) then suppresses variations in the switch resistance (Ron) caused by
Vyo(com) fluctuations.

SW Bn+
— ]
An+ An+
SW
Cn+
6 o———11 3
O &[] 245k 250k — 0
SW Bn- sw Bn-
O u
An- An-
——(6——|:| SW Cn-
SW Cn-

GND[]
TDS5B212MX, TDS5C212MX

Fig. 27 Internal circuit of the TDS4 series Fig. 28 Internal circuit of the TDS5 series

Common resistance of the TDS5 series:

As shown in Figure 28, weak pull-down resistors are connected to An+ and An— (during differential
signal operation, the equivalent common resistance from An+ and An— to GND is approximately 1
MQ each). Although these resistors slightly bias the common-mode voltage (Vio (com) ) toward 0 V,
their effect is negligible and does not influence the common-mode voltage of the external differential
drivers/receivers connected to each port (An, Bn, Cn).

Differential resistance of the TDS5 series:

In addition, a weak 20 kQ2 differential resistor (high impedance) is connected between An+ and
An—. Since high-speed differential signals typically have a much lower differential impedance (e.g.,
100 Q), this resistor has no impact on the differential signals.

© 2026 -07-
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4.4. Land Pattern Dimensions (for reference only)

The land pattern dimensions for the XQFN16 package are shown below. Please refer to these data
when designing the printed circuit board.

The metal area enclosed by the dashed line should be connected to the GND plane. Connecting the
GND pin to the GND plane optimizes the high-frequency characteristics.

Unit: mm
< 1.85 >
¥ |
: i
! - 0.15
y Y S |
GND pin ~ : ! ;
\\ Py
[~ T S *
[} '
2.65 225 14 —-—-— b -——Ll-04
. | H
ooy 1
ok
v i i
....... J. B J'
nlim
. . 0.25
Y R
\ 4 \ | \ T
«—> |<—>| (® 0.2) VIA Typ.
0.45 0.4 Connecting to GND plane.

i Metal area for connecting to GND plane

peccee

Fig. 29 Land pattern for the XQFN16 package (for reference only)
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4.5. AC coupling

Many high-speed differential interfaces require a capacitor (AC coupling capacitor) to provide an
AC coupling between the TX (transmitter) and the RX (receiver).

When a high-speed differential signal passes through an AC coupling capacitor, the DC components
of the signal are removed, enabling signal transmission even when the common-mode voltage differs
between the TX and the RX.

The figure below shows an example where the host board and the device board are connected by
a connector. In many high-speed differential interfaces, if the TX and the RX are connected by
connectors, it is recommended that AC coupling capacitors be placed between the TX and the
connectors. Therefore, an AC coupling capacitor is placed in the position shown in Fig. 30.

If this happens, the high-speed differential signal passes through an AC coupling capacitor, which
removes the DC components, so that the common-mode voltage is supplied from the TX prior to
passing through an AC coupling capacitor, and the common-mode voltage is supplied from the RX
after passing through an AC coupling capacitor.

AC Coupling Capacitors

Host Boa rcL/ Device Board

7N
! |

X | i RX
A 1

\ Device

Host

CONNECTOR

RX

Fig. 30 AC Coupling Capacitor Layout

In addition, an AC coupling capacitor needs to select an appropriate capacitance according to the
interface. For the same differential pair, place symmetrically with the same capacity and the same
package size.

Package sizes of 0201 and 0402 are recommended.
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The following example shows an exclusive connection between the host board and two device
boards. The Mux/De-Mux is located on the host board. The switching is controlled by the host. Three
typical arrangement patterns are shown below.

(a)Place a capacitor between Mux/De-Mux and the device*

Host Board /
BO+
BO-
AD+
E> TX A0- |DEMUX

Device Board B

15
H

\/

Device B

Cco+

CONNECTOR B

A

%
_|

CO0-

Host

N

B1-

Al+
RX RX Al- MUX
Cl+ % |7
X

\ — |-

Device Board C

1T

CONNECTOR C

A

Device C

Fig. 31 An arrangement where a capacitor is placed between Mux/De-Mux and the device

*Check that the common-mode voltage of the host's TX and RX is within Mux/De-Mux's operating
limits.

In the path passing through the De-Mux (blue line), an AC coupling capacitor is placed between
the De-Mux and the connector.

Since the differential signal passes through the De-Mux prior to passing through the AC coupling
capacitor, the De-Mux is supplied with the common-mode voltage from the host’s TX.

In the path passing through the Mux (red line), an AC coupling capacitor is placed between the TX
of the device and the connector.

Since the differential signal passes through the Mux after passing through the AC coupling capacitor,
the Mux is supplied with the common-mode voltage from the host’s RX.

Since it is recommended that the AC coupling capacitor be placed between the TX and the
connector, the position to be placed is limited to this position.
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(b)Place a capacitor between TX and Mux/De-Mux *

Host Board / cos

BO-
IT/\x> ™

Host

Device Board B

A0+

\/

AO- | DEMUX Device B

Co+

CONNECTOR B

IEIN
TT
VA

CO-

B1+

B1-

Al+
< RX Al- MUX
Cl+
S H

\ — |

Device Board C

Device C

CONNECTOR C

A

Fig. 32 An arrangement where a capacitor is placed between TX and Mux/De-Mux

*It can be used when the RX common mode voltage of the device is within the operating range of
the De-Mux, and the RX common mode voltage of the device is within the operating range of the
Mux.

In the path passing through the De-Mux (blue line), an AC coupling capacitor is placed between
the TX and the De-Mux.

Since the differential signal passes through the AC coupling capacitor and then through the De-
Mux, the RX of the device provides a common-mode voltage.

In the path passing through the Mux (red line), an AC coupling capacitor is placed between the TX
of the device and the connector.

Since the differential signal passes through the Mux after passing through the AC coupling capacitor,
the Mux is supplied with the common-mode voltage from the host’s RX.

Since it is recommended that the AC coupling capacitor be placed between the TX and the
connector, the position to be placed is limited to this position.

© 2026 -07-
Toshiba Electronic Devices & Storage Corporation 23 2026Reo\/7 118



TOS H I BA For high-speed differential interface 64GT/s Mux/De-Mux bus-switch
TDS5B212MX, TDS5C212MX Application Note

(c)Place capacitors on both sides of Mux/De-Mux *

V,
Host Board BIAS / B0+

Device Board B

RX X

BO-

_| | A0+
: AO- |DEMUX
_| | COo+

CO-

\/

|_
|_

Device B

CONNECTOR B

VA

ol
i

Host

<}

vBIAS

Bl+
B1-
Al+

Al- MUX

1T

CONNECTOR C

A

Device C

Cl+

o [
~ —

Device Board C

Fig. 33 An arrangement where capacitors are located on both sides of Mux/De-Mux

*This configuration is used when the common-mode voltage of the TX and RX of the host/device
is outside of the operating limits of the Mux/De-Mux.

An AC coupling capacitor is placed on both sides of the Mux/De-Mux for both the path passing
through the Mux and the path passing through the De-Mux.

In such an arrangement, the Mux/De-Mux will not receive common-mode power from both the
host and the device.

Therefore, as shown in the diagram, apply a common-mode voltage between 0 and 2.0 V with a
resistor of 10 kQ or more.
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5. Application

This chapter introduces specific application examples using the TDS5B212MX and TDS5C212MX.
Through real-world cases such as PCle, USB Type-C, docking stations, and semiconductor testers,
this chapter illustrates the configurations and use cases in which these products can be effectively
applied, providing a clear image of their adoption in actual systems.

5.1. Available interfaces

The TDS5B212MX and TDS5C212MX are high-speed differential 2:1 Mux (multiplexer) / 1:2 De-
Mux (demultiplexer) devices that can be used to switch signals between two different paths.

By leveraging Toshiba's proprietary SOI process "TarfSOI™" together with a compact package,
these devices achieve excellent high-frequency characteristics and support transfer rates of up to
64 GT/s.

In addition, they offer a wide common-mode voltage range (0 to 2.0 V) and differential signal
voltage swing (0 to 1.8 Vpp), making them suitable for a wide variety of high-speed data
protocols. Representative interfaces in which these devices can be used are listed below.

PCIe® family: PCIe 6.0 / 5.0/ 4.0/ 3.0

CXL™ family: CXL3.0/2.0/1.0

USB family: USB4® Ver.2 / USB4 / USB3.2 Gen2x1 / Genlx1
Thunderbolt™ family: Thunderbolt5/4 /3 /2

DisplayPort™ family: DisplayPort 2.0/ 1.4/1.3/1.2
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5.2. Use Case in PCIe Systems

The following shows how Mux/De-Mux switches the connectivity between the CPU and several PCle
slots.

Depending on the specifications of the PC and server, the PCle lanes on the CPU may not be
sufficient if there is a need to expand the PCle slots. In such cases, a Mux/De-Mux can be used to
connect the CPU to several PCle slots. For instance, if you have 8 lanes of CPU with 16 lanes each
of TX and RX directly connected to PCle slot 1, and you want to use the remaining 8 lanes exclusively
with PCIe slot 1 and PCle slot 2, connect the 2:1 Mux/1:2 De-Mux as depicted in the figure below.

TDS5B212MX/TDS5C212MX can be switched between two lanes per device, thus it can be
connected by placing eight devices between the CPU and PCle slots.

Use AC coupling capacitors on the Mux/De-Mux to provide the appropriate common signal voltage

as follows.
TX x8
RX x8
PCIe Slot 1
Y  RXx8 > RX1 x8 [\ 2:1 MUXx8
CPU
| y (| p———
TX x8 e s [\ 1:2 DEMUX x8
RX2 x8
TX2 x8
Fig. 34 Mux/De-Mux PCIe Use Case
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5.3. Use Case in USB Type-C Systems

When USB Type-C requires plug flip, the following is a sample connection. Since USB Type-C has
no front and back terminals, and signals must be transmitted and received in either direction, a
Mux/De-Mux is used to switch between front and back. The orientation is determined by the CC
terminal, and the USB control IC selects the Mux/De-Mux port connection. The following shows an
example where the host board and device board are connected using Type-C cables on both sides.

Host Board

A0+

AO-

DEMUX

Host

Al+

BO-

TT T

Bi+

I_
|_
|_
|_

Al-

{Rx

A2

A3

@
N

us)
w

@ W
=
o =

A1l

A10

USB TypeC receptance

USB cable

A10

Al1l

e
o8]
-
o

USB TypeC receptanc

os]
-
[

Ci+

Ci1-

>

Bi+

Al+

Device Board

MUX

Al-

B1-

B3

B2

A3

A2

11T 1T

T+ T

i
S

Al+

RX>

Device

DEMUX

Al-

o

=1 |

Fig. 35 USB Type-C Mux/De-Mux Use Case
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5.4. Application Example in USB Hubs and Docking Stations

This section shows an example of switching the connection destination using the TDS5B212MX /
TDS5C212MX in a USB hub or docking station.

In this configuration, the TDS5B212MX / TDS5C212MX is inserted as a 1:2 Mux/De-Mux between
the upstream port of the USB hub or docking station and the hub IC. A control signal selectively
connects either PC 1 or PC 2, allowing USB peripherals to be switched freely between the two PCs
without unplugging the cable.

With its wideband and low-insertion-loss characteristics, the TDS5 series supports interfaces from
USB4 to Thunderbolt™ 4/5, enabling stable signal transmission even for next-generation interfaces.

Select Switch

PC 2
USB Line /

Mux/De-Mux S

=l

B

Fig. 36 Switching a USB hub/docking station between two PCs using a Mux/De-Mux

Inside USB hubs and docking stations, a USB hub IC handles core functions such as USB port
distribution and video output. Recently, video output via USB Type-C has become mainstream in
these hub ICs, and dedicated DisplayPort signal outputs are often limited to a single channel.

However, USB hubs and docking stations may need to support both DisplayPort and HDMI ports,
which requires routing a single DisplayPort signal to either the DisplayPort or HDMI output. Using
the TDS5 series for this switching stage enables selective output to either port with a simple circuit.
Its wideband and low-insertion-loss characteristics also support high-speed video interfaces such as
DisplayPort 2.1, ensuring high-quality signal transmission.

HDMI Line
USB Hub
e *

il LAl 1\ Ic
|- T\ 3
HAH T — = DisplayPort

USB Line Mux/ De-Mux DisplayPort Monitor

or ‘ Line

Thunderbolt Line | |

Fig. 37 Switching between HDMI and DisplayPort outputs using a Mux/De-Mux
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5.5. Use as a 1:4 Mux/De-Mux via Cascade Connection

The TDS5B212MX and TDS5C212MX can also be used as a 1:4 Mux/De-Mux by connecting
multiple devices in cascade (multi-stage connection).

No.1 TDS Series No.2 TDS Series

\
]

— 1
= Port A1

L — |
Mux
/ B+ A+ De-Mux | C+
— Port B1
T e

A+ 2:1

— ™
Port COM 1 T De-ll:ll):.lx

— Port C1

k
o\

De-M
i Port D1

——{saz]
SEL 3

— Port A2

A H
/ B+ * | pe-mux [+
T e Port 52

/
L

4
o
w
-
v
0]
[
0]
3.
]
n

|FJ|
m
2N
N

A+ 2:1

Port COM 2 M
A- De-tl\lll):lx

\/
L

C+ At — Port C2

2:1 B-
S~ e B

De-Mux | C+

Port D2

/

Fig. 38 2ch 1:4 Mux/De-Mux configured by cascade connection of three TDS5 series

Table 8 Truth table of the 2ch 1:4 Mux/De-Mux in cascade connection

I%“ Input SEL 1 Input SEL 2, 3 Function (n = 0, 1)
L L L Port COMn + =Port An *
L L H Port COMn + =Port Bn *
L H L Port COMn + =Port Cn %
L H H Port COMn + =Port Dn %
H Don't care Don't care All Port Disconnect
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In this configuration, the signal passes through two devices, so note that the on-resistance and
insertion loss are also doubled accordingly.

The differential insertion loss shown below is the characteristic measured when the signal passes
through two TDS5B212MX or TDS5C212MX devices.

The evaluation was performed using the evaluation board described earlier, which mounts two
devices.

DDIL - f

-3dB Bandwidth
TDS5B212MX: 23.6 GHz
TDS5C212MX: 26.1 GHz

Al

1
[

l
N

AW

Differential indertion loss DDIL Sdd21 (dB)
o

-6
-7 TDS5B212MX
-8 —TDS5C212MX
-9
-10
10 MHz 100 MHz 1 GHz 10 GHz 50 GHz

Frequency f (Hz)

Fig. 39 Differential insertion loss vs. frequency for TDS5B/C212MX in cascade connection

Table 9 Differential insertion loss of TDS5B/C212MX in cascade connection

High frequency characteristics (Typ.) TDS5B212MX TDS5C212MX
-3dB Bandwidth 23.6 GHz 26.1 GHz
f=2.5GHz -1.3dB -1.3dB
f=4.0GHz -1.4 dB -1.4 dB
Differential f = 5.0 GHz -1.5 dB -1.5 dB
'nserDtg’I”L loss f = 8.0 GHz -1.7 dB -1.7 dB
Sdda1 f=10.0 GHz -1.9dB -1.9dB
f=12.8 GHz -2.1dB -2.2 dB
f=16.0 GHz -2.5dB -2.5dB
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5.6. Switching Between Loopback Circuit and ATE in Testers

In conventional ATE evaluation, high-speed loopback testing and functional testing required
different signal paths, necessitating test board changes or relay-based path selection. This not only
increased test time and system complexity but also caused high-speed signal degradation due to the
bandwidth limitations and parasitic components of relays.

By using the TDS5B212MX and TDS5C212MX as shown in this figure, a wideband and low-loss
signal path required for high-speed interface testing can be secured, while the following two
evaluation paths can be switched on a single board:

High-speed loopback path: The DUT's TX signal is routed through the De-Mux to the loopback
circuit, and the returned signal is fed back to the DUT's RX through the Mux.

Functional test path: The DUT's I/O pins are connected directly to the ATE tester, enabling
functional testing via the ATE's TX/RX.

In high-speed serial standards such as PCI Express and USB, where channel loss and reflection
directly affect communication quality, minimizing signal degradation through the switch is critical.
With its low insertion loss and excellent high-frequency characteristics, the TDS5 series meets these
requirements, enabling evaluation while maintaining communication quality.

Loop Back Circuit
/ BO+ P Tester

BO- \
A0+
g
IE> AO- J DEMUX \

COo+

DUT TDS4/5 Series —
/ Bl+ j___
<

Al+ <

CO-

CONNECTOR

Al- MUX

\:Cl' <X

Fig. 40 Switching Between Loopback Circuit and ATE in Testers
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6. Summary

This document describes our Mux/De-Mux bus-switch, the TDS5B212MX and the TDS5C212MX,

for high-speed differential interfaces.

If you need a Mux, De-Mux for a PCle, USB, Thunderbolt or other high-speed interfaces, we would
like you to consider TDS5B212MX, TDS5C212MX. Please Refer to the data sheet for other detailed
characteristics.

For TDS5B212MX product pages and data sheets, see — [e[{s/d; =112
For TDS5C212MX product pages and data sheets, see — [L8][[e (&, [=]5=

For a list of bus switches, see — [el[{e/¢] 52175

Here is an introduction to the Toshiba bus switch in the mini catalog Click Here
Application notebook: Bus-switch basics here — |88, (<=

Application notebook: 32Gbps MUX/DEMUX Bus-Sw TDS4A212MX, TDS4B212MX — [l 5 [<I{<

This is FAQ for the bus switch — [Fel[{s /€5 (= 1=

-PCIe® is a trademark of PCI-SIG.

-USB4® is a trademark of USB Implementers Forum.

-Thunderbolt ™ is a trademark of Intel Corporation or its subsidiaries.

-DisplayPort ™ is a trademark owned by Video Electronics Standards Association (VESA®) in the
United States and elsewhere.

-TarfSOI ™ is a trademark of Toshiba Electronic Devices & Storage Corporation.

-Other company names, product names, service names, etc. may be used by different companies
as trademarks.
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's
written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible
for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and systems which
minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to
property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the
Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information,
including without limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and
conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product
will be used with or for. Customers are solely responsible for all aspects of their own product design or applications, including but not limited
to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the
applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any
other referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation,
equipment used in nuclear facilities, equipment used in the aerospace industry, Class 3 medical devices, equipment used for automobiles,
and military vehicles and munitions. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR
PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our website.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any
intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER,
INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2)
DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR
INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for
the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass
destruction weapons). Product and related software and technology may be controlled under the applicable export laws and regulations
including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export
and re-export of Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and
regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please
use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including
without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT
OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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