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5 Pin Configuration and Functions
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BJ 5-1. TMUX121 NKG Package, 10-Pin UQFN (Top View)

% 5-1. Pin Functions

PIN

NAME = TYPE(") DESCRIPTION
D1 1 1/0 Drain pin 1. Can be an input or output.
D2 2 1/0 Drain pin 2. Can be an input or output.
S1A 5 1/0 Source pin 1A. Can be an input or output.
S2A 4 110 Source pin 2A. Can be an input or output.
S1B 7 1/0 Source pin 1B. Can be an input or output.
S2B 6 1/0 Source pin 2B. Can be an input or output.
SEL 10 IN Switch logic control input. Controls the switch connection as provided in % 7-1.
EN 8 IN Active low enable input. Controls the switch connection as provided in % 7-1.
VDD 9 P 3.3 V power supply
GND 3 G Ground

(1) IN =input, I/0 = input or output, P = power, G = ground
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Vbp Supply voltage -0.5 4.0 \Y
Ven or VgL Logic control input pin current (SEL, EN) -0.5 4.0 \Y
Vp or Vg Source or drain voltage (Sx, Dx) -0.5 5.5 V
Tstg Storage temperature -65 150 °C
T Junction temperature —40 125 °C

(1)  Operation outside the Absolute Maximum Rating may cause permanent device damage. Absolute Maximum Rating do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Condition. If
used outside the Recommended Operating Condition but within the Absolute Maximum Rating, the device may not be fully functional,
and this may affect device reliability, functionality, performance, and shorten the device lifetime.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +5000
Vesp Electrostatic discharge \%
Charged device model (CDM), per ANSI/ESDA/JEDEC JS-002(2) +1000
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN TYP MAX UNIT
VDD Power Supply voltage 3.0 3.3 3.6 \Y
VDDgramp Power Supply voltage ramp time 0.1 100 ms
Vp or Vg Source or drain voltage (Sx, Dx) 0 3.6 \%
VeN or VggL Logic control input pin current (SEL, EN) 0 3.6 \%
Is or Ip (cont) Source or drain continuous current (Sx, Dx) 90 mA
Ta Operating free-air/ambient temperature -40 125 °C
6.4 Thermal Information
TMUX121
THERMAL METRIC(") NKG (UQFN) UNIT
10 PINS

Reua Junction-to-ambient thermal resistance - High K 225.9 °C/W
RaJcitop) Junction-to-case (top) thermal resistance 93.5 °C/IW
Rgys Junction-to-board thermal resistance 147.5 °C/W
Wyt Junction-to-top characterization parameter 3.4 °C/W
Wi Junction-to-board characterization parameter 1471 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.
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6.5 Electrical Characteristics

Over operating free-air temperature and supply voltage range (unless otherwise noted)

Typical at Vpp = 3.3 V Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Ibpa Vpp quiescent supply current EN =Vpp 1.3 4 A
Iop Vpp supply current EN=0V " 30 A
Ron On-resistance Vs=O0V,ls=-8mA ° o4 o
Vs=24V,lg=-8mA 3.9 8 Q
Vs=0V,Ils=-8mA 0.5 Q
ARoN On-resistance mismatch between channels
Vs=24V,ls=-8mA 0.5 Q
RoN FLAT On-resistance flatness Vg=0VandVg=24V;ls=-8 mA 1 Q
Switch state is on
Is(on) Channel on leakage current (Sx, Dx) Vo= Vs=36V i “A
Ipon) Swiich st_ate is on 0.2 A
Vp=Vg=0V
Is(oFF) Source off leakage current (Sx) \S/\;viicg.gt\a/te is off 2 A
Ip(oFF) Drain off leakage current (Dx) \S/\I;viicg.gt@te Is off 2 HA
l(POFF) Powered-off leakage current (Sx, Dx) Vee=0V,VporVg=3.6V 10 A
Viy Logic voltage high (EN, SEL) 1.4 3.6 \%
Vi Logic voltage low (EN, SEL) 0.4
[ Input leakage current (EN, SEL) 0.2 uA
™ Input leakage current (EN, SEL) 1 MA
i Failsafe Input leakage current (EN, SEL) Vec =0V, Vgyor Vgg, =36V 10 A
6.6 Switching Characteristics
over operating free-air temperature and supply voltage range (unless otherwise noted)

PARAMETER MIN TYP MAX| UNIT
trrRAN Transition time from control input (SEL) R =50Q, C_ =10 pF 1 us
ton Turn-on time from control input (EN) R =50Q, C_ =10 pF 16 us
torr Turn-off time from control input (EN) R =50Q, C, =10 pF 0.5 us
tpp Switch propagation delay (Sx to Dx or Dx to Sx) 60 80 ps
tSkEW_INTRA Intra-pair propagation delay skew for same channel 2 10 ps
tskEw INTER Inter-pair propagation delay skew between channels 2 10 ps
BW —3-dB bandwidth 3 GHz
I Differential insertion loss f=10 MHz -0.3 dB
Oiso Differential OFF isolation (D to SA/SB) f=10 MHz -56 dB
XTALK Differential cross-talk (SA to SB or SB to SA) f=10 MHz -64 dB
gzig:; On capacitance f=10 MHz 1.7 pF
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6.7 Typical Characteristics
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7 Detailed Description

7.1 Overview

The TMUX121 is an analog passive 2 channel 2:1 (SPDT) that can work for any low-speed, high-speed,
differential or single ended signals. Excellent low capacitance characteristics of the device allow signal switching
with minimal attenuation and very little added jitter. The signals must be within the allowable voltage range of 0
to 3.6 V.

7.2 Functional Block Diagram

VDD
SEL Charge EN
Pump
T T
o
D1 | |
2 o ! S2A
e S1B
o S2B
GND

7.3 Feature Description
7.3.1 Enable and Low Power Mode

The TMUX121 can be placed in a power saving mode by pulling EN high. This reduces the supply power
consumption from 12 pA to 1.5 pA. which is extremely beneficial for systems where saving power is critical.

7.4 Device Functional Modes
£ 7-1. Mux Configuration Control Logic for TMUX121 ()

SEL EN Mux Configuration
L L D to SA
H L D to SB
X H All channels are disabled and Hi-Z

(1) The TMUX121 can tolerate polarity inversions for differential signals. Keep the polarity consistent
for all differential pairs.
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8 Application and Implementation

g2
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. TI’s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information

The TMUX121 is an analog high-speed mux or demux that can be used for routing differential as well as single
ended signals through it. The device can be used for many interfaces including 12C and I3C.

An available GPIO pin of a controller or hard tie to voltage level H or L can easily control the mux or demux
selection pin (SEL) of the device as an application requires. The switch path is passive and therefore
bidirectional.

8.2 Typical Applications
8.2.1 Signal Expansion (I13C and I2C)

There are many applications in which microprocessors or controllers have a limited number of 1/0s. The
TMUX121 solution can effectively expand the limited 1/Os by switching between multiple buses to interface them
to a single microprocessor or controller. A common application where the TMUX121 is as a I13C 1:2 multiplexer.
In this application, the TMUX121 is used to route communicating between different peripherals from a single
controller or driver within a server, as shown in [X| 8-1. The high bandwidth of the TMUX121 will preserve signal
integrity at even the fastest communication protocols that may be used in server applications, such as I13C. Also,
because 13C is backwards compatible, any of the peripherals can also be 12C, and the TMUX121 will still support
it.

33V

I13C/12C Driver

1 13¢/12C Peripheral

SCL
SDA Port A

SDA
1 13¢/12C Peripheral
SDA Port B

Switch
Control Logic

8-1. Typical Application
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8.2.1.1 Design Requirements

& 8-1. TMUX121 I3C Compatibility

I3C Requirements TMUX121 Specification
Voltage 1.0V,12V,18V,33V 0-3.6V
Frequency Up to 12.5 MHz 3 GHz Bandwidth
Capacitance 50 pF maximum bus capacitance < 2 pF On or Off Capacitance

8.2.1.2 Detailed Design Procedure

The TMUX121 supports I13C standard by maintaining signal integrity through the switch. # 8-1 details how the
TMUX121 specifications make this device optimal for switching I3C signals. Choosing a multiplexer with very low
capacitance helps reduces the impact to your total capacitance budget. This can enable more design flexibility
keeping the total bus capacitance under 50 pF such as: longer traces, more ICs, multiple buses, and so forth.

8.2.1.3 Application Curves

8-2 shows bandwidth of the TMUX121. This can easily support the max data rate of the I13C standard. A
combination of low on-resistance, low capacitance, and low added jitter from the device allows it to be used for
I3C.

-1 N

, \
. \

-4

Gain (dB)

-5

—

-6
1M 10M 100M 1G
Frequency(Hz)

B 8-2. Typical Differential Bandwidth vs Frequency

8.3 Power Supply Recommendations

The TMUX121 does not require a power supply sequence. However, Tl recommends to enable the device after
VDD is stable and in specification. Tl also recommends placing a bypass capacitor as close to the supply pin
VDD as possible to help smooth out lower frequency noise to provide better load regulation across the frequency
spectrum.

8.4 Layout
8.4.1 Layout Guidelines

Place supply bypass capacitors as close to VDD pin as possible and avoid placing the bypass capacitors near
the high speed traces.

Route the high-speed signals using a minimum of vias and corners which reduces signal reflections and
impedance changes. When a via must be used, increase the clearance size around it to minimize its
capacitance. Each via introduces discontinuities in the signal’s transmission line and increases the chance of
picking up interference from the other layers of the board. Be careful when designing test points on twisted pair
lines; through-hole pins are not recommended.
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When it becomes necessary to turn 90°, use two 45° turns or an arc instead of making a single 90° turn. Doing
this reduces reflections on the signal traces by minimizing impedance discontinuities. Avoid stubs on the high-

speed signals because they cause signal reflections. Route all high-speed signal traces over continuous planes
(VDD or GND) with no interruptions.

Due to high frequencies, a printed circuit board with at least four layers is recommended; two signal layers
separated by a ground and power layer as shown in [X] 8-3.

| |Signa| 1

| ]
| | GND Plane
| ]
| |Power Plane
| ]
Signal 2

8-3. Four-Layer Board Stack-Up

The majority of signal traces must run on a single layer, preferably Signal 1. Immediately next to this layer must
be the GND plane, which is solid with no cuts. Avoid running signal traces across a split in the ground or power
plane. When running across split planes is unavoidable, sufficient decoupling must be used. Minimizing the
number of signal vias reduces EMI by reducing inductance at high frequencies.

For high speed layout guidelines, refer to High-Speed Layout Guidelines application note.

8.4.2 Layout Example

L[

( \

1] [7
To Common Port To Port B
2 ] [6

e}
S
L c[Jo
-To Microcontroller

(O Via to ground plane
() Via to power plane

10
9
8

To PortA

8-4. TMUX121 Layout Example
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9 Device and Documentation Support
9.1 Related Documentation

For related documentation, see the following:

» Texas Instruments, High-Speed Layout Guidelines application note

9.2 FFaAY FOEFMEMERITMBAE

REF2 A MO BEFIZOWNTOBRANESZITEAIZIE, ti.com OF ASA A 7 4V FZBINTLE SN, [HHOBmMmEs
FED 12707 L TRERTHE, BRI T R CORGTERICBE T X AP AN S TR ET, B OFEM
IZHOWTE, B IESIVZRF 2 AV MIE EFN TV AUWETEREZ ZELIZ30,

9.3R—F-UY—-2R

TIE2E™ YR —b « 74 —F A, TV =T DRRAEE A EFEFHI B T Db M o AN — MBI ) [E 2
BHZ LN TEDGET T, BEFORIEZMRB LI, ME OERZ L0352 8T, et CHER AR IS
LINTEET,

Vo 7Z3NTWDarTUoNE, S TG 1I2LD, HROFFRMEINLILDOTT, bl TI OEEE#ER T 5D
DT HFTLS Tl O REEZ ML O TIEHDER A, TI O HEHEZSERLTEE N,

9.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.
TRTCOBEET, TNENOFAHEICRBLET,
9.5 HESMEICHT 5 EESE
ZOD IC L. ESD (2L TR T 2 FTHEMESHVET . TH VA AL AV NV AV IE IC Z BB BITE ISR B A o2 8
‘ EHEELET, IELWEBVRWB IO E FIRICEDRWG G, TN AE MR T8N 0nH0ET,

A\ ESD ICEBMARIE, DT RMREIE T DT A ADTE R ECEIGI DIV ET, K72 IC DG, /STA—FHb T
LT BT TARSNTOB NI TTHEME DB 720 | R AEL DT <o TVET,

9.6 FE
FHA R AL AV LA EE ZOREEEICIT, HECKEO—E B LOERENTREINTWET,

10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TMUX121NKGR Active Production UQFN (NKG) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 0J
TMUX121NKGR.A Active Production UQFN (NKG) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 0J

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TMUX121NKGR UQFN NKG 10 3000 180.0 8.4 1.6 2.0 0.7 4.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TMUX121NKGR UQFN NKG 10 3000 210.0 185.0 35.0
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PACKAGE OUTLINE
NKGOO10A UQFN - 0.55 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—

1
0.55
0.45
NOTE 3
i ¢
0.05 J‘
0.00
l~— (0.1) TYP
w 0.45
! | ! X 0.35
‘ |
2 |
v s ol B N
oxfoa) “Ef— - ——
S R — 7
1 |
0.25
10X 72
0.070) |C|A|B
10 8 @ 4"—Lu0'05@
4055 L PIN 11D
0.45 (45°X 0.1)

4228479/A 02/2022

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This package complies to JEDEC MO-288 variation UDEE, except minimum package height.

i
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EXAMPLE BOARD LAYOUT
NKGOO10A UQFN - 0.55 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

10 SEE SOLDER MASK

le— 4X (0.7) —= <L‘
i DETAIL
o

10X (0.2)

T
+ |
_ _ _ ! 7
f % | | SYMM
6X (0.4) -4—- b——f— ¢

== .
(R0.05) TYP —/ ‘ \ ‘

|

6X (0.6) - -— -

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 30X
0.05 MIN
0.05 MAX
ALL 205 MAX j r ALL AROUND T
/ ! METAL UNDER
METAL EDGE 1 / SOLDER MASK
I
! |
/ |
I
EXPOSED METAL T\ SOLDER MASK EXPOSED—"] | SOLDER MASK
OPENING METAL | ) OPENING
NON SOLDER MASK
DEFINED SOLDER MASK DEFINED

(PREFERRED)
SOLDER MASK DETAILS
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.

i
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EXAMPLE STENCIL DESIGN
NKGOO10A UQFN - 0.55 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

l—ax (0.7) — ¢
|

10X (0.2)
11 |
5 ),

6X (0.4) | N — — T

R0.05) TYP | ‘
( ) _ ‘
| !

6X (0.6) — S N B
| |
R L3 5 !

SOLDER PASTE EXAMPLE
BASED ON 0.1 MM THICK STENCIL
SCALE: 30X
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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