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Critical parameters for multiplexers and
signal switches
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Critical parameters | I\/IuItlpIexers & signal switches

f _ Supply range k e N On-resistance
1+ Single supply: L Supply current | +Ro3Q, 600Q,1250Q
. 24V,15V,5V,33V y | +10nA-100pAmax || e Flatness: flat,1Q, 20 Q
, + Dual supply: A « Drift: 0.5%/°C - 2%/°C
'\\ +15V, +10V, 5V )
(/ Input signal range \\‘. On-capacitance
'« Low level: 10 mV — 100 mV ! « Con: 3 pF, 60 pF, 125 pF
* High level:
! o Currentinput: 4...20 mA, 0...24 mA, :\ Charge intection
| 0...20 mA |
| i | 1 PA lsor * Low: 0.1 pC
' o Voltage input: £10V, +5V, 0 to 10 | e
; V,0t05V | High: 50 pC
. * Rail-to-rail, above-rail
B il Leakage @ 125°C
| HBMESD level » Low: 2 nA max
' None, 2 kV VSS GND * High: 1 pA max
Powered-off protection, Fail-safe D .

.' Transition time :
| Fast switching: 50 ns- 100 ns !
.+ Slow switching: 1 ps- 10 ps :

Control logic
* Logic level (Vpp): 3.3V,5V,10V
» Protocol: GPIO, SPI

Simplify power sequencing design

logic, Latch-up immunity |
complexity |

___________________________________
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Why |S RON |m portant for yOur SyStem’? Tl Precision Labs video - On-Resistance

+15V 160

TVDD £ 150 K -
Row 3 - Q The on-resistance of a switch
2 21 ] RF 500 3 can introduce variations and
?Vm 24 g g0 gain error, which produce
it - I ¥e - signal dependent distortion
S8~ R1 500 © 110
2; o 5 b = | VouT o0 [ IS S S | O Ry drifts over temperature
AD o % 1210 8 6 4 -2 0 2 4 6 8 10 12 h I . d
_l__ U2 OPA209 s that [imits accuracy an
o 1 degrades linearity of Vg
ENl U1 MUX36s08 b s related to V
= GND VSS e
: = _
= l l A O To counter gain error
-15v introduced due to Ry, itis
Effective el e s e R T S T R T recommended to interface
Gain (AG) =- RF/(R1 + Rgy) Input Voltage the MUX output to a high
06 impedance stage R1 (buffer
However, if R1 is very high compared to Ry, 5 o I e T amplifier)
then any gain error non-linearity introduced s D
due to the MUX Rgy, is negligible g:gi f
=06 1
208 |
4
-12

1210 8 6 4 2 0 2 4 6 8 10 12
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TI Precision Labs video - On-Capacitance

Why IS CON important? o

A J
+_I_5v
\vDD e
100kQ —
Rs; Vg1 1 | 1
o ! 1
~ ! !
¥ 2o oo ! ! TI(C,,.= 10 pF) mux
= Re sl . l ! reaches the final value
Si ) VOrUT VG b : 1
+ S o Y _I_ D b | : /
va(/)1vde s8N, Co 10pF 000 1 1 MUX_OUT_CD_10pF
A2 I 01— .
— A1 = 1
N —; e
+ EM u1Mux36s08 ] !
Control 5Vl GND lvss 500— I MUX_OUT_CD_30pE
= .15V vour2
A slgl?ructe St;’(\;ittv(\;lziemg Outcome " LT | Y
examples . 000 25000 50000 A 10000
impedance channels Tirme )
MUX36S08 100 kQ 10ps TI mux settles to the input U On-capacitance affects settling behavior of multiplexers, which impacts
(Con =10 pF) source’s final value :
transient performance of the system

S Logise O Thgl otthetrh mlfi_x dloesln‘t Q Higher C,, can introduce distortion in systems where input channels are
settlie to the Tinal value .

(Coy = 30 pF) g v swﬂched gt a very fast rate o o
constant formed by mux U For high input impedance data acquisition systems and fast switching
on-capacitance (30 pF) data acquisition systems, a low C,, multiplexer is recommended
and 100 kQ input

impedance of source
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Why is || cakace IMmportant for your system?

TI Precision Labs video - Leakage Current

900
| | | | | |
+15V +15V VDD = 15V, VSS = - boony_
Tvop Tvop 600 15V >
E - boorey .
I I lLEAKAGE £ ls ey~ 4/
sorF  IDoFF Ip=lg 5 0 __J___:-t
T
Rsource R Rsource R o \T
. S D N S D f—: -300 / S(OFFF _|
(i}
Vin MUX Model Ru Vin ML.JX Model RL ° | g \
Switch = OFF Switch = ON e R
— lVSS L lVSS ID[ONT
ey = -15V = 00

75 50 -25 0 25 50 75 100 125 150
Temperature (°C)

*  Switch = OFF: Ig g flows through Rgoyrce @nd lpoer) flows through Ry

+ Switch = ON: Error introduced by leakage current: Veggpor = (Ron + Rsource) X Ipon
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ustrial applications | Factory automation - PLC
oo
\ RsoURCE ILEAKAGEGlD
T e maaien
?Vin :i
Thermocouple : : Multiplexer J—< ADC = S5
o o T S6) VQUT
s7] 5 C
Current I ig RL
Sensing Al
A
}/f Pito / EAN2 MUX =
oL::m gifggorr 4 r = ﬁgnfiqura\t/igg
'XEJJQ]K;:;"' Multiplexed Data Acquisition System 5V J_— _%V

18-bit system example calculation:

Multiplexer Offset error _
Multiplexer examples | leakage current (25°C/85°C) .Offset errgr . Vrer = 5V
(5°CIB5'C) | (enace X Rsoued) | o0 orotem (nbIts) 5V
VLSB = ﬁ = 19073}1‘/
MUX 1 (Low leakage) 10 pA /50 pA 10 pVv /50 pv 0.52/2.62
OffsetError(V) = ILEAKAGE ' RSOURCE = (100pA)(1MQ) = 100H.V
MUX 2 (High leakage) 100 pA /500 pA 100 pV /500 pv  5.24/26.22 OffsetError(V) 100uV

OffsetError(Bits) = = 5.24 codes

Visg "~ 19.073uV
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TMUX7219 benchmarks | Leakage current

Leakage Current (nA)

&
a

Leakage Current vs. Input Voltage @ +15V, 125°C

T, = +125°C

____—— + TMUX7219is designed to be

the lowest leakage low Rgy
mux in the industry

» Lower leakage with linear
scaling means

— Less error in measurement

Input Voltage (V)

® CompA — Less drift

® Tl — Easier to calibrate in high
precision systems

9
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Why is Q,\;ection IMportant for your system?
T1 Precision Labs video - Charge injection

« What is charge injection error?
— Charge injection is a voltage change introduced at the output of the switch when logic is turned ON or OFF

— This can introduce output voltage error when the control logic is switched

+15V

Tvop
s1 . D V9u'r VDD ----
+ on/off ‘Lc -Lc 'Lc EN
| T T T5% ves-

\/ -
?EN =~ Vout i
F \ /" AVout

GNlj_ lVSS
-15Vv

» Voltage change introduced at the output of switch when switch is turned ON or OFF
Qiny = (Cp + Cp) X AVpyr

« With large load capacitance, effect of C, can be ignored:
QIN]

Verror = AVoyr = C
L 10
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Industrial applications | Analog input modules

......................

Thermocouple

Current
Sensing

ot

Photo
LED Detector

Optical Sensor

----------------------

Analog Inputs

Vpp +15V
VDD
EN }17
S1
S2 o ¢
S3 ks
o— ¢ D Reir
S4
= o— ¢ +12V
Inputs
S6 o Crit
S7 O/
S8 O/
A2 1.8V Logic
zé Control Signals

O

Vpp +5V
Q

%%
Vs -15 V

ADS8661

— e o —— ————

Vesd(): \

( \ ( \
| SENSOR | l MULTIPEXER |

SAR ADC
| I I 1 -

tAC
| Ry | | Ron (mux) | © Q SW
| — W | ' o0 W
I | c
| | SH

| I | N#of . | g
[ Vry | I channels * |
l l l Con mux) I Crur
| I I
| I I
l )| )
e —— R

Multiplexed Data Acquisition Front End

taco > K X Tey

* Ter= (Rru + Ron vux) X (Crir + Con vuxo)
« kis single pole time constant for N bit ADC

Wip TEXAS INSTRUMENTS




TMUX7219 benchmarks | Charge injection

Charge Injection (pC)

150

100

50

-50

-100

-150

-200

Charge Injection vs. Input Voltage @ 15V

Input Voltage (V)

Comp A ONLY specs Qc in the
red box!

® CompA

® T

« TMUX7219 delivers class-
leading charge injection
performance across the entire
signal range

* Lower charge injection means
— Less error in the signal chain
— Faster sampling

— Less overshoot & ringing on
switching channels

12
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P il
T e e e e e e e e e e e e ——

i Supoly range | o On-resistance k
1+ Single supply: L Supply current 1 R 3Q,600,125Q |
i 24V,15V,5V,3.3V \ ! « 10 nA - 100 pA max ,: i « Flatness: flat, 1 Q, 20 Q i
, + Dual supply: N \_* Drift: 0.5%/°C - 2%/°C |
. %15V, £10V, 5V N\ ettt
(/ Input signal range \\‘. ' Qn-capacitance
'+ Low level: 10 mV — 100 mV ! ?_0n3p|_:_ 60 pF_%ZSDF
. * High level:
i o OCur;e(:)nrtnl'rA]\put: 4...20 mA, 0...24 mA, i\ :, Charge injection E
| i | mPUtY | 1PA L | — | slLow:0.1pC !
! :+10V, #5V,0t0 1 ! ok ,
| o xoga}[gef)lr\\/put O0V,#5V,0to0 10 : - High: 50 pC /.
'« Rail-to-rail, above-rail J P .
B S ' Leakage @ 125°C |
| HBMESD level / |+ Low: 2 nA max ;
i None, 2kV ! VSS GND Lt _"_"9_*11{-_%’?‘_':‘1_6‘_)&__"/:
Powered-off protection, Fail-safe S . T T N
logic, Latch-up immunity ' Transition time ! Control logic i
Simplify power sequencing design 1+ Fast switching: 50 ns-100ns ' | - Logic level (Vpp):3.3V,5V,10V
complexity .+ Slow switching: 1 ps- 10 ps 1 Protocol: GPIO, SPI

____________________________________ I 13
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TMUX features | Powered-off Protection

Feature Description

TI switches with powered-off protection will protect downstream
components when input signals are present in the 1/O pins
while the switch is unpowered. The switch maintains a high-
impedance state on the I/O pins which prevents back-
powering Vpp and the select (SEL) pin.

Provides electrical isolation between subsystems

Prevents data from being transmitted unintentionally

Eliminates need for power sequencing solutions
* Reduces BOM count and cost

+ Simplifies system design

* Improves system reliability

Learn more about how to eliminate power sequencing issues here!

TI Precision Labs video — Powered-off protection

Subsystem A transmits a 3.3 V signal to the switch input

when the switch is OFF

The 3.3 V signal back-powers the unpowered switch through
the ESD diode, unintentionally turning the switch ON

The 3.3 V unwanted signal is transmitted through the switch,
damaging the system.

-

29V

of L1115

Powered 3.3V

A\

WiFi Module |

LDO

Powered off §

Processor

Switch without powered-off protection

Switch with powered-off protection

Input voltage back-powers
Vpp, causing unwanted signal
to pass through switch

Switch remains OFF
(high-Z), assuring signal
isolation when V=0

Voo Shutdown H b1]
33V ] /
1

VDD Y

1

1

|
Input

Cutput not isclated from input

I
I
33V 1
I
i

Qutput

Wpp Shutdown

33V B /
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TMUX features | Fail-safe logic

Feature Description

TI switches with fail-safe logic will protect downstream
components when a logic signal is present in the select (SEL)
pins while the switch is unpowered. The switch maintains in a
high-impedance state on the SEL logic pins preventing
power from going through V,,during power sequencing.

Protects mux and downstream ICs from damage

Eliminates need for power sequencing solutions
* Reduces BOM count and cost

+ Simplifies system design

* Improves system reliability

(1) The MCU transmits a 3.3 V logic signal to the switch select (SEL) when the
switch is OFF

@ The 3.3 V logic signal back-powers V5, back-powering Subsystem B and turning
the switch ON

Switch without fail-safe logic:
Unpowered

Subsystem
B

Switch

Standard low-voltage TMUX feature
TI1 Precision Labs video - Fail-safe Logic

Switch with fail-safe logic:
Unpowered

Subsystem

B
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TMUX features | Latch-up immunity

Cross section of CMOS Inverter with SCR

Feature Description

TI switches with latch-up immunity prevent undesirable high
current events between parasitic structures within the device
typically caused by overvoltage events. The

TMUX62xx/I TMUX72xx family of devices are built in a Silicon
On Insulator (SOI) process and will not latch-up when
exposed to current injection or overvoltage events.

Prevents undesirable high current events between parasitic
structures within the device typically caused by overvoltage
events.

Provides a simpler, more compact protection solution
* Reduces BOM count and cost
» Simplifies system design

NMOS

Gate

PMOS

Gate

VDD

e L[] [o+]

Le+]

[p+]

L+ ]

n-well

~

VVV

Substrate (p)

* Improves system reliability

Tl Precision Labs video — Latch-up Immunity

Oxide Insulating Trench Layer
NMOS

Gate

PMOS

Gate

VDD

T ] [

3pIXO Youad|

p-epi

Buried Oxide Layer (Insulator)

JPIXO YoUdIL

n-well

o]

In_+|

3pIXO Youad|

Substrate (p) / Handle
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1.8V

Industrial applications | Protection multiplexers

33V Vop Vio
FLASH Device #1 T T
Vio Voo P
Processor JTAG, SPI, GPIO rocessor
MISO Port
MOSI FLASH
RAM SCLK
SS JTAG
SPI PORT DEBUG, RAM
CPU SPI, GPIO
FLASH Device #2
. MISO CPU
Peripherals MOSI
1.8V Logic SCLK 1.8V Logic )
Iio SS /10 Peripherals
GND GND

|||—

Multiplexing Flash Memory

Protocol / Signal Isolation
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Tl multiplexer | Package differentiation

A

QFN

Leaded

DTQ
A = 0.8mm?

RUG

.DPW
A = 0.64mm? A = 2. 1mm?

DOA
A = 2.5mm?

1x scale:

PW DQA DPW

RSV
A
= 4.68mm?

74% Smaller 68% Smaller 62% Smaller 72% Smaller 70% Smaller vs. competition precision portfolio
DYY
. DBV , A = 8.4mm?>
A =4.64mm 70% Smaller than TSSOP

SC70 SC70 VSSOP VSSOP TSSOP ,

A = 2.5mm? A = 2. 5mm?> A = 9mm? A = 9mm?2 A=22mm
>
5 6 8 10 16 20+ Pin count

1:1 (1x) 2:1 (1x) 1:1 (2x) 4:1 (1x) 1:1(4x) | 221 (3x) | 2:1 (4x)
2:1 (2x) 4:1 (2x) | 8:1(1x)
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Tl package technology | SOT-23-THIN (DYY)

Industry’s smallest 16-pin leaded packages

SOT-23Thin
_TSSOP  s07-23Thin QFN D (length) 4.2 mm 5.0 mm
E (width) 3.2mm 6.4 mm
DYY BQE Pitch 0.5 mm 0.65 mm
A ) , 57%
rea 13.7 mm 32.0 mm smaller
Dual footprint option QFN size with leaded reliability
SOT-23-THIN will fit « SOT-23-THIN package achieves small ES1E4¢11ain!
inside TSSOP QFN size and maintains 0.5 mm pitch QFN
footprint and can be NN i
dual routed using + SOT-23-THIN is a QFN alternative for 0.5mm: @
conventional PCB space constrained designs with the Pitch! e
design rules. added benefits of optical inspection, WY BQB

easier debug, and mechanical
reliability of a leaded package

Wip TEXAS INSTRUMENTS
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Tl multiplexer & signal switch portfolio

* Broad portfolio of precision, protection and
general-purpose multiplexers
* Broad selection from low and mid-voltage

* Lowest & flattest charge injection
* Integrated 1.8V logic

» Powered-off protection

» Fail-safe logic

» State of the art silicon and packaging technology
* Higher voltage support without sacrificing Rgy

* Latch-up immunity

* Wide temperature support -40°C to 125°C
Robust ESD

LElges. Technology

portfolio

Quick technical support through TI E2E™
support forums

» Tl Precision Labs training video series

» 3000 Tl reference designs

22
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Selection guide | Low-voltage VgignaL < 24V

TMUX1108 TMUX Key Differences
TMUX1208

TMUX1308 :
Protection . . General
SN74LV4051 Precision Protection
*CD4051 S 5 Purpose
SN74LV4051 *ngerat 2:)1\r/psosel
------------------------------------------ - upto upp Ultra-Low Leakage (pA) v/ - -
TMUX1109
TMUX1209 .
TMUX1309 Powered-off Protection - v -
TMUX1104
TMUX1204 SN74LV4052 :
SN74CBT3253 Overvoltage Protection — v —
< : TS5A5017
E OO NN ebaosz _ _ 1.8 V Logic Control v/ v/ v
5 U1 : TMUX1136 _ '
2 TMUX1219 TMUX136 TMUX1133 : TMUX1134 Fail-safe Logic v v v
S TMUX1247 TMUX154E SN74LV4053A : TMUX1574
O SN7ALVO3157 TMUX1072 CD74HC4053 ; TS3A44159 Smallest QFN packages 4 4 4
TS5A23157/59 *CD4053 : SN74CBTLV3257
TS5A3159 : TS5A22364 :
: : " AR v TMUX12xXx,
OO OSSOSO PO PSSO OOOE OO PO PO RUOSOT PP SROOPIOTRPOOOS C SRS Tl Device Families: TMUX11xx TMUX15xx TMUX13xx
: TMUX1121 : TMUX1111
TMUX1101 TMUX1122 TMUX1511
TMUX1102 : TMUX1123 TMUX1311
SN74LVC1G66 : SN74LVC2G66 SN74CBTLV3125
TS5A3166 : TS5A2066 SN74HC4066
: TS5A21366 *CD4066 TM U XXXXXX N O m en C | at U re
1 2 3 4 1st Digit 2nd Digit 3rd & 4th Digit Final Letter
Supply Product Family Channel Count Key
Number of Channels Range Generation & Configuration Differentiation
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Selection guide | Mid-voltage (24 V > VggnaL = 100 V)

TMUX Key Differences
MUX36S16 G |
MUX506 Precision | Protection enera
Purpose
..................................................... General Purpose Ultra-Low Leakage (pA) / _ _
MUX36508 MUX36D08 Powered-off Protection - v -
MUX508 MUX507
Overvoltage Protection B s _
‘ ..................................................... (up tO iGO V)
c :
2 MUX36D04 Fail-safe Logic v v v
I TMUX6104
g MUX509
= Smallest QFN packages v v v
R e
o]
38 . _— TMUX61xx TMUX73xxF
Tl Device Families: TMUX72xx TMUX74%xF MUX50x
TMUX6136 TMUX6119
TMUXxoxxxX Nomenclature
TMUX6121/22/23 : TMUX6111/12/13
‘ 1st Digit 2nd Digit 3rd & 4th Digit Final Letter
1 2 4 Supply Product Family Channel Count Key
Range Generation & Configuration Differentiation
Number of Channels
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