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5 Device Comparison Table

PRODUCT
TMUX6208

DESCRIPTION
8:1, 1-Ch. multiplexer

6 Pin Configuration and Functions
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K] 6-1. TMUX6208: PW Package 16-Pin TSSOP Top K& 6-2. TMUX6208: RUM Package 16-Pin WQFN Top

View View
% 6-1. TMUX6208 Pin Functions
NAME PW NO. RUM NO. TYPE DESCRIPTION
A0 1 15 | Logic control input.
EN 2 16 | Active high logic en_ablg, haslinternal puII-up rlesistor. Whe_n this piln is onv, aI‘I switches are
turned off. When this pin is high, the Ax logic input determines which switch is turned on.
Negative power supply. This pin is the most negative power-supply potential. In single-
VSS 3 1 P supply applications, this pin can be connected to ground. For reliable operation, connect a
decoupling capacitor ranging from 0.1 1 F to 10 1 F between Vss and GND.
S1 4 2 110 Source pin 1. Can be an input or output.
S2 5 3 110 Source pin 2. Can be an input or output.
S3 6 4 /0 Source pin 3. Can be an input or output.
S4 7 5 /0 Source pin 4. Can be an input or output.
D 8 6 /0 Drain pin. Can be an input or output.
S8 9 7 /0 Source pin 8. Can be an input or output.
S7 10 8 /10 Source pin 7. Can be an input or output.
S6 11 9 110 Source pin 6. Can be an input or output.
S5 12 10 110 Source pin 5. Can be an input or output.
Positive power supply. This pin is the most positive power-supply potential. For reliable
VDD 13 11 P operation, connect a decoupling capacitor ranging from 0.1 uF to 10 u F between Vpp
and GND.
GND 14 12 P Ground (0 V) reference.
A2 15 13 | Logic control input.
A1 16 14 | Logic control input
Thermal Pad The therma_l _pad is not connected internally. No requirgment tlo solder this pad, if
— connected it is recommended that the pad be left floating or tied to GND.
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)() (2) (3)

MIN MAX UNIT
Vpp ~ Vss Power supply voltage differential 38 \%
Vpp Supply voltage -05 38 \%
Vss Supply voltage -38 0.5 \%
VsgL or Ven Logic control input voltage (EN, Ax) -05 38 \%
IseL or lgn Logic control input current (EN, Ax) -30 30 mA
Vs or Vp Source or drain voltage (Sx, D) Vgs-0.5 Vppt+0.5 \%
Ik Diode clamp current® -30 30 mA
Is or Ip (conT) Source or drain continuous current (Sx, D) Ipc * 10 %®) mA
Ta Ambient temperature -55 135 °C
Tstg Storage temperature -65 150 °C
T, Junction temperature 140 °C

(1) Stresses beyond those listed under Absolute Maximum Rating may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.

(2) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum.
(3) All voltages are with respect to ground, unless otherwise specified.
(4) Pins are diode-clamped to the power-supply rails. Over voltage signals must be voltage and current limited to maximum ratings.
(5) Refer to Source or Drain Continuous Current table for Ipc specifications.

7.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(") +2000
V(esp) Electrostatic discharge |Charged device model (CDM), per JEDEC specification JESD22-C101, all 500 v
e +
pins

(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.
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7.3 Thermal Information

TMUX6208
THERMAL METRIC () PW (TSSOP) RUM (WQFN) UNIT
16 PINS 16 PINS
Roua Junction-to-ambient thermal resistance 93.5 TBD °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 249 TBD °C/W
Ry Junction-to-board thermal resistance 40.0 TBD °C/W
Wr Junction-to-top characterization parameter 1.0 TBD °C/W
RN Junction-to-board characterization parameter 39.4 TBD °C/W
R0 yc(bot) Junction-to-case (bottom) thermal resistance N/A TBD °C/W

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

report.

7.4 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Vpp - Vgs () Power supply voltage differential 45 36 \%
Vpp @ Positive power supply voltage ‘ Single supply 4.5 36 \%
Vg or Vp Signal path input/output voltage (source or drain pin) (Sx, D) Vss Vpp \Y
VsgL or Ven Address or enable pin voltage 0 36 \%
Ta Ambient temperature -40 125 °C
(1)  Vpp and Vgg can be any value as long as 4.5V < (Vpp - Vss) < 36V, and the minimum Vpp is met.
(2) When Vss =0V, Vpp can range from 4.5V to 36 V.
7.5 Source or Drain Continuous Current
at supply voltage of Vpp * 10%, Vss = 10 % (unless otherwise noted)
CONTINUOUS CURRENT PER CHANNEL (Ipc)
Ta =25°C Ta=85°C Ta=125°C UNIT
PACKAGE TEST CONDITIONS

+15 V Dual Supply 300 190 110 mA

+12 V Single Supply 220 150 90 mA
PW (TSSOP)

+5 V Dual Supply 210 140 90 mA

+5 V Single Supply 170 110 70 mA
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7.6 ¥15 V Dual Supply: Electrical Characteristics

Vpp = +15V £ 10%, Vgs = - 15V £10%, GND = 0 V (unless otherwise noted)
Typical at Vpp = +15V, Vgg = - 15V, Tpo = 25°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ Ta MIN TYP  MAX| UNIT
ANALOG SWITCH
Va Analog signal range -40°C to +125°C Vss Vpp \Y
25°C 4 5.9 Q
. Vg=-10Vto+10V
- -40° +85° 7.5 Q
Ron On-resistance b= - 10 mA 40°C to +85°C
-40°C to +125°C 8.9 Q
25°C 0.1 0.5 Q
On-resistance mismatch between |Vg= -10V to +10 V o o
ARON | channels Ib= - 10 mA 40°C to +85°C 075 @
-40°C to +125°C 0.9 Q
25°C 0.5 0.9 Q
RonFLaT |On-resistance flatness Vs=-10Vio+10V - 40°C to +85°C 13| @
Is= -10 mA
-40°C to +125°C 1.7 Q
Ron priFT | On-resistance drift Vs=0V,ls= -10 mA -40°C to +125°C 0.035 Q/°C
VDD =16.5 V, VSS =-165V 25°C 0.02 nA
Switch state is off
M -40°C to +85°C 0.3 nA
Is(oFF) Source off leakage current Vs=+10V/ - 10V (o]
Vp=-10V/+10V -40°C to +125°C -5 5| nA
VD'? =16.5 \/ Vgg= - 165V 25°C 0.04 nA
. 1 Switch state is off Z40°C to +85°C 1 nA
ID(OFF) Drain off Ieakage current( ) VS =+10V/ -10V
Vp=-10V/+10V - 40°C to +125°C -25 25| nA
25° . A
| Vpp = 165V, Vgg = - 16.5V >c 0.05 n
S(ON) Channel on leakage current® Switch state is on - 40°C to +85°C 1 nA
loom Vs=Vp=#10V
sT¥bT = - 40°C to +125°C - 25 25| nA
LOGIC INPUTS (SEL / EN pins)
V4 Logic voltage high -40°C to +125°C 1.3 36 \%
VL Logic voltage low -40°C to +125°C 0.8 \Y
Iix Input leakage current -40°C to +125°C 0.4 2| pA
M Input leakage current -40°C to +125°C -0.1 -0.005 HA
Cin Logic input capacitance -40°C to +125°C 3 pF
POWER SUPPLY
25°C 35 57| pA
VDD= 16.5 V, VSS= -16.5V _ o o 65 A
Iop Vpp supply current Logic inputs = 0 V, 5 V., or Vpp 40°C to +85°C u
-40°C to +125°C 80| MA
25°C 5 9| pMA
VDD=16-5V1VSS= -16.5V _ o ° 10 A
Iss Vgg supply current Logic inputs = 0 V, 5V, o Vpp 40°C to +85°C v
-40°C to +125°C 30| pA

(1) When Vg is positive, Vp is negative, and vice versa.
(2) When Vg is at a voltage potential, Vp is floating, and vice versa.
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7.7 £15 V Dual Supply: Switching Characteristics

Vpp = +15V £ 10%, Vgs = - 15V £10%, GND = 0 V (unless otherwise noted)
Typical at Vpp = +15V, Vgg = - 15V, Tpo = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta MIN TYP  MAX| UNIT
25°C 130 200| ns
t Transition time from control input Vs=10V -40°C to +85°C 220 ns
TRAN PU IR =300 @, C_=35pF
-40°C to +125°C 240| ns
25°C 130 200| ns
t Turn-on time from enable Vs=10V -40°C to +85°C 220 ns
ON (EN) R, =300 Q,C_=35pF
-40°C to +125°C 240 ns
25°C 190 250 ns
t Turn-off time from enable Vs=10V -40°C to +85°C 260 ns
OFF (EN) R, =300 Q,C_ =35pF
-40°C to +125°C 270 ns
25°C 50 ns
t Break-before-make time dela Vs=10V, -40°C to +85°C 1 ns
BBM Y IR =300 @,C_=35pF
-40°C to +125°C 1 ns
tep Propagation delay R =50 Q ,C_=5pF 25°C 550 ps
Qiny Charge injection Vg=0V,C_=1nF 25°C -5 pC
- . R|_=5OQ,C|_=5pF ° _
Oiso Off-isolation Ve =0V, f= 100 kHz 25°C 85 dB
R|_=509,C|_=5pF ° _
XTALK Crosstalk Vg=0V, =100 kHz 25°C 85 dB
BW - 3dB Bandwidth R.=50 @, C,=5pF 25°C 33 MHz
Vg=0V
Cs(orr) | Source off capacitance Vg=0V,f=1MHz 25°C 15 pF
Cp(orry |Drain off capacitance Vs=0V,f=1MHz 25°C 125 pF
8S<0N>~ On capacitance Vg=0V,f=1MHz 25°C 180 pF
D(ON)
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7.8 12 V Single Supply: Electrical Characteristics
Vpp = +12V £ 10%, Vss = 0 V, GND = 0 V (unless otherwise noted)
Typical at Vpp = +12V, Vgs =0V, Tp = 25°C (unless otherwise noted)

NOILVINYO4ANI 3ONVAQV

PARAMETER ‘ TEST CONDITIONS ‘ Ta MIN TYP MAX| UNIT
ANALOG SWITCH
Va Analog signal range -40°C to +125°C Vss Vpp \Y
25°C 6.8 1.5 Q
Ron On-resistance ?;S: ?x)t;,l\o v -40°C to +85°C 14.5 Q
-40°C to +125°C 17 Q
25°C 0.15 0.75 Q
ARoy COhn;;izlsstance mismatch between ?;S:?x)t:n,l\o \ " 40°C 1o +85°C 08 o
-40°C to +125°C 0.95 Q
25°C 1.9 35 Q
Ron FLaT | On-resistance flatness ?S::?x)t;:) v -40°C to +85°C 3.7 Q
-40°C to +125°C 4.4 Q
Ron prifT | On-resistance drift Vs=6V,Is= -10 mA -40°C to +125°C 0.035 Q/°C
Vpp=13.2V,Vgs=0V 25°C 0.02 nA
Iscorr) | Source off leakage current(" \S/\;viic:\osslt/e1i?/off - 40°C to +85°C 0.3 nA
Vp=1V/10V -40°C to +125°C -5 5| nA
Vpp=13.2V,Vgs=0V 25°C 0.04 nA
IooFr) | Drain off leakage current(!) \S/\;viic:\osslt/e1i?/off -40°C to +85°C 1 nA
Vp=1V/10V -40°C to +125°C -25 25| nA
Ison) Channel on leaka (2) VD|:_> =13.2 V Vss=0V 2_5°C° : 0.04 nA
Inon) ge current \S/wic\l; stjlt1e0|svoonr v 40°C to +85°C 1 nA
s—'p - 40°C to +125°C -25 25| nA
LOGIC INPUTS (SEL / EN pins)
Vi Logic voltage high -40°C to +125°C 1.3 36 \%
VL Logic voltage low -40°C to +125°C 0 0.8 \Y
™ Input leakage current -40°C to +125°C 0.4 2| pA
I Input leakage current -40°C to +125°C -0.1 -0.005 uA
CiN Logic input capacitance -40°C to +125°C 3 pF
POWER SUPPLY
25°C 33 50| pA
Ipp Vpp supply current \L/ggi:iggftsv’:\és\sl,zgl,vor Voo - 40°C to +85°C 55| pA
-40°C to +125°C 65| pA

(1) When Vg is positive, Vp is negative, and vice versa.
(2) When Vg is at a voltage potential, Vp is floating, and vice versa.
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7.9 12 V Single Supply: Switching Characteristics

Vpp = +12V £ 10%, Vss = 0 V, GND = 0 V (unless otherwise noted)
Typical at Vpp = +12V, Vgs =0V, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta MIN TYP  MAX| UNIT
25°C 130 210 ns
t Transition time from control input Vs=8V -40°C to +85°C 250 ns
TRAN PUt IR =300 @, C_=35pF
-40°C to +125°C 285| ns
25°C 130 210 ns
t Turn-on time from enable Vs=8V -40°C to +85°C 250 ns
ON (BN RL=300 @, C_ =35pF
-40°C to +125°C 285| ns
25°C 200 300 ns
t Turn-off time from enable Vs=8V -40°C to +85°C 330 ns
OFF (EN) R, =300 Q,C_ =35pF
-40°C to +125°C 350 ns
25°C 75 ns
t Break-before-make time dela Vs=8YV, -40°C to +85°C 1 ns
BBM Y |R.=300 @, C_ =35pF
-40°C to +125°C 1 ns
tep Propagation delay R =50 Q ,C_ =5pF 25°C 900 ps
Qiny Charge injection Vg=6V,C_L=1nF 25°C -5 pC
X . R|_=5OQ,C|_=5pF ° _
Oiso Off-isolation Vs =6V, f= 100 kHz 25°C 85 dB
R =50 Q@ ,C_=5pF o B
XTALK Crosstalk Ve =6V, f= 100 kHz 25°C 85 dB
BW - 3dB Bandwidth SL = ZOVQ »CL=5pF 25°C 30 MHz
5=
Cs(orry | Source off capacitance Vg=6V,f=1MHz 25°C 18 pF
Cp(orr) |Drain off capacitance Vg=6V,f=1MHz 25°C 145 pF
Cson. | on capacitance Vs=6V,f=1MHz 25°C 195 pF
Cp(on)
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7.10 5 V Dual Supply: Electrical Characteristics

Vpp =+5V £ 10%, Vss = -5V £10%, GND = 0 V (unless otherwise noted)
Typical at Vpp = +5V, Vgg = -5V, Tpo =25C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ Ta MIN TYP  MAX| UNIT
ANALOG SWITCH
Va Analog signal range -40°C to +125°C Vss Vpp \Y
Vop=+45V,Ves= -45v  |2C 75138 o
Ron On-resistance Vg= -45Vio+45V -40°C to +85°C 17 Q
Ip= - 10mA - 40°C to +125°C 19] o
25°C 0.25 0.7 Q
On-resistance mismatch between |Vg= -4.5Vto+4.5V e o
ARON | channels b= - 10 mA 40°C to +85°C 085 @
-40°C to +125°C 0.95 Q
25°C 25 3.8 Q
RonFLaT |On-resistance flatness Vs=-45Vio+45V - 40°C to +85°C 45| q
Ip= -10 mA
-40°C to +125°C 45 Q
Ron priFT | On-resistance drift Vs=0V,ls= -10 mA -40°C to +125°C 0.035 Q/°C
Vpp =+5.5V,Vgg= -55V 25°C 0.02 nA
Switch state is off
Q) -40°C to +85°C 0.3 nA
Is(oFF) Source off leakage current Ve=+45V/ -45V
Vp= -45V/+45V - 40°C to +125°C -5 5| nA
Vpp = +5.5V, Vgg = -5.5V 25°C 0.04 nA
Switch state is off
i (1) -40°C to +85°C 1 nA
Ip(oFF) Drain off leakage current Ve=+45V/ -45V
Vp= -45V/+45V -40°C to +125°C -20 20| nA
25° .04 A
| Vop = +55V, Vgg = - 5.5V >c 00 n
IS(ON) Channel on leakage current® Switch state is on - 40°C to +85°C 1 nA
D(ON) =\p =
Vs =Vp =245V - 40°C to +125°C - 20 20| nA
LOGIC INPUTS (SEL / EN pins)
ViH Logic voltage high -40°C to +125°C 1.3 36 \%
VL Logic voltage low -40°C to +125°C 0 0.8 \Y
Iix Input leakage current -40°C to +125°C 0.4 2| pA
M Input leakage current -40°C to +125°C -0.1 -0.005 HA
Cin Logic input capacitance -40°C to +125°C 3 pF
POWER SUPPLY
25°C 25 35| pA
VDD =+55V, VSS =-55V _ o °
Iop Vpp supply current Logic inputs = 0 V, 5 V. or Vpp 40°C to +85°C 45| pA
-40°C to +125°C 60| MA
25°C 3 9] pA
VDD =+55V, VSS =-55V _ o °
Iss Vgg supply current Logic inputs = 0 V, 5V, or Vpp 40°C to +85°C 10| pA
-40°C to +125°C 20| pA
(1) When Vg is positive, Vp is negative, and vice versa.
(2) When Vg is at a voltage potential, Vp is floating, and vice versa.
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7.11 ¥5 V Dual Supply: Switching Characteristics
Vpp =+5V £ 10%, Vss = -5V £10%, GND = 0 V (unless otherwise noted)

Typical at Vpp = +5V, Vgg = -5V, Tpo =25C (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta MIN TYP  MAX| UNIT
25°C 150 280| ns
t Transition time from control input Vs=3V -40°C to +85°C 310 ns
TRAN PU IR =300 @, C =35pF
-40°C to +125°C 340| ns
25°C 150 280| ns
t Turn-on time from enable Vs=3V -40°C to +85°C 310 ns
ON (EN) R, =300 Q,C_=35pF
-40°C to +125°C 340 ns
25°C 250 380| ns
t Turn-off time from enable Vs=3V -40°C to +85°C 400 ns
OFF (EN) R. =300 Q,C_ =35pF
-40°C to +125°C 420 ns
25°C 75 ns
t Break-before-make time dela Vs=3V, -40°C to +85°C 1 ns
BBM Y IR =300 @,C_=35pF
-40°C to +125°C 1 ns
tep Propagation delay R =50 Q ,C_=5pF 25°C 900 ps
Qiny Charge injection Vg=0V,C_=1nF 25°C -5 pC
- . R|_=5OQ,C|_=5pF ° _
Oiso Off-isolation Ve =0V, f= 100 kHz 25°C 85 dB
R|_=509,C|_=5pF ° _
XTALK Crosstalk Vg=0V, =100 kHz 25°C 85 dB
BW - 3dB Bandwidth R.=50 @, C,=5pF 25°C 30 MHz
Vg=0V
Cs(orr) | Source off capacitance Vg=0V,f=1MHz 25°C 19 pF
Cp(orry |Drain off capacitance Vs=0V,f=1MHz 25°C 150 pF
8S<0N>~ On capacitance Vg=0V,f=1MHz 25°C 200 pF
D(ON)
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8 Detailed Description
8.1 Overview

The TMUX6208 is an 8:1, 1-channel multiplexer. Each input is turned on or turned off based on the state of the
enable and address pins.

8.2 Functional Block Diagram

3 o7 o
Sw
S2 ]—o/ o—

) I
I

LN

S8 e I

A0
A1 Logic Decoder [ ¢ EN
A2

TMUX6208
| 8-1. Functional Block Diagram

8.3 Feature Description
8.3.1 Bidirectional Operation

TMUX6208 conducts equally well from source (Sx) to drain (Dx) or from drain (Dx) to source (Sx). Each channel
has very similar characteristics in both directions and supports both analog and digital signals.

8.3.2 Rail-to-Rail Operation
The valid signal path input or output voltage for TMUX6208 ranges from Vgg to Vpp.
8.3.3 1.8 V Logic Compatible Inputs

TMUX6208 has 1.8-V logic compatible control for all logic control inputs. 1.8-V logic level inputs allows the to
interface with processors that have lower logic 1/O rails and eliminates the need for an external translator, which
saves both space and BOM cost. For more information on 1.8 V logic implementations refer to Simplifying
Design with 1.8 V logic Muxes and Switches.

8.3.4 Fail-Safe Logic

TMUX6208 supports Fail-Safe Logic on the control input pins (EN and Ax) allowing it to operate up to 36 V,
regardless of the state of the supply pins. This feature allows voltages on the control pins to be applied before
the supply pin, protecting the device from potential damage. Fail-Safe Logic minimizes system complexity by
removing the need for power supply sequencing on the logic control pins. For example, the Fail-Safe Logic
feature allows the TMUX6208 logic input pins to ramp up to +36 V while Vpp and Vsg = 0 V. The logic control
inputs are protected against positive faults of up to +36 V in powered-off condition, but do not offer protection
against negative overvoltage conditions.
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8.4 Device Functional Modes

When the EN pin of the TMUX6208 is pulled high, one of the switches is closed based on the state of the Ax pin.
When the EN pin is pulled low, all of the switches are in an open state regardless of the state of the Ax pin. The
control pins can be as high as 36 V.

8.5 Truth Tables
%% 8-1 shows the truth tables for the TMUX6208.

% 8-1. TMUX6208 Truth Table
A1

Selected Source Connected
To Drain (D) Pin

All sources are off (HI-Z)
S1
S2
S3
S4
S5
S6
S7
S8

m
4
>
)
>
=3

alalalalalalalalo
Al Al OOl O] O

aAlalo|lolalalo|lo| X
alo|la|lo|m|lo|l ol X

(1) X denotes don't care.
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9 Application and Implementation

Note

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

9.1 Application Information

The TMUX6208 is part of the precision switches and multiplexers family of devices. These devices operate with
dual supplies (4.5 V to £18 V), a single supply (4.5 V to 36 V), or asymmetric supplies (such as VDD =12V,
VSS = -5V), and offer true rail-to-rail input and output. The TMUX6208 offers low RON, low on and off leakage
currents and ultra-low charge injection performance. These features makes the TMUX62xx a family of precision,
robust, high-performance analog multiplexers for high-voltage, industrial applications.

9.2 Typical Application

One example to take advantage of TMUX6208 performance is the implementation of multiplexed data aquisition
front end for multiple input sensors. Applications such as analog input modules for programmable logic
controllers (PLCs), data aquisition (DAQ), and seminconducter test systems commonly need to monitor multiple
signals into a single ADC channel. The multiple inputs can come from different system voltages being
montitored, or environemental sensors such as temperature or humidity. Figure 9-1 shows a simplified example
of monitoring multiple inputs into a single ADC using a multiplexer.

Vpp +15 V
DD
BN @
S1
o—¢
s2
i S3 ¢ Vop +5 V
Thermocouple 54 o o—4p
o 12V ' Apsgss
S5 _— Inputs
S6 g cmg
s7
g
Current 8 A2 1.8V Logic
Sensing 2(1) Control Signals
/f{ GND
A ’?7
Photo Vss -15 V.
LED Detector s
,_Optical Sensor TMUX6208
Analog Inputs

9-1. Multiplexed Data Aqcuisition Front End
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9.3 Design Requirements

% 9-1. Design Parameters

PARAMETER

VALUE

Positive supply (VDD)

+15V

Negative supply (Vss)

-15V

Input / output signal range

12 V to 12 V (limit of ADC)

Control logic thresholds

1.8 V compatible

Temperature range

-40°C to +125°C

9.3.1 Detailed Design Procedure

The application shown in Figure 9-1 demonstrates how a multiplexer can be used to simplfy the signal chain and
monitor multiple input signals to a signle ADC channel. In this example the ADC (ADS8661) has software
programmable input ranges up to £12.288 V. The ADC also has overvotlage protection up to £20 V which allows
for the multiplexer to be powered with wider supply voltages than the input signal range to maximize on-
resistance performance of the multiplxer, while still maintaining system level overvotlage protection beyond the
usuable signal range. Both the multiplexer and the ADC are capable of operation in extended industrial
temperature range of -40°C to +125°C allowing for use in a wider array of industrial systems.

Many SAR ADCs have an analog input structure that consists of a sampling switch and a sampling capacitor.
Many signal chains will have a driver amplifier to help charge the input of the ADC to meet a fast system
aquisition time. However a driver amplifier is not always needed to drive SAR ADCs. Figure 9-2 shows a typical
diagram of a sensor driving the SAR ADC input directly after being passed through the multiplxer. A filter
capacitor (Cg 1) is connected to the input of the ADC to reduce the sampling charge injection and provides a
charge bucket to quickly charge the internal sample-and-hold capacitor of the ADC.

The sensor block simplifies the device into a Thevenin equivalant voltage source (V1) and resistance (Rty)
which can be extracted from the device datasheets. Similarly the multixplexer can be thought of as a series
resistance (Ronvux)) and capacitance (Congvux)). To ensure maximum precison of the signal chain the system
should be able to settle within 1/2 of an LSB within the acquisition time of the ADC. The time constant can be
calculated as shown in the figure Figure 9-2. This equation highlights the importance of selecting a multiplexer
with low on-resistance to further reduce the system time constant. Additionaly low charge injection performance
of the multiplexer is helpful to reduce conversion errors and improve accuracy of the measurements.
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MULTIPEXER
SAR ADC

Ron mux)

N

I

I

I

|

| R
| N#of .
I channels *
I

I

I

\

Con Mux)

FH

taca > K x TeLt
® TrT= (RTH + Ron (MUX)) X (CFLT + Con (MUX))
e kissingle pole time constant for N bit ADC

& 9-2. Driving SAR ADC

10 Power Supply Recommendations

The TMUX6208 operates across a wide supply range of of +4.5 V to 18 V (4.5 V to 36 V in single-supply
mode). The device also perform well with asymmetrical supplies such as Vpp =12V and Vgg = -5 V.

Power-supply bypassing improves noise margin and prevents switching noise propagation from the supply rails
to other components. Good power-supply decoupling is important to achieve optimum performance. For
improved supply noise immunity, use a supply decoupling capacitor ranging from 0.1 1 F to 10 uF at both the
Vpp and Vgg pins to ground. Place the bypass capacitors as close to the power supply pins of the device as
possible using low-impedance connections. Tl recommends using multi-layer ceramic chip capacitors (MLCCs)
that offer low equivalent series resistance (ESR) and inductance (ESL) characteristics for power-supply
decoupling purposes. For very sensitive systems, or for systems in harsh noise environments, avoiding the use
of vias for connecting the capacitors to the device pins may offer superior noise immunity. The use of multiple
vias in parallel lowers the overall inductance and is beneficial for connections to ground planes. Always ensure
the ground (GND) connection is established before supplies are ramped.
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11 Layout

11.1 Layout Guidelines

When a PCB trace turns a corner at a 90° angle, a reflection can occur. A reflection occurs primarily because of
the change of width of the trace. At the apex of the turn, the trace width increases to 1.414 times the width. This
increase upsets the transmission-line characteristics, especially the distributed capacitance and self - inductance
of the trace which results in the reflection. Not all PCB traces can be straight and therefore some traces must
turn corners. & 11-1 shows progressively better techniques of rounding corners. Only the last example (BEST)
maintains constant trace width and minimizes reflections.

WORST BETTER BEST

\

/1W min.

w
& 11-1. Trace Example
Route 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, through-hole pins are not
recommended at high frequencies.

11.2 Layout Example

Via to <_©

ground plane )
—» Viato
O O @ ground plane
Wide (low inductance) c AQ O O Al

trace for power |I Il c Wide (low inductance)

-« v Via to © GND trace for power
O E ground plane Voo — >
() [ [ ss )1 O
Oefsy ™w»s  [Tege0)
O s [s7 1O
O [se ] O

A 11-2. TMUX6208 Layout Example

Kl 11-2 illustrates an example of a PCB layout with the TMUX6208.
Some key considerations are:

* Decouple the supply pins with a 0.1-uyF and 1-yF capacitor, placed lowest value capacitor as close to the pin
as possible. Make sure that the capacitor voltage rating is sufficient for the supply voltage.

* Keep the input lines as short as possible.
* Use a solid ground plane to help reduce electromagnetic interference (EMI) noise pickup.

» Do not run sensitive analog traces in parallel with digital traces. Avoid crossing digital and analog traces if
possible; only make perpendicular crossings when necessary.
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12 Device and Documentation Support
12.1 Documentation Support
12.1.1 Related Documentation

Texas Instruments, System-Level Protection for High-Voltage Analog Multiplexers.

Texas Instruments, True Differential, 4 x 2 MUX, Analog Front End, Simultaneous-Sampling ADC Circuit.
Texas Instruments, Improve Stability Issues with Low CON Multiplexers.

Texas Instruments, Simplifying Design with 1.8 V logic Muxes and Switches.

Texas Instruments, Eliminate Power Sequencing with Powered-off Protection Signal Switches.

Texas Instruments, QFN/SON PCB Attachment.

Texas Instruments, Quad Flatpack No-Lead Logic Packages.

12.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

12.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

12.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.
A riAs I H S B A & =

12.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

“ \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
12.6 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

13 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 Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
(6)
TMUX6208PWR ACTIVE TSSOP PW 16 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 X208
TMUX6209PWR ACTIVE TSSOP PW 16 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 X209

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© ead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents TlI'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. Tl 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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PACKAGE OUTLINE

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
6.2 TYP
PIN 1 INDEX AREA 14X
1] e
— S e
— —
2X
51 —/ 1
4.9
—] —
—] —
o
Y — =
9 t
._J-i 45 16X 030

4.3 y
@ To10 [c[ATe]

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220204/A 02/2017

NOTES:

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

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N
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PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

:

7 1

16X (1.5)
|
{ [
|

16X (0.45)

(R0.05) TYP

e
.
-

SYMM

-
St
S

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK
OPENHVGAA\\\ METAL
EXPOSED METAL

*H‘* 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

METAL UNDER
SOLDER MASK

SOLDER MASK
fOPENING
ffffffffffff N

I
"~ EXPOSED METAL
0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220204/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

16X (0.45) |

16X (1.5) SYMM
|1 | ¢ (RO.05) TYP
— | e
|
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220204/A 02/2017

NOTES: (continued)
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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