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5 Device Comparison Table

PRODUCT DESCRIPTION

TMUX7211 Low-Leakage-Current, Precision, 4-Channel, 1:1 (SPST) Switches (Logic Low)
TMUX7212 Low-Leakage-Current, Precision, 4-Channel, 1:1 (SPST) Switches (Logic High)
TMUX7213 Low-Leakage-Current, Precision, 4-Channel, 1:1 (SPST) Switches (Logic Low + Logic High)

6 Pin Configuration and Functions
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Top View Top View
% 6-1. Pin Functions
PIN
TYPE(™ DESCRIPTION®)
NAME TSSOP WQFN
D1 2 16 110 Drain pin 1. Can be an input or output.
D2 15 13 110 Drain pin 2. Can be an input or output.
D3 10 8 110 Drain pin 3. Can be an input or output.
D4 7 5 110 Drain pin 4. Can be an input or output.
GND 5 3 P Ground (0 V) reference
N.C. 12 10 — No internal connection. Can be shorted to GND or left floating.
S1 3 1 110 Source pin 1. Can be an input or output.
S2 14 12 110 Source pin 2. Can be an input or output.
S3 1 9 110 Source pin 3. Can be an input or output.
S4 6 4 110 Source pin 4. Can be an input or output.
SEL1 1 15 | Logic control input 1, has internal 4 MQ pull-down resistor. Controls channel 1 state as shown in 7 9.5.
SEL2 16 14 | Logic control input 2, has internal 4 MQ pull-down resistor. Controls channel 2 state as shown in 77 9.5.
SEL3 9 7 | Logic control input 3, has internal 4 MQ pull-down resistor. Controls channel 3 state as shown in 7 9.5.
SEL4 8 6 | Logic control input 4, has internal 4 MQ pull-down resistor. Controls channel 4 state as shown in 77 9.5.
VDD 13 1 P Positive.power supply. Thi§ pin is the most positive power-supply potential. For reliable operation, connect a
decoupling capacitor ranging from 0.1 pF to 10 pF between Vpp and GND.
Negative power supply. This pin is the most negative power-supply potential. In single-supply applications, this
VSS 4 2 P pin can be connected to ground. For reliable operation, connect a decoupling capacitor ranging from 0.1 u F to
10 u F between Vgs and GND.
Thermal Pad o The thermal pad is not connected internally. No requirement to solder this pad, if connected it is recommended
that the pad be left floating or tied to GND
(1) I'=input, O = output, I/O = input and output, P = power.

(2) Refer to 7 9.4 for what to do with unused pins.
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7 Specifications

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

MIN MAX UNIT
Vop - Vss 48 v
Vpp Supply voltage -0.5 48 \%
Vss - 48 0.5 v
VsgL or Ven Logic control input pin voltage (SELx) -05 48 \%
IseL or lgn Logic control input pin current (SELx) -30 30 mA
Vs or Vp Source or drain voltage (Sx, Dx) Vgs-0.5 Vppt+0.5 \%
lik Diode clamp current(® -30 30 mA
Is or Ip (conT) Source or drain continuous current (Sx, Dx) Ipc + 10 %) mA
Ta Ambient temperature -55 150 °C
Tstg Storage temperature -65 150 °C
T, Junction temperature 150 °C
Py Total power dissipation (QFN)®) 1650 mw
Total power dissipation (TSSOP)(®) 700 mw

M

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)
(3)
(4)
(3)

All voltages are with respect to ground, unless otherwise specified.
Pins are diode-clamped to the power-supply rails. Over voltage signals must be voltage and current limited to maximum ratings.
Refer to Source or Drain Continuous Current table for Ip¢ specifications.
For QFN package: Py derates linearly above Tp = 70°C by 24.2mW/°C.

For TSSOP package: Py, = 700 mW (max) and derates linearly above T, = 70°C by 10.7mW/°C.

7.2 ESD Ratings

Stresses beyond those listed under Absolute Maximum Rating may cause permanent damage to the device. These are stress ratings

VALUE UNIT

TMUX721x in PW package

Human body model (HBM), per ANSI/ESDA/ +1500

o JEDEC JS-001, all pins(") -

V(Esp) Electrostatic discharge - \%

Charged device model (CDM), per JEDEC +500

specification JESD22-C101, all pins(? -
TMUX721x in RUM package

Human body model (HBM), per ANSI/ESDA/ +1000

o JEDEC JS-001, all pins(") -

V(Esp) Electrostatic discharge - \%

Charged device model (CDM), per JEDEC +500

specification JESD22-C101, all 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.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT

Vpp - Vss (V| Power supply voltage differential 45 44 \Y
Vpp Positive power supply voltage 4.5 44 \%
Vg or Vp Signal path input/output voltage (source or drain pin) (Sx, D) Vss Vpp \Y
VsgLor Vey | Address or enable pin voltage 0 44 \Y
Is or Ip (conT) | Source or drain continuous current (Sx, D) loc@| mA
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over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
Ta Ambient temperature -40 125 °C

(1) Vpp and Vgg can be any value as long as 4.5V < (Vpp - Vss) < 44V, and the minimum Vpp is met.
(2) Refer to Source or Drain Continuous Current table for Ip¢ specifications.
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7.4 Thermal Information
TMUX721x
THERMAL METRIC(") PW (TSSOP) RUM (WQFN) UNIT
16 PINS 16 PINS

Roua Junction-to-ambient thermal resistance 94.5 41.5 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 25.5 25.1 °C/W
Ry Junction-to-board thermal resistance 411 16.5 °C/W
Wr Junction-to-top characterization parameter 1.1 0.3 °C/W
¥ s Junction-to-board characterization parameter 40.4 16.4 °C/wW
R0 yc(bot) Junction-to-case (bottom) thermal resistance N/A 2.9 °C/W

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

report.

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
+44 V Dual Supply(") 220 160 100 mA
+15 V Dual Supply 220 160 100 mA
PW (TSSOP) +12 V Single Supply 190 130 90 mA
+5 V Dual Supply 170 120 80 mA
+5 V Single Supply 130 90 60 mA
+44 V Single Supply(") 330 220 120 mA
+15 V Dual Supply 330 220 120 mA
RUM (WQFN)  |+12 V Single Supply 260 180 110 mA
+5 V Dual Supply 240 160 100 mA
+5 V Single Supply 180 120 80 mA

(1)  Specified for nominal supply voltage only.
(2) Refer to Total power dissipation (Py) limits in Absolute Maximum Ratings table that must be followed with max continuous current

specifica

tion.
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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
Vs=-10Vto+10V 25°C 2 21 @
Ron On-resistance Ip= -10 mA -40°C to +85°C 3.4 Q
Refer to On-Resistance ~40°C to +125°C 4 0
On-resistance mismatch between Vs = -10Vio+10V ks o ] T
ARON | channels Ip=-10mA - 40°C to +85°C 0.19| @
Refer to On-Resistance ~40°C to +125°C 0.21 o
Ve= -10Vto+10V 25°C 0.2 0.46 Q
Ron FLaT | On-resistance flatness Is= -10mA -40°C to +85°C 0.65 Q
Refer to On-Resistance ~40°C to +125°C 0.7 0
e . Vs=0V,Ig= -10 mA P o o
Ron prieT | On-resistance drift Refer to On-Resistance 40°C to +125°C 0.008 Q/°C
Vpp=16.5V,Vgs= -16.5V 25°C -0.25 0.05 0.25| nA
Switch state is off S S -
Iscorr) | Source off leakage current(") Vg=+10V/ -10V 40°Cto +85°C 3 3 nA
Vp=-10V/+10V o o
- - 20 A
Refer to Off-Leakage Current 40°Cto +125°C 20 n
Vpp=16.5V,Vgg= -16.5V 25°C -0.25 0.05 0.25| nA
Switch state is off N R -
Io(oFF) Drain off leakage current(") Vg=+10V/ -10V ~40°Clo +85°C 3 3 nA
Vp=-10V/+10V ° o
- - 2 A
Refer to Off-Leakage Current 40°C o +125°C 20 0 n
Vpp=16.5V,Vgs= -16.5V 25°C -04 0.1 04| nA
Is(on) @) Switch state is on — N -
Ioion) Channel on leakage current Ve =Vp = +10V 40°C to +85°C 1 11 nA
Refer to On-Leakage Current -40°C to +125°C -3 3| nA
LOGIC INPUTS (SEL / EN pins)
ViH Logic voltage high -40°C to +125°C 1.3 44 \
VL Logic voltage low -40°C to +125°C 0 0.8 \Y
[ Input leakage current -40°C to +125°C 0.4 12| pA
M Input leakage current -40°C to +125°C -0.1 -0.005 HA
CiN Logic input capacitance -40°C to +125°C 3.5 pF
POWER SUPPLY
25°C 35 56| pA
Vpp=16.5V,Vgs= -16.5V o o
lop Vpp supply current Logic inputs = 0 V., 5 V., or Vpp 40°C to +85°C 65| pA
-40°C to +125°C 80| pMA
25°C 5 20| pA
Vpp=16.5V,Vgs= -16.5V _Ane o
Iss Vss supply current Logic inputs = 0 V, 5 V/, o Vpp 40°C to +85°C 24| pA
-40°C to +125°C 35| pA

M
@)

When Vg is positive, Vp is negative, or when Vg is negative, Vp is positive.
When Vg is at a voltage potential, Vp is floating, or when Vp is at a voltage potential, Vs is floating.
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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
Vg=10V 25°C 100 175| ns
o . R, =300 @, C_ =35pF —Ane o
ton Turn-on time from control input Refer to Turmn-on and Turn-off 40°C to +85°C 205 ns
Time -40°C to +125°C 225| ns
Vg=10V 25°C 80 205| ns
e ) R_ =300 @, C_=35pF — Ape o
torr Turn-off time from control input Refer to Turn-on and Turn-off 40°C to +85°C 225| ns
Time -40°C to +125°C 240 ns
25°C 27 ns
Break-before-make time delay Vs =10V, e N
tBBM (TMUX7213 Only) R|_ =300 Q ’ CL =35 pF 40°C to +85°C 5 ns
-40°C to +125°C 5 ns
e 25°C 0.17 ms
Device turn on time Vop rise time =1 s
ton (voD) R, =300 @, C_=35pF -40°C to +85°C 0.18 ms
(Vop to output) Refer to Turn-on (VDD) Time
urn-on (VDD) i - 40°C to +125°C 0.18 ms
. R|_=509,CL=5pF °
tep Propagation delay Refer to Propagation Delay 25°C 260 ps
L . V3=0V,C|_=100pF °
Q. Charge injection Refer to Charge Injection 25°C 60 pC
R =50 Q@ ,C_=5pF
Oiso Off-isolation Vg=0V, f=100 kHz 25°C -70 dB
Refer to Off Isolation
R|_=50 Q ,CL=5pF
Oiso Off-isolation Vg=0V,f=1MHz 25°C -50 dB
Refer to Off Isolation
R =50 Q@ ,C_=5pF
XTALK Crosstalk V=0V, f=100 kHz 25°C -114 dB
Refer to Crosstalk
R, =50 Q ,C_=5pF
XTALK Crosstalk Vg=0V, f=1MHz 25°C -93 dB
Refer to Crosstalk
R =50 Q ,C_=5pF
BW - 3dB Bandwidth Vg=0V 25°C 56 MHz
Refer to Bandwidth
_ R, =50 Q,C_=5pF o -
I Insertion loss Ve=0V,f=1MHz 25°C 0.15 dB
Vpp =0.62Von VDD and VSS
ACPSRR | AC Power Supply Rejection Ratio sz ; &OHS »CL=5pF, 25°C -68 dB
Refer to ACPSRR
Vpp=15V, Vgas =0V
. . . |RL = 10kQ ,C_=5pF, o 0
THD+N | Total Harmonic Distortion + Noise f = 20 Hz to 20 kHz 25°C 0.0004 %
Refer to THD + Noise
Cs(orr) | Source off capacitance Vg=0V,f=1MHz 25°C 28 pF
Cp(orry |Drain off capacitance Vg=0V,f=1MHz 25°C 45 pF
gS(ON)~ On capacitance V=0V, f=1MHz 25°C 145 pF
D(ON)
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7.8 ¥20 V Dual Supply: Electrical Characteristics

Vpp =+20V £ 10%, Vss = - 20V £10%, GND = 0 V (unless otherwise noted)
Typical at Vpp =420V, Vgg = - 20V, Tpo = 25°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ Ta MIN TYP  MAX| UNIT
ANALOG SWITCH
Ve= -15Vto+15V 25°C 1.7 2.5 Q
Ron On-resistance Ip=-10mA -40°C to +85°C 3 Q
Refer to On-Resistance ~40°C to +125°C 36 0
On-resistance mismatch between Vs = -15Vio+15V ks o ] T
ARoN channels Ip= -10 mA -40°C to +85°C 0.19 Q
Refer to On-Resistance ~40°C to +125°C 0.21 o
Vs= - 15V 1o +15V 25°C 03 06 ¢
Ron FLaT | On-resistance flatness Is= -10mA -40°C to +85°C 0.8 Q
Refer to On-Resistance ~40°C to +125°C 0.95 0
i . Vg=0V,ls= -10 mA P o o
Ron prifT | On-resistance drift Refer to On-Resistance 40°C to +125°C 0.008 Q/°C
Vpp=22V,Vgg= -22V 25°C -1 0.05 11 nA
Switch state is off S S -
Iscorr) | Source off leakage current(") Vg=+15V/ -15V 40°Cto +85°C 45 45| nA
Vp=-15V/+15V o o
- - 33 A
Refer to Off-Leakage Current 40°Cto +125°C 33 n
Vpp =22V, Vgg = -22V 25°C -1 0.1 11 nA
Switch state is off S S ~
Io(oFF) Drain off leakage current(") Vg=+15V/ -15V ~40°Clo +85°C 45 45| nA
Vp=-15V/+15V o o
- - A
Refer to Off-Leakage Current 40°C o +125°C 33 33 n
Vpp=22V,Vgg= -22V 25°C -1 0.1 1 nA
Ison) ©) Switch state is on ~ o N ~
Ioton) Channel on leakage current Ve = Vp = £15 V 40°C to +85°C 1.5 15| nA
Refer to On-Leakage Current -40°C to +125°C -8 8| nA
LOGIC INPUTS (SEL / EN pins)
ViH Logic voltage high -40°C to +125°C 1.3 44 \
VL Logic voltage low -40°C to +125°C 0 0.8 \Y
[ Input leakage current -40°C to +125°C 0.4 12| pA
M Input leakage current -40°C to +125°C -0.1 -0.005 HA
CiN Logic input capacitance -40°C to +125°C 3.5 pF
POWER SUPPLY
25°C 33 65| MA
Vpp =22 V,Vgg = -22V S N
lop Vpp supply current Logic inputs = 0 V, 5 V., or Vpp 40°C to +85°C 74| pA
-40°C to +125°C 90| pMA
25°C 7 26| MA
Vpp =22V,Vgg = -22V o N
Iss Vss supply current Logic inputs = 0 V, 5 V., or Vpp 40°C to +85°C 30| pA
-40°C to +125°C 45| pA

M
@)

When Vg is positive, Vp is negative, or when Vg is negative, Vp is positive.
When Vg is at a voltage potential, Vp is floating, or when Vp is at a voltage potential, Vs is floating.
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7.9 ¥20 V Dual Supply: Switching Characteristics

Vpp =+20V £ 10%, Vss = - 20V £10%, GND = 0 V (unless otherwise noted)
Typical at Vpp =420V, Vgg = - 20V, Tpo = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta MIN TYP  MAX| UNIT
Vg=10V 25°C 100 185| ns
o . R_ =300 @, C_ =35pF e o
ton Turn-on time from control input Refer to Turmn-on and Turn-off 40°C to +85°C 210 ns
Time -40°C to +125°C 230| ns
Vg=10V 25°C 90 210| ns
e ) R_ =300 @, C_=35pF — Ape o
torr Turn-off time from control input Refer to Turn-on and Turn-off 40°C to +85°C 225| ns
Time -40°C to +125°C 235 ns
25°C 28 ns
Break-before-make time delay Vs =10V, e N
tBBMm (TMUX7213 Only) R, =300 Q, C_ = 35 pF 40°Cto +85°C 10 ns
-40°C to +125°C 10 ns
e 25°C 0.17 ms
Device turn on time Vop rise time =1 ps
ton (voD) R, =300 @, C_=35pF -40°C to +85°C 0.18 ms
(Vop to output) Refer to Turn-on (VDD) Time
urn-on (VDD) Ti - 40°C to +125°C 0.18 ms
. R|_=509,CL=5pF °
tep Propagation delay Refer to Propagation Delay 25°C 260 ps
. . V3=0V,C|_=100pF °
Q. Charge injection Refer to Charge Injection 25°C 92 pC
R =50 Q@ ,C_=5pF
Oiso Off-isolation Vg=0V, f=100 kHz 25°C -70 dB
Refer to Off Isolation
R|_=50 Q ,CL=5pF
Oiso Off-isolation Vg=0V,f=1MHz 25°C -50 dB
Refer to Off Isolation
R =50 Q@ ,C_=5pF
XTALK Crosstalk V=0V, f=100 kHz 25°C -112 dB
Refer to Crosstalk
R, =50 Q ,C_=5pF
XTALK Crosstalk Vg=0V, f=1MHz 25°C -93 dB
Refer to Crosstalk
R =50 Q ,C_=5pF
BW - 3dB Bandwidth Vg=0V 25°C 48 MHz
Refer to Bandwidth
_ R, =50 Q,C_=5pF o -
I Insertion loss Ve=0V,f=1MHz 25°C 0.14 dB
Vpp =0.62Von VDD and VSS
ACPSRR | AC Power Supply Rejection Ratio sz ; &OHS »CL=5pF, 25°C -68 dB
Refer to ACPSRR
Vpp=20V, Vgas =0V
o . . |RL = 10kQ ,C_=5pF, o o
THD+N | Total Harmonic Distortion + Noise f = 20 Hz to 20 kHz 25°C 0.0003 %
Refer to THD + Noise
Cs(orr) | Source off capacitance Vg=0V,f=1MHz 25°C 28 pF
Cp(orry |Drain off capacitance Vg=0V,f=1MHz 25°C 45 pF
gS(ON)~ On capacitance V=0V, f=1MHz 25°C 145 pF
D(ON)
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7.10 44 V Single Supply: Electrical Characteristics
Vpp = +44 V, Vgs =0V, GND = 0 V (unless otherwise noted)
Typical at Vpp = +44 V, Vgs =0V, Tp = 25°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ Ta MIN TYP  MAX| UNIT
ANALOG SWITCH
Vs=0Vto40V 25°C 2 24 o
Ron On-resistance Ipb=-10mA -40°C to +85°C 3.2 Q
Refer to On-Resistance ~40°C to +125°C 38 o
On-resistance mismatch between Vs=0Vtod0V =° o 019 °
ARon Ipb=-10 mA -40°C to +85°C 0.19 Q
channels Refer to On-Resist
efer to On-Resistance ~40°C to +125°C 0.21 0
Ve=0Vto40V 25°C 0.65 0.8 Q
Ron FLaT | On-resistance flatness Ip=-10 mA -40°C to +85°C 1.1 Q
Refer to On-Resistance 40°C to +125°C 12 o
i . Vg=22V,Ilg= -10 mA P R o
Ron priFT | On-resistance drift Refer to On-Resistance 40°C to +125°C 0.007 Q/°C
Vpp =44V, Vgs =0V 25°C -1 0.05 11 nA
Switch state is off N S 7 A
Isiorr) | Source off leakage current(") Vs=40V/1V ~40°Cto +85°C 7 n
Vp=1V/40V o R
Refer to Off-Leakage Current ~40°C 1o +125°C -50 50| nA
Vpp =44V, Vgs =0V 25°C -1 0.05 11 nA
Switch state is off N R 7 A
Io(oFF) Drain off leakage current(!) Vg=40V/1V ~40°Cto +85°C 7 n
Vp=1V/40V . R _
Refer to Off-Leakage Current ~40°C to +125°C 50 50 nA
Vpp=44V,Vgs=0V 25°C -1 0.05 11 nA
IS(ON) 2) Switch state is on S ° _
Ioon) Channel on leakage current Vs=Vp=40Vor1V 40°C to +85°C 3.5 3.5 nA
Refer to On-Leakage Current -40°C to +125°C -5 5| nA
LOGIC INPUTS (SEL / EN pins)
ViH Logic voltage high -40°C to +125°C 1.3 44 \
Vi Logic voltage low -40°C to +125°C 0 0.8 \Y
Ix Input leakage current -40°C to +125°C 0.6 12| pA
I Input leakage current -40°C to +125°C -0.1 -0.005 uA
Cin Logic input capacitance -40°C to +125°C 3.5 pF
POWER SUPPLY
25°C 44 79| MA
VDD=44V,VSS=OV _ ° °
Ipp Vpp supply current Logic inputs = 0 V., 5 V, or Vpp 40°C to +85°C 88| PA
-40°C to +125°C 105 pA

(1) When Vg is positive, Vp is negative, or when Vg is negative, Vp is positive.
(2) When Vg is at a voltage potential, Vp is floating, or when Vp is at a voltage potential, Vg is floating.
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7.11 44 V Single Supply: Switching Characteristics
Vpp = +44 V, Vgs =0V, GND = 0 V (unless otherwise noted)

Typical at Vpp = +44 V, Vgs =0V, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta MIN TYP MAX| UNIT
Vg=18V 25°C 80 185| ns
o . R =300 @, C_ =35pF — Ane o
ton Turn-on time from control input Refer to Tum-on and Turn-off 40°C to +85°C 205 ns
Time -40°C to +125°C 225| ns
Vg=18V 25°C 90 205| ns
e . R_ =300 @, C,_ =35pF o o 2
torr Turn-off time from control input Refer to Turn-on and Turn-off 40°C to +85°C 0 ns
Time -40°C to +125°C 228 ns
25°C 27 ns
Break-before-make time delay Vg=18YV, e N
tBBM (TMUX7213 Only) R|_ =300 Q‘ CL =35 pF 40°C to +85°C 10 ns
-40°C to +125°C 10 ns
S 25°C 0.14 ms
Device turn on time Vop fise time =1 us
ton (vop) R, =300 @, C_=35pF - 40°C to +85°C 0.15 ms
(Vpp to output) Refer to T VDD) Ti
efer to Turn-on (VDD) Time - 40°C to +125°C 0.15 ms
) R =50 Q ,C_=5pF o
trp Propagation delay Refer to Propagation Delay 25°C 270 ps
R Vg =22V, C_=100 pF o
Qiny Charge injection Refer to Charge Injection 25°C 104 pC
R =50 Q@ ,C_=5pF
Oiso Off-isolation Vg =6V, f=100 kHz 25°C -70 dB
Refer to Off Isolation
R|_=50 Q ,C|_=5pF
Oiso Off-isolation Vg=6V,f=1MHz 25°C -50 dB
Refer to Off Isolation
R =50 Q@ ,C_=5pF
XTALK Crosstalk Vg =6V, f=100 kHz 25°C -112 dB
Refer to Crosstalk
R|_=50 Q ,C|_=5pF
XTALK Crosstalk Vg=6V, f=1MHz 25°C -93 dB
Refer to Crosstalk
R =50 Q@ ,C_=5pF
BW - 3dB Bandwidth Vg=6V 25°C 46 MHz
Refer to Bandwidth
) R.=50 Q@ ,C_=5pF o _
I Insertion loss Ve =6V, f=1MHz 25°C 0.15 dB
Vpp = 0.62 Von Vpp and Vgg
ACPSRR | AC Power Supply Rejection Ratio sz ; fAOHf »CL=5pF, 25°C -66 dB
Refer to ACPSRR
Vpp =22 V, VBIAS =22V
. . . |RL = 10kQ ,C_=5pF, o 0
THD+N | Total Harmonic Distortion + Noise f = 20 Hz o 20 kHz 25°C 0.0003 %
Refer to THD + Noise
Cs(orr) | Source off capacitance Vg=22V,f=1MHz 25°C 28 pF
Cp(orr) |Drain off capacitance Vg=22V,f=1MHz 25°C 45 pF
8S<ON>~ On capacitance Vg=22V,f=1MHz 25°C 145 pF
D(ON)
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7.12 12V 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)

PARAMETER ‘ TEST CONDITIONS ‘ Ta MIN TYP  MAX| UNIT
ANALOG SWITCH
Vs=0Vto 10V 25°C 28 54 ¢
Ron On-resistance Ipb=-10mA -40°C to +85°C 6.8 Q
Refer to On-Resistance ~40°C to +125°C 74 o
On-resistance mismatch between Vs=0Vto10V =° o pal °
ARon Ipb=-10 mA -40°C to +85°C 0.23 Q
channels Refer to On-Resistan
elerto bn-resistance - 40°C to +125°C 025/ 0
Vs=0Vto 10V 25°C v e
Ron FLaT | On-resistance flatness Is= -10 mA -40°C to +85°C 1.9 Q
Refer to On-Resistance 40°C to +125°C 2 o
e . Vs=6V,Is= -10 mA ino o o
Ron priFT | On-resistance drift Refer to On-Resistance 40°C to +125°C 0.015 Q/°C
Vpp =13.2V,Vgs=0V 25°C -0.25 0.01 0.25| nA
Switch state is off N S 5 A
Is(oFF) Source off leakage current(!) Vg=10V/1V ~40°Cto +85°C -2 n
Vp=1V/10V o R
Refer to Off-Leakage Current ~40°C 1o +125°C -16 16| nA
Vpp =13.2V,Vgs =0V 25°C -0.25 0.05 0.25| nA
Switch state is off N R 2 A
Io(oFF) Drain off leakage current(!) Vg=10V/1V ~40°Cto +85°C -2 n
Vp=1V/10V . R _
Refer to Off-Leakage Current ~40°C to +125°C 16 16| nA
Vpp=13.2V,Vgs=0V 25°C -0.5 0.05 0.5| nA
IS(ON) 2) Switch state is on _ ° ° B
Ioton) Channel on leakage current Vs =Vp=10Vor1V 40°C to +85°C 1 11 nA
Refer to On-Leakage Current -40°C to +125°C -3 3| nA
LOGIC INPUTS (SEL / EN pins)
ViH Logic voltage high -40°C to +125°C 1.3 44 \
Vi Logic voltage low -40°C to +125°C 0 0.8 \Y
Ix Input leakage current -40°C to +125°C 0.4 12| pA
I Input leakage current -40°C to +125°C -0.1 -0.005 uA
Cin Logic input capacitance -40°C to +125°C 3.5 pF
POWER SUPPLY
25°C 30 44| pA
VDD=13-2V1VSS=0V _ ° °
Ipp Vpp supply current Logic inputs = 0 V., 5 V, or Vpp 40°C to +85°C 52| pA
-40°C to +125°C 62| pA
(1)  When Vg is positive, Vp is negative, or when Vg is negative, Vp is positive.
(2) When Vg is at a voltage potential, Vp is floating, or when Vp is at a voltage potential, Vg is floating.
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7.13 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
Vg=8V 25°C 170 225| ns
o . R =300 @, C_ =35pF — Ane o
ton Turn-on time from control input Refer to Tum-on and Turn-off 40°C to +85°C 276 ns
Time -40°C to +125°C 315| ns
Vg=8V 25°C 75 248| ns
e . R, =300 @, C_ =35pF —40° ° 2
torr Turn-off time from control input Refer to Turn-on and Turn-off 40°C to +85°C 85 ns
Time -40°C to +125°C 310 ns
25°C 30 ns
Break-before-make time delay Vg=8Y, e N
tBBM (TMUX7213 Only) R|_ =300 Q‘ CL =35 pF 40°C to +85°C 13 ns
-40°C to +125°C 13 ns
S 25°C 0.17 ms
Device turn on time Vop fise time =1 us
ton (vop) R, =300 @, C_=35pF - 40°C to +85°C 0.18 ms
(Vpp to output) Refer to T VDD) Ti
efer to Turn-on (VDD) Time - 40°C to +125°C 0.18 ms
. R|_=5OQ,C|_=5pF °
trp Propagation delay Refer to Propagation Delay 25°C 270 ps
N Vg=6V, C_=100 pF o
Qi Charge injection Refer to Charge Injection 25°C 12 pC
R =50 Q@ ,C_=5pF
Oiso Off-isolation Vg =6V, f=100 kHz 25°C -70 dB
Refer to Off Isolation
R|_=50 Q ,C|_=5pF
Oiso Off-isolation Vg=6V,f=1MHz 25°C -50 dB
Refer to Off Isolation
R =50 Q@ ,C_=5pF
XTALK Crosstalk Vg =6V, f=100 kHz 25°C -112 dB
Refer to Crosstalk
R|_=50 Q ,C|_=5pF
XTALK Crosstalk Vg=6V, f=1MHz 25°C -93 dB
Refer to Crosstalk
R =50 Q@ ,C_=5pF
BW - 3dB Bandwidth Vg=6V 25°C 125 MHz
Refer to Bandwidth
) R.=50 Q@ ,C_=5pF o _
I Insertion loss Ve =6V, f=1MHz 25°C 0.25 dB
Vpp = 0.62 Von Vpp and Vgg
ACPSRR | AC Power Supply Rejection Ratio sz ; fAOHf »CL=5pF, 25°C -70 dB
Refer to ACPSRR
Vep=6V, Vgas =6V
. . . |RL = 10kQ ,C_=5pF, o 0
THD+N | Total Harmonic Distortion + Noise f = 20 Hz o 20 kHz 25°C 0.001 %
Refer to THD + Noise
Cs(orr) | Source off capacitance Vs=6V,f=1MHz 25°C 35 pF
Cp(orr) |Drain off capacitance Vg=6V,f=1MHz 25°C 50 pF
gs“’N)' On capacitance Vg=6V,f=1MHz 25°C 145 pF
D(ON)
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7.14 Typical Characteristics

at Tp = 25°C (unless otherwise noted)
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K 7-5. On-Resistance vs Temperature
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7-6. On-Resistance vs Temperature
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7.14 Typical Characteristics (continued)

at Tp = 25°C (unless otherwise noted)
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K 7-7. On-Resistance vs Temperature
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7-8. On-Resistance vs Temperature
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B 7-9. Leakage Current vs Temperature
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& 7-10. Leakage Current vs Temperature
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B 7-11. Leakage Current vs Temperature
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7.14 Typical Characteristics (continued)

at Tp = 25°C (unless otherwise noted)
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B 7-13. Supply Current vs. Logic Voltage
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& 7-14. Charge Injection vs. Source Voltage - Dual Supply
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& 7-15. Charge Injection vs. Drain Voltage - Dual Supply
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& 7-16. Charge Injection vs. Source Voltage - Single Supply
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& 7-17. Charge Injection vs. Drain Voltage - Single Supply
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B 7-18. Ton and Tope vs. Temperature
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7.14 Typical Characteristics (continued)

at Tp = 25°C (unless otherwise noted)
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& 7-21. Off-Isolation vs Frequency & 7-22. Crosstalk vs Frequency
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B 7-23. THD+N vs. Frequency (Dual Supplies) K 7-24. THD+N vs. Frequency (Single Supplies)
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7.14 Typical Characteristics (continued)

at Tp = 25°C (unless otherwise noted)

0 0
TN -10 | — Vop with decoupling capacitors
20| Vpp with no decoupling capacitors
-1 - Vss with decoupling capacitors
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P 7-25. On Response vs Frequency B 7-26. ACPSRR vs. Frequency
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& 7-27. Capacitance vs. Source Voltage or Drain Voltage K& 7-28. Capacitance vs. Source Voltage or Drain Voltage
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8 Parameter Measurement Information

8.1 On-Resistance

The on-resistance of a device is the ohmic resistance between the source (Sx) and drain (Dx) pins of the device.
The on-resistance varies with input voltage and supply voltage. The symbol Rpy is used to denote on-

resistance. 8-1 shows the measurement setup used to measure Rpn. Voltage (V) and current (Igp) are
measured using this setup, and Rgy is computed with Roy =V / Igp:

()
N

ISD

RON

K 8-1. On-Resistance Measurement Setup

8.2 Off-Leakage Current
There are two types of leakage currents associated with a switch during the off state:

1. Source off-leakage current.
2. Drain off-leakage current.

Source leakage current is defined as the leakage current flowing into or out of the source pin when the switch is
off. This current is denoted by the symbol IsoFF).

Drain leakage current is defined as the leakage current flowing into or out of the drain pin when the switch is off.
This current is denoted by the symbol Ip (o).

%] 8-2 shows the setup used to measure both off-leakage currents.

Vbp Vss Voo Vss
Is (OFF) ID (OFF)
& s
|
| | i |
: : = | : —
Vs _— | | — W Vs | |
| | ! |
| | ;I; ' ' J;
| | ! |
;I; | | L : |
Is (oFF) : : | : Ip (oFF)
@ s4 o/ o D4 s4 o D4 @
l GND 1 4[ GND J—
Vs _— % i Y/ Vs _—_ % [ Y/
IS(OFF) ID(OFF)
& 8-2. Off-Leakage Measurement Setup
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8.3 On-Leakage Current

Source on-leakage current is defined as the leakage current flowing into or out of the source pin when the switch
is on. This current is denoted by the symbol Igon).

Drain on-leakage current is defined as the leakage current flowing into or out of the drain pin when the switch is
on. This current is denoted by the symbol Ipony.

Either the source pin or drain pin is left floating during the measurement. 8-3 shows the circuit used for
measuring the on-leakage current, denoted by Ison) or Ipony.

Voo Vss Voo Vss
A ID(ON)
S1 D1 S1 D1
A O— O0———1+—N.C. N.C. ——O0— O A
U | i : | U
| | | i
J— | | | ! — %
Vs _— | | | | ;|'7
| | ! |
| | ! |
| | ! |
;I; | | ! |
| | ! |
Is(ON) | | | | ID(ON)
@ >4 o—o %1 = e N.C. LO/’C D4 @
l GND GND l
Vs _— I l — Vp
Ision) Ipion)

& 8-3. On-Leakage Measurement Setup

8.4 ton and topr Time

Turn-on time is defined as the time taken by the output of the device to rise to 90% after the enable has risen
past the logic threshold. The 90% measurement is utilized to provide the timing of the device. System level

timing can then account for the time constant added from the load resistance and load capacitance. 8-4
shows the setup used to measure turn-on time, denoted by the symbol ton.

Turn-off time is defined as the time taken by the output of the device to fall to 10% after the enable has fallen
past the logic threshold. The 10% measurement is utilized to provide the timing of the device. System level

timing can then account for the time constant added from the load resistance and load capacitance. 8-4
shows the setup used to measure turn-off time, denoted by the symbol tofk.

Vss
0.1 yF
AV 0.1 uF = i“ "

L - :
Ven tr<20ns 7/50% 50%\§ tr<20ns oo s
oV
o Sx o Dx Output

ton —» —p| torr |
o |
90% | RS G J—
Output ___{>__,
10%
OV —— VSELX GND

K 8-4. Turn-On and Turn-Off Time Measurement Setup
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8.5 tON (VDD) Time

The ton (vop) time is defined as the time taken by the output of the device to rise to 90% after the supply has
risen past the supply threshold. The 90% measurement is used to provide the timing of the device turning on in
the system. x| 8-5 shows the setup used to measure turn on time, denoted by the symbol toy (vppy.-

Vop ———————— Vop g
Supply _ / Voo Vss
Ramp t=10us 45V
Vs S1 D1 Output
ov o

e 1

o—0

I
|

| Rc C

90% Vs S4 O‘JF’C D4 _ Output L

Output : l

I
|
oy — |

Cu
3VOo—t-— --!
SELx

&l 8-5. ton (vop) Time Measurement Setup

8.6 Propagation Delay

Propagation delay is defined as the time taken by the output of the device to rise or fall 50% after the input signal
has risen or fallen past the 50% threshold. %] 8-6 shows the setup used to measure propagation delay, denoted
by the symbol tpp.

Voo Vss
250mV -———-—- 0.1uF 0.1 uF

Input . . < v v V4

(n\zu) t, < 40ps 50% 50% t; < 40ps o s
v 500Q s D1 Output
ov s O— AN o—o :
— tep 1 tpp2 —» | |
I I
500 S4 D4 _ Output R

CL
Output 50% 50% l
R CL
oV
terop Delay = Max (tep 1, tep 2) GND

K 8-6. Propagation Delay Measurement Setup

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 23
Product Folder Links: TMUX7211 TMUX7212 TMUX7213



13 TEXAS

TMUX7211, TMUX7212, TMUX7213 INSTRUMENTS
ZHCSMW8C - OCTOBER 2020 - REVISED AUGUST 2021 www.ti.com.cn

8.7 Charge Injection

The TMUX721x devices have a transmission-gate topology. Any mismatch in capacitance between the NMOS
and PMOS transistors results in a charge injected into the drain or source during the falling or rising edge of the
gate signal. The amount of charge injected into the source or drain of the device is known as charge injection,
and is denoted by the symbol Q¢. ¥l 8-7 shows the setup used to measure charge injection from source (Sx) to
drain (Dx).

3V
g VDD VSS

’ 1
Vs t <20ns tr<20 ns o SI </| [?1 Output
|
OV ——=————-— : | :
! |
|
i
|

|
CL
l o sS4 o o D4 | Output

ouput /S N AT |
/ Qi =Cp x AVOUT Avour _SEL_X _
Vs CL
Vsl GND

K 8-7. Charge-Injection Measurement Setup

8.8 Off Isolation

Off isolation is defined as the ratio of the signal at the drain pin (Dx) of the device when a signal is applied to the
source pin (Sx) of an off-channel. The characteristic impedance, Z,, for the measurement is 50 Q. ¥ 8-8 shows
the setup used to measure off isolation. Use off isolation equation to compute off isolation.

0.1 uF_E 0.1 pFl

Vs
? @ S1 O/O
50Q Vout
‘Cg D1
Vsia

50Q

Network Analyzer

Sx/Dx
50Q
GND
. Vour
Off Isolation = 20 X LogV—
S

& 8-8. Off Isolation Measurement Setup
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8.9 Channel-to-Channel Crosstalk

Crosstalk is defined as the ratio of the signal at the drain pin (Dx) of a different channel, when a signal is applied
at the source pin (Sx) of an on-channel. The characteristic impedance, Z;, for the measurement is 50 Q. ¥ 8-9
shows the setup used to measure, and the equation used to compute crosstalk.

Network Analyzer $ Voo Vss $

Vour

o T S, 5 o
50Q

500
Vs
s2 o D2
Sx/Dx
Vsi 50Q GND
Vour

Crosstalk = 20 X Log 7

s

& 8-9. Channel-to-Channel Crosstalk Measurement Setup

8.10 Bandwidth

Bandwidth is defined as the range of frequencies that are attenuated by less than 3 dB when the input is applied
to the source pin (Sx) of an on-channel, and the output is measured at the drain pin (Dx) of the device. The
characteristic impedance, Z;, for the measurement is 50 Q. 8-10 shows the setup used to measure
bandwidth.

Network Analyzer g Voo Vss g
Vs
T
500 Vour 4
O g Dx
Vsia 50Q
GND
. Vour
Bandwidth = 20 X LogT
S

8-10. Bandwidth Measurement Setup
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8.11 THD + Noise

The total harmonic distortion (THD) of a signal is a measurement of the harmonic distortion, and is defined as
the ratio of the sum of the powers of all harmonic components to the power of the fundamental frequency at the
mux output. The on-resistance of the device varies with the amplitude of the input signal and results in distortion
when the drain pin is connected to a low-impedance load. Total harmonic distortion plus noise is denoted as
THD + N.

Audio Precision

400Q
Dx

Vour

Vs R.

GND

o

K 8-11. THD + N Measurement Setup

8.12 Power Supply Rejection Ratio (PSRR)

PSRR measures the ability of a device to prevent noise and spurious signals that appear on the supply voltage
pin from coupling to the output of the switch. The DC voltage on the device supply is modulated by a sine wave
of 100 mVpp. The ratio of the amplitude of signal on the output to the amplitude of the modulated signal is the
AC PSRR.

Voo
Network Analyzer
DC Bias Vs
Injector With & Without
Capacitor
s 0 TTEEE-——-
0.1 uFJ__ 0.1 uyF
620 mVpp $ Voo Yee g
Vin Veiss St O/
O Other Sx/
50 Q Dx Eins: —
50 Q%
Vour
D1
O—e o
L T GND
A i c. <

Vour
Vin

& 8-12. AC PSRR Measurement Setup

PSRR =20 X Log
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9 Detailed Description
9.1 Overview

The TMUX7211, TMUX7212, and TMUX7213 are 1:1 (SPST), 4-Channel switches. The devices have four
independently selectable single-pole, single-throw switches that are turned-on or turned-off based on the state of
the corresponding select pin.

9.2 Functional Block Diagram

VDD VSS
SW
D1 s1 OO D1
SwW
D2 s2 o D2
SW
D3 oo D3

D4 sS4

|

|

\

|

!

\

|

!

,

| | |

! | !

\ i I

SELL QO— B ! SELL QO— -—- ! SEL1 O— -—-
\ \
| |
SEL Q—] DO—-————- | SEL Q—] > -- | SEL2 Q— DO—————--

| |
| |
! !
! !
| |
| |
! !

|
|
1
|
|
S3 ;
|
; D4
|
|
|

SEL3 >—>O— ffffffffff SEL3 >—> ffffffffffff SEL3 >—>O— ——————————
SEL4 Tf>0— ************** ! SEL4 T—> ffffffffffffffff ‘ SEL4 T—> ffffffffffffffff !

TMUX7211 TMUX7212 TMUX7213
(SELx = Logic 1) (SELx = Logic 1) (SELx = Logic 1)

9.3 Feature Description
9.3.1 Bidirectional Operation

The TMUX721x conducts equally well from source (Sx) to drain (Dx) or from drain (Dx) to source (Sx). Each
channel has similar characteristics in both directions and supports both analog and digital signals.

9.3.2 Rail-to-Rail Operation
The valid signal path input and output voltage for TMUX721x ranges from Vgg to Vpp.
9.3.3 1.8 V Logic Compatible Inputs

The TMUX721x devices have 1.8-V logic compatible control for all logic control inputs. 1.8-V logic level inputs
allows the TMUX721x to interface with processors that have lower logic I/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.

9.3.4 Integrated Pull-Down Resistor on Logic Pins

The TMUX721x has internal weak pull-down resistors to GND to ensure the logic pins are not left floating. The
value of this pull-down resistor is approximately 4 M Q, but is clamped to about 1uA at higher voltages. This
feature integrates up to four external components and reduces system size and cost.

9.3.5 Fail-Safe Logic

The TMUX721x supports Fail-Safe Logic on the control input pins (SEL1, SEL2, SEL3, and SEL4) allowing for
operation up to 44 V, regardless of the state of the supply pin. 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 select pins of the TMUX721x to be ramped to 44 V while Vpp and Vgg = 0 V. The
logic control inputs are protected against positive faults of up to 44 V in powered-off condition, but do not offer
protection against negative overvoltage conditions.
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9.3.6 Latch-Up Immune

Latch-up is a condition where a low impedance path is created between a supply pin and ground. This condition
is caused by a trigger (current injection or overvoltage), but once activated, the low impedance path remains
even after the trigger is no longer present. This low impedance path may cause system upset or catastrophic
damage due to excessive current levels. The latch-up condition typically requires a power cycle to eliminate the
low impedance path.

The TMUX721x family of devices are constructed on silicon on insulator (SOI) based process where an oxide
layer is added between the PMOS and NMOS transistor of each CMOS switch to prevent parasitic structures
from forming. The oxide layer is also known as an insulating trench and prevents triggering of latch up events
due to overvoltage or current injections. The latch-up immunity feature allows the TMUX721x family of switches
and multiplexers to be used in harsh environments. For more information on latch-up immunity refer to Using
Latch Up Immune Multiplexers to Help Improve System Reliability.

9.3.7 Ultra-Low Charge Injection

9-1 shows how the TMUX721x devices have a transmission gate topology. Any mismatch in the stray
capacitance associated with the NMOS and PMOS causes an output level change whenever the switch is
opened or closed.

OFF | ON
CGSN —_— —_— CGDN
so oD

I .
T v 7T
B

& 9-1. Transmission Gate Topology

Casp Caor

The TMUX721x contains specialized architecture to reduce charge injection on the Drain (Dx). To further reduce
charge injection in a sensitive application, a compensation capacitor (Cp) can be added on the Source (Sx). This
will ensure that excess charge from the switch transition will be pushed into the compensation capacitor on the
Source (Sx) instead of the Drain (Dx). As a general rule, Cp should be 20x larger than the equivalent load
capacitance on the Drain (Dx). ¥ 9-2 shows charge injection variation with different compensation capacitors on
the Source side. This plot was captured on the TMUX7219 as part of the TMUX72xx family with a 100 pF load

capacitance.
40

35 Cp 10nF
30| — NoCp
25| — Cp 2nF
20 7
2 15 —]
g S A
[5]
S 0
=
5 10
o - —
e 15
© 20
25
30—
-35
-40

15 12 9 -6 -3 0 3 6 9 12 15
Source Voltage (V)

K 9-2. Charge Injection Compensation
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9.4 Device Functional Modes

The TMUX721x devices have four independently selectable single-pole, single-throw switches that are turned-on

or turned-off based on the state of the corresponding select pin. The control pins can be as high as 44 V.

The TMUX721x devices can be operated without any external components except for the supply decoupling
capacitors. The SELx pins have internal pull-down resistors of 4 M Q. If unused, SELx pin must be tied to GND

in order to ensure the device does not consume additional current as highlighted in Implications of Slow or
Floating CMOS Inputs. Unused signal path inputs (Sx or Dx) should be connected to GND.

9.5 Truth Tables

#* 9-1, 38 9-2, and 3 9-3 show the truth tables for the TMUX7211, TMUX7212, and TMUX7213, respectively.
% 9-1. TMUX7211 Truth Table

SEL x (V)

CHANNEL x

0

Channel x ON

1

Channel x OFF

% 9-2. TMUX7212 Truth Table

CHANNEL x

Channel x OFF

Channel x ON

2% 9-3. TMUX7213 Truth Table

SEL1

SEL2

SEL3

SEL4

ON / OFF CHANNELS®)

X

X

CHANNEL 1 OFF

CHANNEL 1 ON

CHANNEL 2 ON

CHANNEL 2 OFF

CHANNEL 3 ON

CHANNEL 3 OFF

X|=|lo| X|X| X

CHANNEL 4 OFF

XX X| X[ X| X]| =

X| X[ X|X|=|0o|X

=l o X| X|X|X| X

CHANNEL 4 ON

(1) xdenotes 1, 2, 3, or 4 for the corresponding channel.
(2) X =do not care.
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10 Application and Implementation

Note

PAR RLFR 4 v 145 SR T T1 38R YE F , TI A GRILAERR A e . TI % N5 S
S RTIEH TN M. & NI IEFF A3, DR RS 6E.

10.1 Application Information

The TMUX721x is part of the precision switches and multiplexers family of devices. These devices operate with
dual supplies (4.5 V to £22 V), a single supply (4.5 V to 44 V), or asymmetric supplies (such as Vpp =12V, Vgg
= -5V), and offer true rail-to-rail input and output. The TMUX721x offers low Rpy, low on and off leakage
currents and ultra-low charge injection performance. These features makes the TMUX721x a family of precision,
robust, high-performance analog multiplexer for high-voltage, industrial applications.

10.2 Typical Application

One example to take advantage of TMUX721x precision performance is the implementation of parametric
measurement unit (PMU) in the semiconductor automatic test equipment (ATE) application.

In Automated Test Equipment (ATE) systems, the Parametric Measurement Unit (PMU) is tasked to measure
device (DUT) parametric information in terms of voltage and current. When measuring voltage, current is applied
at the DUT pin, and current range adjustment can be done through changing the value of the internal sense
resistor. There is sometimes a need, depending on the DUT, to use even higher testing current than natively
supported by the system. A 4 channel SPST switch, together with external higher current amplifier and resistor,
can be used to achieve the flexibility. The PMU operating voltage is typically in mid voltage (up to 20 V). An
appropriate switch like the TMUX721x with low leakage current (0.05 nA typical) works well in these applications
to ensure measurement accuracy and low Roy and flat Ron_rLaTness allows the current range to be controlled
more precisely. K 10-1 shows simplified diagram of such implementations in memory and semiconductor test

equipment.
| —fo—<
High Heh
V,

EN Current EN Current
¢ Amplifier Amplifier

Force
Amplifier
T

Force

T Am plifier
T+ A —t
- Measure Lo—H

- Measure _Cr.-—"“o__T

Current -O/’ Current
Amplifier +_E o Amplifier +—l o0
< oo - < s

. + ' +
Measure T Measure -
Voltage & A A Voltage AAA <>
~ Amplifier

Amplifier

O“"é-‘“'

5 AN

Internal Sense Resistor Extemal Sense Resistor

B 10-1. High Current Range Selection Using External Resistor
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10.2.1 Design Requirements

For this design example, use the parameters listed in & 10-1.

% 10-1. Design Parameters

PARAMETERS VALUES
Supply (Vbp) 20V
Supply (Vss) -10V

Input / Output signal range

-10 V to 20 V (Rail-to-Rail)

Control logic thresholds

1.8 V compatible

10.2.2 Detailed Design Procedure

Figure 10-1 demonstrates how the TMUX721x can be used in semiconductor test equipment for high-precision,
high-voltage, multi-channel measurement applications. The TMUX721x can support 1.8 V logic signals on the
control input, allowing the device to interface with low logic controls of an FPGA or MCU. The TMUX721x can be
operated without any external components except for the supply decoupling capacitors. The select pins have an
internal pull-down resistor to prevent floating input logic. All inputs to the switch must fall within the recommend
operating conditions of the TMUX721x including signal range and continuous current. For this design with a
positive supply of 20 V on Vpp, and negative supply of -10 V on Vgg, the signal range can be 20 V to -10 V. The
max continuous current (Ipc) can be up to 330 mA as shown in the Recommended Operating Conditions table
for wide-range current measurement.

10.2.3 Application Curve

The TMUX721x have excellent charge injection performance and ultra-low leakage current, making them ideal
choices to minimize sampling error for the sample and hold application.
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A 10-2. Charge Injection vs. Drain Voltage
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11 Power Supply Recommendations

The TMUX721x device operates across a wide supply range of +4.5 V to +22 V (4.5 V to 44 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 nF 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. TI 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 and power planes.
Always ensure the ground (GND) connection is established before supplies are ramped.

12 Layout
12.1 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. & 12-1 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
B 12-1. 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.

Some key considerations are:

* For reliable operation, connect a decoupling capacitor ranging from 0.1 pF to 10 uF between VDD/VSS and
GND. We recommend a 0.1 yF and 1 pF capacitor, placing the 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, and only make perpendicular crossings when necessary.

* Using multiple vias in parallel will lower the overall inductance and is beneficial for connection to ground
planes.
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12.2 Layout Example

Wide (low inductance) SEL1
trage for power |I Wide (low inductance)
trace for power
[CVss | tmuxraix 4
OVia to ground plane
Wide (low inductance) ¢ =R N ——— — — — —
trace for power ol o g |§| |O Via to ground plane |

Wide (low inductance)
trace for power

B 12-2. TMUX721x Layout Example
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13 Device and Documentation Support
13.1 Documentation Support
13.1.1 Related Documentation

* Texas Instruments, Using Latch Up Immune Multiplexers to Help Improve System Reliability application note

* Texas Instruments, Improve Stability Issues with Low CON Multiplexers application brief

» Texas Instruments, Improving Signal Measurement Accuracy in Automated Test Equipment application brief

* Texas Instruments, Sample & Hold Glitch Reduction for Precision Outputs Reference Design reference guide

* Texas Instruments, Simplifying Design with 1.8 V logic Muxes and Switches application brief

* Texas Instruments, System-Level Protection for High-Voltage Analog Multiplexers application note

* Texas Instruments, True Differential, 4 x 2 MUX, Analog Front End, Simultaneous-Sampling ADC Circuit
application note

* Texas Instruments, QFN/SON PCB Attachment application note

* Texas Instruments, Quad Flatpack No-Lead Logic Packages application note

13.2 O R A
RO EHNER , SR ti.com LRSI GO R sy 276 R SATVEN , B R O S S
B . ARESITEAIE R, WA OB SR RS BT P g .
13.3 HRFHRIR
TIE2E™ Rtz TR EESH TR, W BN L ZERGHE . 2 I E R AR et 3B, R IA
% ol h 1 L T A5 T 7 B
BERN AR BN TTIRE R Rt . XEENB AL T HORHGE |, I HA—ERB TI KM AL 555
THE (A&«
13.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.
P A R bR BN & H BT E Y .
13.5 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘Sﬁ \ 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.
13.6 RiER
TI RiER ARARIERFIH IR T ARE . BB ia e .

14 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 ®3) (4/5)
(6)
TMUX7211PWR ACTIVE TSSOP PW 16 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 X211 Samples
TMUX7211RUMR ACTIVE WQFN RUM 16 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 TMUX F o
X211 L
TMUX7212PWR ACTIVE TSSOP PW 16 2000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 X212 Samples
TMUX7212RUMR ACTIVE WQFN RUM 16 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 TMUX Samnles
X212 i
TMUX7213PWR ACTIVE TSSOP PW 16 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 X213 Samples
TMUX7213RUMR ACTIVE WQFN RUM 16 3000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 TMUX Samples
X213 =

D 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: TI 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. TI 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.
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® | 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 Tl'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.
OTHER QUALIFIED VERSIONS OF TMUX7212 :

o Automotive : TMUX7212-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects

Addendum-Page 2
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O 0778procket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TMUX7211PWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TMUX7211RUMR WQFN RUM 16 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
TMUX7212PWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TMUX7212RUMR WQFN RUM 16 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
TMUX7213PWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TMUX7213RUMR WQFN RUM 16 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
i
4
///
e ~.
/\\ /}(\.
™~ e
~ . /
N
T s
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TMUX7211PWR TSSOP PW 16 2000 853.0 449.0 35.0
TMUX7211RUMR WQFN RUM 16 3000 367.0 367.0 35.0
TMUX7212PWR TSSOP PW 16 2000 853.0 449.0 35.0
TMUX7212RUMR WQFN RUM 16 3000 367.0 367.0 35.0
TMUX7213PWR TSSOP PW 16 2000 853.0 449.0 35.0
TMUX7213RUMR WQFN RUM 16 3000 367.0 367.0 35.0
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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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GENERIC PACKAGE VIEW
RUM 16 WQFN - 0.8 mm max height

4 x 4,0.65 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224843/A
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RUMOO16E

PACKAGE OUTLINE
WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA— |

Y
0.05T

0.00

EXPOSED

12X [0.65]
P
PIN 1 1ID—"

(o
v O
]
(]
12
13
05
16Xg3 ™ =

16X

0.35
0.25

0.10 |C|A|B
0.050%)

(0.2) TYP

4224815/A 02/2019

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. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

i
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EXAMPLE BOARD LAYOUT
RUMOO16E WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

13 /SEE SOLDER MASK

DETAIL
S A -
16X (0.6)

|
16X (03 1 [ % J
|

f
T L JT J 17 @ SYMM
12X (0.65) — -——-1—-—T-—¢ (3.8)
b |
4
(R0.05) TYP
B ECRER
@0.2) TYP !
VIA ‘

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

~

SCALE: 20X
0.07 MIN
0.07 MAX
ALL 297 MAX ﬁ r ALL AROUND T

Pstaln METAL UNDER
METAL EDGE ! \;/SOLDER MASK

|

| |

|

EXPOSED METAL ™\_soLDER MASK EXPOSED—/ T SOLDER MASK
OPENING METAL | ) OPENING
NON SOLDER MASK
DEFINED SOLDER MASK DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4224815/A 02/2019

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.

{
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EXAMPLE STENCIL DESIGN
RUMOO16E WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

r——y— (0.65) TYP

16
16X (0.6) % D
+ -

16X (0.3) 1[ T ]

T

=3 . 0w
12X (0.65) SYMMQ—T—@—&P— -—-4—- (3.8)
b

|
|
|
Pun 0 s
(R0.05) TYP - ‘

O f-—1—-

o
1)
-
D
o
!

|

L

SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 20X

EXPOSED PAD 17
77% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE

4224815/A 02/2019

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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