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TS5A22362 0.65-Q 2-channel SPDT Analog Switches With Negative Signaling Capability

1

Features

Specified break-before-make switching
Negative signaling capability: maximum swing
from-2.75V102.75V (Vgc =2.75 V)

Low ON-state resistance (0.65 Q typical)

Low charge injection

Excellent ON-state resistance matching

2.3-V to 5.5-V Power supply (V¢c)

Latch-Up performance exceeds 100 mA Per JESD
78, Class Il

ESD Performance tested per JESD 22

— 2500-V Human-body model
(A114-B, class )

— 1500-V Charged-device model (C101)

3 Description

The TS5A22362 is a bidirectional, 2-channel single-
pole double-throw (SPDT) analog switch designed to
operate from 2.3 V to 5.5 V. The device features
negative signal swing capability that allows signals
below ground to pass through the switch without
distortion. The break-before-make feature prevents
signal distortion during the transferring of a signal
from one path to another. Low ON-state resistance,
excellent channel-to-channel ON-state resistance
matching, and minimal total harmonic distortion
(THD) performance are ideal for audio applications.
The 3.00 mm x 3.00 mm DRC package is also
available as a nonmagnetic package for medical
imaging application.

Device Information"

— 200-V Machine model (A115-A) PART NUMBER PACKAGE BODY SIZE (NOM)
VSON (10) 3.00 mm x 3.00 mm

2 Applications TS5A22362 DSBGA (10) 1.86 mm x 1.36 mm
« Cell phones VSSOP (10) 3.00 mm x 3.00 mm

Personal digital assistant (PDAS)
Portable instrumentation

Audio routing

Medical imaging

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application Schematic
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5 Pin Configuration and Functions

DRC Package

connected as a secondary GND or left
electrically open.

10-Pin VSON
Top View
DGS Package
( h 10-Pin VSSOP
O Top View
vee Lt ____ 10 _]no2 (O N
I
— I —
not 12 I 9 _| come vee [ 1 10 [ ] No2
- | -
comt [ I3 : Trermal | g __| nec2 Nnot (| 9 [ J com
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net [ 1a : 70 me comt [_| 8 ] Nc2
|
— = —
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Nt [ 6 ] anD
. J
Not to scale \ )
The exposed center pad, if used, must be Not to scale
YZP Package
10-Pin DSBGA
Bottom View
1 2 3
D
C
B
A
Not to scale
Pin Functions
PIN
TYPE DESCRIPTION
NAME VSON VSSOP DSBGA
VCC 1 1 A2 Power Supply
NO1 2 2 A3 I/0 Normally Open (NO) signal path, Switch 1
COM!1 3 3 B3 I/0 Common signal path, Switch 1
NC1 4 4 C3 I/0 Normally Closed (NC) signal path, Switch 1
IN1 5 5 D3 | Digital control pin , Switch 1
GND 6 6 D2 — Ground
IN2 7 7 D1 | Digital control pin, Switch 2
NC2 8 8 C1 I/0 Normally Closed (NC) signal path, Switch 2
COM2 9 9 B1 I/0 Common signal path, Switch 2
NO2 10 10 Al I/0 Normally Open (NO) signal Path, Switch 2

Copyright © 2015-2019, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Vee @ Supply voltage -0.5 6 v
Vne
Vo Analog voltage @) ) ©) Voo — 6 Vee + 0.5 %
Veowm

_ Ve, Vno: Veom < 0
lyok Analog port diode current or -50 50 mA
Vne: Vo, Voom > Vee

INnc ON-state switch current -150 150
| Vnes Vo, Vi =0toV mA
|28M ON-state peak switch current © NG TNO- TCom e -300 300
InG ((2)) g)) ((2)) ON-state switch current -350 350
| Vnes Vo, V =0toV mA
|28M @) () @) ON-state peak switch current ©) NG TNO» Teom e -500 500
Vi Digital input voltage -0.5 6.5 \
ik Digital input clamp current ) @ Vi<0 -50 50 mA
:EED Continuous current through Vgcor GND -100 100 mA
Tsig Storage temperature —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings 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 Conditions . Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

This value is limited to 5.5 V maximum.
Pulse at 1-ms duration < 10% duty cycle.
Vee=3.0V105.0V, Ty =—-40°C to 85°C.
For YZP package only.

P
O~NO OB WN
oo

6.2 ESD Ratings

The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum
All voltages are with respect to ground, unless otherwise specified.
The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () 2500

Viesp)  Electrostatic discharge %gmarged-device model (CDM), per JEDEC specification JESD22-C101 £1500 v
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Ve Supply voltage 2.3 5.5 \"
Vne )
Vno Signal path voltage Vec—5.5 Vee \"
Voom
Vin Digital control GND 5.5 \"
4 Submit Documentation Feedback Copyright © 2015-2019, Texas Instruments Incorporated
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6.4 Thermal Information

TS5A22362
THERMAL METRIC DGS (VSSOP) | DRC (VSON) | YZP (DSBGA) UNIT
10 PINS 10 PINS 10 PINS
Reua Junction-to-ambient thermal resistance 163.3 443 90.9 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 56.4 70.1 0.3 °C/W
Reus Junction-to-board thermal resistance 83.1 19.3 8.3 °C/W
Wt Junction-to-top characterization parameter 6.8 2.0 3.2 °C/W
VB Junction-to-board characterization parameter 81.8 19.4 8.3 °C/W

(1)

report.

6.5 Electrical Characteristics for 2.5-V Supply

VCC = 23 V tO 27 V, TA

—40°C to 85°C (unless otherwise noted) "

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

PARAMETER ‘ TEST CONDITIONS | Ta | Vee MIN TYP MAX | UNIT
Analog Switch
Veowms Analog signal
Vno, Vnc  range Voo =53 Voo v
o ON-state ng Sr5V5NC\’/= Vee, 1.5V, COM to NO or NC, 25°C a7y 0.65 0.94 5
on . . . .
resistance loon = —100 MA, see Figure 13 Full 13
ON-state _ 25°C 0.023 0.11
ARon resistance match |VNC O_ryrgo_n: A5 Vi S;'V’l:itou'r\g t3)r NG, 27V Q
between channels | €M~ ' 9 Full 0.15
ON-state Vnc of Vo = Vee, 1.5V, co 25°C 0.18 0.46
’ M to NO or NC,
Ronfiat) resistance Vee-55V see Figure 13 27V Q
flatness lcom = =100 mA, Full 0.5
Vng =225V, Vgg—55V 25°C -50 50
Voom = Vec - 5.5V, 2.25 V
Vno = Open
| NC, NO COM to NO
INC(OFF% OFF leakage or See Figure 14 2.7 nA
NO(OFF) current Vo =225V, Vee—5.5V, Full =375 375
Veom = Vee =55V, 2.25 V
Ve = Open
COM to NC
COM . 25°C -50 50
Ve and Vo = Floating .
I ON leakage NG NO , See Figure 15 27V A
MO umrent 9 Veom = Vee,Vec =55V g Full -375 ars|
Digital Control Inputs (IN)
V Input logic high 1.4 55
H pu o0l M9 Ful v
Vi Input logic low 0.6
Input leakage _ 25°C —250 250
IIH! |||_ current VIN = VCC or0 Full 27V 250 250 nA
Dynamic
v v G =35 oF 25°C 25V 44 80
; com = Vce, L =99 pr,
fon Turnon time R_ =300 Q, see Figure 17 Ful | 23 V\}O 2.7 120 ns
v v G = 35 bF 25°C 25V 22 70
; com = Vce, L =99 pr,
lorr Turnoff time R. =300 Q, see Figure 17 Ful | 23 V\}O 2.7 0l ™
tamm prealcbefore-make | see Figure 18 25°C | 25V 1 7 ns
P Veen =0, CL=1nF, :
Qc Charge injection Reen = O, see Figure 22 25°C 25V 150 pC
Cncorr, NG, NO _ . o
Croorh) OFF capacitance Ve or Vo = Ve or GND, See Figure 16 25°C 25V 70 pF

(1
()

Implications of Slow or Floating CMOS Inputs, SCBAQ04.

The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum
All unused digital inputs of the device must be held at Vg or GND to ensure proper device operation. Refer to the Tl application report,
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Electrical Characteristics for 2.5-V Supply (continued)

Voo =23V 1027V, T, =—40°C to 85°C (unless otherwise noted) (¥

PARAMETER TEST CONDITIONS Ta Vee MIN  TYP MAX | UNIT
NC, NO, COM VCOM = VCC or GND, . o
Ceomon  oN capacitance Switch ON, f = 10 MHz See Figure 16 25°C 25V 870 pF
Digital input B , .
C capacitance V| = Vs or GND See Figure 16 25°C 25V 2.6 pF
BW Bandwidth R =500Q,-3dB See Figure 18 25°C 25V 17 MHz
o f =100 kHz, .
Oiso OFF isolation R =50 Q see Figure 20 25°C 25V —66 dB
f =100 kHz, o
XTALK Crosstalk RL =50Q see Figure 29 25°C 25V -75 dB
) f=20Hz to
THD Jpral harmonic RL-c02 20 kHz, 25°C | 25V 0.01%
L=390P see Figure 23
Supply
Positive Vcom and Viy = Ve or GND, 25°C 0.2 1.1
loc . 27V pA
supply current Ve and Vo = Floating Full 1.3
g Voom = Vec =55V,
lec EL?;;II;/Iecurrent Vin = Vg or GND, Full 27V 33| pA
Ve and Vo = Floating
6.6 Electrical Characteristics for 3.3-V Supply
Vee =3V 10 3.6V, Ty =—40°C to 85°C (unless otherwise noted) ")
PARAMETER \ TEST CONDITIONS | Ta | Ve MIN TYP  MAX| UNIT
ANALOG SWITCH
Veoms Analog signal _
Vno, Vnc  range Voo =55 Vee v
Ve or Vo £ Vee, 25°C 0.61 0.87
R ON-state 15V, COM to NO or NC, 3V o
on resistance Vec =55V, see Figure 13 Eull 0.97
lcom =—100 mA
ON state Vi Or Vo = 1.5V, COMtoNOor NG, | 25°C 0024 013
ARgp, resistance match | 100 mA Fi 13 3V Q
between channels com =—100 MA, see Figure Full 0.13
_ Vi of Vo < Ve, 25°C 012  0.46
. Ovstate 15V, COM to NO or NC, sV o
onfflat flatness Vec—5.5V, see Figure 13 Eull 05
lcom = —100 mA
Vng =3V, Ve =55V 25°C -50 50
Veom=Vec-55V, 3V
Vno = Open
| NC, NO COM to NO
INC(OFF>’ OFF leakage or See Figure 14 36V nA
NO(OFF) current Vo =3V, Ve =55V, Full —375 375
Veom = Vo =55V, 3V
Vne = Open
COM to NC
| gﬁ'\l"eakage Vg and Vi = Floating, coMwNOorNe, | ZC | mal 0
COM(ON) current Veom = Vee,Vee - 5.5 V see Figure 15 Full : _375 375
DIGITAL CONTROL INPUTS (IN) @
v Input logic high 1.4 55
H put logic hig Full v
Vi Input logic low 0.8
ligs | Input leak t | Viy=Vegor0 25C | 36V 250 250 A
s nput leakage curren = or . n
o P 0 e Full 250 250

(1) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum
(2) All unused digital inputs of the device must be held at Vg or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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Electrical Characteristics for 3.3-V Supply (continued)

Vee =3V 103.6V, T, =-40°C to 85°C (unless otherwise noted) "

PARAMETER \ TEST CONDITIONS | Ta | Ve | MIN  TYP  MAX| UNIT
DYNAMIC
v v G = 35 pF 25°C 33V 34 80
i com = Vces L =99 pr,
fon Tumnon time RL =300 Q see Figure 17 Full 3Vto 120 ns
36V
v v G = 35 bF 25°C 33V 19 70
i com = Vces L =99 pr,
torr Turnoff time Ri 2300 O see Figure 17 Ful | 3Vto ol ™
36V
—_— prealcbefore-make | see Figure 18 25°C | 33V 1 7 ns
- Vaen = 0, CL=1nF, .
Qc Charge injection Reen = 0 see Figure 22 25°C 33V 150 pC
Cnciorr,  NC, NO Ve or Vo = Ve or . o
Croorn OFF capacitance Voo —5.5V See Figure 16 25°C 33V 70 pF
NC, NO, COM VCOM = VCC or GND, . o
Ccomon ON capacitance 210 MHz See Figure 16 25°C 33V 370 pF
Digital input _ . o
C capacitance V| = Vgc or GND See Figure 16 25°C 33V 2.6 pF
. Switch ON, o
BW Bandwidth R. =50Q,-3dB see Figure 18 25°C 3.3V 17.5 MHz
T f = 100 kHz, o -
Oiso OFF isolation R =50 Q see Figure 20 25°C 3.3V 68 dB
f =100 kHz, o _
XTALK Crosstalk R =50 Q see Figure 21 25°C 3.3V 76 dB
Total harmonic R. =600 Q, f =20 Hz to 20 kHz, o
THD distortion C_=35pF see Figure 23 =G EiA 0.008%
SUPPLY
Veom and Viy = Vg or GND, 25°C 36V 0.1 1.2 A
» Ve and Vo = Floating Full ’ 13 i
| Positive
cc supply current Veom = Vec = 5.5V,
V)N = Vo or GND, Ful | 36V 34| A
Vne and Vo = Floating
6.7 Electrical Characteristics for 5-V Supply
Voo = 4.5V 1t05.5V, Ty =—40°C to 85°C (unless otherwise noted) "
PARAMETER \ TEST CONDITIONS | T | Ve | MN  TYP  MAX| UNIT
ANALOG SWITCH
Veowm Analog signal _
Vno, Vnc  range Voo =55 Veo v
ON-state Vie or Vo = Voo, 1.6 V, COM to NO or NC, 25°C 0.52 0.74
Ron resistance Veo=-55V, see Figure 13 45V Q
lcom = —100 mA Full 0.83
AR ON state Vg 0f Vo = 1.6V, COM to NO or NC, 25°c 004 023
on resistance match | = 100 mA see Figure 13 45V Q
between channels | €OM = 9 Full 0.30
ON-state Ve or Vo = Voo, 1.6 V, 25°C 0.076 0.46
Ron(fiat resistance Voo =-5.5V, Scech)a'\/llzitgu'r\leo1gr NC, 45V Q
flatness lcom = =100 mA Full 0.5
Ve =45V, Vog —5.5V, 25°C -50 50
Voom = Vog =55V, 4.5V,
Vno = Open,
| NC, NO COM to NO
lNC(OFF>’ OFF leakage or See Figure 14 55V nA
NOOFF)  gyrrent Vno =45V, Vg —5.5V, Full -375 375
VCOM = VCC -55V,45V,
Ve = Open,
COM to NC
COM ) 25°C -50 50
Ve and Vo = Floating )
| ON leakage NG NO ’ See Figure 15 55V nA
MM et ) Veom = Veo, Voo =55V o Full 375 375
(1) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum
Copyright © 2015-2019, Texas Instruments Incorporated Submit Documentation Feedback 7
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Electrical Characteristics for 5-V Supply (continued)

Voo =4.5V 10 5.5V, Ty =—40°C to 85°C (unless otherwise noted) (")

PARAMETER \ TEST CONDITIONS | Ta [ Ve | MN  TYP  MAX| UNIT
DIGITAL CONTROL INPUTS (IN) ®
V Input logic high 24 5.5
IH p! 9 9 Full v
Vi Input logic low 0.8
Input leakage _ 25°C —250 250
|IHv IIL current V|N = Vcc or0 Full 55V 250 250 nA
DYNAMIC
v y P 25°C 5V 27 80
i com = Vee, L =99 pr,
ton Turnon time R, =300 O see Figure 17 Full 45V to 80 ns
55V
v y P 25°C 5V 13 70
; com = Vee, L =99 pr,
torr Turnoff time R, =300 O see Figure 17 Full 45V to 70 ns
55V
Break-before-make | Ve = Vno = Vec/2 C_ =35 pF, o
teu time RL = 300 0 see Figure 18 i ! 83 ns
iiacti Veen =0, CL=1nF, o
Qc Charge injection Reen = 0 see Figure 22 25°C 5V 150 pC
Cncorr, NG, NO Ve or Vno = Ve or . o
Cno(oFF) OFF capacitance Vec—-55V See Figure 16 25°C 5V 70 PP
CCOM(ON) gﬁl’cggz,aggr’:/(lze VCOM = VCC or GND, See Figure 16 25°C 5V 370 pF
c E;%;ac'lt':ﬁg; Vi = Vg or GND See Figure 16 25°C | 5V 26 PF
BW Bandwidth R =50 Q See Figure 18 25°C 5V 18.3 MHz
o f =100 kHz, .
Oiso OFF isolation R.=500Q see Figure 20 25°C 5V -70 dB
f =100 kHz, o B
XTALK Crosstalk R .=500Q see Figure 21 25°C 5V 78 dB
Total harmonic R_ =600 Q, f = 20 Hz to 20 kHz, o o
THD distortion C_=35pF see Figure 23 25°C 5V 0.009%
SUPPLY
Veom and Vi = Vg or GND, 25°C 0.2 1.3
Positive Ve and Vo = Floating Full 35
leo supply current Veom = Ve = 5.5V, 55V WA
Vin = Vg or GND, Full 5
Ve and Vo = Floating

(2) All unused digital inputs of the device must be held at Vg or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, SCBA004.
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6.8 Typical Characteristics
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Figure 3. Ron Vs Vcom (Vec = 3.3 V) Figure 4. Ry vs Vcom (Vec =5 V)
0 — 0
-2 N -10
\
-4 -20 e
= -6 ~ -30
. \ €
g -8 p /
] (<]
z £ -50
£ -10 = y
g g -60 A
= -12 n g /
< .70 7
-14 I B
-80
-16
-90
-18 ; 7000 1 1000
Frequency (MHz) Frequency (MHz)
Figure 5. Insertion Loss Figure 6. Off Isolation vs Frequency
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Typical Characteristics (continued)
500 0
~ 400 -10 p
(3
o -20
=~ 300 >
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Z 200 z /
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£ 100 S 50 /
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& = -60
2 Vog =25V < P
© _100 70 x //
_200 -80 FRd
0 1.8 2.5 3.3 5 -90
1 1000
Voltage (V) Frequency (MHz)
Figure 7. Charge Injection (Q¢) vs Vcom Figure 8. Crosstalk (Vgc =3.3 V)
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Figure 9. Total Harmonic Distortion vs Frequency Figure 10. Power-Supply Current vs Ve
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Figure 11. toy And torr Vs Supply Voltage Figure 12. toy And torr vs Temperature (2.5-V Supply)
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7 Parameter Measurement Information
Vee
V
no | NO
o Veon
p— Channel ON
T coMm v v
1 \ Ron = ~COM~ TNO g
- v N J com
IN
| > - Icom Vin=Vinor Vi
++
T GND
Figure 13. ON-state resistance (R,,)
Vee
Vno | NO
o—fF—v v
IO/V com Off-State leakage current
_ Channel Off
I /TCCOM ii*. Vin=ViorVy
= | -
Vi |iN B I
e ] ’
T GND
Figure 14. OFF-state leakage current (Icomorr)s Ino(oFF)
Vee
Vno | NO
IO/V v Vcom On-state leakage current
— O Channel On
T coMm Vin=ViorV
1 |
VN IN B J
++
T GND
Figure 15. ON-state leakage current
(Icomony: Inocony)
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Parameter Measurement Information (continued)

Vee
Vno |NO
Capacitance v Oﬂ
Meter VBIAS = VCC or GND and
Vin = Vi or Vi
‘ Capacitance is measured at NO,
COM | cOM | COM, and IN inputs during ON
BIAS and OFF conditions.
Vin | IN | > 7J
GND
Figure 16. Capacitance
(cls CCOM(OFF)s CCOM(ON)s CNO(OFF); CNO(ON))
Vee
T TEST R_ CL Vcom
NO| Vno ton 300Q | 35pF Vee
COM
Y, _
com ‘ CL RL OFF | 300Q | 35pF Vee
‘ _ -
Vi IN |> ‘
. Logic Vce
Logic
|npg:n GND :CPL)“ Xso% Xso%
L IN | oV
I
| = | |
P b
ton—> <« —» «—topF
Switch 90% 0%
Output
(Vo)

A. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t, < 5 ns,

tr<5ns.

B. C, includes probe and jig capacitance.

Figure 17. Turnon (toyn) and Turnoff time (torf)
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Parameter Measurement Information (continued)
VCC

Ve Vee
or
Vce

NC or NO Logic Input
Vio VCOM Rpy (VIN) X50%
j\oi ov
NC or NO A com  Vou

\ RL CL Switch Output
I (Vcom) 10%  10% oV
Vin IN —J - - I |
D \ \
GND

Logic, Ve or Vo = GND FtBBM—D‘
Input R.=1kQ

il 1 Rey=100 Q

= - C_=35pF

A. C_ includes probe and jig capacitance.
B. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t, < 5 ns,

tr<5ns.
Figure 18. Break-Before-Make Time (tggm)
VCC
Network Analyzer T Channel ON:NO to COM
50 Q VNO NO V|N = V|H or V||_
—> H\C Vcom
Source
Signal L -« ‘ com Network Analyzer Setup
= Vin IN J Source power =0 dBm
- 632-mV P-P at 50-Q load)
50 O | > (
E DC Bias=350 mV
= T GND
Figure 19. Bandwidth (BW)
Vee
Network Analyzer 1 Channel OFF: NO to COM
50 Q Vno | NO Vin= Vi or Vi
—» v Vcom

Source /TCCOM
Signal NetworkAnalyzerSetup

b \ Source power = 0 dBm

= Vin IN J (632-mV P-P at 50-Q load)
50 0 | %>* DC bias = 350 mV

= T GND

Figure 20. OFF isolation (O50)

Copyright © 2015-2019, Texas Instruments Incorporated Submit Documentation Feedback
Product Folder Links: TS5A22362

13


http://www.ti.com/product/ts5a22362?qgpn=ts5a22362
http://www.ti.com
http://www.ti.com/product/ts5a22362?qgpn=ts5a22362
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SCDS364E&partnum=TS5A22362

13 TEXAS

INSTRUMENTS
TS5A22362
SCDS364E —JUNE 2015—REVISED OCTOBER 2019 www.ti.com
Parameter Measurement Information (continued)
Vee
Network Analyzer T
Channel ON: NC to COM
50 O Ve NCNO Channel OFF: NO to COM
—» Vcom Vin= Vi or V.
Source +— Vo A com
Signal ‘ 50 Q NetworkAnalyzerSetup
= Vv J Source power =0 dBm
S0a j‘j %— = (632-mV P-P at 50-Q load)
L+ DC bias = 350 mV
L T GND

Figure 21. Crosstalk (XtaLk)

ViH

Vce Logic
1 '"R;'t) OFF ON OFF
RGEN IN I

NO i
V
com Vcom _/—\_AVCOM
VGEN — com L T
T"

—

wH\

Vin |IN 7J \F:GEN=(0“0 Vee
| > GEN =
Logic ({) CL=1nF

Input GND Qc=CL x AVcom

L Vin=ViorVy

A. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t, < 5 ns,
tr<5ns.

B. C, includes probe and jig capacitance.

Figure 22. Charge injection (Qg)

Channel ON: COM to NO Vin=Viyor V. RL =600 Q
VSOURCE =0.5VP-P fSOURCE =20 Hz to 20 kHz C|_ =35 pF
VCC
Audio Analyzer NO

Source
Signal

é 5000 com O/(' % .
L

600 Q

v

A. C_ includes probe and jig capacitance.

Figure 23. Total Harmonic Distortion (THD)
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8 Detailed Description

8.1 Overview

The TS5A22362 is a bidirectional, 2-channel single-pole double-throw (SPDT) analog switches designed to
operate from 2.3 V to 5.5 V. The devices feature negative signal capability that allows signals below ground
to pass through the switch without distortion. The break-before-make feature prevents signal distortion during
the transferring of a signal from one path to another. Low ON-state resistance, excellent channel-to-channel
ON-state resistance matching, and minimal total harmonic distortion (THD) performance are ideal for audio

applications

8.2 Functional Block Diagram

OuT+

NC1

Audio

Source 1

OUT-

NO1

Ccom1

NC2

OuUT+

Audio
Source 2

OouT-

NO2

IN1

Input Select

IN2

COM2

:Eq 8-Q Speaker

8.3 Feature Description

8.3.1 Negative Signaling Capacity

The TS5A22362 dual SPDT switches feature negative signal capability that allows signals below ground to pass
through without distortion. These analog switches operate from a single +2.3-V to +5.5-V supply. The input and
output signal swing of the device is dependant of the supply voltage Vcc: the devices pass signals as high as
Vcc and as low as Vg — 5.5 V, including signals below ground with minimal distortion.

Table 1 shows the input/output signal swing the user can get with different supply voltages.

Table 1. Input/Output signal swing

SUPPLY VOLTAGE, Vce (V. Vaor Vo) = Vo - 5.5 (V. Vaor Voo = Voe
55V oV 55V
45V -19V 45V
36V 25V 3.6V
30V 25V 3.0V
27V 28V 27V
23V -3.2V 23V

8.4 Device Functional Modes
The function table for TS5A22362 is shown in Table 2
Table 2. Function Table
IN NC TO COM, NO TO COM,
COM TO NC COM TO NO
L ON OFF
H OFF ON

Copyright © 2015-2019, Texas Instruments Incorporated

Product Folder Links: TS5A22362

Submit Documentation Feedback

15


http://www.ti.com/product/ts5a22362?qgpn=ts5a22362
http://www.ti.com
http://www.ti.com/product/ts5a22362?qgpn=ts5a22362
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SCDS364E&partnum=TS5A22362

13 TEXAS
INSTRUMENTS

TS5A22362
SCDS364E ~JUNE 2015-REVISED OCTOBER 2019 www.ti.com

9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI'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

Ensure that the device is powered up with a supply voltage on VCC before a voltage can be applied to the signal
paths NC and NO.

Tie the digitally controlled inputs select pins IN1 and IN2 to Vg or GND to avoid unwanted switch states that
could result if the logic control pins are left floating.

All unused digital inputs of the device must be held at VCC or GND to ensure proper device operation. Refer to
the Tl application report, Implications of Slow or Floating CMOS Inputs, SCBA004.

9.2 Typical Application

OUT+ NCt

Audio
Source 1 OouT-

comM1

IN1
-- < Input Select

TS5A22362 :]:ﬂ 8-Q Speaker
IN2
NC2 o <
|
I

. COM2

P

NO1

o

OUT+

Audio
Source2 |OUT- NO2

s

Figure 24. Typical Application

9.2.1 Design Requirements

Tie the digitally controlled inputs select pins IN1 and IN2 to Vc or GND to avoid unwanted switch states that
could result if the logic control pins are left floating.

9.2.2 Detailed Design Procedure

Select the appropriate supply voltage to cover the entire voltage swing of the signal passing through the
switch because the TS5A22362 operates from a single +2.3-V to +5.5-V supply and the input/output signal
swing of the device is dependant of the supply voltage Vc. The device will pass signals as high as V¢ and
as low as Vgc — 5.5 V. Use table 2 as a guide for selecting supply voltage based on the signal passing
through the switch.

Ensure that the device is powered up with a supply voltage on VCC before a voltage can be applied to the
signal paths NC and NO.
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Typical Application (continued)
9.2.3 Application Curve
1.2
1.0 A
/ \ Vec =23V
0.8
g 06 ,/ /\\K
s / V=30V
< 0.4 =]
e
0.2 Ve = 4.5 V—]
0.0
-4.0 -2.0 0.0 2.0 4.0 6.0
Veom (V)
Figure 25. R,, vs Vcom
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10 Power Supply Recommendations

The TS5A22362 operates from a single 2.3-V to 5.5-V supply. The device must be powered up with a supply
voltage on VCC before a voltage can be applied to the signal paths NC and NO. It is recommended to
include a 100-ps delay after VCC is at voltage before applying a signal on NC and NO paths

It is also good practice to place a 0.1-uF bypass capacitor on the supply pin VCC to GND to smooth out
lower frequency noise to provide better load regulation across the frequency spectrum.

11 Layout

11.1 Layout Guidelines

Tl recommends placing a bypass capacitor as close to the supply pin VCC as possible to help smooth out
lower frequency noise to provide better load regulation across the frequency spectrum.

Minimize trace lengths and vias on the signal paths in order to preserve signal integrity.

11.2 Layout Example

LEGEND

O ViA to Power Plane Polygonal Copper Pour
") VIA to GND

Bypass Capacitor

™
)

7\

vce T
+ T To System
O [1] vee NO2 [10] —
To System To System
«— (2| not comz [ 9] — 5
To System To System
«— E com1 NC2 E _
To System To System
«— [4] e N2 | 7] _
To System
«— [5 ] m enof6] O |
Figure 26. Layout example of TS5A22362
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12 Device and Documentation Support

12.1 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me 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.

12.2 Community Resources

Tl 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 TI's views; see Tl's Terms of Use.

12.3 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.4 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘?: ‘\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.5 Glossary

SLYZ022 — T/ 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

® 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.

© Lead 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.
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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)

TS5A22362DGSR ACTIVE VSSOP DGS 10 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 39R
TS5A22362DGSRG4 ACTIVE VSSOP DGS 10 2500 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 39R

TS5A22362DRCR ACTIVE VSON DRC 10 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 ZVG
TS5A22362DRCT-NM ACTIVE VSON DRC 10 250 RoHS & Green SN Level-2-260C-1 YEAR -40 to 85 ZVGNM

TS5A22362YZPR ACTIVE DSBGA YzZP 10 3000 RoHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 (39, 392)
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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 TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
G R R AR T
el o o Bo W
resl |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ |
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO 0O 0 O0 Sprocket Holes
1 1
[ [
Sl I —
A4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TS5A22362DGSR VSSOP | DGS 10 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
TS5A22362DRCR VSON DRC 10 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
TS5A22362DRCT-NM VSON DRC 10 250 180.0 12.4 3.3 3.3 11 8.0 12.0 Q2
TS5A22362YZPR DSBGA | YzZP 10 3000 178.0 9.2 149 | 1.99 | 0.63 4.0 8.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TS5A22362DGSR VSSOP DGS 10 2500 358.0 335.0 35.0
TS5A22362DRCR VSON DRC 10 3000 356.0 356.0 35.0
TS5A22362DRCT-NM VSON DRC 10 250 210.0 185.0 35.0
TS5A22362YZPR DSBGA YZP 10 3000 220.0 220.0 35.0
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PACKAGE OUTLINE

YZP0010 DSBGA - 0.5 mm max height
DIE SIZE BALL GRID ARRAY
2 CORNER
D
}
0.5 MAX y J
! &t%) ) SEATING PLANE
o] wre Lz
019 SEE
—1]TYP —=
SYMM
|
70~ q> —Orpe
O | O
] B St L
TYP D: Max = 1.89 mm, Min= 1.83 mm
H4o- 1 Ol
! E: Max = 1.39 mm, Min= 1.33 mm
TYP
T4 Ofs
0.25 1 2 3
10X P55 05| TYP
[ [0.0150) [c|A[B]
4219350/B 11/2017
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.
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EXAMPLE BOARD LAYOUT
YZP0010 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

—={ (0.5) TYP |=—

10X (© 0.225)
fEAd}

(0.5) TYP !
[ @ |
B ‘ SYMM
— ¢
1@
O

D
1 2 3
SYM

¢

LAND PATTERN EXAMPLE
SCALE:30X

<

(0.225) 0.05 MAX METAL
METAL 0.05 MIN . UNDER
p < MASK

SOLDER MASK/ \ (@ 0.225)
OPENING SOLDER MASK
OPENING
NON-SOLDER MASK
° SD%FINED S SOLDER MASK
(PREFERRED) DEFINED
SOLDER MASK DETAILS
NOT TO SCALE

4219350/B 11/2017

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SBVA017 (www.ti.com/lit/sbva017).
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EXAMPLE STENCIL DESIGN
YZP0010 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

10X [J0.25) (R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X

4219350/B 11/2017

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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DGS0010A I

PACKAGE OUTLINE
VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

iR SEATING PLANE— 7|
PIN 11D .
) — 8X|0.5 — :
10 03] 1)
=19 ]
E— =
|
1 | m
E==r=-
T il
29 T (4 [0.1®) [c]A® [BO | 41.1 MAX
NOTE 4
T
v/ \
\ J ‘ E 1
N ,l 0.23
e TYP
&SEE DETAIL A 0.13

)

0.4 0.05

DETAIL A
TYPICAL

4221984/A 05/2015

NOTES:

-

o b wWN

. 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-187, variation BA.
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DGS0010A

EXAMPLE BOARD LAYOUT
VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

10X (1.45)
10X (03 S

YMM (R0.05)
::/ w

(- sy
=
:l:]

6

LAND PATTERN EXAMPLE

SOLDER MASK
OPENING \ / METAL
4‘* 0.05 MAX

ALL AROUND

NON SOLDER MASK
DEFINED

SCALE:10X

METAL UNDER SOLDER MASK
SOLDER MASK‘\ i OPENING

s N
! |
=
JL* 0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

NOT TO SCALE

4221984/A 05/2015

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
DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

10149 SYMM (R0.05) TYP
10X (0.3) 1 ¢ :
tL:b | 10
| - | Sy
— = —-——— - —-
- == | o
i Y —— | ]
|
)

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

4221984/A 05/2015

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
DRC 10 VSON - 1 mm max height

3 x 3, 0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

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

4226193/A
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DRC0010J

PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA—[:

N w
=

o =
@ O

}

|

oo

oo

Sa
L]

EXPOSED
THERMAL PAD

2X (0.5)

| h— 4X (0.25)

_ 5]
2X
]
8X
PIN 11D
(OPTIONAL)

SEATING PLANE

g 1]
=3 N -
D | -l
%5%%12%% | symm
‘ 2.4+0.1
—— ‘ -l
1t
- AS/H ‘ |10
i R
SYMM 01® [c[AlB
¢ 10X 8:2 & 0.05 |C

r (0.2) TYP

4218878/B  07/2018

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 optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRC0010J VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

e (1.65) ———
pkl
10X (0.6) ‘
|
P N i
10X (0.24) ‘
- . -
SYMM ! (2.4)
oo — %»7 o
| |
|
_ I 0.95
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8X (0.5) w
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: ] 6
[
(R0.05) TYP ‘ | |
|
(@ 0.2) VIA ‘ i !
TYP ‘ J ! |
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L— (2.8) ——1
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:20X
0,07 MAX 0.07 MIN
. ALL AROUND
ALL 207 MAX ﬁ r‘ EXPOSED METAL
EXPOSED METAL e 0\
\‘\‘ \
SOLDER MASK/ METAL METAL UNDER/ \—SOLDER MASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOBDEER,'\EASSK
(PREFERRED)

SOLDER MASK DETAILS

4218878/B 07/2018

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.

/]
INSTRUMENTS
www.ti.com



DRC0010J

EXAMPLE STENCIL DESIGN

VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

i

iR
Cp )
10X (0.24) —

e 2X (1.5) ——
ol
11

+

(0.5)
SYMM

¢

EXPOSED METAL

SOLDER PASTE EXAMPLE

BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 11:

80% PRINTED SOLDER COVERAGE BY AREA

SCALE:25X

4218878/B 07/2018

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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DRC0010H

PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA—[:

N w
=

o =
@ O

|

! LI - e e SEATING PLANE
o.osJ‘
0.00
le— 1.7+ 0.1 —=
2X (0.5)
EXPOSED L 4X (0.
THERMAL PAD ‘ ﬂ ‘ (0.23)
LT
; [
r =2 °
D) i ]
2X 11 SYMM
=T -— T3 2.4+0.1
— > ‘ ]
T e
8x[0.5] m ’ L 10x 030
PIN 11D SYL\/IM 0.18
(OPTIONAL) ¢ 05 & %%@
10X o3 :

r (0.2) TYP

4218883/A 12/2021

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 optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRCO0010H VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

10X (0.6) ﬁ ‘
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SCALE:20X
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SOLDER MASK/ METAL METAL UNDERJ \—SOLDER MASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOBDEER,',\EASSK
(PREFERRED)

SOLDER MASK DETAILS

4218883/A 12/2021

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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DRC0010H

EXAMPLE STENCIL DESIGN

VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 11:

80% PRINTED SOLDER COVERAGE BY AREA

SCALE:25X

4218883/A 12/2021

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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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated
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