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TS12A12511 5-Ω Single-Channel SPDT Analog Switch With Negative Signaling Capability
1 Features 3 Description

The TS12A12511 is a bidirectional, single-channel,
1• ±2.7-V to ±6-V Dual Supply

single-pole double-throw (SPDT) analog switch that• 2.7-V to 12-V Single Supply can pass signals with swings of 0 to 12 V or –6 V to 6
• 5-Ω (Typical) ON-State Resistance V. This switch conducts equally well in both directions

when it is on. The device also offers a low ON-state• 1.6-Ω (Typical) ON-State Resistance Flatness
resistance of 5 Ω (typical), which is matched to within• 3.3-V, 5-V Compatible Digital Control Inputs 1 Ω between channels. The maximum current

• Rail-to-Rail Analog Signal Handling consumption is <1 μA and –3 dB bandwidth is >93
MHz. The TS12A12511 exhibits break-before-make• Fast tON, tOFF Times
switching action, preventing momentary shorting• Supports Both Digital and Analog Signal
when switching channels. This device is availableApplications packaged in an 8-lead VSSOP, 8-lead SOT-23, and a

• Tiny 8-Lead SOT-23, 8-Lead MSOP, and QFN-8 8-pin WSON.
Packages

Device Information(1)• Latch-Up Performance Exceeds 100 mA Per
JESD 78, Class II PART NUMBER PACKAGE BODY SIZE (NOM)

SOT (8) 2.90 mm × 1.63 mm• ESD Performance Tested per JESD 22
TS12A12511 VSSOP (8) 3.00 mm × 3.00 mm– ±2000-V Human Body Model

WSON (8) 4.00 mm × 4.00 mm(A114-B, Class II)
– ±1000-V Charged-Device Model (C101) (1) For all available packages, see the orderable addendum at

the end of the datasheet.

2 Applications
Simplified Schematic

• Automatic Test Equipment
• Power Routing
• Communication Systems
• Data Acquisition Systems
• Sample-and-Hold Systems
• Relay Replacement
• Battery-Powered Systems

1

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. UNLESS OTHERWISE NOTED, this document contains PRODUCTION
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5 Pin Configuration and Functions

N.C. – Not internally connected
NC – Normally closed
NO – Normally open
The Exposed Thermal Pad must be electrically connected to V– or left floating.

Pin Functions
PIN

I/O DESCRIPTION
NAME NO.
COM 1 I/O Common. Can be an input or output.
GND 3 — Ground (0 V) reference
IN 6 I Logic control input
NC 2 I/O Normally closed. Can be an input or output.
N.C. 5 — No connect. Not internally connected.
NO 8 I/O Normally open. Can be an input or output.
VCC 4 I Most positive power supply

Most negative power supply. This pin is only used in dual-supply applications and should be tied to–VCC 7 I ground in single-supply applications.
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6 Specifications

6.1 Absolute Maximum Ratings (1)

TA = 25°C (unless otherwise noted).
MIN MAX UNIT

VCC to -VCC 0 13 V
VCC to GND –0.3 13 V
-VCC to –6.5 0.3 VGND
VI/O Analog inputs NC, NO, or COM –VCC – 0.5 V CC + 0.5 V
IIN Digital inputs ±30 mA

Peak current NC, NO, or COM ±100 mA
II/O Continuous current NC, NO, or COM ±50 mA
TA Operating temperature –40 85 °C
Tstg 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, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings
VALUE UNIT

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) ±2000ElectrostaticV(ESD) Vdischarge Charged-device model (CDM), per JEDEC specification JESD22-C101 (2) ±1000

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
VCC 0 12 V
–VCC –6 0 V
VI/O –VCC VCC V
VIN 0 VCC V

6.4 Thermal Information
TS12A12511

THERMAL METRIC (1) DCN DGK DRJ UNIT
8 PINS

RθJA Junction-to-ambient thermal resistance 218.4 184.5 47.8
RθJC(top) Junction-to-case (top) thermal resistance 89.9 71.0 48.6
RθJB Junction-to-board thermal resistance 144.4 104.5 24.2

°C/W
ψJT Junction-to-top characterization parameter 7.8 11.3 1.2
ψJB Junction-to-board characterization parameter 141.7 103.3 24.4
RθJC(bot) Junction-to-case (bottom) thermal resistance N/A N/A 9.0

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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6.5 Electrical Characteristics: ±5-V Dual Supply
VCC = 5 V ± 10%, –VCC = –5 V ± 10%, TA = –40°C to 85°C (unless otherwise noted)

TA= 25°C TA= –40°C to 85°C
PARAMETER TEST CONDITIONS UNIT

MIN TYP MAX MIN TYP MAX

ANALOG SWITCH

Analog signal range -VCC VCC V

VNC = -4.5 V to +4.5 V
RON ON-state resistance or VNO = –4.5 V to 4.5 V, ICOM = –10 mA; 5 5 8 Ω

see Figure 12

ON-state resistance VNC = -4.5 V to +4.5 V
ΔRON match between or VNO = -4.5 V to +4.5 V, 1 1.2 1.6 Ω

channels ICOM = –10 mA

VNC = -3.3 V to +3.3 VON-state resistanceRON(flat) or VNO = -3.3 V to +3.3 V, 1.6 2.2 2.2 Ωflatness ICOM = –10 mA

LEAKAGE CURRENTS

VNC = -4.5 V to +4.5 VINC(OFF), OFF leakage current or VNO = -4.5 V to +4.5 V –1 ±0.5 1 –50 50 nAINO(OFF) VCOM = -4.5 V to +4.5 V; see Figure 13

VNC = -4.5 V to +4.5 VINC(ON), ON leakage current or VNO = -4.5 V to +4.5 V –1 ±0.5 1 –50 50 nAINO(ON) VCOM = open; see Figure 14

DIGITAL INPUTS

High-level inputVINH 2.4 VCC Vvoltage

Low-level inputVINL 0 0.8 Vvoltage

IINL, IINH Input current VIN = VINL or VINH 0.005 –1 1 μA

Control inputCIN 2.5 pFcapacitance

DYNAMIC (1)

RL = 300 Ω, CL = 35 pF,tON Turn-ON time 80 95 115 nsVCOM = 3.3 V; see Figure 16

RL = 300 Ω, CL = 35 pF,tOFF Turn-OFF time 41 50 56 nsVCOM = 3.3 V

Break-before-make RL = 300 Ω, CL = 35 pF,tBBM 36 18 nstime delay VNC = VNO = 3.3 V; see Figure 17

VNC = VNO = 0 V, RGEN = 0 Ω, CL = 1 nF;QC Charge injection 26 pCsee Figure 18

RL = 50 Ω, CL = 5 pF, f = 1 MHz;OISO OFF isolation –70 dBsee Figure 19

Channel-to-channel RL = 50 Ω, CL = 5 pF, f = 1 MHz,XTALK –70 dBcrosstalk see Figure 20

BW Bandwidth –3 dB RL = 50 Ω, CL = 5 pF; see Figure 21 93 MHz

Total harmonic RL = 600 Ω, CL = 15pF, VNO = 1VRMS,THD 0.004%distortion f = 20 kHz; see Figure 22

CNC(OFF), NC, NO f = 1 MHz; see Figure 15 14 pFCNO(OFF) OFF capacitance

CCOM(ON), COM, NC, NOCNC(ON), f = 1 MHz; see Figure 15 60 pFON capacitanceCNO(ON)

SUPPLY

ICC Positive supply current 0.03 1 μA

(1) Specified by design, not subject to production test.
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6.6 Electrical Characteristics: 12-V Single Supply
VCC = 12 V ± 10%, -VCC = 0 V, GND = 0 V, TA = –40°C to 85°C (unless otherwise noted)

TA= 25°C TA= –40°C to 85°C
PARAMETER TEST CONDITIONS UNIT

MIN TYP MAX MIN TYP MAX

ANALOG SWITCH

Analog signal range 0 VCC V

VNC =0 V to 10.8 V or VNO = 0 V to
Ron ON-state resistance 10.8 V, 5 5 8 Ω

ICOM = –10 mA, see Figure 12

ON-state resistance VNC = 0 V to 10.8 V or VNO = 0 V to
ΔRon match between 10.8 V, 1.6 2.4 2.6 Ω

channels ICOM = –10 mA

VNC = 3.3 V to 7V or VNO = 3.3 V toON-state resistanceRon(flat) 7 V, 1.7 1.8 3.2 Ωflatness ICOM = –10 mA

LEAKAGE CURRENTS

VNC = 0 V to 10.8 V or VNO = 0 V to
INC(OFF), 10.8 V,OFF leakage current –10 ±0.5 10 –50 50 nAINO(OFF) VCOM = 0 V to 10.8 V; see

Figure 13

VNC = 0 V to 10.8V or VNO = 0 V toINC(ON), ON leakage current 10.8 V, –10 ±0.5 10 –50 50 nAINO(ON) VCOM = open; see Figure 14

DIGITAL INPUTS

VINH High-level input voltage 5 VCC V

VINL Low-level input voltage 0 0.8 V

IINL, IINH Input current VIN = VINL or VINH ±0.005 –0.1 0.1 μA

CIN Digital input capacitance 2.7 pF

DYNAMIC (1)

RL = 300 Ω, CL = 35 pF,tON Turn-ON time 56 85 110 nsVCOM = 3.3 V; see Figure 16

RL = 300 Ω, CL = 35 pF,tOFF Turn-OFF time 25 30 31 nsVCOM = 3.3 V; see Figure 16

Break-before-make RL = 300 Ω, CL = 35 pF,tBBM 30 19 nstime delay VNC = VNO = 3.3 V; see Figure 17

RGEN = VNC = VNO = 0 V, RGEN = 0
QC Charge injection Ω, CL = 1 nF; 491 pC

see Figure 18

RL = 50 Ω, CL = 5 pF, f = 1 MHz,OISO OFF isolation –70 dBsee Figure 19

Channel-to-channel RL = 50 Ω, CL = 5 pF, f = 1 MHz,XTALK –70 dBcrosstalk see Figure 20

RL = 50 Ω, CL = 5 pF, seeBW Bandwidth –3 dB 122 MHzFigure 21

RL = 600 Ω, CL = 15pF, VNO = 1THD Total harmonic distortion 0.04%VRMS, f = 20 kHz; see Figure 22

CNC(OFF), NC, NO f = 1 MHz, see Figure 15 14 pFCINO(OFF) OFF capacitance

CCOM(ON), COM, NC, NOCNC(ON), f = 1 MHz, see Figure 15 55 pFON capacitanceCNO(ON)

SUPPLY

ICC Positive supply current 0.07 1 μA

(1) Specified by design, not subject to production test.
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6.7 Electrical Characteristics: 5-V Single Supply
VCC = 5 V ± 10%, -VCC = 0 V, GND = 0 V, TA = –40°C to 85°C (unless otherwise noted)

TA= 25°C TA= –40°C to 85°C
PARAMETER TEST CONDITIONS UNIT

MIN TYP MAX MIN TYP MAX

ANALOG SWITCH

Analog signal range 0 VCC V

VNC =0 V to 4.5 V or VNO = 0 V to
4.5 V,Ron ON-state resistance 8 10 12.5 ΩICOM = –10 mA;
see Figure 12

ON-state resistance VNC =0 V to 4.5 V or VNO = 0 V to
ΔRon match between 4.5 V, 1 1.1 1.5 Ω

channels ICOM = –10 mA

VNC =0 V to 4.5 V or VNO = 0 V toON-state resistanceRon(flat) 4.5 V, 1.3 1.3 2 Ωflatness ICOM = –10 mA

LEAKAGE CURRENTS

VNC =0 V to 4.5 V or VNO = 0 V toINC(OFF), OFF leakage current 4.5 V, –1 ±0.5 1 –50 50 nAINO(OFF) VCOM = 0 V to 4.5 V; see Figure 13

VNC = 0 V to 4.5V or VNO = 0 V toINC(ON), ON leakage current 4.5 V, –1 ±0.5 1 –50 50 nAINO(ON) VCOM = open; see Figure 14

DIGITAL INPUTS

VINH High-level input voltage 2.4 VCC V

VINL Low-level input voltage 0 0.8 V

IINL, IINH Input current VIN = VINL or VINH 0.01 –0.1 0.1 μA

CIN Digital input capacitance 2.8 pF

DYNAMIC (1)

RL = 300 Ω, CL = 35 pF,tON Turn-ON time 119 145 178 nsVCOM = 3.3 V; see Figure 16

RL = 300 Ω, CL = 35 pF,tOFF Turn-OFF time 38 47 95.2 nsVCOM = 3.3 V; see Figure 16

Break-before-make RL = 300 Ω, CL = 35 pF,tBBM 79 44 nstime delay VNC = VNO = 3.3 V; see Figure 17

VGEN = VNC = VNO = 0 V, RGEN = 0
QC Charge injection Ω, CL = 1 nF; 65 pC

see Figure 18

RL = 50 Ω, CL = 5 pF, f = 1 MHz,OISO OFF isolation –70 dBsee Figure 19

Channel-to-channel RL = 50 Ω, CL = 5 pF, f = 1 MHz,XTALK –70 dBcrosstalk see Figure 20

BW Bandwidth –3 dB RL = 50 Ω, see Figure 21 152 MHz

RL = 600 Ω, CL = 15 pF, VNO = 1THD Total harmonic distortion 0.04%VRMS, f = 20 kHz; see Figure 22

CNC(OFF), NC, NO f = 1 MHz, see Figure 15 15 pFCNO(OFF) OFF capacitance

CCOM(ON), COM, NC, NOCNC(ON), f = 1 MHz, see Figure 15 55 pFON capacitanceINO(ON)

POWER REQUIREMENTS

ICC Positive supply current VIN = 0 V or VCC 0.02 1 μA

(1) Specified by design, not subject to production test.
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6.8 Typical Characteristics

Figure 2. Leakage Current vs I/O voltage (Switch ON)Figure 1. RON vs VIO

Figure 4. Positive Supply Current vs TemperatureFigure 3. Leakage Current vs I/O Voltage (Switch OFF)

Figure 6. Control Input (IN) Threshold VoltageFigure 5. Negative Supply Current vs Temperature
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Typical Characteristics (continued)

Figure 8. Off Isolation vs Frequency Dual Supply (±5 V)Figure 7. Bandwidth Dual Supply (±5 V)

Figure 9. Crosstalk vs Frequency Dual Supply (±5 V) Figure 10. THD+N (%) vs Frequency

Figure 11. Charge Injection vs Bias Voltage
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7 Parameter Measurement Information

7.1 Test Circuits

Figure 12. ON-State Resistance

Figure 13. OFF-State Leakage Current (ICOM(OFF), INC(OFF))

Figure 14. ON-State Leakage Current (ICOM(ON), INC(ON))

10 Submit Documentation Feedback Copyright © 2009–2015, Texas Instruments Incorporated

Product Folder Links: TS12A12511

http://www.ti.com/product/ts12a12511?qgpn=ts12a12511
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SCDS248C&partnum=TS12A12511
http://www.ti.com/product/ts12a12511?qgpn=ts12a12511


CL
(2) RL

VCOM

Vcc

GND

NO

IN

VNO

VI

COM

Logic

Input(1)

Vcc

VCOM

50 Ω

RL CL

35 pFtON

TEST

Vcc50 Ω 35 pFtOFF

50%

tON tOFF

50%

90% 90%

Logic

Input

(VI)

VIO

Switch

Output

(VNO)

0

(1) All input pulses are supplied by generators having the following characteristics: PRR≤ 10 MHz, ZO = 50 Ω, tr < 5 ns, tf < 5 ns.
(2) CL includes probe and jig capacitance.

–VCC

VCC

GND

IN

VBIAS

VI

VI = VIO or GND

VBIAS= VCC
, VIO, or GND and

Capacitance is measured at NO,

COM, and IN inputs during ON

and OFF conditions.

Capacitance

Meter

VNO

COM

NO

COM

–VCC

TS12A12511
www.ti.com SCDS248C –OCTOBER 2009–REVISED JANUARY 2015

Test Circuits (continued)

Figure 15. Capacitance (CCOM(OFF), CCOM(ON), CNC(OFF), CNC(ON))

Figure 16. Turn-ON (tON) and Turn-OFF Time (tOFF)
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Test Circuits (continued)

Figure 17. Break-Before-Make Time Delay (tBBM)

Figure 18. Charge Injection (QC)

Figure 19. OFF Isolation (OISO)
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Test Circuits (continued)

Figure 20. Channel-to-Channel Crosstalk (XTALK)

Figure 21. Bandwidth (BW)

Figure 22. Total Harmonic Distortion
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8 Detailed Description

8.1 Overview
The TS12A12511 is a bidirectional, single channel, single-pole double-throw (SPDT) analog switch that can pass
signals with swings of 0 to 12 V or –6 V to 6 V. This switch conducts equally well in both directions when it is on.
It also offers a low ON-state resistance of 5 Ω (typical), which is matched to within 1 Ω between channels. The
max current consumption is < 1 μA and –3 dB bandwidth is > 93 MHz. The TS12A12511 exhibits break-before-
make switching action, preventing momentary shorting when switching channels. This device is available
packaged in an 8-lead MSOP, 8-lead SOT-23, and a 8-pin QFN.

8.2 Functional Block Diagram

8.3 Feature Description
The TS12A12511 can pass signals with swings of 0 to 12 V or –6 V to 6. The device is great for applications
where the AC signals do not have a common mode voltage since both the positive and negative swing of the
signal can be passed through the device with little distortion.

8.4 Device Functional Modes

Table 1. Truth Table
IN NC TO COM, COM TO NC NO TO COM, COM TO NO
L On Off
H Off On
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and TI 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
Analog signals that range over the entire supply voltage (VCC to GND) or (VCC to -VCC) can be passed with very
little change in ON-state resistance. The switches are bidirectional, so the NO, NC, and COM pins can be used
as either inputs or outputs.

9.2 Typical Application

Figure 23. Typical Application Schematic

9.2.1 Design Requirements
Pull the digitally controlled input select pin IN to VCC or GND to avoid unwanted switch states that could result if
the logic control pin is 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
since the TS12A12511 input/output signal swing of the device is dependant of the supply voltage VCC and -VCC.
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Typical Application (continued)
9.2.3 Application Curve

Figure 24. RON vs VIO
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10 Power Supply Recommendations
Proper power-supply sequencing is recommended for all CMOS devices. Do not exceed the absolute maximum
ratings, because stresses beyond the listed ratings can cause permanent damage to the device. Always
sequence VCC and -VCC on first, followed by NO, NC, or COM.

Although it is not required, power-supply bypassing improves noise margin and prevents switching noise
propagation from the VCC supply to other components. A 0.1-μF capacitor, connected from VCC to GND, is
adequate for most applications.

11 Layout

11.1 Layout Guidelines
It is recommended to place a bypass capacitor as close to the supply pins, VCC and -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

Figure 25. Layout Schematic
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12 Device and Documentation Support

12.1 Trademarks
All trademarks are the property of their respective owners.

12.2 Electrostatic Discharge Caution
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.

12.3 Glossary
SLYZ022 — TI 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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Eco Plan
(2)

Lead/Ball Finish
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& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -40 to 85 NFHS
HFHA

TS12A12511DGKR ACTIVE VSSOP DGK 8 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -40 to 85 2US
2UA

TS12A12511DRJR ACTIVE SON DRJ 8 1000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 85 ZVE

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI 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 TI 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: TI has discontinued the production of the device.

 
(2) 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: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: TI 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.

 
(3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

 
(5) 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.

 
(6) Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish 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 TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.
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TS12A12511DGKR VSSOP DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
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