'g Ordering &

oo quality

Technical
documentation

Design & m Support &
development training

13 TEXAS TSV912A-Q1, TSV914A-Q1
INSTRUMENTS ZHCSLI4B - JUNE 2020 - REVISED FEBRUARY 2021
TSVIIXA-Q1 REF PN . 8MHz I8 BB AR
1 Ryt 3 VB
o BB AR H TSVOIXA-Q1 R I Hil i . X A P03 i i H Ok

kM - 1kHz i} 18nV/ v Hz

RIHFE : 550uA ( HL7AE )

R 25 71 98 © 8MHz

TAEH RS REE 2.5V 2 5.5V

A N B : 1pA ( HL7R{H )
AN E - 1.5mV ( J&KME )

%26 I VA% +0.5pV/°C ( JAUME )
ESD W EMEH 1 +4kV AAKTEEEE (HBM)
TAERETEE - 40°C & 125°C

2 N

£+ AEC-Q100 1 22 H3E47 T itk
SRR ARG 5RA

Wesh w4

ZE 5 a7 B NI B

TR B FVR 2 P B 7R 4 3 AR 3 AN R ML o
4% Fo H 2% (OBC) MLk 78 L 2%

I pAR YDA ER R e

T A B R 48 (ADAS)

FAREYR L RN B RN R

VsHunt

Ra

% 3.4kQ

AR FLALF2 ]

LGB AVREN AT . R B A E Y
AN (RRIO) #0565 58 (8MHz) A 2 1 Hi [
(0.3mV HLAE ) ZekstE |, LNFEERE SR
V) S R P-4 ) 35 o B FH T T o 12 R A SR %
A s fe e, BB N R E B, X LR
HE R T BA SRR - 1% R 5 8808 HA K
NE T, & TR s DR R IE D .
TSVI1xA-Q1 X FFa iy FH et , 5 (8 g vk A
GEH - 4SBT A0 25 AR M EE K RFI-EMI
dlpE A, EL A FASHIURM , UEEE
Fi U (ESD) &5 (4kV HBM ) .

#ERE
BRSO ESES EHER (RHRE )

TSVO11A-Q1 SOT-23 (5)@ 1.60mm x 2.90mm

SOIC (8) 3.91mm x 4.90mm
TSV912A-Q1

VSSOP (8) 3.00mm x 3.00mm

SOIC (14) 8.65mm x 3.91mm
TSV914A-Q1

TSSOP (14) 4.40mm x 5.00mm

(1) & 7T AR, 2 B R R R B R T I

X

(2) KT TSVIIXA-Q1 , B RANALTI G .
60

&

L —]

50

1

40

/

Overshoot (%)
w
o

20 /,
10

7

Overshoot+

Overshoot-

0 50 100 150 200 250 300
Capacitive Load (pF)

MET S SR AR IR AR

ARG AENTTRRI , RAH R TP s P SORARIE R

PARA = s O 2L . A 5@ B 5 SRR I Bl (R 2, 7 )

www.ti.com , HNEIRAN . TIAGRIERIERERPENA R, ESEER Bt Z 8T, 1 5510575 Bol R IS SCRRAS .

English Data Sheet: SBOSA18


http://www.ti.com/applications/automotive/infotainment-cluster/overview.html
http://www.ti.com/applications/automotive/overview.html#passivesafety
http://www.ti.com/applications/automotive/body-lighting/overview.html
http://www.ti.com/applications/automotive/adas/overview.html
https://www.ti.com.cn/product/cn/tsv912a-q1?qgpn=tsv912a-q1
https://www.ti.com.cn/product/cn/tsv914a-q1?qgpn=tsv914a-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSLI4
https://www.ti.com.cn/product/cn/TSV912A-Q1?dcmp=dsproject&hqs=#order-quality
https://www.ti.com.cn/product/cn/TSV912A-Q1?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com.cn/product/cn/TSV912A-Q1?dcmp=dsproject&hqs=#design-development
https://www.ti.com.cn/product/cn/TSV912A-Q1?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SBOSA18

I3 TEXAS
TSV912A-Q1, TSV914A-Q1 INSTRUMENTS
ZHCSLI4B - JUNE 2020 - REVISED FEBRUARY 2021 www.ti.com.cn
Table of Contents
TR e 1 8.4 Device Functional Modes...........cccoccoroinniciicnncncnnn. 18
2 B oo 1 9 Application and Implementation................................ 19
L1 = PO 1 9.1 Application Information.............cccooiiiiiiii . 19
4 ReVISION HISOTY.........o.oveeeeeeeeeeeeeeeeeeeeeeeee e 2 9.2 Typical Application..........cccccviivieeiiiiieee e 19
5 Device Comparison Table.............o.coovveeeeeeveererrrerennn. 3 10 Power Supply Recommendations.................ccccccoc.. 21
6 Pin Configuration and Functions................cccccoccvu....... 4 10.1 Input and ESD Protection.............cocevviiiiieiinnnenn. 21
7 SPECIfICAtIONS...........eeeeeeeeeeeeeeeee e 6 1" Layout............. ..... s 22
7.1 Absolute Maximum Ratings.............c.owevereeereerrerrnenn. 6 11.1 Layout Guidelines...........cccovieeeiiiiiiniiie e 22
7.2 ESD RAUNGS.c...eeeeeeeeeeeeeeeeeeeeesee e eee s enen 6 11.2 Layout Example..........ccoooiiiiiiiiiiiii e 22
7.3 Recommended Operating Conditions........................ 6 12 Device and D_ocumentation Support.........ccceeeiiieens 23
7.4 Thermal Information: TSVO12A-Q1 oo, 6 12.1 Relatgd LlnkS: ......................................................... 23
7.5 Thermal Information: TSVO14A-Q v 7 12.2 B SRS B e 23
7.6 Electrical Characteristics..............cooeueururueveeecereennns 8 12.3 SCREBEE oo 23
7.7 Typical CharacteristiCs.............ccveviieeiiiiieiiee e 11 12.4 Trademarks..........cccoeiiieeiniieeeee e 23
8 Detailed Description..................cccccoeeeeeeeeeeeen 17 125 B HBUEEE S s 23
8.1 OVEIVIEW.....o.eiiiiiiiic e 17 12,6 RABIR oo 23
8.2 Functional Block Diagram...............ccccceoiuiviiiiiinnnn, 17 13 Mechanical, Packaging, and Orderable
8.3 Feature Description...........c..ccoeeeeeiieeceecie e 18 INFOrmMation..............c..cooeeiiiiiece e 24
4 Revision History
T LU0 RS B BURS T BE -5 24 RS 1) TR AN (]
Changes from Revision A (December 2020) to Revision B (February 2021) Page
o MHBR T RS S R VSSOP S B T M RS oo 1
* Updated thermal information for DGK (VSSOP) package in Thermal Information: TSV912A-Q1 table............. 6
Changes from Revision * (June 2020) to Revision A (December 2020) Page
o T TR SCRIIR . BRI LB BRI T HE I e 1
o MR T 2B E R TSSOP B 2E I T RS ..ot 1
* Deleted package preview note from TSV914-Q1 pinout drawing and Pin Functions table ................ccccccoo...... 4
* Added note 4 to differential input voltage in Absolute Maximum Ratings table...............cccoociiiiiiiiii e 6
* Added thermal information for TSSOP (14) to Thermal Information: TSV914A-Q1 table...........cccccceevvvveeeeenns 7

2 Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: TSV912A-Q1 TSV914A-Q1


https://www.ti.com.cn/product/cn/tsv912a-q1?qgpn=tsv912a-q1
https://www.ti.com.cn/product/cn/tsv914a-q1?qgpn=tsv914a-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSLI4
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSLI4B&partnum=TSV912A-Q1
https://www.ti.com.cn/product/cn/tsv912a-q1?qgpn=tsv912a-q1
https://www.ti.com.cn/product/cn/tsv914a-q1?qgpn=tsv914a-q1

13 TEXAS
INSTRUMENTS

www.ti.com.cn

TSV912A-Q1, TSVI14A-Q1
ZHCSLI4B - JUNE 2020 - REVISED FEBRUARY 2021

5 Device Comparison Table

NO. OF PACKAGE LEADS
DEVICE ;
CHANNELS DBV D DGK PW
TSVI11A-Q1 1 5 — — -
TSV912A-Q1 8
TSVI914A-Q1 14 14
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6 Pin Configuration and Functions

©)

OUTA |1 8 | V+
-INA| 2 7 |OUTB
+INA | 3 6 |-INB

V- IZ El +INB

& 6-1. TSV912A-Q1 D and DGK Package

8-Pin SOIC and VSSOP

Top View
% 6-1. Pin Functions: TSV912A-Q1
PIN

e G 110 DESCRIPTION
-INA 2 | Inverting input, channel A
+IN A 3 | Noninverting input, channel A
-INB 6 | Inverting input, channel B
+IN B 5 | Noninverting input, channel B
OUTA 1 O Output, channel A
ouTB 7 O Output, channel B
V- 4 — Negative (lowest) supply or ground (for single-supply operation)
V+ 8 — Positive (highest) supply
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-INA | 2 A A E‘ -IND
+INA | 3 E‘ +IND
V+ E E‘ V-
+INB | 5 E +INC
-INB | 6 V z‘ -INC

& 6-2. TSV914A-Q1 D and PW Package
14-Pin SOIC and TSSOP

Top View
% 6-2. Pin Functions: TSV914A-Q1
PIN
e NG 110 DESCRIPTION
-INA 2 | Inverting input, channel A
+IN A 3 | Noninverting input, channel A
-INB 6 | Inverting input, channel B
+IN B 5 | Noninverting input, channel B
-INC 9 | Inverting input, channel C
+INC 10 | Noninverting input, channel C
-IND 13 | Inverting input, channel D
+IN D 12 | Noninverting input, channel D
OUT A 1 O Output, channel A
ouTB O Output, channel B
ouTC 0 Qutput, channel C
OouUTD 14 O QOutput, channel D
V- 1 — Negative (lowest) supply or ground (for single-supply operation)
V+ 4 — Positive (highest) supply
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7 Specifications
7.1 Absolute Maximum Ratings

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

MIN MAX UNIT

Supply voltage 6 v

Voltage® Common-mode (V-)-05 (V+)+0.5 v
Signal input pins Differential(®) (V+) - (V-)+0.2

Current(2) -10 10 mA
Output short-circuit(®) Continuous mA
Specified, Ta -40 125 °C
Junction, T, 150 °c
Storage, Tstg - 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.

(2) Input pins are diode-clamped to the power-supply rails. Current limit input signals that can swing more than 0.5 V beyond the supply
rails to 10 mA or less.

(3)  Short-circuit to ground, one amplifier per package.

(4) Differential input voltages greater than 0.5 V applied continuously can result in a shift to the input offset voltage above the maximum
specification of this parameter. The magnitude of this effect increases as the ambient operating temperature rises.

7.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per AEC Q100-002(Y) +4000
V(esp) Electrostatic discharge - \%
Charged-device model (CDM), per AEC Q100-011 +1500

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with ANSI/ESDA/JEDEC JS-001 Specification.

7.3 Recommended Operating Conditions

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

MIN MAX UNIT

Vs Supply voltage 2.5 5.5 \

Specified temperature -40 125 °C

7.4 Thermal Information: TSV912A-Q1
TSV912A-Q1
THERMAL METRIC(") D (SOIC) DGK (VSSOP) UNIT
8 PINS 8 PINS

R ya Junction-to-ambient thermal resistance 157.6 198.5 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 104.6 87.2 °C/W
Roys Junction-to-board thermal resistance 99.7 120.3 °C/W
Vg7 Junction-to-top characterization parameter 55.6 23.8 °C/W
LT Junction-to-board characterization parameter 99.2 118.7 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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7.5 Thermal Information: TSV914A-Q1

TSV914A-Q1
THERMAL METRIC(") D (SOIC) PW (TSSOP) UNIT
14 PINS 14 PINS
Roua Junction-to-ambient thermal resistance 111.1 133.8 °C/W
R0 Jc(top) Junction-to-case (top) thermal resistance 67.6 62.1 °C/W
Ry Junction-to-board thermal resistance 67 76.9 °C/W
V7 Junction-to-top characterization parameter 27.4 13.2 °C/W
LT Junction-to-board characterization parameter 66.6 76.3 °C/W

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

Vs (Total Supply Voltage) = (V+) - (V-)=25Vto55VatTy=25°C, R =10kQ connected to Vs /2, Vcmy =Vs /2, and

Vout = Vs / 2 (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
OFFSET VOLTAGE
Vs=5V +0.3 1.5
Vos Input offset voltage Vg=5V mV
Tp= -40°C to 125°C 8
. VS =5V o
dVpg/dT  Drift Th= - 40°C to 125°C +0.5 uv/ec
PSRR  Power-supply rejection ratio Vs=25V - 55V, Veu=(V-) 7 uvIiv
Channel separation, DC AtDC 100 dB
INPUT VOLTAGE RANGE
Vewm Common-mode voltage range Vg=25Vto55V (V- )0_1 (V+) +0.1 Y
Vs=55V
(V-) - 01V<Vgy<(V+) - 14V 80 103
Ta= -40°Cto 125°C
Vs=55V,Vegu=-0.1Vto56V 57 75
CMRR  Common-mode rejection ratio Ta= -40°Ct0125°C dB
Vs=25V,(V-) - 01V<Vey<(V+) - 14V 88
Ta= -40°Cto 125°C
Vs=25V,Vegu=-0.1Vto 1.9V 70
Ta= -40°Cto 125°C
INPUT BIAS CURRENT
Ig Input bias current +5 pA
los Input offset current 5 pA
NOISE
E, Input voltage noise (peak-to-peak) |Vg=5V,f=0.1 Hzto 10 Hz 4.77 uVpp
Vs =5V, f=10kHz 12 _
e Input voltage noise density nV/v Hz
Vs=5V,f=1kHz 18
in Input current noise density f=1kHz 23 fA/V Hz
INPUT CAPACITANCE
Cpp Differential pF
Cic Common-mode pF
OPEN-LOOP GAIN
Vg=25V,(V-)+0.04V<Vg<(V+) - 0.04V 100
RL=10kQ
Vs=5.5V,(V-)+0.05V<Vpo<(V+) - 0.05V 104 130
) RL=10kQ
AoL Open-loop voltage gain dB
Vg=25V,(V-)+0.06V<Vg<(V+) - 0.06V 100
RL=2kQ
Vs=55V,(V-)+0.15V<Vg<(V+) - 0.15V 130
RL=2kQ
FREQUENCY RESPONSE
GBP Gain bandwidth product Vs=5V,G=1 8 MHz
b m Phase margin Vs=5V,G=1 55 °
Vs=5V,G=1
SR Slew rate RL=2kQ 4.5 Vius
C_ =100 pF
T00.1%,Vs =5V, 2-Vstep, G =1 05
CL =100 pF ’
ts Settling time us
To0.01%,Vs =5V, 2-Vstep,G=1 1
CL =100 pF
tor Overload recovery time Vg=5V,V|y xgain>Vg 0.2 us
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7.6 Electrical Characteristics (continued)
Vg (Total Supply Voltage) = (V+) - (V-)=25Vt05.5V atTp=25°C, R_. =10 kQ connected to Vg /2, Vcm = Vs /2, and

Vout = Vs / 2 (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN

TYP MAX UNIT

THD + N Total harmonic distortion + noise(") |Vg=5V,Vg=1Vgrys, G=1,f=1kHz

0.0008%
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7.6 Electrical Characteristics (continued)

Vg (Total Supply Voltage) = (V+) - (V-)=25Vt05.5V atTp=25°C, R_. =10 kQ connected to Vg /2, Vcm = Vs /2, and
Vout = Vs / 2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
OUTPUT
Vo Vqltage output swing from supply Vs=55V,R =10kQ 20 mv
rails Vg=55V,R =2kQ 60
Isc Short-circuit current Vg=5V +50 mA
Zo Open-loop output impedance Vg=5V,f=10 MHz 100 Q
POWER SUPPLY
Vs=5.5V,lp=0mA 550 750
la Quiescent current per amplifier MA
Vs=5.5V,lo=0mATa= -40°C to 125°C 1100

(1)  Third-order filter; bandwidth = 80 kHz at - 3 dB.
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7.7 Typical Characteristics

at Tp =25°C, Vs =55V, R.=10kQ connected to Vg /2, Vcm = Vs / 2, and Vout = Vs / 2 (unless otherwise noted)
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O 0 o < [ee] N © o < [e¢]
R EREEE R EEEEE S e - - o
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Ta= -40°Cto 125°C
& 7-1. Offset Voltage Production Distribution A& 7-2. Offset Voltage Drift Distribution
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7.7 Typical Characteristics (continued)

at Tp =25°C, Vs =55V, R.=10kQ connected to Vg /2, Vom = Vs / 2, and Vout = Vs / 2 (unless otherwise noted)

& 7-9. Output Voltage Swing vs Output Current
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& 7-7. Closed-Loop Gain vs Frequency & 7-8. Input Bias Current vs Temperature
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& 7-10. CMRR and PSRR vs Frequency (Referred to Input)
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A& 7-12. CMRR vs Temperature
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7.7 Typical Characteristics (continued)

at Tp =25°C, Vs =55V, R.=10kQ connected to Vg /2, Vom = Vs / 2, and Vout = Vs / 2 (unless otherwise noted)

A& 7-17. THD + N vs Amplitude
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& 7-13. PSRR vs Temperature A& 7-14. 0.1-Hz to 10-Hz Input Voltage Noise
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& 7-15. Input Voltage Noise Spectral Density vs Frequency & 7-16. THD + N vs Frequency
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& 7-18. THD + N vs Amplitude
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7.7 Typical Characteristics (continued)

at Tp =25°C, Vs =55V, R.=10kQ connected to Vg /2, Vom = Vs / 2, and Vout = Vs / 2 (unless otherwise noted)

& 7-21. Open-Loop Output Impedance vs Frequency
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B 7-22. Small-Signal Overshoot vs Load Capacitance
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A 7-23. Small-Signal Overshoot vs Load Capacitance
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7.7 Typical Characteristics (continued)

at Tp =25°C, Vs =55V, R.=10kQ connected to Vg /2, Vom = Vs / 2, and Vout = Vs / 2 (unless otherwise noted)
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& 7-25. Overload Recovery & 7-26. Small-Signal Step Response
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to Noninverting Input (EMIRR+) vs Frequency & 7-30. Channel Separation vs Frequency
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7.7 Typical Characteristics (continued)

at Tp =25°C, Vs =55V, R.=10kQ connected to Vg /2, Vom = Vs / 2, and Vout = Vs / 2 (unless otherwise noted)
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& 7-32. Open Loop Voltage Gain vs Output Voltage
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8 Detailed Description
8.1 Overview

The TSV91xA-Q1 series is a family of low-power, rail-to-rail input and output op amps. These devices operate
from 2.5 V to 5.5 V, are unity-gain stable, and are designed for a wide range of general-purpose automotive
applications. The input common-mode voltage range includes both rails and allows the TSV91xA-Q1 series to be
used in virtually any single-supply application. Rail-to-rail input and output swing significantly increases dynamic
range, especially in low-supply applications and are designed for driving sampling analog-to-digital converters
(ADCs).

8.2 Functional Block Diagram

Ve O . -

* Reference b
Current

wotm T ThEbes T N

Yaras Class AB
Contral —

Circuitry

mRaTL -

W—_

(Ground)
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8.3 Feature Description
8.3.1 Rail-to-Rail Input

The input common-mode voltage range of the TSV91xA-Q1 family extends 100 mV beyond the supply rails for
the full supply voltage range of 2.5 V to 5.5 V. This performance is achieved with a complementary input stage:
an N-channel input differential pair in parallel with a P-channel differential pair, as shown in the Functional Block
Diagram. The N-channel pair is active for input voltages close to the positive rail, typically (V+) - 1.4 V to 100
mV above the positive supply, whereas the P-channel pair is active for inputs from 100 mV below the negative
supply to approximately (V+) - 1.4 V. There is a small transition region, typically (V+) - 1.2V to (V+) - 1V, in
which both pairs are on. This 200-mV transition region can vary up to 200 mV with process variation. Thus, the
transition region (with both stages on) can range from (V+) - 1.4 V to (V+) - 1.2 V on the low end, and up to
(V+) - 1V to (V+) - 0.8 V on the high end. Within this transition region, PSRR, CMRR, offset voltage, offset
drift, and THD can degrade compared to device operation outside this region.

8.3.2 Rail-to-Rail Output

Designed as a low-power, low-voltage operational amplifier, the TSV91xA-Q1 series delivers a robust output
drive capability. A class AB output stage with common-source transistors achieves full rail-to-rail output swing
capability. For resistive loads of 10 k Q, the output swings to within 15 mV of either supply rail, regardless of the
applied power-supply voltage. Different load conditions change the ability of the amplifier to swing close to the
rails.

8.3.3 Packages With an Exposed Thermal Pad

The TSV91xA-Q1 family is available in packages such as the WSON-8 (DSG) which feature an exposed thermal
pad. Inside the package, the die is attached to this thermal pad using an electrically conductive compound. For
this reason, when using a package with an exposed thermal pad, the thermal pad must either be connected to
V - or left floating. Attaching the thermal pad to a potential other then V - is not allowed, and the performance
of the device is not assured when doing so.

8.3.4 Overload Recovery

Overload recovery is defined as the time required for the operational amplifier output to recover from a saturated
state to a linear state. The output devices of the operational amplifier enter a saturation region when the output
voltage exceeds the rated operating voltage, because of the high input voltage or the high gain. After the device
enters the saturation region, the charge carriers in the output devices require time to return to the linear state.
After the charge carriers return to the linear state, the device begins to slew at the specified slew rate. Therefore,
the propagation delay (in case of an overload condition) is the sum of the overload recovery time and the slew
time. The overload recovery time for the TSV91xA-Q1 series is approximately 200 ns.

8.4 Device Functional Modes

The TSV91xA-Q1 family has a single functional mode. These devices are powered on as long as the power-
supply voltage is between 2.5V (£1.25 V) and 5.5 V (£2.75 V).
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9 Application and Implementation

Note

PAR RLFR 43 v 145 SR T T1 38R YE FE , T A GRILAERR A e . TI % N7 S
ARG THMH . & I, DU R RS DRE .

9.1 Application Information

The TSV91xA-Q1 series features 8-MHz bandwidth and 4.5-V/us slew rate with only 550 pA of supply current
per channel, providing good AC performance at low power consumption. DC applications are well served with a

low input noise voltage of 18 nV / v Hz at 1 kHz, low input bias current, and a typical input offset voltage of 0.3
mV.

9.2 Typical Application

¥ 9-1 shows the TSV91xA-Q1 configured in a low-side, motor-control application.

Vsus

TSV9IX Vour

Kl 9-1. TSV91xA-Q1 in a Low-Side, Motor-Control Application

9.2.1 Design Requirements
The design requirements for this design are:

* Load current: 0 Ato 1 A
* Output voltage: 4.95V
* Maximum shunt voltage: 100 mV
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9.2.2 Detailed Design Procedure

The transfer function of the circuit in ¥ 9-1 is shown in J7f&£z0 1.
Vout =loap xRsnunt xGain (1)

The load current (I oap) produces a voltage drop across the shunt resistor (Rsyunt). The load current is set from
0 A to 1 A. To keep the shunt voltage below 100 mV at maximum load current, the largest shunt resistor is
defined using 77 f£5( 2.

Y/
SHUNT _MAX _ 100mV —100mQ

lLoAD MmAX 1A (2)

Rshunt =

Using 723 2, Rgyunt is 100 mQ. The voltage drop produced by | oap and Rgyunt is amplified by the
TSV91xA-Q1 to produce an output voltage of approximately 0 V to 4.95 V. The gain required by the TSV91xA-
Q1 to produce the necessary output voltage is calculated using J7 #£3 3:

Gain - (Vour _max —Vour_min)

(Vin_max = Vin_nai ) 3)

Using /2 3( 3, the required gain is calculated to be 49.5 V/V, which is set with resistors Rg and Rg. /7 fi3{ 4 is
used to size the resistors, Rr and Rg, to set the gain of the TSV91xA-Q1 to 49.5 V/V.

(Re)

Gain=1+—+%
R

(Re) (4)

Selecting Rg as 165 kQ and Rg as 3.4 kQ provides a combination that equals roughly 49.5 V/V. & 9-2 shows
the measured transfer function of the circuit shown in & 9-1.

9.2.3 Application Curve

0 0.2 0.4 0.6 0.8 1
|LOAD (A)
K| 9-2. Low-Side, Current-Sense, Transfer Function
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10 Power Supply Recommendations

The TSV91xA-Q1 series is specified for operation from 2.5 V to 5.5 V (£1.25 V to +2.75 V); many specifications
apply from -40°C to 125°C. Typical Characteristics presents parameters that can exhibit significant variance
with regard to operating voltage or temperature.

CAUTION

Supply voltages larger than 6 V can permanently damage the device; see the Absolute Maximum
Ratings table.

Place 0.1-uyF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high-
impedance power supplies. For more detailed information on bypass capacitor placement, see Layout Example.

10.1 Input and ESD Protection

The TSV91xA-Q1 series incorporates internal ESD protection circuits on all pins. For input and output pins, this
protection consists of current-steering diodes connected between the input and power-supply pins. These ESD
protection diodes provide in-circuit, input overdrive protection, as long as the current is limited to 10-mA, as
stated in the Absolute Maximum Ratings table. ¥ 10-1 shows how a series input resistor is added to the driven
input to limit the input current. The added resistor contributes thermal noise at the amplifier input and the value
must be kept to a minimum in noise-sensitive applications.

IO\/ERLOAD
10-mA maximum
e

& 10-1. Input Current Protection
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11 Layout

11.1 Layout Guidelines

For best operational performance of the device, use good printed-circuit board (PCB) layout practices, including:

Noise can propagate into analog circuitry through the power pins of the circuit as a whole and of op amp
itself. Bypass capacitors are used to reduce the coupled noise by providing low-impedance power sources
local to the analog circuitry.

- Connect low-ESR, 0.1-pyF ceramic bypass capacitors between each supply pin and ground, placed as
close to the device as possible. A single bypass capacitor from V+ to ground is applicable for single-
supply applications.

Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective

methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.

A ground plane helps distribute heat and reduces electromagnetic interference (EMI) noise pickup. Make

sure to physically separate digital and analog grounds, paying attention to the flow of the ground current.

To reduce parasitic coupling, run the input traces as far away from the supply or output traces as possible. If

these traces cannot be kept separate, crossing the sensitive trace perpendicular is much better as opposed

to in parallel with the noisy trace.

Place the external components as close to the device as possible. As shown in [¥] 11-2, keeping RF and RG

close to the inverting input minimizes parasitic capacitance on the inverting input.

Keep the length of input traces as short as possible. Always remember that the input traces are the most

sensitive part of the circuit.

Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce

leakage currents from nearby traces that are at different potentials.

Cleaning the PCB following board assembly is recommended for best performance.

Any precision integrated circuit can experience performance shifts resulting from moisture ingress into the

plastic package. Following any aqueous PCB cleaning process, baking the PCB assembly is recommended

to remove moisture introduced into the device packaging during the cleaning process. A low-temperature,
post-cleaning bake at 85°C for 30 minutes is sufficient for most circumstances.

11.2 Layout Example

VOUT A VOUT B

A 11-1. Schematic Representation of Layout Example

Place components OUT A

close to device and to VS+ Use Igw—ESR,
each other to reduce cera;mc k;){pass
arasitic errors. capacitor. Place as
P close to the device
\ / as possible.
—
OUTA V+ } } (O GND
RF

O OouTB
GND -INA OuT B }

RG RF
VNAO————  4INA | INB GND
RG
V— +INB VIN B

Use low-ESR / l Keep input traces short

C and run the input traces
ceramic bypass GND as far away from

capagitor. Place as VS- Ground (GND) plane on another layer the supply lines
close to the device as possible.
as possible.

& 11-2. Layout Example
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12 Device and Documentation Support
12.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to order now.

#* 12-1. Related Links

TECHNICAL TOOLS & SUPPORT &
PARTS PRODUCT FOLDER ORDER NOW DOCUMENTS SOFTWARE COMMUNITY
TSV912A-Q1 Click here Click here Click here Click here Click here
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13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
) Drawing Qty @ Ball material ©) (415)
(6)

TSV912AQDGKRQ1 ACTIVE VSSOP DGK 8 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 29IT Samples
TSV912AQDRQ1 ACTIVE SoIC D 8 2500 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 TS912Q m
TSV914AQDRQ1 ACTIVE SOIC D 14 2500 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 TSV914AQD

TSV914AQPWRQ1 ACTIVE TSSOP PW 14 2000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 T914AQ

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

® | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents 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
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. 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 OO 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—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)

TSV912AQDGKRQ1 VSSOP | DGK 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
TSV912AQDRQ1 SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TSV914AQDRQ1 SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1

TSV914AQPWRQ1 TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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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)
TSV912AQDGKRQ1 VSSOP DGK 8 2500 366.0 364.0 50.0
TSV912AQDRQ1 SoIC D 8 2500 356.0 356.0 35.0
TSV914AQDRQ1 SoIC D 14 2500 356.0 356.0 35.0
TSV914AQPWRQ1 TSSOP PW 14 2000 356.0 356.0 35.0
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MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL QUTLINE

0.344 (8,75)
‘ 0.337 (8,55)
@
14 W 8
0.244 (6,20)
0.228 (5,80)
i < - - T 0157 (4,00)
\ 0.150 (3,80) A
| |
sl R s R
1 7
Pin 1 0.020 (0,51)
Index Area 0.050 (1,27) m
[-6-]0.010 (0,25) @]
/ \ A\ \
v R v \ J \ ; / k
0.010 ( \ e
— 0.069 (1,75) Max 0.004 (0.10) 004
0010 (0.25) / ﬁ
0.005 (0,15)1 )/
/ | \
. 1 ‘ //\ | []0.004 (0,10)
Gauge Plane - !
%D — x Seating Plane
0.010 (0,25) 0-8" N L7
~_| . __—
0.050 (1,27)
0.016 (0,40)
4040047-5/M  06/11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.
Reference JEDEC MS—012 variation AB.

.

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO—G14)

PLASTIC SMALL OUTLINE

Sten(cil Openings

ExampItENIz(tJ;Jrg)Layout Note D
——  ~—12x1,27 —= =—14x0,55
‘ ‘ ‘ — 12427
AN NEEN 14%1 50 AN
uuguuy * oottt r
5,40 5,40
TN,
monnnon \ NAn A AAn \
\uauudn U0ttt otd
\“//
Example

Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

.'/ \ Example
.‘ * / Solder Mask Opening
' ' (See Note E)
\ =007 /
\ All Around /

\. /

\\ /,
. -
N~ - —
4211283-3/E 08/12
NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should

contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

PW (R—PDSO—G14)

PLASTIC SMALL OUTLINE

omg o -
— 075
4§ 0,50
| | = |
vy L i Seating Plane # J_\ /_L
0,15 N
L 1,20 MAX 00E O,WO

4040064-3/G 02/

NOTES: A
B.

E.

Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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LAND PATTERN DATA

PW (R—PDSO-G14) PLASTIC SMALL OUTLINE

Stencil Openings
(Note D)

Example Board Layout
(Note C)

|<—1 2x0,65

By s

5,60

(hnanng

/
/
/
j

e =— 140,30
; ——| [=—12x0,65

A
Jouutt

_—l
1
5,60

ittt

Example

Non Soldermask Defined Pad Example
Pad Geometry
"/// (See Note C)
/

Example
Solder Mask Opening
(See Note E)

‘ —f~—10,07 /

4211284-2/G 08/15

All linear dimensions are in millimeters.

Customers should

NOTES: A
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for dlternate designs.
D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
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 .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

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
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

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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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o,10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—187 variation AA, except interlead flash.
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LAND PATTERN DATA

DGK (S—PDSO—-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I T PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
e ER
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

NOTES:
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