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TLV906xS 10MHz, RRIO, CMOS Operational Amplifiers for Cost-Sensitive Systems

1 Features

* Rail-to-rail input and output

* Low input offset voltage: +0.3mV

¢ Unity-gain bandwidth: 10MHz

+ Low broadband noise: 10nV/Y Hz

* Low input bias current: 0.5pA

* Low quiescent current: 538uA

* Unity-gain stable

* Internal RFI and EMI filter

» Operational at supply voltages as low as 1.8V

» Easier to stabilize with higher capacitive load due
to resistive open-loop output impedance

* Shutdown version: TLV906xS

» Extended temperature range: —40°C to 125°C

2 Applications

* E-bikes

* Smoke detectors

» HVAC: heating, ventilating, and air conditioning
*  Motor control: AC induction
» Refrigerators

* Wearable devices

* Laptop computers

* Washing machines

» Sensor signal conditioning
*  Power modules

* Barcode scanners

* Active Filters

* Low-side current sensing

3 Description

The TLV9061 (single), TLV9062 (dual), and TLV9064
(quad) are single-, dual-, and quad- low-voltage, 1.8V
to 5.5V) operational amplifiers, op amps) with rail-to-
rail input and output swing capabilities.

These devices are highly cost-effective options for
applications where low-voltage operation, a small
footprint, and high capacitive load drive are required.

Although the capacitive load drive of the TLV906x
is 100pF, the resistive open-loop output impedance
makes stabilizing with higher capacitive loads simpler.
These op amps are designed specifically for low-
voltage operation (1.8V to 5.5V), with performance
specifications similar to the OPAx316 and TLVx316
devices.

The TLV906xS devices include a shutdown mode that
allow the amplifiers to switch into standby mode with
typical current consumption less than 1pA.

The TLV906xS family helps simplify system design,
because the family is unity-gain stable, integrates the
RFI and EMI rejection filter, and provides no phase
reversal in overdrive condition.

Micro size packages, such as X2SON and X2QFN,
are offered for all the channel variants (single, dual
and quad), along with industry-standard packages,
such as SOIC, MSOP, SOT-23, and TSSOP.

Device Information

PART NUMBER®) PACKAGE(") BODY SIZE (NOM)“)
DBV (SOT-23, 5) 2.90mm x 1.60 mm
DCK (SC70, 5) 2.00mm x 1.25 mm
TLV9061
DRL (SOT-553, 5)) 1.60mm x 1.20 mm
DPW (X2SON, 5) 0.80mm x 0.80mm
DBV (SOT-23, 6) 2.90mm x 1.60 mm
TLV9I061S
DRY (USON, 6) 1.45mm x 1.00 mm
D (SOIC, 8) 4.90mm x 3.90 mm
PW (TSSOP, 8) 3.00mm x 4.40 mm
TLV9062 DGK (VSSOP, 8) 3.00mm x 3.00 mm
DDF (SOT-23, 8) 2.90mm x 1.60 mm
DSG (WSON, 8) 2.00mm x 2.00 mm
DGS (VSSOP, 10) 3.00mm x 3.00 mm
TLV9062S RUG (X2QFN, 10) 2.00mm x 1.50mm
YCK (DSBGA, 9) 1.00mm x 1.00mm
D (SOIC, 14) 8.65mm x 3.90 mm
PW (TSSOP, 14) 5.00mm x 4.40 mm
TLV9064
RTE (WQFN, 16) 3.00mm x 3.00mm
RUC (X2QFN, 14) 2.00mm x 2.00mm
TLV9064S RTE (WQFN, 16) 3.00mm x 3.00mm

(1)  For all available packages, see Section 10.
(2) Package is preview only.
(3) See Device Comparison.
(4) The body size (length x width) is a nominal value and does

not include pins.

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

DATA.
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Device Comparison Table
PACKAGE LEADS
DEVICE cr:l/?rir?:Ls SOIC | USON | SOT-23 | SC-70 | VSSOP | VSSOP |DSBGA | X2SON S°§'55 WSON | TSSOP | SOT-23 | WQFN | X2QFN | X2QFN
D DRY DBV DCK DGK DGS |YCK DPW DRL DSG PW DDF RTE RUC RUG
TLV9061 8 — 5 5 — — — 5 5 — — — — — —
TLV9061S ! — 6 6 — — — — — — — — — —
TLV9062 8 — — — 8 10 — — — 8 8 8 — — —
TLV9062S 2 — — — — — 10 9 — — — — — — — 10
TLV9064 14 — — — — — — — — — 14 — 16 14 —
TLV9064S ¢ — — — — — — — — — — — — 16 — —
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4 Pin Configuration and Functions

s Jve
4| Jour
Figure 4-1. TLV9061 DBV or DRL Package, 5-Pin  Figure 4-2. TLV9061 DCK Package, 5-Pin SC70 (Top
SOT-23 or SOT-553 (Top View) View)
ouT _1/_/—J v\_\:5_ V+

Not to scale

Figure 4-3. TLV9061 DPW Package, 5-Pin X2SON (Top View)

Table 4-1. Pin Functions: TLV9061

PIN
SOT-23, TYPE(" DESCRIPTION
NAME SOT-553 SC70 X2SON
IN- 4 3 2 | Inverting input
IN+ 3 1 4 | Noninverting input
ouT 1 4 1 0} Output
V- 2 2 3 | or— |Negative (low) supply or ground (for single-supply operation)
V+ 5 5 5 | Positive (high) supply
(1) 1 =input, O = output
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Figure 4-4. TLV9061S DBV Package, 6-Pin SOT-23 Figure 4-5. TLV9061S DRY Package, 6-Pin USON
(Top View) (Top View)

Table 4-2. Pin Functions: TLV9061S

PIN
TYPE(") DESCRIPTION
NAME SOT-23 USON
IN- 4 3 | Inverting input
IN+ 3 1 | Noninverting input
ouT 1 4 0 Output
P RTTN] Shutdown: low = amp disabled, high = amp enabled. See Shutdown Function
SHDN 5 5 | . : )
section for more information.
V- 2 2 | or — |Negative (low) supply or ground (for single-supply operation)
V+ 6 6 | Positive (high) supply
(1) 1 =input, O = output
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Figure 4-6. TLV9062 D, DGK, PW, or DDF Package, Not to scale

8-Pin SOIC, VSSOP, TSSOP, or SOT-23 (Top View) A. Connect thermal pad to V-
Figure 4-7. TLV9062 DSG Package, 8-Pin WSON
With Exposed Thermal Pad (Top View)

Table 4-3. Pin Functions: TLV9062

PIN
R G TYPE(") DESCRIPTION
IN1— 2 | Inverting input, channel 1
IN1+ 3 | Noninverting input, channel 1
IN2— 6 | Inverting input, channel 2
IN2+ 5 | Noninverting input, channel 2
OuUT1 1 O Output, channel 1
ouT2 7 O Output, channel 2
V- 4 — Negative (lowest) supply or ground (for single-supply operation)
V+ 8 — Positive (highest) supply
(1)  I'=input, O = output
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Figure 4-8. TLV9062S DGS Package, 10-Pin VSSOP =
Top View . .
(Top ) Figure 4-9. TLV9062S RUG Package, 10-Pin X2QFN
(Top View)
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Figure 4-10. TLV9062S YCK Package
9-Pin DSBGA (WCSP)
Bottom View
Table 4-4. Pin Functions: TLV9062S
PIN
DSBGA 1/0 DESCRIPTION
NAME VSSOP | X2QFN (WCSP)
IN1- 2 9 B1 | Inverting input, channel 1
IN1+ 3 10 A1 | Noninverting input, channel 1
IN2— 8 5 B3 | Inverting input, channel 2
IN2+ 7 4 A3 | Noninverting input, channel 2
OuUT1 1 8 C1 O Output, channel 1
ouT2 9 6 C3 O Output, channel 2
Shutdown: low = amp disabled, high = amp enabled, channel 1. See Shutdown
SHDN1 5 2 — | ; . .
Function for more information.
Shutdown: low = amp disabled, high = amp enabled, channel 1. See Shutdown
SHDN2 6 3 — ) ) .
Function for more information.
SHDN — — B2 Shutdown: low = both amplifiers disabled, high = both amplifiers enabled
V- 4 1 A2 I or— | Negative (low) supply or ground (for single-supply operation)
V+ 10 7 Cc2 | Positive (high) supply
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A. Connect thermal pad to V-

Figure 4-11. TLV9064 RUC Package, 14-Pin X2QFN Figure 4-12. TLV9064 RTE Package, 16-Pin WQFN

(Top View)
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Figure 4-13. TLV9064 D or PW Package, 14-Pin SOIC or TSSOP (Top View)

Table 4-5. Pin Functions: TLV9064

PIN
T solC, S SR TYPE(" DESCRIPTION
TSSOP
IN1- 2 16 1 | Inverting input, channel 1
IN1+ 3 1 2 | Noninverting input, channel 1
IN2— 6 4 5 | Inverting input, channel 2
IN2+ 5 3 4 | Noninverting input, channel 2
IN3— 9 9 8 | Inverting input, channel 3
IN3+ 10 10 9 | Noninverting input, channel 3
IN4— 13 13 12 | Inverting input, channel 4
IN4+ 12 12 11 | Noninverting input, channel 4
NC — 6,7 — — No internal connection
OuUT1 1 15 14 O Output, channel 1
ouT2 7 5 6 O Output, channel 2
ouT3 8 8 7 O Output, channel 3
ouT4 14 14 13 O Output, channel 4
V— 11 11 10 | or — [Negative (low) supply or ground (for single-supply operation)
V+ 4 2 3 | Positive (high) supply
(1) 1 =input, O = output
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A. Connect thermal pad to V-

Figure 4-14. TLV9064S RTE Package, 16-Pin WQFN With Exposed Thermal Pad (Top View)

Table 4-6. Pin Functions: TLV9064S

PIN
TYPE(") DESCRIPTION
NAME NO.

IN1- 16 | Inverting input, channel 1
IN1+ 1 | Noninverting input, channel 1
IN2— 4 | Inverting input, channel 2
IN2+ 3 | Noninverting input, channel 2
IN3— 9 | Inverting input, channel 3
IN3+ 10 | Noninverting input, channel 3
IN4— 13 | Inverting input, channel 4
IN4+ 12 | Noninverting input, channel 4
OuUT1 15 O Output, channel 1
OouT2 5 O Output, channel 2
OouT3 8 O Output, channel 3
OouT4 14 (6] Output, channel 4
PRI TNE T ] Shutdown: low = amp disabled, high = amp enabled. Channel 1. See Shutdown Function
SHDN12 6 | . . )

section for more information.
PRI TNGY Shutdown: low = amp disabled, high = amp enabled. Channel 1. See Shutdown Function
SHDN34 7 | . . )

section for more information.
V— 11 lor— Negative (low) supply or ground (for single-supply operation)
V+ 2 | Positive (high) supply
(1)  I'=input, O = output
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5 Specifications
5.1 Absolute Maximum Ratings

over operating ambient temperature (unless otherwise noted)(")

MIN MAX| UNIT
Supply voltage [(V+) — (V-)] 0 6 \Y
Common-mode (V=-)-0.5 (V+)+0.5 \Y
Voltage®@
Signal input pins Differential (V+)— (V=) +0.2 \Y
Current(2) -10 10 mA
Output short-circuit(®) Continuous mA
Specified, Tp -40 125
Temperature Junction, T, 150 °C
Storage, Tsig -65 150

(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 0.5V beyond the supply
rails to 10mA or less.

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

5.2 ESD Ratings

VALUE UNIT
TLV9061 PACKAGES
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2500
V(esp) Electrostatic discharge - —— \Y
Charged-device model (CDM), per JEDEC specification JESD22-C101®? +1500
ALL OTHER PACKAGES
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +4000
V(esp) Electrostatic discharge - — \
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +1500

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

5.3 Recommended Operating Conditions

over operating ambient temperature range (unless otherwise noted)

MIN MAX UNIT
Vs Supply voltage (Vs = [V+] — [V-]) 1.8 5.5 \%
V, Input voltage range (V=)-0.1 (V+) + 0.1 \
Vo Output voltage range = V+ \
VSHDN_IH High level input voltage at shutdown pin (amplifier enabled) 1.1 V+ \Y
VsHDN_IL Low level input voltage at shutdown pin (amplifier disabled) V- 0.2 \Y
Ta Specified temperature —40 125 °C
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5.4 Thermal Information: TLV9061

TLV9061
THERMAL METRIC(") DBV (SOT-23) DCK (SC70) DPW (X2SON) UNIT
5 PINS 5 PINS 5 PINS
Rgya Junction-to-ambient thermal resistance 221.7 263.3 467 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 144.7 75.5 211.6 °C/W
Reys Junction-to-board thermal resistance 49.7 51 332.2 °C/W
Wyt Junction-to-top characterization parameter 26.1 1 29.3 °C/W
Wis Junction-to-board characterization parameter 49 50.3 330.6 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance N/A N/A 125 °C/W

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

5.5 Thermal Information: TLV9061S

TLV9061S
THERMAL METRIC(") DBV (SOT-23) DRY (USON) UNIT
6 PINS 6 PINS
Rgua Junction-to-ambient thermal resistance 216.5 TBD °C/W
Rauctop) Junction-to-case (top) thermal resistance 155.1 TBD °C/W
Rgys Junction-to-board thermal resistance 96.2 TBD °C/W
Wyt Junction-to-top characterization parameter 80.3 TBD °C/W
Wi Junction-to-board characterization parameter 95.9 TBD °C/W
ReJyc(bot) Junction-to-case (bottom) thermal resistance N/A N/A °C/W

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

5.6 Thermal Information: TLV9062

TLV9062
THERMAL METRIC() D (SOIC) DGK (VSSOP) DSG (WSON) | PW (TSSOP) DDF (SOT-23) | UNIT
8 PINS 8 PINS 8 PINS 8 PINS 8 PINS

Ry  “unction-to-ambient thermal 157.6 201.2 94.4 205.1 184.4 *CW
resistance

Reuctop) -_nction-to-case (top) thermal | 40, 85.7 116.5 93.7 112.8 °CIW
resistance

Ry  Sunction-to-board thermal 99.7 122.9 61.3 135.7 99.9 °CIW
resistance

y,;  Junction-to-top 55.6 21.2 13 25.0 187 °CIW
characterization parameter

g  Sunction-to-board 99.2 121.4 61.7 134.0 99.3 cwW
characterization parameter
Junction-to-case (bottom) o

RaJc(bot) thermal resistance N/A N/A 34.4 N/A N/A C/wW

(1)  For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.
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5.7 Thermal Information: TLV9062S

TLV9002S
THERMAL METRIC(") YCK (DSBGA) RUG (X2QFN) DGS (VSSOP) UNIT
9 PINS 10 PINS 10 PINS
Rgya Junction-to-ambient thermal resistance 129.8 197.2 170.4 °C/W
Reyciop)  |Junction-to-case (top) thermal resistance 0.9 93.3 84.9 °C/W
Ress Junction-to-board thermal resistance 37.5 123.8 113.5 °C/W
Wyr Junction-to-top characterization parameter 0.5 3.7 16.4 °C/W
Y Junction-to-board characterization parameter 371 120.2 112.3 °C/W
Rescpoty |Junction-to-case (bottom) thermal resistance N/A N/A N/A °C/W

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

5.8 Thermal Information: TLV9064

TLV9064
THERMAL METRIC(") PW (TSSOP) D (SOIC) RTE (WQFN) | RUC (X2QFN) UNIT
14 PINS 14 PINS 16 PINS 14 PINS
Rgia Junction-to-ambient thermal resistance 135.8 106.9 65.1 205.5 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 64 64 67.9 72.5 °C/W
Reus Junction-to-board thermal resistance 79 63 40.4 150.2 °C/W
Wyt Junction-to-top characterization parameter 15.7 25.9 5.5 3.0 °C/W
Wis Junction-to-board characterization parameter 78.4 62.7 40.2 149.6 °C/W
Reuc(poty Junction-to-case (bottom) thermal resistance N/A N/A 23.8 N/A °C/W
(1)  For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.
5.9 Thermal Information: TLV9064S
TLV9064S
THERMAL METRIC(") RTE (WQFN) UNIT
16 PINS
Rgua Junction-to-ambient thermal resistance 65.1 °C/W
Rauctop) Junction-to-case(top) thermal resistance 67.9 °C/W
Rgys Junction-to-board thermal resistance 40.4 °C/W
Wyt Junction-to-top characterization parameter 5.5 °C/W
Wi Junction-to-board characterization parameter 40.2 °C/W
ReJyc(pot) Junction-to-case(bottom) thermal resistance 23.8 °C/W

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

For Vg (Total Supply Voltage) = (V+) — (V=) = 1.8V to 5.5V at T = 25°C, R_ = 10 kQ connected to Vg / 2, Ve = Vs / 2, and
Vout = Vs / 2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
OFFSET VOLTAGE
Vg =5V +0.3 +1.6
Vos Input offset voltage mV
Vg =5V, Ty = -40°C to 125°C 2
dVos/dT Drift Vs =5V, Ty = -40°C to 125°C +0.53 pv/eCc
PSRR Power-supply rejection ratio Vg =1.8V =55V, Vey = (V-) +7 +80 uVvIvV
Channel separation, DC AtDC 100 dB
INPUT VOLTAGE RANGE
Vem Common-mode voltage range Vg = 1.8V to 5.5V (V=)-0.1 (V+)+0.1 \%
Vs =5.5V, (V=) - 0.1V < Vg < (V+) — 1.4V,
Ta =-40°C to 125°C 80 103
Vs =5.5V, Vg =-0.1V to 5.6V,
Ta = —40°C to 125°C 57 87
CMRR Common-mode rejection ratio dB
Vs =18V, (V=) - 0.1V < Vg < (V+) — 1.4V, 88
Ta=-40°C to 125°C
Vs =1.8V, Vg =-0.1V to 1.9V, 81
Ta=-40°C to 125°C
INPUT BIAS CURRENT
Ig Input bias current +0.5 pA
los Input offset current +0.05 pA
NOISE
Input voltage noise (peak-to- _ _
En Vs =5V, f=0.1Hz to 10Hz 4.77 WVpp
peak)
Vs =5V, f = 10kHz 10 _
en Input voltage noise density nVH Hz
Vs =5V, f= 1kHz 16
in Input current noise density f=1kHz 23 fAN Hz
INPUT CAPACITANCE
Cp Differential 2 pF
Cic Common-mode 4 pF
OPEN-LOOP GAIN
Vs = 1.8V, (V=) + 0.04V < Vg < (V+) — 0.04V, 100
R = 10kQ
Vs f 5.5V, (V-) + 0.05V < Vg < (V+) — 0.05V, 104 130
R = 10kQ
AoL Open-loop voltage gain dB
Vs = 1.8V, (V-) + 0.06V < Vg < (V+) — 0.06V, 100
RL = 2kQ
Vs =5.5Y, (V=) + 0.15V < Vg < (V+) - 0.15V, 130
RL = 2kQ
FREQUENCY RESPONSE
GBP Gain bandwidth product Vg=5V,G=+1 10 MHz
Pm Phase margin Vg =5V, G=+1 55 °
SR Slew rate Vs =5V, G =+1 6.5 Vlius
To 0.1%, Vs =5V, 2V step , G = +1, C_ = 100pF 0.5
ts Settling time To 0.01%, Vg = 5V, 2V step, 1 us
G =+1, C_ = 100pF
tor Overload recovery time Vg =5V, V|y % gain > Vg 0.2 us
THD + N ToFaI rlarmonlc distortion + Vf =5.5V, Ve = 2.5V, Vo = 1VRus, G = +1, 0.0008%
noise(!) f=1kHz
OUTPUT
v Voltage output swing from supply | Vs = 5.5V, R, = 10kQ 20 mv
[o) .
rails Vg = 5.5V, R = 2kQ 60
Isc Short-circuit current Vg =5V +50 mA
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5.10 Electrical Characteristics (continued)

For Vg (Total Supply Voltage) = (V+) — (V=) = 1.8V to 5.5V at Tp = 25°C, R_ = 10 kQ connected to Vs / 2, Vcy = Vs / 2, and
Vout = Vs / 2 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Zo Open-loop output impedance Vg =5V, f=10MHz 100 Q
POWER SUPPLY
) - Vs =5.5Y, Ip = 0mA 538 750
la Quiescent current per amplifier uA
Vs =5.5V, Ig = 0mA, Tp =—40°C to 125°C 800

SHUTDOWN
lasp Quiescent current per amplifier \S{SHS,J'SVLE:NS'SV’ all amplifiers disabled, 0.5 1.5 uA

Output impedance durin . .
ZsHoN Shufdownp 9 Vs = 1.8V to 5.5V, amplifier disabled 1018 GQ || pF
Vshpn_THR_ High level voltage shutdown _ x x
" threshold (amplifier enabled) Vs=18Vio 5.5V (V=) +08v (Vo) + 1V v
VspHN_THR_ Low level voltage shutdown _ = =
Lo threshold (amplifier disabled) Vs =18Vio 5.5V (V=) + 02V (V=) +07V v
¢ Amplifier enable time (shutdown) |Vg = 1.8V to 5.5V, full shutdown; G = 1, 10 s
ON @ Vout = 0.9 x Vg / 2, R, connected to V— H
torr Amplifier disable time(?) \és zolf:ctg d5£\<'/G =1 Vour=0.1xVs/2, 0.6 us

L _
SHDN pin input bias current (per Vg = 1.8V to 5.5V, V+ = SHDN 2 (V+) - 0.8V 130 oA
pin) Vs = 1.8V t0 5.5V, V— < SHDN < V- + 0.8V 40

(1)  Third-order filter; bandwidth = 80kHz at —3dB.
(2) Disable time (topr) and enable time (ton) are defined as the time interval between the 50% point of the signal applied to the SHDN pin
and the point at which the output voltage reaches the 10% (disable) or 90% (enable) level.
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5.11 Typical Characteristics

at Tp = 25°C, Vg = 5.5V, R = 10kQ connected to Vg / 2, Vom = Vs / 2, and Vpyt = Vs / 2 (unless otherwise
noted)
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25
< 20 = 30
il o
k& — ks
§- 15 | § 20
o o
10
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5
0 ©c 0o o o o o ©o o 0o o o o o 0 S A @ N @ N N
B & 8 R B8 & & 8 R 8 & 3 °c. e - - oo
< T v - - - Offset Voltage Drift (uV/C)
Offset Voltage (uV)
Figure 5-1. Offset Voltage Production Distribution Ta=-40°Ct0 125°C
Figure 5-2. Offset Voltage Drift Distribution
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Figure 5-3. Offset Voltage vs Temperature V+ =275V V-=-275V
Figure 5-4. Offset Voltage vs Common-Mode
Voltage
1000 120 180
Gain
@ 100 ——Phase
500 = 135
— c F—
2 g " g
g g o 5
% 0 % 90 T
z > 40 =
2 g N
© 500 c 2 45 B
o
© o
—-1000 -20 0
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 55 100 1k 10k 100k M 10M
Supply Voltage (V) Frequency (Hz)
Vs = 1.8V to 5.5V C. = 10pF
Figure 5-5. Offset Voltage vs Power Supply Figure 5-6. Open-Loop Gain and Phase vs
Frequency
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Figure 5-11. CMRR and PSRR vs Frequency
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Figure 5-12. CMRR vs Temperature
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Figure 5-14. PSRR vs Temperature
Figure 5-13. CMRR vs Temperature
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6 Detailed Description
6.1 Overview

The TLV906x devices are a family of low-power, rail-to-rail input and output op amps. These devices operate
from 1.8V to 5.5V, are unity-gain stable, and are designed for a wide range of general-purpose applications. The
input common-mode voltage range includes both rails and allows the TLV906x 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. The high bandwidth enables this family to drive the sample-hold circuitry of analog-to-

digital converters (ADCs).

6.2 Functional Block Diagram
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6.3 Feature Description
6.3.1 Rail-to-Rail Input

The input common-mode voltage range of the TLV906x family extends 100mV beyond the supply rails for the
full supply voltage range of 1.8V to 5.5V. 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+) — 1.4V to 200mV
above the positive supply, whereas the P-channel pair is active for inputs from 200mV below the negative supply
to approximately (V+) — 1.4V. 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 200mV with process variation. Thus, the transition
region (with both stages on) can range from (V+) — 1.4V to (V+) — 1.2V on the low end, and up to (V+) — 1V to
(V+) — 0.8V 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.

6.3.2 Rail-to-Rail Output

Designed as a low-power, low-voltage operational amplifier, the TLV906x 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 10kQ, the output swings to within 15mV 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.

6.3.3 EMI Rejection

The TLV906x uses integrated electromagnetic interference (EMI) filtering to reduce the effects of EMI from
sources such as wireless communications and densely-populated boards with a mix of analog signal chain and
digital components. EMI immunity can be improved with circuit design techniques; the TLV906x benefits from
these design improvements. Texas Instruments has developed the ability to accurately measure and quantify the
immunity of an operational amplifier over a broad frequency spectrum extending from 10MHz to 6GHz. Figure
6-1 shows the results of this testing on the TLV906x. Table 6-1 lists the EMIRR IN+ values for the TLV906x at
particular frequencies commonly encountered in real-world applications. See EMI Rejection Ratio of Operational
Amplifiers application note for more information.

140
120 n
100 VA
) I W]
S 80
o
S 60 /
2 L~
40 ,/
\_/.A
20
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10M 100M 1G

Frequency (Hz)

Figure 6-1. EMIRR Testing

Table 6-1. TLV906x EMIRR IN+ For Frequencies of Interest

FREQUENCY APPLICATION or ALLOCATION EMIRR IN+
400MHz Mob_lle r_adlo, mobile satellite, space operation, weather, radar, ultra-high frequency (UHF) 59.5dB
applications
900MHz Global system for mobile communications (GSM) applications, radio communication, navigation, 68.9dB
GPS (to 1.6GHz), GSM, aeronautical mobile, UHF applications '
1.8 GHz GSM applications, mobile personal communications, broadband, satellite, L-band (1GHz to 2GHz) 77.8dB
2 4GHz 802.11b, 802.11g, 802.11n, Bluetooth®, mobile personal communications, industrial, scientific and 78.0dB
' medical (ISM) radio band, amateur radio and satellite, S-band (2GHz to 4GHz) '
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Table 6-1. TLV906x EMIRR IN+ For Frequencies of Interest (continued)

FREQUENCY APPLICATION or ALLOCATION EMIRR IN+
3.6GHz Radiolocation, aero communication and navigation, satellite, mobile, S-band 88.8dB

802.11a, 802.11n, aero communication and navigation, mobile communication, space and satellite

5GHz operation, C-band (4GHz to 8GHz)

87.6dB

6.3.4 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 TLV906x family is approximately 200ns.

6.3.5 Shutdown Function

The TLV906xS devices feature SHDN pins that disable the op amp, placing the op amp into a low-power
standby mode. In this mode, the op amp typically consumes less than 1yA. The SHDN pins are active-low,
meaning that shutdown mode is enabled when the input to the SHDN pin is a valid logic low.

The SHDN pins are referenced to the negative supply voltage of the op amp. The threshold of the shutdown
feature lies around 800mV (typical) and does not change with respect to the supply voltage. Hysteresis has
been included in the switching threshold to ensure smooth switching characteristics. To ensure optimal shutdown
behavior, the SHDN pins should be driven with valid logic signals. A valid logic low is defined as a voltage
between V- and V- + 0.2V. A valid logic high is defined as a voltage between V- + 1.2V and V+. The shutdown
pin must either be connected to a valid high or a low voltage or driven, and not left as an open circuit. There is
no internal pull-up to enable the amplifier.

The SHDN pins are high-impedance CMOS inputs. Dual op amp versions are independently controlled, and
quad op amp versions are controlled in pairs with logic inputs. For battery-operated applications, this feature
may be used to greatly reduce the average current and extend battery life. The enable time is 10us for full
shutdown of all channels; disable time is 6us. When disabled, the output assumes a high-impedance state.
This architecture allows the TLV906xS to operate as a gated amplifier (or to have the device output multiplexed
onto a common analog output bus). Shutdown time (torg) depends on loading conditions and increases as load
resistance increases. To ensure shutdown (disable) within a specific shutdown time, the specified 10kQ load to
midsupply (Vs / 2) is required. If using the TLV906xS without a load, the resulting turnoff time is significantly
increased.

6.4 Device Functional Modes

The TLV906x family are operational when the power-supply voltage is between 1.8V (£0.9V) and 5.5V (£2.75V).
The TLV906xS devices feature a shutdown mode and are shut down when a valid logic low is applied to the
shutdown pin.
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7 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

7.1 Application Information

The TLV906x family features 10MHz bandwidth and 6.5V/us slew rate with only 538puA of supply current per
channel, providing good AC-performance at very low power consumption. DC applications are well served with a
very low input noise voltage of 10nV/\ Hz at 10kHz, low input bias current, and a typical input offset voltage of
0.3mV.

7.2 Typical Applications

7.2.1 Typical Low-Side Current Sense Application

Figure 7-1 shows the TLV906x configured in a low-side current-sensing application.

VBUS

TLV906x

Vour

Figure 7-1. TLV906x in a Low-Side, Current-Sensing Application

7.2.2 Design Requirements
The design requirements for this design are:

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

The transfer function of the circuit in Figure 7-1 is given in Equation 1.
Vour = ILoap X RsyunT X GAIN (1)

The load current (I oap) produces a voltage drop across the shunt resistor (Rsyynt). The load current is set from

0A to 1A. To keep the shunt voltage below 100mV at maximum load current, the largest shunt resistor is defined
using Equation 2.

VSHUNT_MAX 100mV
= = = 100mQ 2
ILoAD_MAX 1A (2)

RsygunT =

Using Equation 2, Rgyynt €quals 100mQ. The voltage drop produced by |, oap and RspyynT is amplified by the
TLV906x to produce an output voltage of approximately OV to 4.95V. Equation 3 calculates the gain required for
the TLV906x to produce the required output voltage.

(VouT MaAx - VoUT MIN)

Gain = 3
(VIN_MAX - VIN_MIN) (3)

Using Equation 3, the required gain equals 49.5V/V, which is set with the Rg and Rg resistors. Equation 4 sizes
the Rr and Rg, resistors to set the gain of the TLV906x to 49.5V/V.
(Rp)

Gain = 1 + @ (4)

Selecting R to equal 165kQ and Rg to equal 3.4kQ provides a combination that equals approximately 49.5V/V.
Figure 7-2 shows the measured transfer function of the circuit shown in Figure 7-1. Notice that the gain is only
a function of the feedback and gain resistors. This gain is adjusted by varying the ratio of the resistors and
the actual resistor values are determined by the impedance levels that the designer wants to establish. The
impedance level determines the current drain, the effect that stray capacitance has, and a few other behaviors.
There is no optimal impedance selection that works for every system, you must choose an impedance that is
ideal for your system parameters.

7.2.4 Application Curve

0 0.2 0.4 0.6 0.8 1
|LOAD (A)
Figure 7-2. Low-Side, Current-Sense, Transfer Function

7.3 Power Supply Recommendations

The TLV906x series is specified for operation from 1.8V to 5.5V (x0.9V to +2.75V); many specifications apply
from —40°C to 125°C. The Typical Characteristics section presents parameters that can exhibit significant
variance with regard to operating voltage or temperature.
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CAUTION
Supply voltages larger than 6V can permanently damage the device; see the Absolute Maximum

Ratings table.

Place 0.1uF 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 the Layout

section.
7.3.1 Input and ESD Protection

The TLV906x series incorporates internal ESD protection circuits on all pins. For input and output pins, this
protection primarily 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
10mA, as shown in the Absolute Maximum Ratings table. Figure 7-3 shows how a series input resistor can be
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.

loverLoaD
10-mA maximum
e

Figure 7-3. Input Current Protection
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7.4 Layout

7.4.1 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 the 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, 0.1uF 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 adequate 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. Take care

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

detailed information, see Circuit Board Layout Techniques.

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 at a 90 degree angle is much better as

opposed to running the traces in parallel with the noisy trace.

Place the external components as close to the device as possible. As illustrated in Figure 7-5, keeping R

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.
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7.4.2 Layout Example
VIN1 ———88 + VINZ — +

VOUT 1 VOUT 2

Figure 7-4. Schematic Representation for the Layout Example

Place components T1
close to device and to ou Vs Use Iqw—ESR,
each other to reduce * ceramic t;’ylpass
parasitic errors . ﬁﬁﬁ:gﬁe dZSiec:s
\A A/ as possible .
v, |
OouT1 V+ . I I (O GND
Re O out2
GND INT— ouT2
Ra Re
Ra
V- IN2 + VIN 2

/ l Keep input traces short
Use low-ESR, o

and run the input traces

ceramic bypass GND v as far away from
capacitor . Place as s Ground (GND) plane on another layer the supply lines
close to the device as possible .
as possible .
Figure 7-5. Layout Example
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8 Device and Documentation Support

8.1 Documentation Support
8.1.1 Related Documentation

For related documentation, see the following:

» Texas Instruments, Circuit Board Layout Techniques

» Texas Instruments, EMI Rejection Ratio of Operational Amplifiers application note

» Texas Instruments, QFN/SON PCB Attachment application note

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

» Texas Instruments, Single-Ended Input to Differential Output Conversion Circuit design guide

* Texas Instruments, TLVx313 Low-Power, Rail-to-Rail In/Out, 500-uV Typical Offset, 1MHz Operational
Amplifier for Cost-Sensitive Systems data sheet

» Texas Instruments, TLVx314 3MHz, Low-Power, Internal EMI Filter, RRIO, Operational Amplifier data sheet

8.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications 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.

8.3 Support Resources

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

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

8.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

Bluetooth® is a registered trademark of Bluetooth SIG, Inc.
All trademarks are the property of their respective owners.
8.5 Electrostatic Discharge Caution

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

‘Q \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

8.6 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

9 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
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Changes from Revision G (December 2018) to Revision H (April 2019) Page
* Added (SOT-23, 8) information to Device INfOrMAaLioN .................coicuiiiiiiiiiiiie it e e 1
* Added DDF package column to Device CompariSOn TabIe .............ccccuuieiiiiiiiieiiiiiie e eeiiee e 3
* Added DDF (SOT-23) package, t0 Pin FUNCLIONS .........c..cuueiiiuiiiee it e e et e e s saee e e s e e e s nnsaae e e s snnseeens 4
* Added DDF (SOT-23) package to Thermal INfOrmation ................occoueeiiiciie et 10
Changes from Revision F (September 2018) to Revision G (December 2018) Page
+ Changed TLV9064 RUC package name from: (WQFN, 14) to: (X2QFN, 14) in Device Information table......... 1
+ Added RUC (X2QFN) package, pinout information to Pin Functions: TLV9064 table..............ccccocoeiiiieiininnnne 4
+ Added TLV9064 RUC (X2QFN) pinout drawing to Pin Configuration and Functions section...............c...cccc...... 4
* Added RUC (X2QFN) to Thermal Information: TLV9064 table............coooiiiiiiiiiiiii e 11
Changes from Revision E (July 2018) to Revision F (September 2018) Page
* Deleted Shutdown part numbers from data sheet header ... 1
* Deleted (X2QFN, 10) package from TLV9062 Device Information table.................cccooniiiiiiiiiinieee e, 1
* Added references to shutdown part numbers in Description SeCtion ...........cccceceieiiiiiii, 1
« Changed TLV906xS series to TLV906xS family throughout data sheet.............cccooii e, 1
* Added Shutdown devices to Device Comparison Table ..............eeiiiiiiiiii e 3
« Changed pin namings for all pinout drawings to reflect updated nomenclature .............ccccoocoiiiiiniiene, 4
* Added TLV9061S Thermal Information Table..........oo e 10
* Added TLV9064S Thermal Information Table..........oooieeii e 11
* Deleted Partial Shutdown Amplifier Enable Time.... ... 12

» Added clarification on selecting resistors for a current sensing application in the Typical Applications

1S T= o2 1T o T PR 24
* Changed wording of third bullet in Layout GUIAElINES............ocuuiiiiiiiiii e 26
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Changes from Revision D (June 2018) to Revision E (July 2018) Page
* Added TLV9061S device to Device Information table..................uuiiiiiiiie i 1
* Added TLV9064S device to Device Information table..................uuuiiiiiiie i 1
* Added RUC and RUG packages to the Device Comparison table..............cccccceviiiiiiiiciiiiiee e, 3
* Added TLV9061S DBV (SOT-23) pinout drawing to Pin Configuration and Functions section.......................... 4
* Added TLV9061S DBV (SOT-23) package, pinout information to Pin Functions: TLV9061S table.................... 4
* Added TLV9062S RUG (VSSOP) package, pinout drawing to Pin Configuration and Functions section.......... 4
* Added TLV9064 RTE pinout information to Pin Functions: TLV9064 table............cccccccviiiiiiiieeee e 4
* Added TLV9064S RTE (WQFN) pinout drawing to Pin Configuration and Functions section ............ccccccveee.... 4
* Added TLV9062S RUG (VSSOP) package, pinout information to Pin Functions: TLV9062S table................... 4
* Added TLV9064 RTE (WQFN) pinout drawing to Pin Configuration and Functions section ...........cccccccccceenne. 4
Changes from Revision C (March 2018) to Revision D (June 2018) Page
* Added shutdown suffix to "TLVI06X" to document title...........oooiiiiiiiii i 1
* Added "Shutdown Version" bullet t0 FEAUres liSt ..o 1
* Added TLV9062S device to Device Information table................coooiiiiiiiiiiiii e 1
* Added shutdown text to Description (continued) SECHON..............uiiiiiiiiiie e e e e e e e e 1
* Added "(Vs = [V+] — [V-]) supply voltage parameter in Absolute Maximum Ratings table...............ccccccvveee.... 9
» Added "input voltage range" and "output voltage range" parameters and values to Recommended Operating
(070 g To 117074 K30 =1 o L= TSP PPRPPTPRRR 9
* Added shutdown pin recommended operating conditions in Recommended Operating Conditions table......... 9
* Added "TA" symbol to "specified temperature" parameter to Recommended Operating Conditions table ........ 9
* Added Thermal Information: TLV9062S thermal table data..........cc.coouieiiiiiiii e 11
* Added shutdown section to Electrical Characteristics: Vs (Total Supply Voltage) = (V+) — (V=) = 1.8V to 5.5V
L2201 [T PP OO PPPPPPTR 12
LI X [o (Yo I 0 (o (o), o I ¥ g Tox {0 g == Yex 1 o] o PSR 22
Changes from Revision B (October 2017) to Revision C (March 2018) Page
» Changed device status from Production Data/Mixed Status to Production Data ..............cccovvveeeeiiiiiii, 1
» Deleted package preview note from TLV9061 (DPW, X2SON) package in Device Information table ............... 1
» Deleted package, preview note from TLV9061 DPW (X2SON) package, pinout drawing ...........ccccceeeeeeieiiinnnns 4
» Changed formatting of ESD Ratings table to show different results for all packages .........cccccceveeeeeiiiiicnnnnneee. 9
» Deleted package preview note from DPW (X2SON) package in Thermal Information: TLV9061 table .......... 10
» Deleted package preview note from DPW (X2SON) package in Thermal Information: TLV9061 table .......... 10
Changes from Revision A (June 2017) to Revision B (October 2017) Page
» Added 8-pin PW package, to Pin Configuration and Functions section ...........ccccccccvcveeiiiiiene i 4
* Added DSG (WSON) package to Thermal Information table...............ccccooviiiiiiiiiiiie e 10
* Added PW (TSSOP) to TLV9062 Thermal Information table ..............cccccooiiiiiiiiiiiiiiie e 10
* Changed maximum input offset voltage value from £1.6mV t0 2MV..........coviiiiiiiieiiiii e 12
* Changed maximum input offset voltage value from 1.5 {0 £1.6MV.......cccooiiiiiiiiiiiiee e 12
» Changed minimum common-mode rejection ratio input voltage range from 86dB to 80dB .............cccccceeuneeee. 12
+ Changed typical input current noise density value from 10 t0 23fA/N HZ ....ooovoviveeeeeceeeeeeeeeeeeeee e 12
* Changed THD + N test conditions from Vg = 5V t0 Vg = 5.5V . .uuiiiiiiiiiiii e 12
* Added V¢ = 2.5V test condition to THD + N parameter in Electrical Characteristics table .......................... 12
* Added maximum output voltage swing value from 25mV t0 B0MV..........cocciiiiiiiiiiii e 12
* Changed maximum output voltage swing value from 15mV t0 20MV ........cccoiiiiiiiiiiiiiee e 12
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Changes from Revision * (March 2017) to Revision A (June 2017) Page
» Changed device status from Advance Information to Production Data .............cccceeveiieee i 1

10 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 without
revision of this document. For browser-based versions of this data sheet, see the left-hand navigation pane.
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PACKAGE OUTLINE
YCK0009-C01 DSBGA - 0.33 mm max height
DIE SIZE BALL GRID ARRAY
E—
BALLAT—7/ /7
CORNER
D
0.33 MAX
F |
A T =
0.125 BALL TYP
0.075
[0.7]TYP
SYMM
¢
O O O
D: Max = 1.01 mm, Min = 0.97 mm
[0.7]TYP SYMM E: Max = 1.01 mm, Min = 0.97 mm
376 —¢
0.35|TYP
D O O
1 2 3
0.195
X D155 TYP
[ [0.0158 [c]A[B]
4226891/A_06/2021
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.
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YCK0009-C01

EXAMPLE BOARD LAYOUT
DSBGA - 0.33 mm max height

DIE SIZE BALL GRID ARRAY

¢018);

.
b ¢
S
O Q

SCALE: 50X

NOT TO SCALE

O
O

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

0.0375 MAX 0.0375 MIN METAL UNDER
(@0.18) SOLDER MASK
SOLDER MASK—" EXPOSED EXPOSED/ \ #0.18)
OPENING METAL METAL SOLDER MASK
OPENING
SOLDER MASK
NON-SOLDER MASK DEFINED
DEFINED (PREFERRED)

SOLDER MASK DETAILS

4226891/A 06/2021

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.

See Texas Instruments Literature No. SNVA009 (www.ti.com/lit/snva009).
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YCK0009-C01

EXAMPLE STENCIL DESIGN
DSBGA - 0.33 mm max height

DIE SIZE BALL GRID ARRAY

(0.35) TYP

SYMM
¢

SOLDER PASTE EXAMPLE
BASED ON 0.075 mm THICK STENCIL
SCALE: 50X

(R0.05) TYP

4226891/A 06/2021

NOTES: (continued)

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TLV9061IDBVR Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 10AF
TLV9061IDBVR.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 10AF
TLV9061IDBVRG4 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 10AF

TLV9061IDBVRG4.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 10AF

TLV9061IDCKR Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 1CA
TLV9061IDCKR.A Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 1CA

TLV9061IDPWR Active Production X2SON (DPW) | 5 3000 | LARGE T&R Yes NIPDAU | NIPDAUAG Level-2-260C-1 YEAR -40 to 125 (C, CG)
TLV9061IDPWR.A Active Production X2SON (DPW) | 5 3000 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 (C,CG)
TLV9061SIDBVR Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 10EF
TLV9061SIDBVR.A Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 10EF

TLV9061SIDBVRG4 Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 10EF
TLV9061SIDBVRG4.A Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 10EF

TLV9062IDDFR Active Production SOT-23-THIN (DDF) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T062
TLV9062IDDFR.A Active Production SOT-23-THIN (DDF) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T062

TLV9062IDGKR Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU | SN Level-2-260C-1 YEAR -40 to 125 T062

| NIPDAUAG
TLV9062IDGKR.A Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 T062

TLV9062IDGKR.B Active Production VSSOP (DGK) | 8 2500 | LARGE T&R - Call Tl Call Tl -40 to 125

TLV9062IDGKRG4 Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T062
TLV9062IDGKRG4.A Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T062
TLV9062IDGKT Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU | SN Level-2-260C-1 YEAR -40 to 125 T062

| NIPDAUAG
TLV9062IDGKT.A Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T062

TLV9062IDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TL9062

TLV9062IDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TL9062

TLV9062IDRG4 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TL9062
TLV9062IDRG4.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TL9062

TLV9062IDSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T062
TLV9062IDSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T062
TLV9062IDSGRG4 Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T062
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ®) Ball material Peak reflow ®)
@ ®)
TLV9062IDSGRG4.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T062
TLV9062IDSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T062
TLV9062IDSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TO062
TLV9062IPWR Active Production TSSOP (PW) | 8 2000 | LARGE T&R Yes NIPDAU | SN Level-2-260C-1 YEAR -40 to 125 TL9062
TLV9062IPWR.A Active Production TSSOP (PW) | 8 2000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 TL9062
TLV9062SIDGSR Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 1TDX
TLV9062SIDGSR.A Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 1TDX
TLV9062SIRUGR Active Production X2QFN (RUG) | 10 3000 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 EOF
TLV9062SIRUGR.A Active Production X2QFN (RUG) | 10 3000 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 EOF
TLV9062SIYCKR Active Production DSBGA (YCK) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 EH
TLV9062SIYCKR.A Active Production DSBGA (YCK) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 EH
TLV9064IDR Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TLV9064D
TLV9064IDR.A Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TLV9064D
TLV9064IPWR Active Production TSSOP (PW) | 14 2000 | LARGE T&R Yes NIPDAU | SN Level-2-260C-1 YEAR -40 to 125 TLV9064
TLV9064IPWR.A Active Production TSSOP (PW) | 14 2000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 TLV9064
TLV9064IPWR.B Active Production TSSOP (PW) | 14 2000 | LARGE T&R - Call Tl Call Tl -40 to 125
TLV9064IPWT Active Production TSSOP (PW) | 14 250 | SMALL T&R Yes NIPDAU | SN Level-2-260C-1 YEAR -40 to 125 TLV9064
TLV9064IPWT.A Active Production TSSOP (PW) | 14 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40 to 125 TLV9064
TLV9064IRTER Active Production WQFN (RTE) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T9064
TLV9064IRTER.A Active Production WQFN (RTE) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T9064
TLV9064IRUCR Active Production QFN (RUC) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1DD
TLV9064IRUCR.A Active Production QFN (RUC) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1DD
TLV9064IRUCRG4 Active Production QFN (RUC) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1DD
TLV9064IRUCRG4.A Active Production QFN (RUC) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1DD
TLV9064SIRTER Active Production WQFN (RTE) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T9064S
TLV9064SIRTER.A Active Production WQFN (RTE) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 T9064S

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.
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® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer: The information provided on this page represents TI'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. 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. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
OTHER QUALIFIED VERSIONS OF TLV9061, TLV9062, TLV9064 :

o Automotive : TLV9061-Q1, TLV9062-Q1, TLV9064-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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https://www.ti.com/lit/szzq088
http://focus.ti.com/docs/prod/folders/print/tlv9061-q1.html
http://focus.ti.com/docs/prod/folders/print/tlv9062-q1.html
http://focus.ti.com/docs/prod/folders/print/tlv9064-q1.html

PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 29-Nov-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |<— KO 4 P1—p|
IR T
& © o|( Bo W
el |
L & Diameter ' '
Cavity +| A0 |¢
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
[ [ ]
T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O O O 0 0 Sprocket Holes
| |
T T
Nt I )
A-—q-—4 t-—T--1
Q3 1 Q4 Q3 | User Direction of Feed
% |
T T
=
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)

TLV9061IDBVR SOT-23 DBV 5 3000 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TLV9061IDBVRG4 SOT-23 | DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
TLV9061IDBVRG4 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3

TLV9061IDCKR SC70 DCK 5 3000 178.0 8.4 225 | 245 1.2 4.0 8.0 Q3

TLV9061IDCKR SC70 DCK 5 3000 180.0 8.4 2.3 25 1.2 4.0 8.0 Q3

TLV9061IDPWR X2SON | DPW 5 3000 180.0 8.4 091 | 091 | 05 2.0 8.0 Q2

TLV9061SIDBVR SOT-23 DBV 6 3000 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3

TLV9061SIDBVR SOT-23| DBV 6 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3

TLV9061SIDBVRG4 SOT-23 DBV 6 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3

TLV9062IDDFR SOT-23- | DDF 8 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
THIN

TLV9062IDGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1

TLV9062IDGKR VSSOP DGK 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLV9062IDGKRG4 VSSOP DGK 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

TLV9062IDGKT VSSOP DGK 8 250 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

TLV9062IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1

Pack Materials-Page 1



PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 29-Nov-2025
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)

TLV9062IDRG4 SOoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLV9062IDSGR WSON DSG 8 3000 180.0 8.4 2.3 23 | 115 | 4.0 8.0 Q2
TLV9062IDSGRG4 WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
TLV9062IDSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
TLV9062IPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
TLV9062SIDGSR VSSOP | DGS 10 2500 330.0 124 5.3 34 14 8.0 | 12.0 Q1
TLV9062SIRUGR X2QFN RUG 10 3000 178.0 8.4 1.75 | 2.25 | 0.56 4.0 8.0 Q1
TLV9062SIYCKR DSBGA YCK 9 3000 180.0 8.4 1.1 1.1 0.4 2.0 8.0 Q1
TLV9064IDR SoIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 | 16.0 Q1
TLV9064IPWR TSSOP PW 14 2000 330.0 124 6.9 5.6 1.6 8.0 | 12.0 Q1
TLVO064IPWT TSSOP PW 14 250 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLV9064IRTER WQFN RTE 16 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TLV9064IRUCR QFN RUC 14 3000 180.0 9.5 216 | 216 | 05 4.0 8.0 Q2
TLV9064IRUCRG4 QFN RUC 14 3000 180.0 9.5 216 | 216 | 05 4.0 8.0 Q2
TLV9064SIRTER WQFN RTE 16 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 29-Nov-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TLV9061IDBVR SOT-23 DBV 5 3000 208.0 191.0 35.0
TLV9061IDBVRG4 SOT-23 DBV 5 3000 210.0 185.0 35.0
TLV9061IDBVRG4 SOT-23 DBV 5 3000 210.0 185.0 35.0
TLV9061IDCKR SC70 DCK 5 3000 208.0 191.0 35.0
TLV9061IDCKR SC70 DCK 5 3000 210.0 185.0 35.0
TLV9061IDPWR X2SON DPW 5 3000 210.0 185.0 35.0
TLV9061SIDBVR SOT-23 DBV 6 3000 208.0 191.0 35.0
TLV9061SIDBVR SOT-23 DBV 6 3000 210.0 185.0 35.0
TLV9061SIDBVRG4 SOT-23 DBV 6 3000 210.0 185.0 35.0
TLV9062IDDFR SOT-23-THIN DDF 8 3000 210.0 185.0 35.0
TLV9062IDGKR VSSOP DGK 8 2500 356.0 356.0 36.0
TLV9062IDGKR VSSOP DGK 8 2500 353.0 353.0 32.0
TLV9062IDGKRG4 VSSOP DGK 8 2500 353.0 353.0 32.0
TLV9062IDGKT VSSOP DGK 8 250 353.0 353.0 32.0
TLV9062IDR SolIC D 8 2500 353.0 353.0 32.0
TLV9062IDRG4 SOIC D 8 2500 353.0 353.0 32.0
TLV9062IDSGR WSON DSG 8 3000 210.0 185.0 35.0
TLV9062IDSGRG4 WSON DSG 8 3000 210.0 185.0 35.0
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 29-Nov-2025
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TLV9062IDSGT WSON DSG 8 250 210.0 185.0 35.0
TLV9062IPWR TSSOP PW 8 2000 353.0 353.0 32.0
TLV9062SIDGSR VSSOP DGS 10 2500 366.0 364.0 50.0
TLV9062SIRUGR X2QFN RUG 10 3000 205.0 200.0 33.0
TLV9062SIYCKR DSBGA YCK 9 3000 182.0 182.0 20.0
TLV9064IDR SoIC D 14 2500 353.0 353.0 32.0
TLV9064IPWR TSSOP PwW 14 2000 353.0 353.0 32.0
TLVO064IPWT TSSOP PwW 14 250 353.0 353.0 32.0
TLV9064IRTER WQFN RTE 16 3000 367.0 367.0 35.0
TLV9064IRUCR QFN RUC 14 3000 205.0 200.0 30.0
TLV9064IRUCRG4 QFN RUC 14 3000 205.0 200.0 30.0
TLV9064SIRTER WQFN RTE 16 3000 367.0 367.0 35.0
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PACKAGE OUTLINE
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PIN 1—]
INDEX AREA

4
0.3
\ { 0.15
0.2 [c|AB] NOTE 5 4X0°-15° = @D = =00 "YP
1.45
0.90

GAGE PLANE

f

g’ &/* L \ 1
. TYP 0.6
0 — o3 TYP SEATING PLANE

4214839/K 08/2024

NOTES:

[N

. 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.

. Refernce JEDEC MO-178.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.25 mm per side.

. Support pin may differ or may not be present.

AOWN

)]

INSTRUMENTS
www.ti.com



EXAMPLE BOARD LAYOUT
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

—= BX(11) =

f

5X (0.6)

f
T

2X (0.95)

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214839/K 08/2024

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.

INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
—= BX(L1) = ¢

1 1l % | |
5
oo
ﬁ [ I
— ‘ L SYMM
[ Tt

‘ |
T
L7(2-5)4’

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

(RO.05) TYP

4214839/K 08/2024

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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PACKAGE OUTLINE
DGKOOO8A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

02
| Soacl— -

FPIN 1 INDEX AREA SEATING
‘ PLANE
) 8 6X ,/j\
—] == j T T
—-—] 2% 1l
|
[ ] + ‘ ]
— == |
L ) 5 L 5 0.38 \J/
I N S %0130 [c[ale]
NOTE 4
\f{ ‘\ 0.23
/
- <¥SEE DETAIL A o
1.1 MAX

L 0.15

0.05

DETAIL A
TYPICAL

4214862/A 04/2023

NOTES: PowerPAD is a trademark of Texas Instruments.

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. 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.

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

5. Reference JEDEC registration MO-187.

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

Tsx (1.4) j
1

8X (0.45) 1 [ Y J

SEE DETAILS
‘ (4.4)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING  \ SOLDER MASK‘\ /  OPENING
O |
|
EXPOSED METAL \ * T T——EXPOSED METAL
0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED

(PREFERRED) SOLDER MASK DETAILS

4214862/A 04/2023

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.
8. 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.
9. Size of metal pad may vary due to creepage requirement.

INSTRUMENTS
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EXAMPLE STENCIL DESIGN
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

(R0.05) TYP

+ r 8X (;.4) j

8X (0.45) 1 [ ]

SOLDER PASTE EXAMPLE
SCALE: 15X

4214862/A 04/2023

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
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GENERIC PACKAGE VIEW
RTE 16 WQFN - 0.8 mm max height

3 x 3, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

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

4225944/A

INSTRUMENTS
www.ti.com



PACKAGE OUTLINE
RTEOO16C WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—]

SIDE WALL
METAL THICKNESS
DIM A
OPTION1 | OPTION 2

I 0.1 0.2

0.8 MAX
LAL* = e
0.05
0.00

[]1.68+0.07 (DIM A) TYP
S 7

—EXPOSED
THERMAL PAD

0.18
0.1M |C|A|B
(OPTIONAL) s 0.050
05
16X o3

4219117/B 04/2022

NOTES:

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

2. This drawing is subject to change without notice.

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

i
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EXAMPLE BOARD LAYOUT
RTEOO16C WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

] E—

i1
CO g

16X (0.24) T O ! O

e e -—t—- ¢ @9
_ (0.58)
=1 (1) e
12X (0.5) [ /O | ' _
s | (1
%L 1 —
| |
e ‘ G B LB
VIA | _ J_ — -
L) | ‘
5 ! '8 |
(RO.05) 0.58) TYP 4——4
ALL PAD CORNERS | (058) ‘
o pg—
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
Pgin SOLDER MASK
METAL | fOPENING
| I
| |
EXPOSED— ||
EXPOSED T __SOLDER MASK METAL | /NMETAL UNDER
OPENING N SOLDER MASK
NON SD%II_ZIIDI\IIESDMASK SOLDER MASK
DEFINED

(PREFERRED)
SOLDER MASK DETAILS

4219117/B 04/2022

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.

{
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EXAMPLE STENCIL DESIGN
RTEOO16C WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

(1.55)
16 13

BRNR XS T

s g Lo
|

METAL/ ‘
ALL AROUND ‘ _ «.7 ] e I 1
| |
|

(R0.05) TYP

|
L \
'd T A
- ‘ - 12
() ‘ ()
16X (0.24) | - ‘
@ /1\17 @ SYMM
- (\}%———4*—— —-—¢ @9
f - I
12X (0.5) | Y ‘ Y !
| ‘.
% ) s
|

L

|
- (2.8)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 17:

85% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:25X

4219117/B 04/2022

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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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DO014A

SMALL OUTLINE INTEGRATED CIRCUIT

e 27vp SEATING PLANE——"
PIN 1 ID 01[Cl~
(- ) 14 e =Y
1] e ‘
— == ]
§ |
| ] il
8.75 8 2X :
8.55
WL — [ )
|
| ] H
— ) ]
il |
7 e |
¥ 8 0.51 T |
14X o
4.0 0.31 L
8] 3.8 |4 [0.2500 [c|AB] —=1.75 MAX

e —

NOTE 4
e |
/i Ny
Ny . T
— 0.25
/\* SEE DETAIL A 0.13 e -
0.25

GAGE PLANE

o"-aa"&—1

_—

DETAIL A
TYPICAL

4220718/A 09/2016

NOTES:

1. All linear dimensions are in millimeters. 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 0.43 mm, per side.

. Reference JEDEC registration MS-012, variation AB.

(G20 w N

i3 TExas
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EXAMPLE BOARD LAYOUT

DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

14X (1.55) SYMM
11
] [
14X (0.6) ] l::j l::j
e )
12X (1.27) ‘ ‘ MM
¢

-
—

e ey

LAND PATTERN EXAMPLE
SCALE:8X

SOLDER MASK
SOLDER MASK METAL UNDER
OPENING METAL SOLDER MASK‘\ i OPENING

(F N = \
‘ \
| |
— ==
JL 0.07 MAX JL* 0.07 MIN
ALL AROUND ALL AROUND

NON SOLDER MASK
DEFINED

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220718/A 09/2016

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.

i3 TExas
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EXAMPLE STENCIL DESIGN
DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

i
~

SYMM

o

14X (1.55) ﬁ SYMM
i ¢
|
|
|
|
|
!
|
|
|
|
|
|
|

IR0

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:8X

4220718/A 09/2016

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.

i3 TExas
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GENERIC PACKAGE VIEW
RUG 10 X2QFN - 0.4 mm max height

1.5x 2, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

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

4231768/A
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www.ti.com



MECHANICAL DATA

RUG (R—PQFP—N10)

PLASTIC QUAD FLATPACK

Pin 1 Index Area

040
0,34

v
w] ©

0,00
Seating Height

Seating Plane

0,40

[ [ i [ A
L ‘ A
Pin 1 Identifier — | ‘ v
0,10 X 45° 04— - _ _ __ls
— ‘ gy 239
10 =
9 8 ! 7 6
LR o 030
0,35 0.20
005 10X
WGE e & 0,10 M[c[A[B]
, 0,05 M| ¢

Bottom View

4208528-3/B 04/2008

NOTES: All linear dimensions are in millimeters.

QFN (Quad Flatpack No-Lead) package

Dimensioning and tolerancing per ASME Y14.5M-1994.

This drawing is subject to change without notice.

configuration.

This package complies to JEDEC MO-288 variation X2EFD.

{? TEXAS
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LAND PATTERN

RUG (R—PQFP—N10)

Example Board Layout Example Stencil Design
(Note E)
- 235 | 2,30 —— |

0,58 2X
End Leads

1,50 1,50
ﬂ 0.50 0,50
0,63 2X

Note D
T T T Ena Leads [ ‘T»
‘ | | | |
H J ﬁg .

_ _ 0,35 2X
E End lLeads 1,80 075 - -

M—>J4{

0,30 2X End Leads

—

M
H*
"

3 B3
%4

’/ \\4\{\\» ! T I 058 8X Al Side Leads T T ! T I 0,53 8X All Side Leads
Hpiig J—+ Wi

0,25 8X All Side Leads —» 4

N
0,25 4X S'dé&ﬁs—q/ }# »‘ }« 0,30 4X Corner Leads

4210299-3/A 06/09

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. Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.

E. Maximum stencil thickness 0,127 mm (5 mils). Al linear dimensions are in millimeters.

F. 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 stencil design considerations.

G. Side aperture dimensions over—print land for acceptable area ratio > 0.66. Customer may reduce side aperture dimensions
if stencil manufacturing process allows for sufficient release at smaller opening.

b TeExAs
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DGS0010A I

PACKAGE OUTLINE
VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

AT SEATING PLANE—— "
PIN 1 1D .
) — 8X|0.5 — :
10 [05] 1)
= T ]
— 2X
[
1 | m
===
T il
29 T T (4 [0.1® [c]A® [BO | 41.1 MAX
NOTE 4
T
v/ \
\ J ‘ E 1
h ,l 0.23
e TYP
&SEE DETAIL A 0.13

)

0.4 0.05

DETAIL A
TYPICAL

4221984/A 05/2015

NOTES:

-

s W N

. 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.

i3 Texas
INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT

DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

10X (1.45)
10X (0.3) j r SYMM (R0.05)
TYP
| ::/
= i

-—— = ——

|

|

|

i 1O SYMM
T == %
8X (0.5) 5 :; :i:]

Li (4.4) !

6

LAND PATTERN EXAMPLE
SCALE:10X

SOLDER MASK METAL UNDER SOLDER MASK
OPENING \ ) METAL SOLDER MASK\x i OPENING

4 r=— 0.05 MAX

ALL AROUND

NON SOLDER MASK
DEFINED

{ }
=
J 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.

Texas
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EXAMPLE STENCIL DESIGN
DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

YMM (R0.05) TYP

T1OX(1.45)T S

10x<0.3)L ¢

1 ‘ |
== | v
b | ——]

|
)

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.

i3 Texas
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GENERIC PACKAGE VIEW
DPW 5 X2SON - 0.4 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4211218-3/D

13 TEXAS
INSTRUMENTS



PACKAGE OUTLINE
DPWOOO5A X2SON - 0.4 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

0.85
0.75

PIN 1 INDEX AREA/?;‘

0.4 MAX T
i — =X — SEATING PLANE

NOTE 3

—= =~ (0.1)

4X (0.05) *‘ (0.324) [—— 8:88 i
1 l T
W? ! / [J 0.25+0.1 i

o 5 — NOTE 3\——
0.48 - + -—t 2X (0.26) ]
SN |
S

1

! | 4y 0.27
0.239 T X017

0.1 |C|A|B
0.288 s 4%
3X 0188 0.05 |C

4223102/D 03/2022

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 size and shape of this feature may vary.
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EXAMPLE BOARD LAYOUT

X2SON - 0.4 mm max height
PLASTIC SMALL OUTLINE - NO LEAD

DPWOO05A

4X (0.42)

0.05 MIN
ALL AROUND
-1 TYP

4X (0.26)
(0.48)

(R0.05) TYP N e \
SOLDER MASK

4X (0.06) OPENING, TYP

(0.21) TYP METAL UNDER
EXPOSED METAL SOLDER MASK
CLEARANCE TYP

LAND PATTERN EXAMPLE
SOLDER MASK DEFINED
SCALE:60X

4223102/D 03/2022

NOTES: (continued)
4. This package is designed to be soldered to a thermal pad on the board. For more information, refer to QFN/SON PCB application note
in literature No. SLUA271 (www.ti.com/lit/slua271).

INSTRUMENTS
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EXAMPLE STENCIL DESIGN
DPWOOO5A X2SON - 0.4 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

<444444—4x(042)4444444—‘ — 4X (0.06)

4 L

4X(022) 1
. ax (0.26)4—1
SYMM
N R
SOLDER MASK——
EDGE
I
| |
) | ‘ ]
| |
|
(R0.05) TYP SYMM
¢
(0.78)

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

EXPOSED PAD 3

92% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:100X

4223102/D 03/2022

NOTES: (continued)

5. 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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PACKAGE OUTLINE
DPWO0O005B X2SON - 0.4 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA—— [~

0.85
0.75

0.4 MAX
i O < O
J s SEATING PLANE
0.05 NOTE 3

0.00
7 0.35 2X (0.36) f=—
0.15 0.27 — 0.1) TYP
~—T 4X 017 (0.1)
|
2 \
4
NOTE 3—
; (]
— L 2% (0.26) ]
1 5
0.27
L ax
PIN1ID 0.17

0.1 |C|A|B
N4 0.05 |C

4228233/D 09/2023

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 size and shape of this feature may vary.
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EXAMPLE BOARD LAYOUT
DPWO0O005B X2SON - 0.4 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

‘ (0.78) |
SYMM
4X (0.42) ‘ | ¢ 0.06) 0,05 MIN
,,,,,, | L ALL AROUND
}7: i i i ‘ i - TYP
' 5
4X(0.22) 1 \ g R77+ B
| ’ /- # N !
L Lo \ N Jr Y
SYMM + N D (0.48)
e TR TS o
g ;s |
‘ A
2 ‘ { 4

(R0.05) TYP /< ffffffffff S

SOLDER MASK
©0.1) VIA \ OPENING, TYP
METAL UNDER

(0.21) TYP SOLDER MASK, TYP

EXPOSED METAL
CLEARANCE

LAND PATTERN EXAMPLE
SOLDER MASK DEFINED
SCALE:60X

4228233/D 09/2023

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, refer to QFN/SON PCB application note
in literature No. SLUA271 (www.ti.com/lit/slua271).
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EXAMPLE STENCIL DESIGN
DPWO0O005B X2SON - 0.4 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

4X (0.42)
T j 4X (0.06)

4x (o 22) 1 >
@0.24)

SOLDER MASK
SYMM EDGE

(0.21)

|
(R0.05) TYP SYMM ‘

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

EXPOSED PAD 5

92% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:60X

4228233/D 09/2023

NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

INSTRUMENTS
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DCKOOO5A

PACKAGE OUTLINE
SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

PIN 1
INDEX AREA

NOTE 5

GAGE PLANE 0.22

\[ 0.0 TYP
& rr/ | 046 \(
. TYP TYP
SEATING PLANE

0.26

4x0°-12° ~— (0.9) —=

2 [
(@]

~— 1.1 MAX

1

]

[ 1
|-

TYP

oo
or

4214834/G 11/2024

NOTES:

[N

o bhwWN

per ASME Y14.5M.

. This drawing is subject to change without notice.
. Refernce JEDEC MO-203.

. Support pin may differ or may not be present.

. Lead width does not comply with JEDEC.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not exceed

0.25mm per side

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

i

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DCKOOO5A SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

-— bp—-—-r—-—¢  3)
2
2X(—(“)-765) \ ‘ T l
L | .

(R0.05) TYP Li 2.2) 4J

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:18X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\

EXPOSED METAL EXPOSED METAL/
J qu 0.07 MAX J L 0.07 MIN
ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214834/G 11/2024

NOTES: (continued)

7. Publication IPC-7351 may have alternate designs.
8. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
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EXAMPLE STENCIL DESIGN
DCKOOO5A SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

| j 5X(?.95) ¢
5X (0.4) %—4—}7777 5 .
! SYMMT

T 2 ***7***‘7*74; 1.3)
|

2X(0.65)

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:18X

4214834/G 11/2024

NOTES: (continued)

9. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
10. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
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J’f PACKAGE OUTLINE
‘)J_)

DDFOOO08A SOT-23-THIN - 1.1 mm max height
PLASTIC SMALL OUTLINE
2.95 SEATING PLANE
265 1YP T
PIN 1 ID o.1lc -
PN T (D ]oa[c]
— | | .
ox[065] |
(- I i
T
o ] = i
2.85 2X
NOTE 3 1.95 ‘% ‘
L | |
|
4 - — - — L 4x 0°-15° ‘; ‘
5 gy 0-38 L L | J
0.22 -
5] J 165 (% |0a@ [c[A]B] |
MAX
)\ ~—ax 415
. ~
/ =
/ [
0.20
i [ \‘ [ \[ 0.08 TYP
| L /
\ : \f
S /\\
— SEE DETAIL A
GAGE PLANE
0°-8
DETAIL A
TYPICAL
4222047/E  07/2024
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. 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.
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EXAMPLE BOARD LAYOUT
DDFOOO08A SOT-23-THIN - 1.1 mm max height

PLASTIC SMALL OUTLINE

8X (1.05) ﬁ SYMM
¢

| 6
N I
8X (0.45) —
SYMM
— _ - a
ey 1 (]
6X (0.65) | ‘
o N
| |
(R0.05) ‘ ‘
TYP | (2.6) |
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X
SOLDER MASK
SOLDER MASK METAL UNDER
OPENING \ METAL SOLDER MASK ~ \ fOPEN'NG
”””” \
| |
0.05 MAX AL ERPOSED 0.05 MIN JL EXPOSED
ALL AROUND ALL AROUND METAL
NON SOLDER MASK SOLDER MASK

DEFINED DEFINED

SOLDER MASK DETAILS

4222047/E 07/2024

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
www.ti.com




DDFOO08A

EXAMPLE STENCIL DESIGN
SOT-23-THIN - 1.1 mm max height

PLASTIC SMALL OUTLINE

8X (1.05) —1

8X (0.45) —

—-
6X (0.65)

sy

(2.6)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

4222047/E 07/2024

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

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

INSTRUMENTS
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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.

INSTRUMENTS
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PACKAGE OUTLINE
YCKO0009 DSBGA - 0.33 mm max height

DIE SIZE BALL GRID ARRAY

BALL A1—-
CORNER
D
0.33 MAX

D: Max = 0.98 mm, Min = 0.92 mm
E: Max = 0.98 mm, Min = 0.92 mm

[ [0.0150) [c|A[B]

4225837/A 04/2020

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.

:

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
YCKO0009 DSBGA - 0.33 mm max height

DIE SIZE BALL GRID ARRAY

(0.35) TYP
9X (0.18)

@
SO
O O O

SYMM

(0.35) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 50X

0.0325 MAX 0.0325 'V”N METAL UNDER
(©0.18) ,ﬁ SOLDER MASK

METAL
SOLDER MASK—" EXPOSED EXPOSED/ \ (©0.18)
OPENING METAL METAL SOLDER MASK
OPENING
SOLDER MASK
NON-SOLDER MASK DEFINED
DEFINED (PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4225837/A 04/2020

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
See Texas Instruments Literature No. SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YCKO0009 DSBGA - 0.33 mm max height

DIE SIZE BALL GRID ARRAY

9X (J0.21) —= (R0.05) TYP

(0.35) TYP r

(0.35) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.075 mm THICK STENCIL
SCALE: 50X

4225837/A 04/2020

NOTES: (continued)

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

INSTRUMENTS
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PACKAGE OUTLINE

DBVOOO6A SOT-23 - 1.45 mm max height
SMALL OUTLINE TRANSISTOR
3.0
2.6

(D Joa[ch~ =

PIN 1— ‘
INDEX AREA
(1L
_ 6 }
2X !
3.05 1
2.75 I
5 !
X
|
|
T |
4 |
I
6X 822 \S /) f\gj/J
& Jo20]c|a[B] X 15 Vol 000 TP
1.45
0.90
GAGE PLANE
f

e L L \ T
. TYP 0.6
0 — o3 TYP SEATING PLANE

4214840/G 08/2024

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. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.25 per side.
4. Leads 1,2,3 may be wider than leads 4,5,6 for package orientation.

5. Refernce JEDEC MO-178.

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DBVOOO6A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

1 1

6X (0.6)

f
T

2X (0.95)

J

SYMM

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214840/G 08/2024

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.

INSTRUMENTS
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EXAMPLE STENCIL DESIGN
DBVOOO6A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
— BX(L1) = ¢
1 | ‘ -
6X (0.6) ! ‘ |
f 4 [ + ®
| |
‘ SYMM
[ ‘ et
2X(0.95) |
L T ‘ T
R -

(R0.05) TYP / 2.6)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

4214840/G 08/2024

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
DSG 8 WSON - 0.8 mm max height

2x 2,0.5 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.

4224783/A

INSTRUMENTS
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PACKAGE OUTLINE
DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

0.32

0.18
@
0.4
0.2

ALTERNATIVE TERMINAL SHAPE

PIN 1 INDEX AREAJ~_:

=N
©o

TYPICAL
0.8
0.7
* 1
0.05 SIDE WALL
0.00 METAL THICKNESS
DIM A
OPTION1 | OPTION 2
0.1 0.2
EXPOSED
THERMAL PAD =~ 0.9+0.1 = — ﬁ (DIM A) TYP
I

g
[ 1 []]

9

|

|

|
=
(o))
I+
©
o

L]

|

4 4] |
[oms | N\ |
2x T \
‘
|

1
. 1<5L/\1 8
PIN 11D { L gx 9-32

(45° X 0.25) 0.4 0.18

8X0.2 & [01@]c]Als
0.0509)

[ []

4218900/E 08/2022

NOTES:

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

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

-~ (0.9) —=
8X (0.5) ﬁ (0.9) (Tc/\ﬁ( g 2) VIA
1
jREn Ry re pun)
8X (0.25) ‘{%ﬁiff —
SYMM (0.55)
9
t—-—f-—F— 2 — S ] s
T
6X (0.5) o
- L J [T s
) =
‘ |
RO0.05) TYP SYMM
( ) ‘ fy ‘
\ (1.9) ‘
LAND PATTERN EXAMPLE
SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND o M UND

-

SOLDER MASK/

OPENING

METAL

NON SOLDER MASK

T

METAL UNDERJ j'\*SOLDER MASK

SOLDER MASK
SOLDER MASK

OPENING

DEFINED

(PREFERRED) DEFINED

SOLDER MASK DETAILS

4218900/E 08/2022

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

8X(0.5) SYMM

8X (0.25) — —

Sy ()

77777777 — 49— |- — - J‘; —
—- O
—E3 [
6X (0.5) \ T) \ 0.7)
%;B, \T | 5
4 N 1
(R0.05) TYP | (0.9)
1

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 9:

87% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:25X

4218900/E 08/2022

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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PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWOO014A

SMALL OUTLINE PACKAGE

\ 12X
e
-
I 2X
—
I
1 4X (0°-127)
—t a
= |
. :
. 0.30 T
- Mo 12 MAXL
43 [ [01@ [c|A[B] '

NOTE 4

\\.

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

GAGE PLANE

P

DETAIL A
TYPICAL

4220202/B 12/2023

NOTES:

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

. This drawing is subject to change without notice.

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

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

. Reference JEDEC registration MO-153.

(G20 w N
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PWOO014A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

[N
N
X
BelCinE
N
a1
N
J

1]

SYMM

=
1)

L

(5.8) !

LAND PATTERN EXAMPLE

SOLDER MASK
OPENINGWL

/

EXPOSED METAL SHOWN
SCALE: 10X

METAL UNDER
SOLDER MASK\

EXPOSED METALJP

#Lf 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

JL* 0.05 MIN
ALL AROUND
SOLDER MASK

DEFINED
SOLDER MASK DETAILS

(R0.05) TYP
e

SOLDER MASK
OPENING

I
|
J |\ .\J!EXPOSED METAL

4220202/B 12/2023

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.

INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN
PWO0O014A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

e

14X (1.5) SYMM
i j | T ¢ (R0.05) TYP
0 | | e
|
|
|
.
|
|
|
|
|

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

4220202/B 12/2023

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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PACKAGE OUTLINE
PWOO00SA TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

6.6
6.2 TYP
PIN 11D
AREA
— 6X
8
02X
== -—-
1
8X 0.30

0.19 L
‘%‘0.1@‘C‘A@‘B@‘ J'].ZMAX

ST -
\\\-‘/\SEE DETAIL A T(O'1S)TYP

DETAIL A
TYPICAL

4221848/A 02/2015

NOTES:

-

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

. This drawing is subject to change without notice.

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

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

. Reference JEDEC registration MO-153, variation AA.

s W N

i3 Texas
INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT

PWOO00SA TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
T 8X (1.5) r
8X (0.45) SYMM
RO0.05
1 C‘E (TYP )
8
|
|
SYMM
S s R A s .
o == | [ ]
S \ T s
| |
| (5.8) |
LAND PATTERN EXAMPLE
SCALE:10X
SOLDER MASK METAL UNDER SOLDER MASK
OPENING \ /METAL SOLDER MASK‘\ i OPENING
i I T"""m |
I‘mﬂl
4€ 0.05 MAX JL 0.05 MIN
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
SOLDER MASK DETAILS
NOT TO SCALE

4221848/A 02/2015

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
PWOO00SA TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

8X (15)
8X (0.45) j T SEMM (R0.05) TYP
|
o | '

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

4221848/A 02/2015

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
RUC 14 X2QFN - 0.4 mm max height

2x 2,0.4 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

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

4229871/A
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PACKAGE OUTLINE
RUCO014A X2QFN - 0.4 mm max height
PLASTIC QUAD FLAT PACK- NO LEAD

I T

PIN 1 INDEX AREA —

[l \N]
O

0.4 MAX —

»‘ (0.15) TYP

SYMM
—¢

4

12

0.25
14X 515

|

|

|
PIN 11D SYl\/IM

0.5
(45°X0.1) ¢ 14X o3 & 0.1M|C|A|B
0.05s(M) | C

4220584/A 05/2019

NOTES:

1. Alllinear 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

RUCO014A X2QFN - 0.4 mm max height
PLASTIC QUAD FLAT PACK- NO LEAD

1% 02) 14X (0.6 ‘
1T .
= (I T

(R0.05) —~

! 2X (0.4)
l‘ (1.8)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 23X

0.05 MAX 0.05 MIN

ALL AROUND "‘ r ALL AROUND j r SOLDER MASK
| / METAL == OPENING
| |
| |

| |
N
OPENING SOLDER MASK

NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4220584/A 05/2019

NOTES: (continued)

3. For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
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EXAMPLE STENCIL DESIGN

RUCO014A X2QFN - 0.4 mm max height
PLASTIC QUAD FLAT PACK- NO LEAD

14% (0.2 14X (0.6) |
10T % o
=== 05

8X (0.4) SYMM

¢ —f—1— 77747777 (1.6) (1.8)

(R0.05) !

2X (0.4)

(1.8)

SOLDER PASTE EXAMPLE
BASED ON 0.100mm THICK STENCIL
SCALE: 23X

4220584/A 05/2019

NOTES: (continued)

4. 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 DATASHEETS), 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 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, TI's General Quality Guidelines, 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 Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

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

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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