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LMV3xx Low-Voltage Rail-to-Rail Output Operational Amplifiers
1 Features 3 Description

e 2.7-V and 5-V Performance
* —40°C to 125°C Operation
* Low-Power Shutdown Mode (LMV324S)
* No Crossover Distortion
* Low Supply Current
— LMV321: 130 pA Typ
— LMV358: 210 pA Typ
— LMV324: 410 pA Typ
— LMV324S: 410 pA Typ
* Rail-to-Rail Output Swing
» ESD Protection Exceeds JESD 22
— 2000-V Human-Body Model
— 1000-V Charged-Device Model

2 Applications

» Desktop PCs

» HVAC: Heating, Ventilating, and Air Conditioning
* Motor Control: AC Induction

* Netbooks

» Portable Media Players

* Power: Telecom DC/DC Module: Digital

» Pro Audio Mixers

» Refrigerators

» Washing Machines: High-End and Low-End

4 Simplified Schematic

The LMV321, LMV358, LMV324, and LMV324S
devices are single, dual, and quad low-voltage
(2.7 V to 5.5 V) operational amplifiers with rail-to-rail
output swing. These devices are the most cost-
effective solutions for applications where low-voltage
operation, space saving, and low cost are needed.
These amplifiers are designed specifically for low-
voltage (2.7 V to 5 V) operation, with performance
specifications meeting or exceeding the LM358 and
LM324 devices that operate from 5 V to 30 V. With
package sizes down to one-half the size of the
DBV (SOT-23) package, these devices can be used
for a variety of applications.

Device Information(1)

PART NUMBER PACKAGE (PIN) BODY SIZE
LMV324 SOIC (14) 8.65 mm x 3.91 mm
SOT-23 (5) 2.90 mm x 1.60 mm
LMV321
SC-70 (5) 2.00 mm x 1.25 mm
VSSOP (8) 2.30 mm x 2.00 mm
LMV358 VSSOP (8) 3.00 mm x 3.00 mm
TSSOP (8) 3.00 mm x 4.40 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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6 Pin Configuration and Functions

LMV358. .. D (SOIC), DDU (VSSOP),
DGK (VSSOP), OR PW (TSSOP) PACKAGE

10UT
1IN-
1IN+
GND

(TOP VIEW)

A W N -

)

a o N

] Vees
] 20UT
] 2IN-
] 2IN+

LMV324. .. D (SOIC) OR PW (TSSOP) PACKAGE

LMV321...DBV (SOT-23)
OR DCK (SC-70) PACKAGE
(TOP VIEW)

uN+[ 1~ s[lvec.
GND[]2
1IN=[] 3

N

] out

LMV324S...D (SOIC) OR PW (TSSOP) PACKAGE

(TOP VIEW) (TOP VIEW)
10UT [| 1 ~ 14[] 40UT 10UT [ 1 - 16[] 40UT
1IN-[] 2 13[] 4IN- 1IN-[] 2 15[] 4IN—
1IN+ ] 3 12[] 4IN+ 1IN+ []3 14[] 4IN+
Vees [ 4 11]] GND Vee [14 13[] GND
2N+ [l 5  10[] 3IN+ 2IN+[]5 12[] 3IN+
2IN-[] 6 9f] 3IN- 2IN-[]6 11]] 3IN-
20UT [} 7 8|] 30UT 20UT [} 7 10[] 3oUT
1/2 SHDN [} 8 9[] 3/4 SHDN
Pin Functions
PIN
LMV358 LMV321 LMV324 | LMV324S TYPE DESCRIPTION
NAME [}, iDL DBV or DCK | D or PW D or PW
DGK, PW
3/4 SHDN — — — 9 | Shutdown (logic low)/enable (logic high)
1/2 SHDN — — — 8 | Shutdown (logic low)/enable (logic high)
1IN+ 3 1 3 3 | Noninverting input
1IN- 2 3 2 2 | Inverting input
2IN+ 5 — 5 5 | Noninverting input
2IN- 6 — 6 6 | Inverting input
20UT 7 — 7 7 (0] Output
3IN+ — — 10 12 | Noninverting input
3IN- — — 9 11 | Inverting input
30UT — — 8 10 (0] Output
4IN+ — — 12 14 | Noninverting input
4IN—- — — 13 15 | Inverting input
40UT — — 14 16 (0] Output
GND 4 2 11 13 Negative supply
ouT 1 4 1 1 (6] ouT
VCC+ 8 5 4 4 Positive supply
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7 Specifications

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

MIN MAX | UNIT
Vee Supply voltage @ 55 Y,
Vip Differential input voltage ©) 455 v
\ Input voltage range (either input) -0.2 5.7 \%
Duration of output short circuit (one amplifier) to ground(“) thgrsbsellg\’{’/TA =25°C, Unlimited
T; Operating virtual junction temperature 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values (except differential voltages and V¢ specified for the measurement of 1og) are with respect to the network GND.

(3) Differential voltages are at IN+ with respect to IN-.
(4) Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

7.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range —65 150 °C
;{ilrig](%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all 0 2500
Vesp) Electrostatic discharge - S \%
Charged device model (ZCDM), per JEDEC specification 0 1500
JESD22-C101, all pins®@
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions®
MIN MAX | UNIT
Vee Supply voltage (single-supply operation) 2.7 55 \%
» 5 Vec =27V 1.7
\ Amplifier turn-on voltage level (LMV324S)® Y
VCC =5V 35
» Vec =27V 0.7
Vi Amplifier turn-off voltage level (LMV324S) \%
VCC =5V 1.5
| temperature (LMV321,
LMV358, LMV324, —40 125
Ta Operating free-air temperature LMV321IDCK) °C
| temperature (LMV324S) -40 85
Q temperature -40 125

(1) All unused control inputs of the device must be held at Vcc or GND to ensure proper device operation. See the TI application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
(2) Vi should not be allowed to exceed V¢c.

7.4 Thermal Information

LMV3xx
THERMAL METRIC®
D DBV DCK DDU DGK PW UNIT
8PIN | 14PIN | 16 PIN | 5PIN 5 PIN 8 PIN 8 PIN 8PIN | 14 PIN | 16 PIN
Rgia  Junction-to-ambient thermal resistance 97 86 73 206 252 210 172 149 113 108 °C/W

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

4 Submit Documentation Feedback
Product Folder Links: LMV358 LMV321 LMV324 LMV324S

Copyright © 1999-2014, Texas Instruments Incorporated


http://www.ti.com/product/lmv358?qgpn=lmv358
http://www.ti.com/product/lmv321?qgpn=lmv321
http://www.ti.com/product/lmv324?qgpn=lmv324
http://www.ti.com/product/lmv324s?qgpn=lmv324s
http://www.ti.com
http://www.ti.com/lit/pdf/SCBA004
http://www.ti.com/lit/pdf/spra953
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS263W&partnum=LMV358
http://www.ti.com/product/lmv358?qgpn=lmv358
http://www.ti.com/product/lmv321?qgpn=lmv321
http://www.ti.com/product/lmv324?qgpn=lmv324
http://www.ti.com/product/lmv324s?qgpn=lmv324s

13 TEXAS
INSTRUMENTS

www.ti.com

LMV358, LMV321, LMV324, LMV324S
SLOS263W ~AUGUST 1999—REVISED OCTOBER 2014

7.5 Electrical Characteristics: Vet = 2.7V
Vees = 2.7V, T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP® MAX UNIT
Vo Input offset voltage 1.7 7 mV
avio Q\F/)irtagf?sgetrcgﬁ;agtgre coefficient of 5 WV/eC
Iis Input bias current 11 250 nA
lio Input offset current 5 50 nA
CMRR  Common-mode rejection ratio Vem=0to 1.7V 50 63 dB
ksvr Supply-voltage rejection ratio Vec=27Vto5V,Vp=1V 50 60 dB
Vier |F:a?]rgr;‘ranon—mode input voltage CMRR 2 50 dB 0 —22 - v
. High level Vee — 100 Vee — 10
Vo Output swing R . =10kQto 1.35V mV
Low level 60 180
LMV3211 80 170
lee Supply current LMV358I (both amplifiers) 140 340 uA
(all our ampliersy 200 680
By Unity-gain bandwidth C, =200 pF 1 MHz
(ONS Phase margin 60 deg
Gn Gain margin 10 dB
Vy, Equivalent input noise voltage f=1kHz 46 nViVHz
Ih Equivalent input noise current f=1kHz 0.17 pA/NHz

(1) Typical values represent the likely parametric nominal values determined at the time of characterization. Typical values depend on the
application and configuration and may vary over time. Typical values are not ensured on production material.
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7.6 Electrical Characteristics: Vet =5V
Veer =5V, at specified free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS T @ MIN TYP® MAX | UNIT
25°C 1.7 7
Vio Input offset voltage mV
Full range 9
Average temperature
Qyio coefficient of input offset 25°C 5 uv/°C
voltage
. 25°C 15 250
lis Input bias current nA
Full range 500
25°C 5 50
lio Input offset current nA
Full range 150
CMRR gt’i’;‘m"”'mc’de rejection |y, =0to4V 25°C 50 65 dB
Supply-voltage Vee=27Vto5V,Vg=1V, o
Ksvr rejection ratio Vem =1V 25°C 50 60 dB
Common-mode input o 0 -0.2
Vicr voltage range CMRR 2 50 dB 25°C 4.2 4 v
) 25°C Vce — 300 Vce — 40
High level
Full range Ve — 400
R .=2kQto25V
25°C 120 300
Low level
. Full range 400
Vo Output swing mV
) 25°C Vce — 100 Vce — 10
High level
Full range Ve — 200
R.=10kQto 2.5V
25°C 65 180
Low level
Full range 280
_si i i 25°C 15 100
Avo Large S|gngl differential R, = 2 kQ VimV
voltage gain Full range 10
_circui Sourcing, Vo =0V 5 60
los Output short-circuit our 9. Vo 25°C mA
current Sinking, Vo =5 V 10 160
25°C 130 250
LMV321I
Full range 350
. 25°C 210 440
lcc Supply current LMV358I (both amplifiers) MA
Full range 615
LMV324l and LMV324S| 25°C 410 830
(all four amplifiers) Full range 1160
By Unity-gain bandwidth C, =200 pF 25°C 1 MHz
(ONS Phase margin 25°C 60 deg
Gn Gain margin 25°C 10 dB
Equivalent input _ o
A noise voltage f=1kHz 25°C 39 nV/iHz
Equivalent input _ o
In noise current f=1kHz 25°C 0.21 pANHz
SR Slew rate 25°C 1 V/us

(1) Full range Tp = —40°C to 125°C for | temperature(LMV321, LMV358, LMV324, LMV321IDCK), —40°C to 85°C for (LMV324S) and —40°C
to 125°C for Q temperature.

(2) Typical values represent the likely parametric nominal values determined at the time of characterization. Typical values depend on the
application and configuration and may vary over time. Typical values are not ensured on production material.
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7.7 Shutdown Characteristics, LMV324S: Vot = 2.7V
Vees = 2.7V, T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP®D MAX UNIT
Supply current in shutdown mode FETTN
lcc(sHoN) (per channel) SHDN<0.6 V 5 HA
tion) Amplifier turn-on time Ay =1, R = Open (measured at 50% point) 2 us
totf) Amplifier turn-off time Ay =1, R = Open (measured at 50% point) 40 ns

(1) Typical values represent the likely parametric nominal values determined at the time of characterization. Typical values depend on the
application and configuration and may vary over time. Typical values are not ensured on production material.

7.8 Shutdown Characteristics, LMV324S: Vc+ =5V
Veer =5V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP® MAX UNIT
Supply current in shutdown mode TADN < _
lcc(sHpN) (per channel) SHDN £ 0.6 V, Tp = Full Temperature Range 5 HA
t(on) Amplifier turn-on time Ay =1, R_ = Open (measured at 50% point) 2 us
t(off) Amplifier turn-off time Ay =1, R_ = Open (measured at 50% point) 40 ns

(1) Typical values represent the likely parametric nominal values determined at the time of characterization. Typical values depend on the
application and configuration and may vary over time. Typical values are not ensured on production material.
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7.9 Typical Characteristics
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Figure 1. LMV321 Frequency Response Figure 2. LMV321 Frequency Response
vs Resistive Load vs Resistive Load
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Figure 3. LMV321 Frequency Response Figure 4. LMV321 Frequency Response
vs Capacitive Load vs Capacitive Load
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Figure 5. LMV321 Frequency Response Figure 6. Stability
vs Temperature vs Capacitive Load
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Typical Characteristics (continued)
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Figure 7. Stability Figure 8. Stability
vs Capacitive Load vs Capacitive Load
10000 i I 1.500 T
Vcc=+2.5V ‘ ‘ ‘ 1.400 R =100 kQ
R.=1MQ LMV 3xx .
Ay =10 (25% Overshoot) 1.300
Vo =100 mVpp
w — T 1 _ 1 - I g 1.200 Gain
< 1000 £ NSLEW ]
° | \/‘ 1 1.100 T
g LMV324S @ L MV3x R R B
- (25% Overshoot) € 1.000 IPPEEE LS Bl
2 ‘ 3 -z=7 PSLEW
o » 0.900
s 100 || 134K 121M0
©
(s} 0.800 NSLEW
0.700
LMV324S |
0.600 ——— =\
= = PSLEW
10 L L L L 0.500
-20 =15 -1 -0.5 0 0.5 1.5 2.5 3.0 3.5 4.0 4.5 5.0
Output Voltage - V Vcc - Supply Voltage - V
Figure 9. Stability Figure 10. Slew Rate
vs Capacitive Load vs Supply Voltage
700 T -10 1 T
Vcc =5V
—— LMV3xx _ ™ V) = Veel2
600 1 | mv32ss - 2
-7 Ta =85°C
< 500 = = — <
= - ~ ~
v o (=
2 400 [ % Ta=25°C L T30
g o 1 5 |
3 [ _ 5 ] LMV3xx
> 300 - S w0 -
2 | __-A77 Ta=-40C s <1
3 | -1 — | 5 T ~1¥
@ 200 i — 3
\\ ~ <
/ =50 T .
100 / LMV324S T
0 / -60 ‘ ‘ ‘
0 1 2 3 4 6 -40 -30-20-10 0 10 20 30 40 50 60 70 80
Vcc - Supply Voltage - V Ta-°C
Figure 11. Supply Current Figure 12. Input Current
vs Supply Voltage - Quad Amplifier vs Temperature
Copyright © 1999-2014, Texas Instruments Incorporated Submit Documentation Feedback 9

Product Folder Links: LMV358 LMV321

LMV324 LMV324S


http://www.ti.com/product/lmv358?qgpn=lmv358
http://www.ti.com/product/lmv321?qgpn=lmv321
http://www.ti.com/product/lmv324?qgpn=lmv324
http://www.ti.com/product/lmv324s?qgpn=lmv324s
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS263W&partnum=LMV358
http://www.ti.com/product/lmv358?qgpn=lmv358
http://www.ti.com/product/lmv321?qgpn=lmv321
http://www.ti.com/product/lmv324?qgpn=lmv324
http://www.ti.com/product/lmv324s?qgpn=lmv324s

LMV358, LMV321, LMV324, LMV324S
SLOS263W ~AUGUST 1999—REVISED OCTOBER 2014

13 TEXAS
INSTRUMENTS

www.ti.com

Typical Characteristics (continued)
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Figure 17. Short-Circuit Current Figure 18. Short-Circuit Current
vs Temperature vs Temperature
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Typical Characteristics (continued)

80 LMV324S \ % LMV324S \
Vee=-5V 80 e o
70 RL=10kQ — R =10 kQ
TN i N\
[ wvs N . \
XX LMV3
\\ 60l XX
m 50 m \
5 NN\ N
In: \\ ? 50 N
> 40 § \
L \ K
' 30 > * \
\ 30
2 N N
N 20
\
10 \ 10
0 0
100 1k 10k 100k 1™ 100 1k 10k 100k ™
Frequency - Hz Frequency - Hz
Figure 19. —ksyr Figure 20. +ksyr
vs Frequency vs Frequency
8 | ! 80 LMV324S !
LMV324S Vec=-27V Vec =27V
70 —— — T R.=10kQ —] 70 ¥ RL.=10kQ —
60 TN 60 T =
~
5o | LMV3xx \\ LMV3xx \
Q \ o 0
. N i
g 40 ~ x 40
? \ > \
* N ™ \
30 N ¥ 30
\ N \
20 N
N 20
N\
10 \\
\ 10
0 0
100 1k 10k 100k 1™ 100 1k 10k 100k 1™
Frequency - Hz Frequency - Hz
Figure 21. —kgyr Figure 22. +kgyr
vs Frequency vs Frequency
70 T 6 - oRG
= R =10k
RL 1orn THD > 5%
60 amsupanges e agEEEE - AV=3
> Tee 5 it
€ . .. LMV3xx a ¢ LMV3xx
> 50 [ Negative Swing — LMV324S >O \ Vec=5V
c . 4
s o LMV324S |||}
@ 40 \ 3 Vec=5 v”“*".‘
g S s :
S 30 El - — . LMV3xx
z £ Y T Ve =27V
= o 2 Y
3 2 x LMV324S %
Positive Swing & Vec=27V 7 W
10 ” 1 M
""" AN
0 0
25 3.0 35 4.0 45 5.0 1k 10k 100k 1™ 10M
Vcc — Supply Voltage - V Frequency — Hz
Figure 23. Output Voltage Swing From Rails Figure 24. Output Voltage
vs Supply Voltage vs Frequency
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Typical Characteristics (continued)
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Figure 29. Noninverting Large-Signal Pulse Response

Figure 30. Noninverting Small-Signal Pulse Response
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Typical Characteristics (continued)

Figure 35. Inverting Large-Signal Pulse Response
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Figure 36. Inverting Small-Signal Pulse Response
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Typical Characteristics (continued)
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vs Frequency vs Frequency
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Typical Characteristics (continued)
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8 Detailed Description

8.1 Overview

The LMV321, LMV358, LMV324, and LMV324S devices are single, dual, and quad low-voltage (2.7 V to 5.5 V)
operational amplifiers with rail-to-rail output swing. The LMV324S device, which is a variation of the standard
LMV324 device, includes a power-saving shutdown feature that reduces supply current when the amplifiers are
not needed. Channels 1 and 2 together are put in shutdown, as are channels 3 and 4. While in shutdown, the
outputs actively are pulled low.

The LMV321, LMV358, LMV324, and LMV324S devices are the most cost-effective solutions for applications
where low-voltage operation, space saving, and low cost are needed. These amplifiers are designed specifically
for low-voltage (2.7 V to 5 V) operation, with performance specifications meeting or exceeding the LM358 and
LM324 devices that operate from 5 V to 30 V. Additional features of the LMV3xx devices are a common-mode
input voltage range that includes ground, 1-MHz unity-gain bandwidth, and 1-V/us slew rate.

The LMV321 device is available in the ultra-small package, which is approximately one-half the size of the DBV
(SOT-23) package. This package saves space on printed circuit boards and enables the design of small portable
electronic devices. It also allows the designer to place the device closer to the signal source to reduce noise
pickup and increase signal integrity.

8.2 Functional Block Diagram

VBias1
+ Vee
VBias2
+
L Output
Vee Vee ig% ' =
= o f Py
. [ A§ b
>
IN- < .,—XI:
IN+ °
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8.3 Feature Description

8.3.1 Operating Voltage

The LMV321, LMV358, LMV324, LMV324S devices are fully specified and ensured for operation from
2.7 V to 5 V. In addition, many specifications apply from —40°C to 125°C. Parameters that vary significantly with
operating voltages or temperature are shown in the Typical Characteristics graphs.

8.3.2 Unity-Gain Bandwidth

The unity-gain bandwidth is the frequency up to which an amplifier with a unity gain may be operated without
greatly distorting the signal. The LMV321, LMV358, LMV324, LMV324S devices have a 1-MHz unity-gain
bandwidth.

8.3.3 Slew Rate

The slew rate is the rate at which an operational amplifier can change its output when there is a change on the
input. The LMV321, LMV358, LMV324, LMV324S devices have a 1-V/us slew rate.

8.4 Device Functional Modes

The LMV321, LMV358, LMV324, LMV324S devices are powered on when the supply is connected. The
LMV324S device, which is a variation of the standard LMV324 device, includes a power-saving shutdown feature
that reduces supply current to a maximum of 5 pA per channel when the amplifiers are not needed. Each of
these devices can be operated as a single supply operational amplifier or dual supply amplifier depending on the
application.
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9 Application and Implementation

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

9.1 Typical Application

Some applications require differential signals. Figure 46 shows a simple circuit to convert a single-ended input of
0.5 to 2 V into differential output of £1.5 V on a single 2.7-V supply. The output range is intentionally limited to
maximize linearity. The circuit is composed of two amplifiers. One amplifier acts as a buffer and creates a
voltage, Vouts+. The second amplifier inverts the input and adds a reference voltage to generate Vgyr_. Both
Vout+ and Vgyu1- range from 0.5 to 2 V. The difference, Vper, is the difference between Vgyts and Vgout_. The

LMV358 was used to build this circuit.

R2
AVAYAY
R. 2.7V
NN - v
’_O OuUT-
+
Rs L +
VRerF -
25V R
VoirF
B 9] Vout+

Vin

Figure 46. Schematic for Single-Ended Input to Differential Output Conversion
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Typical Application (continued)
9.1.1 Design Requirements

The design requirements are as follows:
» Supply voltage: 2.7 V

» Reference voltage: 2.5 V

e Input:0.5t02V

* Output differential: 1.5V

9.1.2 Detailed Design Procedure

The circuit in Figure 46 takes a single-ended input signal, V|y, and generates two output signals, Vgout+ and
Vout- using two amplifiers and a reference voltage, Vger. Vours iS the output of the first amplifier and is a
buffered version of the input signal, V,y (see Equation 1). Vqur_ is the output of the second amplifier which uses
Vger t0 add an offset voltage to V,y and feedback to add inverting gain. The transfer function for Vg1 is
Equation 2.

Vour+ = Vin (1)

Vour- = REFX[ Ry ]X(1+&j_\/INX&
R3+R4 R1 R1 (2)

The differential output signal, Vper, is the difference between the two single-ended output signals, Voyr. and
Vout-- Equation 3 shows the transfer function for Vp,er. By applying the conditions that R; = R, and R3 = R,, the
transfer function is simplified into Equation 6. Using this configuration, the maximum input signal is equal to the
reference voltage and the maximum output of each amplifier is equal to the Vrge. The differential output range is
2xVgee. Furthermore, the common mode voltage will be one half of Ve (see Equation 7).

R R R
Voirr = Vouts+ = Vout- = Vin x (1 +R_2] — VREF X [—4j{1 + —2]
4

1 Rz + R Ry @)
Vour+ = Vin 4)
Vour- = Vrer — Vin (%)
Voier = 2XViy — Vrer (6)
Vout+ + Vout- | _ 1
Vem = [+ = EVREF
(7)

9.1.2.1 Amplifier Selection

Linearity over the input range is key for good dc accuracy. The common mode input range and the output swing
limitations determine the linearity. In general, an amplifier with rail-to-rail input and output swing is required.
Bandwidth is a key concern for this design. Because LMV358 has a bandwidth of 1 MHz, this circuit will only be
able to process signals with frequencies of less than 1 MHz.

9.1.2.2 Passive Component Selection

Because the transfer function of Vgyr_ is heavily reliant on resistors (R;, Ry, R3, and R,), use resistors with low
tolerances to maximize performance and minimize error. This design used resistors with resistance values of
36 kQ with tolerances measured to be within 2%. If the noise of the system is a key parameter, the user can
select smaller resistance values (6 kQ or lower) to keep the overall system noise low. This ensures that the noise
from the resistors is lower than the amplifier noise.
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Typical Application (continued)
9.1.3 Application Curves

The measured transfer functions in Figure 47, Figure 48, and Figure 49 were generated by sweeping the input
voltage from 0 V to 2.5 V. However, this design should only be used between 0.5 V and 2 V for optimum
linearity.

25 25
2.0
15 2.0
1.0
S 05 S 15
£ oo £
S o5 Q10
-1.0
-15 0.5
-2.0
-25 o 0.0
0.0 0.5 1.0 15 2.0 25 0.0 0.5 1.0 1.5 2.0 25
VIN (V) VIN (V)
Figure 47. Differential Output Voltage vs Input Voltage Figure 48. Positive Output Voltage Node vs Input Voltage
3.0
25
2.0
S
£ 15
-]
o
>
1.0
0.5
0.0
0.0 0.5 1.0 15 2.0 25
VIN (V)
Figure 49. Positive Output Voltage Node vs Input Voltage
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10 Power Supply Recommendations

The LMV321, LMV358, LMV324, LMV324S devices are specified for operation from 2.7 to 5 V; 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.

CAUTION

Supply voltages larger than 5.5 V can permanently damage the device (see the
Absolute Maximum Ratings ).

Place 0.1-uF 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, refer to the Layout.
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11 Layout

11.1 Layout Guidelines

For best operational performance of the device, use good PCB layout practices, including:

* Noise can propagate into analog circuitry through the power pins of the circuit as a whole, as well as the
operational amplifier. Bypass capacitors are used to reduce the coupled noise by providing low impedance
power sources local to the analog circuitry.

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

» Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective
methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.

A ground plane helps distribute heat and reduces EMI noise pickup. Make sure to physically separate digital

and analog grounds, paying attention to the flow of the ground current. For more detailed information, refer to

Circuit Board Layout Techniques, (SLOA089).

» To reduce parasitic coupling, run the input traces as far away from the supply or output traces as possible. If
it is not possible to keep them separate, it is much better to cross the sensitive trace perpendicular as
opposed to in parallel with the noisy trace.

» Place the external components as close to the device as possible. Keeping RF and RG close to the inverting
input minimizes parasitic capacitance, as shown in Layout Example.

» 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.

11.2 Layout Example

RIN
VIN—AAN— +
—VOUT

1 RG
= RF

Figure 50. Operational Amplifier Schematic for Noninverting Configuration
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device and to each other to

Run the input traces as far reduce parasitic errors VS+

away from the supply lines
as possible RE

} ouT1 VCC+
! RG 0
—
GND O—/\/\/\/ oUT2

IN2—

|, |

%

=z
w)

IN2+

H
i

Use low-ESR, ceramic
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Only needed for

—1

' |

dual-supply : :
operation |

|

I GND VS-
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Figure 51. Operational Amplifier Board Layout for Noninverting Configuration
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12 Device and Documentation Support

12.1 Related Links

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

Table 1. Related Links

PARTS PRODUCT FOLDER | SAMPLE & BUY LSS o N
LMV321 Click here Click here Click here Click here Click here
LMV358 Click here Click here Click here Click here Click here
LMV324 Click here Click here Click here Click here Click here
LMV324S Click here Click here Click here Click here Click here

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

12.3 Electrostatic Discharge Caution

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

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser based versions of this data sheet, refer to the left hand navigation.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 0) (6) ®3) (4/5)
LMV321IDBVR ACTIVE SOT-23 DBV 5 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 (RC1F, RC1K) Samples
& no Sh/Br) a =
LMV321IDBVRE4 ACTIVE SOT-23 DBV 5 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -40to 125 (RC1F, RC1K) Samples
& no Sh/Br) a =
LMV321IDBVRG4 ACTIVE SOT-23 DBV 5 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -40to 125 (RC1F, RC1K) Samples
& no Sh/Br) a =
LMV321IDBVT ACTIVE SOT-23 DBV 5 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -40 to 125 (RC1F, RCI1K)
& no Sh/Br) s
LMV321IDBVTE4 ACTIVE SOT-23 DBV 5 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -40to 125 (RC1F, RCI1K) Samples
& no Sh/Br) s
LMV321IDCKR ACTIVE SC70 DCK 5 3000 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM -40to 125 (R3F, R3K, R30, R3 Eerore:
& no Sh/Br) CU NIPDAUAG R, R32) e
LMV321IDCKRG4 ACTIVE SC70 DCK 5 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 (R3F, R3K, R30, R3 ol
& no ShiBr) R, R32) i
LMV321IDCKT ACTIVE SC70 DCK 5 250 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM -40 to 125 (R3C, R3F, R3R)
& no ShiBr) CU NIPDAUAG 23mp-2
LMV3241D ACTIVE SoIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 LMV324l ol
& no Sh/Br) 23mp-2
LMV324IDR ACTIVE SoIC D 14 2500 Green (RoHS CU NIPDAU | CU SN  Level-1-260C-UNLIM -40 to 125 LMV324l| Samples
& no Sh/Br) - =
LMV324|DRE4 ACTIVE SOIC D 14 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 LMV324l|
& no Sb/Br) = =
LMV324IDRG4 ACTIVE SoIC D 14 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 LMV324lI
& no Sh/Br) a =
LMV324IPWR ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU |CU SN  Level-1-260C-UNLIM -40 to 125 MV3241 Samples
& no Sh/Br) a =
LMV324IPWRE4 ACTIVE TSSOP PW 14 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -40to 125 Mv324l Samples
& no Sh/Br) a =
LMV324IPWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -40 to 125 Mv324l
& no Sh/Br) a =
LMV324QD ACTIVE SoIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -40to 125 LMV324Q 2ormnle
& no Sh/Br)
LMV324QDG4 ACTIVE SoIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -40 to 125 LMV324Q Samples
& no Sh/Br) - =
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 0) (6) 3) (4/5)
LMV324QDR ACTIVE solc D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -40 to 125 LMV324Q
& no Sh/Br) s—
LMV324QDRG4 ACTIVE SoIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 LMV324Q Eerrimles
& no Sh/Br) s—
LMV324QPW ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV324Q Eerrimles
& no Sh/Br) s—
LMV324QPWR ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV324Q
& no Sh/Br) s—
LMV324QPWRE4 ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV324Q Samples
& no Sh/Br) - .
LMV358I1D ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV358I Samples
& no Sh/Br) . -
LMV358IDDUR ACTIVE VSSOP DDU 8 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 RAS5SR Samples
& no Sb/Br) m—
LMV358IDDURG4 ACTIVE VSSOP DDU 8 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -40to 125 RA5R
& no Sb/Br) m—
LMV358IDG4 ACTIVE SOoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV358I Samples
& no Sb/Br) m—
LMV358IDGKR ACTIVE VSSOP DGK 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 (R5B, R5Q, R5R) Samples
& no Sb/Br) —
LMV358IDGKRG4 ACTIVE VSSOP DGK 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 125 (R5B, R5Q, R5R)
& no Sh/Br) p—
LMV358IDR ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU |CU SN  Level-1-260C-UNLIM -40 to 125 MV358I
& no Sh/Br) p—
LMV358IDRE4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV358I e mrile
& no Sh/Br) s—
LMV358IDRG4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV358I e
& no Sh/Br) s—
LMV358IPW ACTIVE TSSOP PW 8 150 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV358I Eerrimles
& no Sh/Br) o
LMV358IPWG4 ACTIVE TSSOP PW 8 150 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV358I
& no Sh/Br) s—
LMV358IPWR ACTIVE TSSOP PW 8 2000 Green (RoOHS CU NIPDAU | CUSN  Level-1-260C-UNLIM -40 to 125 MV358I Samples
& no Sh/Br) - .
LMV358IPWRE4 ACTIVE TSSOP PW 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV358I Samples
& no Sh/Br) . -
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 2 (6) ®3) (415)
LMV358IPWRG4 ACTIVE TSSOP PW 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 125 MV358I
& no Sh/Br) B2
LMV358QD ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV358Q Samples
& no Sh/Br) =
LMV358QDDUR ACTIVE VSSOP DDU 8 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 RAHR ol
& no ShiBr) P
LMV358QDDURG4 ACTIVE VSSOP DDU 8 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 RAHR
& no Sh/Br) B2
LMV358QDG4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV358Q Samples
& no Sh/Br) =
LMV358QDGKR ACTIVE VSSOP DGK 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 (RHO, RHR) Samples
& no Sh/Br)
LMV358QDGKRG4 ACTIVE VSSOP DGK 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 (RHO, RHR) Samples
& no Sh/Br) =
LMV358QDR ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV358Q Samples
& no Sh/Br)
LMV358QPWR ACTIVE TSSOP PW 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 MV358Q Samples
& no Sh/Br) =

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.
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® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

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

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS

www.ti.com 13-Dec-2018

TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

A +‘ & KO ’47P14>1

Reel | |
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

1 Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

|
Q1 i Q2
Q3 : Q4 User Direction of Feed
: W
Pocket\(ljgdrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)

LMV321IDBVR SOT-23| DBV 5 3000 178.0 9.0 323 | 317 | 1.37 | 4.0 8.0 Q3
LMV321IDBVT SOT-23 | DBV 5 250 178.0 9.0 323 | 317 | 1.37 | 4.0 8.0 Q3
LMV321IDCKR SC70 DCK 5 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3
LMV321IDCKR SC70 DCK 5 3000 180.0 9.2 2.3 2.55 1.2 4.0 8.0 Q3
LMV321IDCKT SC70 DCK 5 250 180.0 9.2 2.3 2.55 1.2 4.0 8.0 Q3
LMV321IDCKT SC70 DCK 5 250 178.0 9.0 24 25 12 4.0 8.0 Q3
LMV324IDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
LMV324IDR SOIC D 14 2500 330.0 16.8 6.5 9.5 2.1 8.0 16.0 Q1
LMV324IDR SoIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
LMV324|DRG4 SoOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1
LMV324IPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
LMV324IPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
LMV324IPWRG4 TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
LMV324QDR SoIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1
LMV324QPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
LMV358IDDUR VSSOP | DDU 8 3000 180.0 8.4 225 | 335 | 1.05 | 4.0 8.0 Q3
LMV358IDGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
LMV358IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 13-Dec-2018
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)
LMV358IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LMV358IDR SoIC D 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
LMV358IDRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LMV358IPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LMV358IPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LMV358IPWRG4 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LMV358QDDUR VSSOP DDU 8 3000 180.0 8.4 225 | 335 | 1.05 4.0 8.0 Q3
LMV358QDGKR VSSOP DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LMV358QDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LMV358QPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
TAPE AND REEL BOX DIMENSIONS
,//T/
4
,~<:/ \:}\
e 7
\\“y// T \{//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMV321IDBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
LMV321IDBVT SOT-23 DBV 5 250 180.0 180.0 18.0
LMV321IDCKR SC70 DCK 5 3000 180.0 180.0 18.0
LMV321IDCKR SC70 DCK 5 3000 205.0 200.0 33.0
LMV321IDCKT SC70 DCK 5 250 205.0 200.0 33.0
LMV321IDCKT SC70 DCK 5 250 180.0 180.0 18.0
LMV324IDR SOoIC D 14 2500 367.0 367.0 38.0

Pack Materials-Page 2



3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 13-Dec-2018
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMV324IDR SoIC D 14 2500 364.0 364.0 27.0
LMV324IDR SolIC D 14 2500 333.2 345.9 28.6
LMV324IDRG4 SOIC D 14 2500 333.2 345.9 28.6
LMV324IPWR TSSOP PW 14 2000 367.0 367.0 35.0
LMV324IPWR TSSOP PW 14 2000 364.0 364.0 27.0
LMV324IPWRG4 TSSOP PW 14 2000 367.0 367.0 35.0
LMV324QDR SolIC D 14 2500 367.0 367.0 38.0
LMV324QPWR TSSOP PW 14 2000 367.0 367.0 35.0
LMV358IDDUR VSSOP DDU 8 3000 202.0 201.0 28.0
LMV358IDGKR VSSOP DGK 8 2500 358.0 335.0 35.0
LMV358IDR SolIC D 8 2500 367.0 367.0 35.0
LMV358IDR SOIC D 8 2500 340.5 338.1 20.6
LMV358IDR SoIC D 8 2500 364.0 364.0 27.0
LMV358IDRG4 SoIC D 8 2500 340.5 338.1 20.6
LMV358IPWR TSSOP PW 8 2000 364.0 364.0 27.0
LMV358IPWR TSSOP PW 8 2000 367.0 367.0 35.0
LMV358IPWRG4 TSSOP PW 8 2000 367.0 367.0 35.0
LMV358QDDUR VSSOP DDU 8 3000 202.0 201.0 28.0
LMV358QDGKR VSSOP DGK 8 2500 358.0 335.0 35.0
LMV358QDR SolIC D 8 2500 340.5 338.1 20.6
LMV358QPWR TSSOP PW 8 2000 367.0 367.0 35.0

Pack Materials-Page 3



MECHANICAL DATA

DCK (R-PDSO-G5)

PLASTIC SMALL—OUTLINE PACKAGE

15
' 1,85 >
5 4 |
H H f
| 4
| [ 140
11
Pin 1 7
Index Area

Gauge Plane
Seating Plane

v -
(N Inini N S
0,80 \ I
L ;ﬁ Seating Plane = =
0.10
0,00
4093553-3/G  01/2007
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
D. Falls within JEDEC MO-203 variation AA.

Q" TExAS
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LAND PATTERN DATA

DCK (R—PDSO—G5)

PLASTIC SMALL OUTLINE

Example Board Layout

T
B“\D

‘kZXO 65

/

RN
/ NN

/S})\der Mask Opening

I P/Z]d Geometry

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

6><O,55»‘ =

Hi-B-
He0- -

‘k 2x0,65

~— 2x1,30 —

\ |
\ ﬁ 0,05 /
\ 0,50
v
~
4210356-2/C 07/
NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC=7351 is recommended for alternate designs.

metal load solder paste.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.

Customers should
Example stencil design based on a 50% volumetric

Refer to IPC-7525 for other stencil recommendations.

i3 TEXAS
INSTRUMENTS
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MECHANICAL DATA

DDU (R—PDSO-G8)

PLASTIC SMALL—-OUTLINE PACKAGE

syl

240 320
220 3,00
PIN 1 / H H H H v
INDEX AREA 1 "
o 20
7,90
0,90 MAX

0,13 NOM

l

fl

Gage Plane /¥

)\
Seating Plane ¢ l )

[]0,10

4205140/A 05/03

NOTES: All linear dimensions are in millimeters.

Falls within JEDEC MO-187 variation CA.

A
B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion.
D
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LAND PATTERN

DDU (S—PDSO—-G8)

PLASTIC SMALL OUTLINE PACKAGE (DIE UP)

Example Board Layout
(Note C,E)

‘ ‘«»ﬁ 6x 0,5

i

L]

]

Example

/ /$o\der Mask Opening
/ T \

— |

I Pad Geometry
T oss /

Al Around -~
/

—~

4
-

8x O,25—*ﬂ k*f

8x 0,75 —

Example Stencil Design
(Note D)

. «»ﬂmx 0,5
Ragajjan

4211035/A 05/10

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.
contact their board assembly site for stencil design recommendations.
E.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
Refer to IPC—7525.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

Customers should

{'? TEXAS

INSTRUMENTS
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MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL QUTLINE

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

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

This drawing is subject to change without notice.

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

.

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

Mold flash, protrusions, or gate burrs shall

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

w3 TExas
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LAND PATTERN DATA

D (R—PDSO—G14)

PLASTIC SMALL OUTLINE

Sten(cil Openings

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

Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

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

\. /

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

B. This drawing is subject to change without notice.

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

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

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

PW (R—PDSO—G14)

PLASTIC SMALL OUTLINE

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

4040064-3/G 02/

NOTES: A
B.

E.

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

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

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

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

PW (R—PDSO-G14) PLASTIC SMALL OUTLINE

Stencil Openings
(Note D)

Example Board Layout
(Note C)

|<—1 2x0,65

By s

5,60

(hnanng

/
/
/
j

e =— 140,30
; ——| [=—12x0,65

A
Jouutt

_—l
1
5,60

ittt

Example

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

Example
Solder Mask Opening
(See Note E)

‘ —l~—10,07 /

4211284-2/G 08/15

All linear dimensions are in millimeters.

Customers should

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

i3 TEXAS
INSTRUMENTS

www.ti.com



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

INSTRUMENTS
www.ti.com




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

www.ti.com



PACKAGE OUTLINE

DBVOOO5A SOT-23 - 1.45 mm max height
SMALL OUTLINE TRANSISTOR
3.0
2.6 (& Joafc
l=— 1.45 MAX —=
PIN 1—|
INDEX AREA f/ﬁ
k5 —_
3.05
2.75
|
s =
5X 83 3 I S — g<l/J
0.2 [c[A[B] L @) —= =— 2 1yp

0.00

f
g: Tvprr/ L f

03 TYP SEATING PLANE

4214839/D 11/2018

NOTES:

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

2. This drawing is subject to change without notice.

3. Refernce JEDEC MO-178.

4. Body dimensions do 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
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/D 11/2018

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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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/D 11/2018

NOTES: (continued)

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



MECHANICAL DATA

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

r ﬂﬂgz
8 5

,HHHHT OZ

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

[@N]

LiLlil:

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

4073329/E 05/06

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

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

DGK (S—PDSO-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I 7 PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
N ERE
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

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

NOTES:

i3 TEXAS
INSTRUMENTS

www.ti.com



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
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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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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
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8-BIT BIDIRECTIONAL VOLTAGE-LEVEL TRANSLATOR
WITH AUTO-DIRECTION SENSING AND +15-kV ESD PROTECTION

Check for Samples: TXB0108

FEATURES APPLICATIONS

e 1.2Vto3.6VonAPortand 1.65to 5.5V on e Handset, Smartphone, Tablet, Desktop PC
e V¢ Isolation Feature — If Either V¢ Input Is at

GND, All Outputs Are in the High-Impedance
State

GXY OR ZXY PACKAGE
(BOTTOM VIEW)

1 2 3 4 5

4 N\
e OE Input Circuit Referenced to V
: - o] OOOOO
 Low Power Consumption, 4-pA Max lcc c
e |y Supports Partial-Power-Down Mode 00000
Operation Bl OOOOO
« Latch-Up Performance Exceeds 100 mA Per AlOOOO0OO
JESD 78, Class I \ /
» ESD Protection Exceeds JESD 22
— A Port TERMINAL ASSIGNMENTS

(20-Ball GXY/ZXY Package)

2000-V Human-Body Model (A114-B)

1 2 3 4 5
— 1000-V Charged-Device Model (C101) D Veos B2 B4 B6 B8
- B Port c B1 B3 B5 B7 GND
— #15-kV Human-Body Model (A114-B) B Al A3 A5 A7 OE
— 18-kV Human-Body Model (A114-B) A Veea A2 A4 A6 A8
(YZP Package Only)
— 1000-V Charged-Device Model (C101)
DQS PACKAGE PW PACKAGE RGY PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW) YZP PACKAGE
KR 0] BALL SIDE VIEW
A N - = @ ‘ )
A3 féi 61:83 B3 Veea E E Vees 1 20
A4fii  if7]Ba A2 [3}——=s—=—1d B2 Voo |2 pjm=—=—=19|v... E
Voon [B 16 Vg A3 [a}——s——{11] B3 A2 |3 | 18] B2
(/1'; SER S?D A4 [s}—=—{1d B4 A3 |4 : I17 B3 °
= -7 A5 | 6}————{15] B5 A4S | 16184
S ogE s pe AR R cleoew
[- = el 7 14
A8 [10i 1] B8 A7 [8}——=—{1 B7 23 6 I | 13 gg B
A8 [e}——=—{17 Bs nslo bee——Jdi2lBs A
s ot p— &) ) () ()
w o 1. 2 3 4
Z
o

Note: For the RGY package, the exposed center thermal pad must be connected to ground.
A. Pull up resistors are not required on both sides for Logic I/0.
B. If pull up or pull down resistors are needed, the resistor value must be over 50 kQ.

C. 50kQ is a safe recommended value, if the customer can accept higher Vol or lower Voh, smaller pull up or pull down
resistor is allowed, the draft estimation is Vol = Vccout x 4.5k/(4.5k + Rpu) and Voh = Vccout x Rdw/(4.5k + Rdw).

D. If pull up resistors are needed, please refer to the TXS0108 or contact TI.
E. For detailed information, please refer to application note SCEA043.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 2006-2012, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

DESCRIPTION/ORDERING INFORMATION

This 8-bit noninverting translator uses two separate configurable power-supply rails. The A port is designed to
track Veea. Veca accepts any supply voltage from 1.2 V to 3.6 V. The B port is designed to track Vccg. Vecs
accepts any supply voltage from 1.65 V to 5.5 V. This allows for universal low-voltage bidirectional translation

between any of the 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, and 5-V voltage nodes. Vca should not exceed Vccg.

When the output-enable (OE) input is low, all outputs are placed in the high-impedance state.

The TXB0101 is designed so that the OE input circuit is supplied by Vcca.

This device is fully specified for partial-power-down applications using I The Il circuitry disables the outputs,

preventing damaging current backflow through the device when it is powered down.

To ensure the high-impedance state during power up or power down, OE should be tied to GND through a
pulldown resistor; the minimum value of the resistor is determined by the current-sourcing capability of the driver.

Table 1. ORDERING INFORMATION®

Ta PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING
QFN - RGY Reel of 1000 TXBO108RGYR YEO8
SON - DQS Reel of 2000 TXB0108DQSR 5MR
TSSOP - PW Reel of 2000 TXBO108PWR YEO8
—40°C to 85°C

VFBGA - GXY Reel of 2500 TXB0O108GXYR YEO8
VFBGA — ZXY (Pb-free) Reel of 2500 TXB0108ZXYR YEO8
DSBGA - YZP Reel of 2500 TXB0108YZPR 5M

(1) Forthe most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl

web site at www.ti.com.

(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

PIN DESCRIPTION

PIN NUMBER NAME FUNCTION
PW, RGY DQS YZP
1 1 A3 Al Input/output 1. Referenced to Vcca.
2 5 C4 Veea A-port supply voltage. 1.1 V £ Veca £ 3.6 V, Veea £ Vecs.
3 2 A4 A2 Input/output 2. Referenced to Vcca.
4 3 B3 A3 Input/output 3. Referenced to Vcca.
5 4 B4 A4 Input/output 4. Referenced to Vcca.
6 7 C3 A5 Input/output 5. Referenced to Vcca.
7 8 E4 A6 Input/output 6. Referenced to Vcca.
8 9 D3 A7 Input/output 7. Referenced to Vcca.
9 10 E3 A8 Input/output 8. Referenced to Vcca.
10 6 D4 OE Output enable. Pull OE low to place all outputs in 3-state mode. Referenced to Vcca.
11 15 D1 GND Ground
12 11 E2 B8 Input/output 8. Referenced to Vccpg.
13 12 D2 B7 Input/output 7. Referenced to Vccg.
14 13 El B6 Input/output 6. Referenced to Vccg.
15 14 c2 B5 Input/output 5. Referenced to Vccg.
16 17 B1 B4 Input/output 4. Referenced to Vccg.
17 18 B2 B3 Input/output 3. Referenced to Vccg.
18 19 Al B2 Input/output 2. Referenced to Vccg.
19 16 C1 Veers B-port supply voltage. 1.65 V £ Vg £5.5 V.
20 20 A2 B1 Input/output 1. Referenced to Vccg.
— Thermal Pad For the RGY package, the exposed center thermal pad must be connected to ground.
2 Submit Documentation Feedback Copyright © 2006-2012, Texas Instruments Incorporated
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TYPICAL OPERATING CIRCUIT
1.8V 3.3V

1 71
L1

Vcea  Veces
OE
TXB0108
S])./sgt(;\r:\ —<{Al Blj»— 3.3-V
Controller [>—+]A2 B2} »—<{ System
—<¢{A3 B3| »—=
Data [ ¢ Ad Ba[>—e Data
»—<¢{A5 B5|»—
»—<]|n6 B6 | »—
< A7 B7»—=
»— < A8 B8y«
Absolute Maximum Ratings®
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vcea  Supply voltage range -0.5 4.6 \%
Vccg  Supply voltage range -0.5 6.5 \%
vV Input voltage range @ -0.5 6.5 v
Vo Voltage range applied to any output in the high-impedance or power-off state® -0.5 6.5 \%
Vo Voltage range applied to any output in the high or low state® ©) A fnputs 05 Veca+ 03 v
B inputs -0.5 Ve + 0.5
lik Input clamp current Vi <0 -50 mA
lok Output clamp current Vo <0 -50 mA
lo Continuous output current +50 mA
Continuous current through Veca, Vecs, or GND +100 mA
DQS package TBD
, GXY/ZXY package® 78
03a Package thermal impedance °C/IW
PW package ® 83
RGY package® 37
Tstg Storage temperature range —65 150 °C

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

(3) The value of Vcca and Vg are provided in the recommended operating conditions table.

(4) The package thermal impedance is calculated in accordance with JESD 51-7.

(5) The package thermal impedance is calculated in accordance with JESD 51-5.

Copyright © 2006-2012, Texas Instruments Incorporated Submit Documentation Feedback 3
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Recommended Operating Conditions® @

Veea Vees MIN MAX | UNIT
V 1.2 3.6
cea Supply voltage \%
Vees 1.65 55
_ _ Data inputs Vee) x 0.654) Veal
Viy High-level input voltage 1.2Vto3.6V 1.65Vto55V \%
OE Veea X 0.65 55
_ Data inputs 12Vt 55V 0 Vcg x0.35Q
Vi Low-level input voltage 1.65Vto55V \%
OE 12Vto36V 0 Vcea X 0.35
A-port inputs 1.2Vto3.6V 1.65Vto 55V 40
Ayay MUt transition _ 1.65V103.6V 40| nsiv
rise or fall rate B-port inputs 1.2Vto3.6V
45Vt055V 30
Ta Operating free-air temperature -40 85| °C

(1) The A and B sides of an unused data I/O pair must be held in the same state, i.e., both at V¢, or both at GND.
(2) Vcca must be less than or equal to Vecg and must not exceed 3.6 V.

(3) Vcc is the supply voltage associated with the input port.
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Electrical Characteristics® @
over recommended operating free-air temperature range (unless otherwise noted)

TEST Ta =25°C —40°C to 85°C
PARAMETER CONDITIONS Veea Veces MIN TP MAX MIN _ MAX UNIT
Vv lon = —20 pA L2V L1 v
OHA on=—<uH 14V1t03.6V Veea— 0.4
Vv loL = 20 pA L2V 09 v
OtA oL=H 14V103.6V 0.4
VoHs lon = —-20 pA 1.65Vto 55V Vees — 0.4 \%
Vois loL = 20 A 1.65Vto 55V 0.4 \%
Iy OE 1.2Vto3.6V 165Vto55V +1 2| pA
A port oV OVto55V +1 +2
ot MA
B port OVto36V oV +1 +2
loz A or B port OE = GND 1.2Vto3.6V 165Vto55V +1 2| pA
12V 0.06
165Vto55V
| V| = Vg or GND, 14Vto36V
CCA ln=0 HA
o 3.6V oV 2
oV 55V -2
1.2V 3.4
165Vto55V
| V| = Vg or GND, 14Vto36V 5
CCB ln=0 HA
o 3.6V oV -2
oV 55V 2
V| = Veg or GND 12v 35
lcca + 1 - tca ' 1.65Vt055V A
coA T ces lo=0 1.4V 103.6 V 10| "
V| = V¢ Or GND, 1.2V 0.05
| lo =0, 1.65Vto 55V A
cozA SE = GND 14V103.6V 5[ F
V| = Vcc| or GND, 1.2V 3.3
| lo =0, 1.65Vto 55V A
coze SE = GND 14V103.6V 5[ F
C OE 12Vt036V | 165Vt055V 55| pF
A port 6.5
Cio 1.2Vto3.6V 1.65Vto 55V pF
B port 10
(1) Vcc is the supply voltage associated with the input port.
(2) Vcco is the supply voltage associated with the output port.
Timing Requirements
TA = 25°C, VCCA =12V
VCCB =18V VCCB =25V VCCB =33V VCCB =5V UNIT
TYP TYP TYP TYP
Data rate 20 20 20 20 Mbps
tw Pulse duration Data inputs 50 50 50 50 ns
Timing Requirements
over recommended operating free-air temperature range, Veca = 1.5V £ 0.1 V (unless otherwise noted)
VCCB =18V VCCB =25V VCCB =33V VCCB =5V
+0.15V £02V £0.3V +05V UNIT
MIN  MAX MIN  MAX MIN  MAX MIN  MAX
Data rate 50 50 50 50| Mbps
tw Pulse duration Data inputs 20 20 20 20 ns
Copyright © 2006-2012, Texas Instruments Incorporated Submit Documentation Feedback 5
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Timing Requirements
over recommended operating free-air temperature range, Veea = 1.8 V £ 0.15 V (unless otherwise noted)

Ve = 1.8V | Veeg =25V | Veeg =33V | Veeg =5V
+0.15V +0.2V +0.3V +05V UNIT
MIN  MAX MIN  MAX MIN  MAX MIN  MAX
Data rate 52 60 60 60| Mbps
tw Pulse duration Data inputs 19 17 17 17 ns
Timing Requirements
over recommended operating free-air temperature range, Vcca = 2.5V £ 0.2 V (unless otherwise noted)
Veeg = 2.5V Vceg = 3.3V Vecg =5V
+0.2V +0.3V +05V UNIT
MIN MAX MIN MAX MIN MAX
Data rate 70 100 100 | Mbps
tw Pulse duration Data inputs 14 10 10 ns
Timing Requirements
over recommended operating free-air temperature range, Veca = 3.3 V + 0.3 V (unless otherwise noted)
Veeg = 3.3V Vecg =5V
+0.3V +05V UNIT
MIN MAX MIN MAX
Data rate 100 100| Mbps
tw Pulse duration Data inputs 10 10 ns
Switching Characteristics
Ta=25°C,Veea =12V
V =18V | V =25V | V, =33V V, =5V
PARAMETER (:?\IRP%'\#) (OUTTI%UT) CCBTYP CCEerP CCBTYP CCTBYP UNIT
toa A B 9.5 7.9 7.6 8.5 ns
B A 9.2 8.8 8.4
A
ten OE B 1 1 us
e OF A 20 17 17 18 ns
B 20 16 15 15
ta tia A-port rise and fall times 4.1 4.4 4.1 3.9 ns
g, tig B-port rise and fall times 5 5 5.1 5.1 ns
tsk(o) Channel-to-channel skew 2.4 1.7 1.9 7 ns
Max data rate 20 20 20 20 Mbps
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Switching Characteristics
over recommended operating free-air temperature range, Veea = 1.5V £ 0.1 V (unless otherwise noted)

EROM . Ve = 1.8V | Veeg =25V | Veeg =33V | Veeg =5V
PARAMETER (INPOUT) (OUTIODUT) +0.15V +0.2V +0.3V +05V UNIT
MIN  MAX MIN  MAX MIN  MAX MIN  MAX
A B 1.4 12.9 1.2 10.1 11 10 0.8 9.9
fpo B A 0.9 14.2 0.7 12 0.4 11.7 0.3 13.7 ns
A 1 1 1 1
fen OF B 1 1 1 1
e OF A 6.6 33 6.4 253 6.1 231 5.9 246 ns
B 6.6 35.6 5.8 25.6 55 221 5.6 20.6
ta tia A-port rise and fall times 0.8 6.5 0.8 6.3 0.8 6.3 0.8 6.3| ns
tg, tig B-port rise and fall times 1 7.3 0.7 4.9 0.7 4.6 0.6 46| ns
tsk(o) Channel-to-channel skew 2.6 1.9 1.6 13| ns
Max data rate 50 50 50 50 Mbps
Switching Characteristics
over recommended operating free-air temperature range, Vcca = 1.8 V £ 0.15 V (unless otherwise noted)
EROM . Ve =18V | Veeg =25V | Veeg =33V | Veeg =5V
PARAMETER (INPCL)JT) (OUTICgUT) +0.15V +0.2V +0.3V +05V UNIT
MIN  MAX MIN  MAX MIN  MAX MIN  MAX
A B 1.6 11 1.4 7.7 1.3 6.8 1.2 6.5
fpo B A 1.5 12 1.2 8.4 0.8 7.6 0.5 7.1 ns
A 1 1 1 1
fen OF B 1 1 1 1 "
A 59 26.7 5.6 21.6 5.4 18.9 4.8 18.7
tgis OE ns
B 6.1 33.9 5.2 23.7 5 19.9 5 17.6
trar tia A-port rise and fall times 0.7 5.1 0.7 5 1 5 0.7 5| ns
tg, tig B-port rise and fall times 1 7.3 0.7 5 0.7 3.9 0.6 3.8| ns
tsk(o) Channel-to-channel skew 0.8 0.7 0.6 0.6| ns
Max data rate 52 60 60 60 Mbps
Copyright © 2006-2012, Texas Instruments Incorporated Submit Documentation Feedback 7
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Switching Characteristics
over recommended operating free-air temperature range, Veca = 2.5V £ 0.2 V (unless otherwise noted)
VCCB =25V VCCB =33V VCCB =5V
FROM TO +0.2V +0.3V +05V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN MAX MIN MAX MIN MAX
A B 1.1 6.4 1 5.3 0.9 4.7
tpd ns
B A 1 7 0.6 5.6 0.3 4.4
‘ .- A 1 1 1
S
e B 1 1 il P
A 5 16.9 49 15 4.5 13.8
tdis OE ns
B 4.8 21.8 45 17.9 4.4 15.2
ta, tia A-port rise and fall times 0.8 3.6 0.6 3.6 0.5 3.5 ns
tg, tig B-port rise and fall times 0.6 4.9 0.7 3.9 0.6 3.2 ns
tsk(0) Channel-to-channel skew 0.4 0.3 0.3 ns
Max data rate 70 100 100 Mbps
Switching Characteristics
over recommended operating free-air temperature range, Vceca = 3.3 V £ 0.3 V (unless otherwise noted)
VCCB =33V VCCB =5V
FROM TO +0.3V +05V
PARAMETER (INPUT) (OUTPUT) UNIT
MIN MAX MIN MAX
A B 0.9 4.9 0.8 4
tpd ns
B A 0.5 5.4 0.2 4
t OE A ! !
S
en B 1 1 H
A 45 13.9 4.1 124
tgis OE ns
B 4.1 17.3 4 14.4
tar tia A-port rise and fall times 0.5 3 0.5 3 ns
tg, tig B-port rise and fall times 0.7 3.9 0.6 3.2 ns
tsk() Channel-to-channel skew 0.4 0.3 ns
Max data rate 100 100 Mbps
8 Submit Documentation Feedback Copyright © 2006-2012, Texas Instruments Incorporated
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Operating Characteristics

Ta=25°C
Veea
12v | 12v | 15v | 18v | 25V | 25V | 33V
Veces
PARAMETER TEST CONDITIONS 33V UNIT
5V 1.8V 1.8V 1.8V 25V 5V to
5V
TYP TYP TYP TYP TYP TYP TYP

A-port input, B-port output 9 8 7 7 7 7 8
Cpaa , C_L=0, f=10 MHz,

B-port input, A-port output t=t=1ns, 12 11 11 11 11 11 11 E

A-port input, B-port output OE =Vcea 35 26 27 27 27 27 28 P
Cpds X (outputs enabled)

B-port input, A-port output 26 19 18 18 18 20 21

A-port input, B-port output 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cpaa , CL=0, f=10 MHz,

B-port input, A-port output t=t=1ns, 0.01 0.01 0.01 0.01 0.01 0.01 0.01 E

A-port input, B-port output OE = GND 0.01 0.01 0.01 0.01 0.01 0.01 0.03| ©
Cpds X (outputs disabled)

B-port input, A-port output 0.01 0.01 0.01 0.01 0.01 0.01 0.03
Copyright © 2006-2012, Texas Instruments Incorporated Submit Documentation Feedback 9
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PRINCIPLES OF OPERATION

Applications

The TXB0108 can be used in level-translation applications for interfacing devices or systems operating at
different interface voltages with one another.

Architecture

The TXB0108 architecture (see Figure 1) does not require a direction-control signal to control the direction of
data flow from A to B or from B to A. In a dc state, the output drivers of the TXB0108 can maintain a high or low,
but are designed to be weak, so that they can be overdriven by an external driver when data on the bus starts
flowing the opposite direction.

The output one shots detect rising or falling edges on the A or B ports. During a rising edge, the one shot turns
on the PMOS transistors (T1, T3) for a short duration, which speeds up the low-to-high transition. Similarly,
during a falling edge, the one shot turns on the NMOS transistors (T2, T4) for a short duration, which speeds up
the high-to-low transition. The typical output impedance during output transition is 70Q at Voo = 1.2 V10 1.8 V,
50Q at Veeo = 1.8 V10 3.3V and 40Q at Voo =3.3Vto5 V.

Veea Vees

‘“ |

Figure 1. Architecture of TXB0108 I/O Cell

Input Driver Requirements

Typical Iy vs V|y characteristics of the TXB0108 are shown in Figure 2. For proper operation, the device driving
the data 1/0s of the TXB0108 must have drive strength of at least £2 mA.
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A. Vris the input threshold voltage of the TXB0108 (typically Vcc)/2).
B. Vp is the supply voltage of the external driver.

Figure 2. Typical Iy vs V|y Curve

Power Up

During operation, ensure that Veca < Vecg at all times. During power-up sequencing, Veea 2 Veeg does not
damage the device, so any power supply can be ramped up first. The TXB0108 has circuitry that disables all
output ports when either V¢ is switched off (Vccag = 0 V).

Enable and Disable

The TXB0108 has an OE input that is used to disable the device by setting OE = low, which places all I/Os in the
high-impedance (Hi-Z) state. The disable time (t;s) indicates the delay between when OE goes low and when the
outputs actually get disabled (Hi-Z). The enable time (t.,) indicates the amount of time the user must allow for the
one-shot circuitry to become operational after OE is taken high.

Pullup or Pulldown Resistors on I/O Lines

The TXB0108 is designed to drive capacitive loads of up to 70 pF. The output drivers of the TXB0108 have low
dc drive strength. If pullup or pulldown resistors are connected externally to the data 1/Os, their values must be
kept higher than 50 kQ to ensure that they do not contend with the output drivers of the TXB0108.

For the same reason, the TXB0108 should not be used in applications such as I1°C or 1-Wire where an open-
drain driver is connected on the bidirectional data 1/0O. For these applications, use a device from the TI TXS01xx
series of level translators.
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PARAMETER MEASUREMENT INFORMATION

From Output

2xVcco

o
50 kQ 31/' O Open

From Output

[Wnder Test [Wnder Test l
I 15 pF 1 MQ I 15 pF 50 kQ
LOAD CIRCUIT FOR TEST S
LOAD CIRCUIT FOR MAX DATA RATE, ENABLE/DISABLE tpz/tpL7 2 xVeeo
PULSE DURATION PROPAGATION touolt Open
DELAY OUTPUT RISE AND FALL TIME TIME MEASUREMENT PHZPZH
MEASUREMENT
N S Veel
npu 711 Veearl2 Veal2
| | oV
|
tpLH —H b tp
I I — ty, ——»
I | ——— v I I
— 0.9xVcco — OH vV,
Output Veco2 £ co M Vecol2 | | cal
—— 0.1xV, -
— 01xVeco ~ 7 - VoL Input Veel/2 Veel/2
r —bl - i Id— f oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES PULSE DURATION
A. C_ includes probe and jig capacitance.
B. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg = 50 Q, dv/dt >[1 V/ns.
C. The outputs are measured one at a time, with one transition per measurement.
D. tpy and tpy are the same as tyg.
E. Vcc is the V¢ associated with the input port.
F. Vcco is the V¢ associated with the output port.
G. All parameters and waveforms are not applicable to all devices.
Figure 3. Load Circuits and Voltage Waveforms
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REVISION HISTORY
Changes from Revision C (August 2011) to Revision D Page
¢ Added £8-kV Human-Body Model (A114-B) (YZP Package Only) to Features 1
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PACKAGING INFORMATION
Orderable Device status (¥ Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (3) Samples
Drawing Ball Finish (Requires Login)
TXB0108DQSR ACTIVE USON DQS 20 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TXB0108PWR ACTIVE TSSOP PW 20 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TXB0108PWRG4 ACTIVE TSSOP PW 20 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM
& no Sh/Br)
TXB0108RGYR ACTIVE VQFN RGY 20 3000 Green (RoHS Call Tl Level-2-260C-1 YEAR
& no Sh/Br)
TXB0108RGYRG4 ACTIVE VQFN RGY 20 3000 Green (RoHS Call Tl Level-2-260C-1 YEAR
& no Sh/Br)
TXB0108YZPR ACTIVE DSBGA YZP 20 3000 Green (RoHS SNAGCU  Level-1-260C-UNLIM
& no Sh/Br)
TXB0108ZXYR ACTIVE BGA ZXY 20 2500 Green (RoHS SNAGCU  Level-1-260C-UNLIM
MICROSTAR & no Sb/Br)
JUNIOR

D The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.

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

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

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sbh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
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PACKAGE OPTION ADDENDUM

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. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
* —» =K e— P1—
% { I
T
@ ’@ @ T l
A T {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TXB0108DQSR USON DQS 20 3000 177.8 12.4 221 | 422 | 0.81 4.0 12.0 Q1
TXB0108PWR TSSOP PW 20 2000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
TXB0108RGYR VQFN RGY 20 3000 330.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
TXB0108RGYR VQFN RGY 20 3000 330.0 12.4 3.8 4.8 1.6 8.0 12.0 Q1
TXB0108YZPR DSBGA YZP 20 3000 180.0 8.4 1.99 2.49 0.56 4.0 8.0 Q1
TXB0108ZXYR BGA MI ZXY 20 2500 330.0 12.4 2.8 3.3 1.0 4.0 12.0 Q2
CROSTA
R JUNI
OR
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www.ti.com 14-Jul-2012
TAPE AND REEL BOX DIMENSIONS
,//T/
4
e ~.
/\g\ /)i\
™~ e
\“‘x‘y// . w//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TXB0108DQSR USON DQS 20 3000 202.0 201.0 28.0
TXB0O108PWR TSSOP PW 20 2000 367.0 367.0 38.0
TXB0108RGYR VQFN RGY 20 3000 367.0 367.0 35.0
TXB0108RGYR VQFN RGY 20 3000 355.0 350.0 50.0
TXB0108YZPR DSBGA YZP 20 3000 210.0 185.0 35.0
TXB0108ZXYR BGA MICROSTAR ZXY 20 2500 340.5 338.1 20.6
JUNIOR
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MECHANICAL DATA

ZXY (S—PBGA—N20) PLASTIC BALL GRID ARRAY
—2.00 TYP ————P
- % - " 0,50

220 oo o]
{ Y eReXoReRcE =
1 2 \Jﬁ‘ 4 5

\ $0.200mm identification pin without solder.
A1 Corner

Bottom View

0,405

O 290 0,61 MAX

ﬁi Y _Seoting Plane
0,35 T
J L025 [4]8 005 @] 0,25 (& ]0.08

0,15

4207061/A 06,/05

NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. This package is a lead—free solder ball design.
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MECHANICAL DATA

PW (R—PDSO—G20)

PLASTIC SMALL OUTLINE

/ N
A
| P o pJ M
J | Bes

0,15 NOM

g _
6,60 > 0,75
6,40 0.50

[ | [\ \
v Seating P\one# / ‘

L 1,20 MAX 0.15 (B[00

,05

(=}

4040064-5/G 02/

NOTES:

E.

A. Al linear dimensions are in millimeters.
B.

Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

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

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

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

PW (R—PDSO-G20)

PLASTIC SMALL OUTLINE

Example Board Layout

—>| |<—1 8x0,65

|

I%
—
—
—
—
—
—
—
—
—

|
|£|
PN
—
—

]
]

,./ Example
| Non Soldermask Defined Pad

/ —| |—-— 0’3 ‘
/ A \

/ /x/— \\\\ Example
[ . Solder Mask Opening
é/ \\\ (See Note F)

Based on a stencil thickness
of .127mm (.005inch).

20x0,25

I0DU0IL

5,6

gl AT

18x0,65

~1,95

~d—

" 9 \
Pad Geometry

— ||

/
\‘\ 0,07 ’/'I
N All Aroung/

.
S~

m————T

—

4211284-5/E 07/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

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

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

RGCY (R—PVQFN—NZO) PLASTIC QUAD FLATPACK NO—LEAD
-0
El
19 ‘ 12
|
20 ‘ 1"

| #} I 3,65
\ 3,35
Pin 1 Index Area /

Top and Bottom 2 9

=]

# 0,20 Nominal

Lead Frame

T Seating Plane

0,00
Seating Height

0,50

f 20X 0.30

2l | E

QJ HJ JuUlUyuu Qf
A L} ’7 THERMIAL PAD —‘ C 10
[150] - — - o - — -+
v zF}L ‘ J Cu

ANANANATANANANA Tzoxwo

9 12 0,18 T ‘ ‘
0,10 CIA|B
+0,10 MoIE
Bottom View 4203539-4/ 06,2011

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.

This drawing is subject to change without notice.

QFN (Quad Flatpack No—Lead) package configuration.

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

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

A

B

C

D

E.

ﬁ Pin 1 identifiers are located on both top and bottom of the package and within the zone indicated.

The Pin 1 identifiers are either a molded, marked, or metal feature.
G. Package complies to JEDEC MO-241 variation BA.
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THERMAL PAD MECHANICAL DATA

RGY (R—PVQFN—N20)

PLASTIC QUAD FLATPACK NO—-LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the

integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA27]. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

2,05+£0,10

@ JuUuUyguuy @ —— Exposed Thermal Pad
T 1o ‘/Cwo
v 200 1
AN AN A AN
19 12
<+— 35,00+£0,10—p

Bottom View

Exposed Thermal Pad Dimensions

4206353-4/0 11/11

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RGY (R—PVQFN—N20)

PLASTIC QUAD FLATPACK NO—-LEAD

Example Stencil Design
0.125mm Stencil Thickness

Example Board Layout
(Note E)
14X0,5—= = 14X0,5—= = o
weo—_000000C s 000000 Tos
tDH 5,052 05 . 4.3 4,05 ] 132 I -
40,75 | i N T
] 0, 3» = —
‘ . 4x0, 82—
@Mmmg loodpoog .,
;[ N\ = ,
! o \\\ 67% solder coverage by printed
[ \\\ area on center thermal pad
f N
| o
! N\
,’/ Non Solder Mask \\\ Example Via Layout Design
/ Defined Pad \\ may vary depending on constraints
' B . Example (Note D, F)
Solder Mask Opening \ 4510 Ay

(Note F) 1125
<’—>‘

O

\
| Pl
| ! Example - |-
m Po(d Geom)etry 6x00, 4x0,725
Note C

I

\ 0074A /
N\ All Around /
N\, v
“ e
S~ _///
. 4208122-4/0 11/11

NOTES:

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
Publication IPC-7351 is recommended for alternate designs.
. Refer to Application Note, Quad Flat—Pack

This package is designed to be soldered to a thermal pad on the board
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout

These documents are available at www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
Refer to IPC 7525 for stencil design considerations.

contact their board assembly site for stencil design recommendations.
Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads
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MECHANICAL DATA

DQS (R—PUSON—N20)

PLASTIC SMALL OUTLINE NO—-LEAD

Pin 1 Index Area
Top and Bottom

055 _
0,45

R\

4,05

A

//10,05]C

0,170 Nominal
Lead Frame

0,10 X 45

Bottom View

Seating Plane

B
o OLIINNT
” Al
e

4210558/8 03 /11

NOTES: A. All linear dimensions are in millime

B. This drawing is subject to change

ters.
without notice.

C. SON (Small Outline No—Lead) package configuration.

Dimensioning and tolerancing per ASME Y14.5M-1994.
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LAND PATTERN DATA

DQS (R—PUSON—-N20) PLASTIC SMALL QUTLINE NO—-LEAD

Example Board Layout Example Stencil Design
0.125mm Stencil Thickness
(Note D)
—»‘ ‘«— 18x0,40 —»‘ ‘<— 18x0,40

2,80 o,go .

I

e
| 1,10 i 7‘\\\

—
(

// Non Solder Mask

' Defined Pad
e

S — \«o,m\\
N
\

Solder Mask Opening

/ (Note F)
\

\ J ‘ ‘ Pad Geometry
! 0.05 _ —~—0.20 , (Note C)
Al around /’
N /
\\\ //

4211489/8  03/11

NOTES: A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

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

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

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

YZP (R—XBGA—-N20) DIE-=SIZE BALL GRID ARRAY

— E h |<_

at

0,50

Ball A1 Index Area—/

Bottom View
0,25
20X @ 0.21
(€12 0,015 @[c[A[B]
0,05]C
0,50 Max v S[o0s]c]
}—U U U Q_ “““ ? Seafing Plane
‘ D: Max = 2.418 mm, Min =2.358 mm
019
0,15 E: Max = 1.918 mm, Min =1.858 mm

4204741-9/J 06/12

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
This drawing is subject to change without notice.
NanoFree™ package configuration.

A
B
C
@ The package size (Dimension D and E) of a particular device is specified in the device Product Data Sheet version
of this drawing, in case it cannot be found in the product data sheet please contact a local Tl representative.
E. This package is a Pb—free solder ball design.

NanoFree is a trademark of Texas Instruments.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated


http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

	lmv324
	1 Features
	2 Applications
	3 Description
	4 Simplified Schematic
	Table of Contents
	5 Revision History
	6 Pin Configuration and Functions
	7 Specifications
	7.1 Absolute Maximum Ratings
	7.2 Handling Ratings
	7.3 Recommended Operating Conditions
	7.4 Thermal Information
	7.5 Electrical Characteristics: VCC+ = 2.7 V
	7.6 Electrical Characteristics: VCC+ = 5 V
	7.7 Shutdown Characteristics, LMV324S: VCC+ = 2.7 V
	7.8 Shutdown Characteristics, LMV324S: VCC+ = 5 V
	7.9 Typical Characteristics

	8 Detailed Description
	8.1 Overview
	8.2 Functional Block Diagram
	8.3 Feature Description
	8.3.1 Operating Voltage
	8.3.2 Unity-Gain Bandwidth
	8.3.3 Slew Rate

	8.4 Device Functional Modes

	9 Application and Implementation
	9.1 Typical Application
	9.1.1 Design Requirements
	9.1.2 Detailed Design Procedure
	9.1.2.1 Amplifier Selection
	9.1.2.2 Passive Component Selection

	9.1.3 Application Curves


	10 Power Supply Recommendations
	11 Layout
	11.1 Layout Guidelines
	11.2 Layout Example

	12 Device and Documentation Support
	12.1 Related Links
	12.2 Trademarks
	12.3 Electrostatic Discharge Caution
	12.4 Glossary

	13 Mechanical, Packaging, and Orderable Information

	txb0108
	FEATURES
	APPLICATIONS
	DESCRIPTION/ORDERING INFORMATION
	TYPICAL OPERATING CIRCUIT
	Absolute Maximum Ratings
	Recommended Operating Conditions
	Electrical Characteristics
	Timing Requirements
	Timing Requirements
	Timing Requirements
	Timing Requirements
	Timing Requirements
	Switching Characteristics
	Switching Characteristics
	Switching Characteristics
	Switching Characteristics
	Switching Characteristics
	Operating Characteristics
	PRINCIPLES OF OPERATION
	Applications
	Architecture
	Input Driver Requirements
	Power Up
	Enable and Disable
	Pullup or Pulldown Resistors on I/O Lines

	PARAMETER MEASUREMENT INFORMATION
	REVISION HISTORY


