Ordering & Technical Design & Support & S s
-E quality documentation development E training 545 G
1§ TEXAS TLV3011-EP, TLV3012-EP
INSTRUMENTS JAJSNBBA — OCTOBER 2006 — REVISED MAY 2023

TLV3011-EP $ XU TLV3012-EP TN\ X KRG, KEBEHO NV —4,
1.24V ZREBENE

15K

* VID V62/07604-01XE (TLV3011-EP)
* VID V62/23603-01XE (TLV3012-EP)
o BHINIAR—RATAY
- H—O7vr7V - TAM#
— H—-0fE R
- RV TA7 A7
+ J53E DMS (Diminishing Manufacturing Sources)
A—h
»  -55°C~125°C D5 B & H
o REFIEEEVL: 3. 1uA (B KAE)
o VU—XEHEFEENE: 1.242V
o ADIEAHELPH: L —/L D 200mV 4L £ T
o REBEOWMIRE 1%
e F—FrRLAUHA (TLV3011-EP)
o FyiaZ V) (TLV3012-EP)
. FIHEATULZ (TLV3012-EP D7)
e TxAt—7 AJ) (TLV3012-EP D 2)
o SU—Fr Uty (TLV3012-EP D7)
. EJRFEIEAPE 1,65V ~5.5V (TLV3012-EP D7)
o 7RIS E R 2ps
o H/NIR S —2: SOT-23-6
277V—=3>
o T UBREN O UK ik
o T HTIATEY
o VAT AEEAR
o BIRAR
s BV AT LA

3000
9860 Units
VS =55V
2500 _ No Load |
2000 ]
p2]
c 1500
=}
1000 [ |
500 : |
0
1.230 1.235 1.240 1.245 1.250

Reference Voltage (V)

TLV3012-EP E#EFE DS %H

3=

TLV3011-EP | ZXW & E A —F v - FL A H ip=y
NRL—ZTF, TLV3012-EP 137 v a7 LV iz o8
L—2TT, EHLLDT AR, Tﬁﬁmiﬁﬂ‘/?‘/j’%
YR EABHLCEY, #rikERL 3.1pA (BKH). &
JRL— L% EA% 200mV A [EFE&IFE., 1.65V~5.5V
DOH—FBIR CEMELET,

Wk 1.242V ) —XFLHEFEE1E, 100ppm/°C (H KfE)
DIRRY 7 b FEEH L, ik 10nF DR &AM TLEL
TEY, &K 0.5mA (IEHEE) O 1EREY v 7 E-iT
V—ATEDLTD  AMBEIE AR TEET,

TLV3011-EP 35X TLV3012-EP |3, A~—X|CHIFID
HAHERET O/ SOT-23-6 /v — TGS E
T, TNHDT A AT, -55°C~125°COHLIEIR JE #iH

TEMERBESN TVET,

= 3-1. HRER
e Ror— () AREEY AR (A7)
TLV3011-EP. SOT-23 (6) 2.90mm x 1.60mm
TLV3012-EP

(1) FIHAEREZR S —IZHoNW T, ZOTF — 4L —FDRREICH
DELEREZRLTLTESN,

1.245

— 18V

1243 — 3V
1.242

No Load |

1.241 —
1.240 -
P
1.239 7
1.238 A/
1.237

1.236
/

1.235
55 -35 -15 5 25 45 65 8 105 125
Temperature (°C)

TLV3012-EP BE#EF LB & DBk

Reference Output Votlage (V)

RFERRO IR OV CORERATIRL 22 OB ENT RO ELZHERR T2 B CEEAICRMIL TODHOTT, 7%

25 IE AR IEFERR O T B i HU

www.ti.com TR TE ZONENFITELESNET, TI TIEFRO EfEMERS LIRS MEIC S L UL —URIEW L ER A, FERORR G728 ORI, Zﬂ‘

TR ORI A Z S <IESWET IO BV ZLET,

English Data Sheet: SGLS349


https://www.ti.com/applications/industrial/power-delivery/overview.html
https://www.ti.com/solution/data-acquisition-daq
https://www.ti.com/solution/condition-monitoring-module
https://www.ti.com/solution/arbitrary-waveform-generator-awg
https://www.ti.com/solution/industrial-monitor
https://www.ti.com/product/ja-jp/tlv3011-ep?qgpn=tlv3011-ep
https://www.ti.com/product/ja-jp/tlv3012-ep?qgpn=tlv3012-ep
https://www.ti.com/ja-jp/lit/pdf/JAJSN68
https://www.ti.com/product/ja-jp/TLV3011-EP?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/ja-jp/TLV3011-EP?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/ja-jp/TLV3011-EP?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/ja-jp/TLV3011-EP?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SGLS349

I3 TEXAS
TLV3011-EP, TLV3012-EP INSTRUMENTS
JAJSNG8A — OCTOBER 2006 — REVISED MAY 2023 www.ti.com/ja-jp
Table of Contents
TR e 1 7 Detailed Description.............c.cccoeiiiniiiniiniiic e 18
2 T T ) o T 1 7.1 OVEIVIEW...cooiiiiiitiee ettt 18
B 1 7.2 Functional Block Diagram............ccccceeiiiiiiireeniinnenn. 18
4 ReVISION HISOTY.........o.ovoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 2 7.3 Feature Description..........ccccovieeeiiiieinieie e 18
5 Pin Configuration and Functions................ccccoccvuu...... 3 7.4 Device Functional Modes.............ccocoiii, 18
6 SPECITICAtIONS. .........oeoeeeeeeeeeeeeeeeeeee e 4 8 Application and Implementation.................................. 20
6.1 Absolute Maximum Ratings - TLV3011-EP................. 4 8.1 Apglication I_nformation ............................................. 20
6.2 Absolute Maximum Ratings - TLV3012-EP ................ 4 8.2 Typical Application...........cccocveiiiiiiniee e 21
6.3 ESD RAUNGS. ... veeeeeeeeeeeeeeeeeeeeeeeeeeeee s ereseseeseeeeeenen 4 8.3 Power Supply Recommendations............cccccecvvennnee. 23
6.4 Thermal Resistance Characteristics........oowmmovorein.. 5 8.4 !_ayout ........................ R E TP 23
6.5 Recommended Operating Conditions - TLV3011- 9 Device and Docurr:entatloi Support\. ........................... 24
B P e 5 9.1 FX o A MO ZZITED T E e 24
6.6 Recommended Operating Conditions - 9.2 MR =B UV =R e 24
TLV30T2-EP oo 5 9.3 Trademarks. .......ccooiiuiiiiieiiieecee e 24
6.7 Electrical Characteristics - TLV3011-EP..................... 6 9.4 FHBERIEICE T AEEFE e 24
6.8 Electrical Characteristics - TLV3012-EP ................... 7 9.5 FHRBEE oo 24
6.9 Switching Characteristics - TLV3012-EP ................... 8 10 Mechanical, Packaging, and Orderable
6.10 Typical Characteristics - TLV3011-EP....................... 9 INFOrmMation..............c..cooeeiiiiiece e 25
6.11 Typical Characteristics - TLV3012-EP..................... 12
4 Revision History
ERERSRBOFETIILGET 2R TWET, LOWGETIREEITREERICHEL TOET,
Changes from Revision * (October 2006) to Revision A (May 2023) Page
o RFRaAPRIRICDIESTR, KA IROBRE T IEZ ..o 1
I WA 0k b o e S (= 1 OO 1
o HLWT ASAZDTRR | TEZE ) TR R KA T o, 1
* Added TLV3012-EP Electircal CharacteriStiCS TADIES.............uuiiiiiiiiii ittt eee et e e e sneaeea e 4
* Added TLV3012-EP Typical CharacteriSticS QraphiS..........c.couicuuiiieiiiiiee et siee et e e e a e e e entee e e e nnneeas 12
o Updated Detailed DeSCription SECHON..........uu i iiieie i e e e e e e e e e e e e e e e e e e e e e e e eeaerererraraaaaaaaas 18
2 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TLV3011-EP TLV3012-EP
English Data Sheet: SGLS349


https://www.ti.com/product/ja-jp/tlv3011-ep?qgpn=tlv3011-ep
https://www.ti.com/product/ja-jp/tlv3012-ep?qgpn=tlv3012-ep
https://www.ti.com/ja-jp/lit/pdf/JAJSN68
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSN68A&partnum=TLV3011-EP
https://www.ti.com/product/ja-jp/tlv3011-ep?qgpn=tlv3011-ep
https://www.ti.com/product/ja-jp/tlv3012-ep?qgpn=tlv3012-ep
https://www.ti.com/lit/pdf/SGLS349

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

TLV3011-EP, TLV3012-EP
JAJSNB8A — OCTOBER 2006 — REVISED MAY 2023

5 Pin Configuration and Functions
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Top View
# 5-1. Pin Functions
PIN
TYPE( DESCRIPTION
NAME NO.
ouT 1 O Comparator Output
V- 2 P Negative Supply Voltage
IN+ 3 | Non-Inverting (Positive) Input
IN- 4 | Inverting (Negative) Input
REF 5 O Reference Voltage Output
V+ 6 P Positive Supply Voltage
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6 Specifications
6.1 Absolute Maximum Ratings - TLV3011-EP

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

MIN MAX| UNIT
Supply voltage 7 \%
Voltage(@ -0.5| (V+)+0.5 \%
Signal input terminals
Current(@) £10| mA
Output short circuit® Continous
Operating temperature range -55 125 °C
Tstg Storage temperature range -65 150 °C
T, 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 are with respect to the network ground terminal.

(38)  Short circuit to ground

6.2 Absolute Maximum Ratings - TLV3012-EP
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Supply voltage: Vg = (V+) — (V-) -0.5 7 \%
Input pins (IN+, IN=) from (V-)2) -0.5 7 \Y
Output (OUT) (Push-Pull) from (V-) -0.5 (V+)+0.5 \Y
Output short circuit current(®) 10 mA
Junction temperature, T, 150 °C
Storage temperature, Tgg -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) Input pins are diode-clamped to (V-). Inputs (IN+, IN-) can be greater than (V+) as long as within the —0.5 V to 7 V range. Inputs
beyond —0.3 V must be current-limited to less than —10 mA, while inputs beyond 7 V must be externally voltage clamped.

(3) Short-circuit to (V=) or (V+).

6.3 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000 v
(ESD) | discharge Charged-device model (CDM), per ANSI/ESDA/JEDEC JS-002@) (TLV3012-EP Only) £1000

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

TLV3011-EP TLV3012-EP
THERMAL METRIC' (332_\;3) (Sgi\;?‘) UNIT
6 PINS 6 PINS
R eia Junction-to-ambient thermal resistance 191.9 162.5 °C/W
R 6uc(top) Junction-to-case (top) thermal resistance 123.9 78.8 °C/W
R euB Junction-to-board thermal resistance 38.7 421 °C/W
Wt Junction-to-top characterization parameter 21.2 21.2 °C/W
W Junction-to-board characterization parameter 38.2 41.9 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC package thermal metrics report.

6.5 Recommended Operating Conditions - TLV3011-EP

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

MIN MAX UNIT
Supply voltage: Vg = (V+) — (V-) 1.8 55 \%
Input voltage range from (V-) -0.2 (V+)+0.2 \%
Output voltage range from (V-) -0.2 <V+ \%
Ambient temperature, Tp -55 125 °C
6.6 Recommended Operating Conditions - TLV3012-EP
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Supply voltage: Vg = (V+) - (V-) ‘ Supply voltage: Vg = (V+) — (V=) 1.65 5.5 \%
Input voltage range from (V-) -0.2 (V+)+0.2 \%

-55 125 °C

Ambient temperature, Tp
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6.7 Electrical Characteristics - TLV3011-EP

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Offset Voltage
Vos Input offset voltage Vem=0V,lp=0V 0.5 15 mV
dVpg/dT Input offset voltage vs temperature Tp =-55°C to 125°C +12 pv/°C
PSRR Power supply rejection ratio Vs=18Vto55V 100 1000| VIV
Input Bias Current
Is Input bias current Vewm = Vg/2 +10 pA
los Input offset current Vewm = Vg/2 +10 pA
Input Voltage Range
Vem Common-mode voltage range (V=)-0.2 (V+)+0.2 \%
o ) Vem =-02Vto (V+)-15V 60 74
CMRR Common-mode rejection ratio dB
Vem =-0.2Vito (V+)+0.2V 54 62
Input Impedance
Common mode 1013 2 Q| pF
Differential 1013 4 Q| pF
Switching Characteristics
f=10kHz, Vgrgp =1V, 12
input overdrive = 10 mV
Low to high
f=10kHz, Vgrgp =1V, 6
input overdrive = 100 mV
tpd Propagation delay time us
f=10kHZ,VSTEp=1V, 135
input overdrive = 10 mV ’
High to low
f=10 kHZ, VSTEP=1Vv 6.5
input overdrive = 100 mV ’
t, Rise time CL=10pF @
te Fall time C_L=10pF 100 ns
Output
VoL Voltage output low from rail Vg=5V 160 200 mV
Voltage Reference
Vout Output voltage 1.208 1.242 1.276 \Y
Initial accuracy +1%
dVout/dt Temperature drift —-55°C < Tp=<125°C 40 100| ppm/°C
Sourcin 0OmA<I <0.5mA 0.36 1
dVout/dlLoap | Load regulation — 9 SOURCE mV/mA
Sinking 0 mA <Igink £ 0.5 mA 6.6
ILoaD Output current 0.5 mA
dVout/dVin Line regulation 1.8V=sVy=55V 10 100 pvIv
Noise
Reference voltage noise f=0.1Hzto 10 Hz 0.2 mVpp
Power Supply
Vs Specified voltage 1.8 5.5 \Y
Operating voltage range 1.8 5.5 \
la Quiescent current Vs =5V, Vg = High 2.8 5 MA

(1) t. dependent on Rpy,Lyp and Coap-
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6.8 Electrical Characteristics - TLV3012-EP
For Vg (TOTAL SUPPLY VOLTAGE) = (V+) — (V=) = 1.8V and 5.5V, Vg = Vs/2 at Tp = 25°C (Unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT
OFFSET VOLTAGE
Input offset _
Vos voltage Vem = (V=) -6 +0.3 6 mV
Input offset Vewm = (V=) _
Vos voltage Th = —55°C to +125°C 9 9 mv
Input offset Vem = (V=) o
dViodT 1 oitage drift Ta = —55°C to +125°C 12 uvrC
power supply Vem = (V)
PSRR reiection ratio Vg=165Vto55V 100 1000 uvIv
) Tp = -55°C to +125°C
Input hysteresis — _ErFo o
Vuys voltage Ta =-55°C to +125°C 2 6 8 mV
INPUT BIAS CURRENT
Is Input bias current |Vgy = Vg /2 —10(M 4.5 10 pA
los Input offset current [Vey = Vg /2 —10(M +1 10(1) pA
INPUT COMMON MODE RANGE
Common-mode Vg=18Vto55V
VomRange  |\oltage range | Ta = —55°C to +125°C (V)= 0.2 (V4) + 0.2 v
Common mode Vewm = (V=) + 1.5V to (V+) + 0.2V
CMRR rejection ratio Ta =-55°C to +125°C 60 74 dB
Common mode Vem = (V=) - 0.2V to (V+) + 0.2V
CMRR rejection ratio Ta =-55°C to +125°C 54 62 dB
Input Common 13
Rewm Mode Resistance 10 Q
Input Common
Cic Mode Capacitance 2 pF
INPUT IMPEDANCE
Input Differential 13
Rowm Mode Resistance 10 Q
Input Differential
Cp Mode 4 pF
Capacitance
OUTPUT
. VS =5V
VoL xg:fg(’\‘j_s)w'”g lsink = 5 MA 160 200 mvV
Ta =-55°C to +125°C
. VS =5V
VOH xg:qa%\?*-s)wmg ISOURCE =5mA 90 200 mV
Ta =-55°C to +125°C
VOLTAGE REFERENCE
Vour Reference Voltage 1.223 1.242 1.260 \%
Accuracy +0.25% +1.5%
dVoyt/dt Temperature Drift |Tp =-55°C to +125°C 40 100 ppm/°C
dVout/ Load Regulation, 0
dlomn Sourcing 0 mA < Isource < 0.5 mA 0.36 1 mV/mA
Load Regulation,
Slnklng O0mA< ISINK <0.5mA 6.6 mV/mA
ILOAD Output Current 0.5 mA
dVout/dVs |Line Regulation  [1.65V<Vg<55V 10 100 pvIiv
Vhoise Noise f=0.1 Hzto 10 Hz 0.2 mVpp
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6.8 Electrical Characteristics - TLV3012-EP (continued)
For Vs (TOTAL SUPPLY VOLTAGE) = (V+) — (V-) = 1.8V and 5.5V, V¢ = Vg/2 at Tp = 25°C (Unless otherwise noted)

PARAMETER \ TEST CONDITIONS \ MIN TYP MAx\ UNIT
POWER SUPPLY
Quiescent current . L
la per comparator Output is logic high 2.4 3.1 pA
| Quiescent current | Output is logic high 36 A
Q per comparator Ta =-55°C to +125°C ’ H

(1) Ensured by characterization

6.9 Switching Characteristics - TLV3012-EP
For Vs (TOTAL SUPPLY VOLTAGE) = (V+) — (V=) = 1.8 Vand 5.5 V, V¢ = Vg / 2 at Ta = 25°C (Unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
OUTPUT
Toph P.ropagation delay time, low-to- |f=10 kI:lz, Vstep = 200mV, Vop = 100 2 4 us
high (push-pull output) mV, C_ =10 pF
TopL Propagation delay time, high- |f=10 kI:iz, Vstep = 200mV, Vop = 100 > 4 us
to-low mV, C_ =10 pF
e R 0 .
TeaLL Output Fall Time, 80% to 20% |Cp = 10 pF 10 ns
TeaLL S:éﬁf‘érg?‘r']' ;ijrpp%tso% 1020%. g = 10kQ, €\ = 10 pF 10 ns
ton Power on-time 1.9 ms
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6.10 Typical Characteristics - TLV3011-EP
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6-5. PROPAGATION DELAY (tpy ) vs CAPACITIVE LOAD 6-6. PROPAGATION DELAY (tp ) vs INPUT OVERDRIVE
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6.10 Typical Characteristics - TLV3011-EP (continued)
20 8
2 18 \\ 275
| |
Z 16 [ > 7
§ " \\ § s V,=1.8V
c c V=3V
2 12 \ S el — \ N
%10 \ V=18V %55 | ~~—_
g- ) \L V=3V % . ?\\
o 8 / a 5
! A —— | A A SSS
6 N Z 45
= Vg=5V =
4 4

0 10 20 30 40 50 60 70 80 90 100
Input Overdrive — mV

6-7. PROPAGATION DELAY (tpy, ) vs INPUT OVERDRIVE
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6-9. PROPAGATION DELAY (tpy, ) vs TEMPERATURE
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6.10 Typical Characteristics - TLV3011-EP (continued)
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6-13. PROPAGATION DELAY (tp1) Output Load Current, Sourcing — mA
6-14. REFERENCE VOLTAGE vs OUTPUT LOAD CURRENT
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6.11 Typical Characteristics - TLV3012-EP

For Vg (Total Supply Voltage) = (V+) — (V=) = +5V, Ve = Vs /2 at Tp = 25°C , RpyLup = 1TMQ to V+, C| = 15pF, Vop =
100mV unless otherwise noted.
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6-18. Output Swing vs. Output Sinking Current - 1.8V 6-19. Output Swing vs. Output Sourcing Current - 1.8V
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6-20. Output Swing vs. Output Sinking Current - 3.3V 6-21. Output Swing vs. Output Sourcing Current - 3.3V
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6-22. Output Swing vs. Output Sinking Current - 5V 6-23. Output Swing vs. Output Sourcing Current - 5V
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6.11 Typical Characteristics - TLV3012-EP (continued)

For Vg (Total Supply Voltage) = (V+) — (V=) = +5V, Ve = Vs /2 at Tp = 25°C , RpyLup = 1TMQ to V+, C| = 15pF, Vop =
100mV unless otherwise noted.
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6-28. Supply Current vs. Common Mode - 5V 6-29. High to Low Propagation Delay vs. Overdrive

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 13

Product Folder Links: TLV3011-EP TLV3012-EP
English Data Sheet: SGLS349


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/tlv3011-ep?qgpn=tlv3011-ep
https://www.ti.com/product/ja-jp/tlv3012-ep?qgpn=tlv3012-ep
https://www.ti.com/ja-jp/lit/pdf/JAJSN68
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSN68A&partnum=TLV3011-EP
https://www.ti.com/product/ja-jp/tlv3011-ep?qgpn=tlv3011-ep
https://www.ti.com/product/ja-jp/tlv3012-ep?qgpn=tlv3012-ep
https://www.ti.com/lit/pdf/SGLS349

13 TEXAS
TLV3011-EP, TLV3012-EP INSTRUMENTS
JAJSNGBA — OCTOBER 2006 — REVISED MAY 2023 www.ti.comlja-jp

6.11 Typical Characteristics - TLV3012-EP (continued)

For Vg (Total Supply Voltage) = (V+) — (V=) = +5V, Ve = Vs /2 at Tp = 25°C , RpyLup = 1TMQ to V+, C| = 15pF, Vop =
100mV unless otherwise noted.
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6.11 Typical Characteristics - TLV3012-EP (continued)
For Vg (Total Supply Voltage) = (V+) — (V=) = +5V, Ve = Vs /2 at Tp = 25°C , RpyLup = 1TMQ to V+, C| = 15pF, Vop =

100mV unless otherwise noted.
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6-40. Hysteresis Voltage vs. Common Mode, 3.3V
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6-41. Hysteresis Voltage vs. Common Mode, 5V
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6.11 Typical Characteristics - TLV3012-EP (continued)
For Vg (Total Supply Voltage) = (V+) — (V=) = +5V, Ve = Vs /2 at Tp = 25°C , RpyLup = 1TMQ to V+, C| = 15pF, Vop =

100mV unless otherwise noted.
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6-46. Offset Voltage vs. Common Mode Voltage, 1.8 V 6-47. Offset Voltage vs. Common Mode Voltage, 3.3 V
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6.11 Typical Characteristics - TLV3012-EP (continued)

For Vg (Total Supply Voltage) = (V+) — (V=) = +5V, Ve = Vs /2 at Tp = 25°C , RpyLup = 1TMQ to V+, C| = 15pF, Vop =
100mV unless otherwise noted.
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6-48. Offset Voltage vs. Common Mode Voltage, 5 V 6-49. Offset Voltage vs. Supply Voltage, 125°C
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6-50. Offset Voltage vs. Supply Voltage, 25°C 6-51. Offset Voltage vs. Supply Voltage, -55°C
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7 Detailed Description
7.1 Overview

The TLV301x-EP is a MicroPower comparator with an integrated reference that is well suited for compact, low-
current, precision voltage detection applications. With a high-accuracy, internal reference of 1.242 V and 5 uA of
quiescent current, the TLV301x-EP enables power conscious systems to monitor and respond quickly to fault
conditions.

7.2 Functional Block Diagram
V+

IN+ B

>——- OUT
IN- |~
REF ——+1.242v

-I: Reference

V-

7.3 Feature Description

The TLV301x-EP is comprised of a rail-to-rail input comparator with open-drain or push-pull output options and a
voltage reference that is externally available.

7.4 Device Functional Modes

The TLV3011-EP requires an operating voltage between 1.8 V and 5.5 V for the comparator output to reflect the
voltage applied to the inputs. Similarly, the reference output (REF) will also be valid over the same operating
voltage range.

7.4.1 Open Drain Output (TLV3011-EP)

The TLV3011-EP features an Open-Drain (sinking only) output that allows multiple devices to be driven by a
single pull-up resistor to accomplish an OR function, making the TLV3011-EP useful for logic applications. The
value of the pull-up resistor and supply voltage used will affect current consumption due to additional current
drawn when the output is in a low state. This effect can be seen in the typical curve Quiescent Current vs Output
Switching Frequency.

The pull-up voltage should NOT exceed the V+ suppply.
7.4.2 Push Pull Output (TLV3012-EP)

The TLV3012-EP has a "Push-Pull" output capable of both sinking and sourcing current. The push-pull output
stage is optimal for reduced power budget applications by eliminating the need for a pull-up resistor and features
no shoot-through current.

Do not tie push-pull outputs together.
7.4.3 Voltage Reference

The TLV301x-EP requires an operating voltage between 1.8 V and 5.5 V for the comparator output to reflect the
voltage applied to the inputs. Similarly, the reference output (REF) will also be valid over the same operating
voltage range.

The integrated 1.242-V voltage reference offers low 100-ppm/°C (maximum) drift provided on a seporate output
pin that allows use of external dividers or to provide a reference voltage for other external circuitry. The reference
is stable with up to a 10-nF capacitive load and can sink or source up to 500pA (typical) of output current.
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7.4.4 Fail-Safe Input (TLV3012-EP Only)
This section does NOT apply to the open drain output TLV3011-EP.

The TLV3012-EP inputs are Fail-Safe up to 5.5V independent of V+ voltage. Fail-Safe is defined as maintaining
the same high input impedance when V+ is unpowered or within the recommended operating ranges.

The Fail-Safe inputs can be any value between 0 V and 5.5 V, even while V+ is zero or ramping up or down. This
feature avoids power sequencing issues as long as the input voltage range and supply voltage are within the
specified ranges.

This is possible since the inputs are not clamped to V+ and the input current maintains its value even when a
higher voltage is applied to the inputs.

As long as one of the input pins remains within the valid input range, and the supply voltage is valid and not in
POR, the output state will be correct. The specified input voltage range is -0.2 V to (V+) + 0.2 V.

The following is a summary of the TLV3012-EP device input voltage excursions and their outcomes:

1. When both IN- and IN+ are within the specified input voltage range:
a. If IN-is higher than IN+ and the offset voltage, the output is low.
b. If IN-is lower than IN+ and the offset voltage, the output is high.

2. When IN- is higher than the specified input voltage range and IN+ is within the specified voltage range, the
output is low.

3. When IN+ is higher than the specified input voltage range and IN- is within the specified input voltage range,
the output is high

4. When IN- and IN+ are both outside the specified input voltage range, the output state is indeterminate
(random). Do not operate in this region.

Because the inputs do not have upper ESD diode clamps to V+, input voltages must be externally clamped to
below 5.5 V if the source could possibly exceed 5.5 V. A current limiting resistor in series with the input is also
recommend in case of input transients.

7.4.5 Power-On Reset (POR) (TLV3012-EP Only)
This section does NOT apply to the open-drain output TLV3011-EP.

The TLV3012-EP has an internal Power-on-Reset (POR) circuit for known start-up or power-down conditions.
While the power supply (V+) is ramping up or ramping down, the POR circuitry will be activated for up to 1.9ms
after the minimum supply voltage threshold is crossed, or immediately when the supply voltage drops below
minimum supply. When the supply voltage is equal to or greater than the minimum supply voltage, and after the
delay period, the comparator output reflects the state of the differential input (V|p). This delay is long enough to
allow the reference output to stabilize with up to a 10nF capacitive load.

During the POR period (tyn), the outputs will be low (sinking)

¢——Power On Reset Time (ton)———p>!
(Y
[

Vs / f :
Von /2

ouTt /VOL \//—

7-1. Power-On Reset Example Timing Diagram for TLV3012-EP
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8 Application and Implementation

&
LIFo7 7V r—vaAFiid, T o EARRICE EN56 O TIERL, Tl TIEEOIEMIEE 37w etz

BEEWTZLER A, (%4 O BRI TARL OB S IOV T, BEHEOBEETHIBIL T =72z ii
ROFET, BEEITE FORGTREZMRIEL T ANT AL T, VAT LAOKEEZ MR T AU ERHNET,

8.1 Application Information

The TLV301x-EP comparator family with on-chip 1.242-V series reference with the choice of either open-drain or
push-pull output stages.

A typical supply current of 2.8 pA and small packaging combine with 1.8-V supply requirements to make the
TLV301x-EP devices optimal for battery and portable designs.

8-1 shows the typical connections for the TLV301x-EP device.

(1) Use R, > With the TLV3011 only.

8-1. Basic Connections of the TLV301x-EP

8.1.1 External Hysteresis

Comparator inputs have no noise immunity within the range of specified offset voltage (x12 mV). For noisy input
signals, the comparator output may display multiple switching as input signals move through the switching
threshold. The typical comparator threshold of the TLV301x-EP is £0.5 mV. To prevent multiple switching within
the comparason threshold of the comparator, external hysteresis may be added by connecting a small amount of
feedback to the positive input. 8-2 shows a typical topology used to introduce hysteresis, described by this
equation:

v _ VrxR
HYST R1 + R2
R,
39 kQ Viysr = 0.38V
VREF
(1) Use R, » With the TLV3011 only.
8-2. Adding Hysteresis
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Vhyst sets the value of the transition voltage required to switch the comparator output by increasing the
threshold region, thereby reducing sensitivity to noise.

8.2 Typical Application

8.2.1 Under Voltage Detection

Under-voltage detection is frequently required to alert the system that a battery voltage has dropped below the
usable voltage level.[¥] 8-3 shows a simple under-voltage detection circuit using the TLV3012-EP which is
configured as a non-inverting comparator with the integrated 1.242 V reference is externally connected to the
inverting input pin (IN-).

VBATT

R1

+

Al
1.242V
Micro-
J7TLV3O]_2-EP Controller
v L

B 8-3. Under-Voltage Detection

ALERT

8.2.1.1 Design Requirements
For this design, follow these design requirements:

» Operate from power supply that powers the microcontroller.
* Under-voltage alert is active low.
* Logic low output when Vgt is less than 2.0V.

8.2.1.2 Detailed Design Procedure

Configure the circuit as shown in [¥] 8-3. Connect (V+) to Vgar Which also powers the microcontroller. Resistors
R4 and R; create the under-voltage alert level of 2.0 V. When the battery voltage sags down to 2.0 V, the resistor
divider voltage crosses Vggr, the 1.242 V reference threshold of the TLV3012-EP. This causes the comparator
output to transition from a logic high to a logic low. The push-pull output of the TLV3012-EP is selected since the
comparator operating voltage is shared with the microcontroller which is receiving the under-voltage alert signal.

7\ 1 is derived from the analysis of [%] 8-3.

V = 2 X V
REF R, +R, BAT
(1 )
where

* Rjyand R; are the resistor values for the resistor divider connected to IN+
* Vgt is the voltage source that is being monitored for an undervoltage condition.
* Vger is the falling edge threshold where the comparator output changes state from high to low

Rearranging = 1 and solving for R4 yields = 2.
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V, -V
_ (Veat — VRer) o

Ry Ry

VREF

)

For the specific undervoltage detection of 2.0 V using the TLV3012-Q1, the following results are calculated.

(2.0 —1.242)

1= X IM = 610 kO

(3)
where:

* Ryissetto 1 MQ
e Vgarissetto2.0V
* VgRerissetto1.242V

Choose RrotaL (R1 + R») such that the current through the divider is at least 100 times higher than the input bias
current (Igjas). The resistors can have high values to minimize current consumption in the circuit without adding
significant error to the resistive divider.

8.2.1.3 Application Performance Plots

2.00—

IN+ (V)

i

<
jve)
>
=
=
IR R N R R S

i

3.30

ouT (V)

0.00 I

1.30 1.45 1.60 1.75

Time (s)
£ 8-4.

1.90 2.05 220
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8.3 Power Supply Recommendations

The TLV3012x-EP has a recommended operating voltage range (Vs) of 1.8 V to 5.5 V. Vg is defined as (V+) —
(V).

Therefore, the supply voltages used to create Vg can be single-ended or bipolar. For example, single-ended
supply voltages of 5 V and 0 V and bipolar supply voltages of +2.5 V and —2.5 V create comparable operating
voltages for Vs.

However, when bipolar supply voltages are used, it is important to realize that the reference (REF) and logic low
level of the comparator output is referenced to (V-). Output capacitive loading and output toggle rate will cause
the average supply current to rise over the quiescent current in the EC Table.

8.4 Layout
8.4.1 Layout Guidelines

To minimize supply noise, power supplies should be capacitively decoupled by a 0.1-yF ceramic capacitor.
Comparators are sensitive to input noise and precautions such as proper grounding (use of ground plane),
supply bypassing, and guarding of high-impedance nodes minimize the effects of noise and help to ensure
specified performance.

8.4.2 Layout Example

C1

GND
ouT N[ oUT v+ !
cnoCHL] V- ReF
VIN IN+ IN-
GND SOT-23

R1
R2

& 8-5. Layout Example
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9 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

9.1 FFa A2 bOEHBHMERITMSHE
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10 Mechanical, Packaging, and Orderable Information

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

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

TLV3011AMDBVREP Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU | NIPDAU Level-1-260C-UNLIM -551t0 125 BTV
TLV3011AMDBVREP.A Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -551t0 125 BTV
TLV3012AMDBVREP Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -55t0 125 2QDF
TLV3012AMDBVREP.A Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -55to 125 2QDF
V62/07604-01XE Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -551t0 125 BTV
V62/23603-01XE Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -551t0 125 2QDF

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

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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OTHER QUALIFIED VERSIONS OF TLV3011-EP, TLV3012-EP :

o Catalog : TLV3011, TLV3012

o Automotive : TLV3011-Q1, TLV3012-Q1

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TLV3011AMDBVREP | SOT-23 | DBV 6 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
TLV3011AMDBVREP | SOT-23 | DBV 6 3000 179.0 8.4 3.2 3.2 14 4.0 8.0 Q3
TLV3012AMDBVREP | SOT-23 | DBV 6 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 29-Jan-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLV3011AMDBVREP SOT-23 DBV 6 3000 210.0 185.0 35.0
TLV3011AMDBVREP SOT-23 DBV 6 3000 200.0 183.0 25.0
TLV3012AMDBVREP SOT-23 DBV 6 3000 210.0 185.0 35.0
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PACKAGE OUTLINE

DCKOOO6A SOT - 1.1 max height
SMALL OUTLINE TRANSISTOR
2.4
18 (D ]oa]c
1.4 E
PIN 1 11 L1
INDEX AREA 08

]

2.15 ‘ ‘
1.85
4x0°-12° E . 0.1 1yp
0.0
NOTE 5
4X &4°-15°
0.22
GAGE PLANE \[ 0o0s TYP

g’ rﬁ L \ j
> TYP 0.46
0 — 026 TYP SEATING PLANE

0.26

4214835/D 11/2024

NOTES:

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

2. This drawing is subject to change without notice.

3. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.

4. Falls within JEDEC MO-203 variation AB.
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EXAMPLE BOARD LAYOUT
DCKOOOGA SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

6X (0.9) P(EG
1 j i T ‘

6X (04) [

—

SYMM

3
(R0.05) TYP ; @ 2)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:18X

+—_
|

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

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

SOLDER MASK DETAILS

4214835/D 11/2024

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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DCKOOO6A

EXAMPLE STENCIL DESIGN

SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

f

PKG

6X (0.4)

6X (0.9) T ¢
]

4X(0.65)

(R0.05) TYP

Li 2.2)

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

4214835/D 11/2024

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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PACKAGE OUTLINE

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

(D Joa[ch~ =

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

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

4214840/G 08/2024

NOTES:

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

per ASME Y14.5M.
2. This drawing is subject to change without notice.

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

5. Refernce JEDEC MO-178.
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EXAMPLE BOARD LAYOUT
DBVOOO6A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

1 1

6X (0.6)

f
T

2X (0.95)

J

SYMM

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

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

EXPOSED METAL

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

SOLDER MASK DETAILS

4214840/G 08/2024

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DBVOOO6A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

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

(R0.05) TYP / 2.6)

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

4214840/G 08/2024

NOTES: (continued)

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