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ACS758xCB

Thermally Enhanced, Fully Integrated, Hall Effect-Based
Linear Current Sensor IC with 100 uQ) Current Conductor

FEATURES AND BENEFITS

* Industry-leading noise performance through proprietary
amplifier and filter design techniques

» Integrated shield greatly reduces capacitive coupling
from current conductor to die due to high dV/dt signals,
and prevents offset drift in high-side, high voltage
applications

» Total output error improvement through gain and offset
trim over temperature

» Small package size, with easy mounting capability

*  Monolithic Hall IC for high reliability

» Ultra-low power loss: 100 pQ internal conductor
resistance

* Galvanic isolation allows use in economical, high-side
current sensing in high voltage systems

* AEC Q-100 qualified

Continued on the next page...

CEQ I\ us

PACKAGE: 5-PIN CB PACAKGE

TUV America
Certificate Number:
U8V 14 05 54214 028
UL Certified

File No.: E316429

DESCRIPTION

The Allegro™ ACS758 family of current sensor ICs provides
economical and precise solutions for AC or DC current sensing.
Typical applications include motor control, load detection and
management, power supply and DC-to-DC converter control,
inverter control, and overcurrent fault detection.

The device consists of a precision, low-offset linear Hall
circuit with a copper conduction path located near the die.
Applied current flowing through this copper conduction path
generates a magnetic field which the Hall IC converts into a
proportional voltage. Device accuracy is optimized through the
close proximity of the magnetic signal to the Hall transducer.
A precise, proportional output voltage is provided by the
low-offset, chopper-stabilized BICMOS Hall IC, which is
programmed for accuracy at the factory.

High level immunity to current conductor dV/dt and stray
electric fields, offered by Allegro proprietary integrated shield
technology, provides low output voltage ripple and low offset
drift in high-side, high voltage applications.

The output of the device has a positive slope (>V ¢/ 2) when an
increasing current flows through the primary copper conduction
path (from terminal 4 to terminal 5), which is the path used
for current sampling. The internal resistance of this conductive
path is 100 pQ typical, providing low power loss.

The thickness of the copper conductor allows survival of the
device at high overcurrent conditions. The terminals of the
conductive path are electrically isolated from the signal leads

PFF .
Continued on the next page...
Leadform Leadform Leadform
+3.30r5V
4 veel
1P+ Cgyp
ACS758 0.1 uF
I, GND _T_ {
Cr

5
HIP— 3 |
| VIoUuT

Vout

Application 1: The ACS758 outputs an analog signal, Vgoyr,
that varies linearly with the uni- or bi-directional AC or DC
primary sampled current, I, within the range specified. Cg is
for optimal noise management, with values that depend on
the application.

Typical Application

ACS758-DS, Rev. 9



ACS758xCB

Thermally Enhanced, Fully Integrated, Hall Effect-Based
Linear Current Sensor IC with 100 uQ Current Conductor

FEATURES AND BENEFITS (CONTINUED)

.

3.0 to 5.5V, single supply operation

120 kHz typical bandwidth
3 us output rise time in response to step input current

Output voltage proportional to AC or DC currents

Factory-trimmed for accuracy
Extremely stable output offset voltage
Nearly zero magnetic hysteresis

Selection Guide

DESCRIPTION (CONTINUED)

(pins 1 through 3). This allows the ACS758 family of sensor ICs
to be used in applications requiring electrical isolation without the
use of opto-isolators or other costly isolation techniques.

The device is fully calibrated prior to shipment from the factory.
The ACS758 family is lead (Pb) free. All leads are plated with 100%
matte tin, and there is no Pb inside the package. The heavy gauge
leadframe is made of oxygen-free copper.

Package Primary Sampled | Sensitivity Current T .
Part Number? Current, Ip Sens (Typ.) L . or Packing?
Terminals | Signal Pins (A) (mVIA) Directionality (°C)

ACS758LCB-050B-PFF-T Formed Formed +50 40 Bidirectional

ACS758LCB-050U-PFF-T Formed Formed 50 60 Unidirectional

ACS758LCB-100B-PFF-T Formed Formed +100 20 Bidirectional —40 to 150
ACS758LCB-100B-PSF-T Straight Formed +100 20 Bidirectional

ACS758LCB-100U-PFF-T Formed Formed 100 40 Unidirectional

ACS758KCB-150B-PFF-T Formed Formed +150 13.3 Bidirectional 34 pieces
ACS758KCB-150B-PSS-T Straight Straight +150 13.3 Bidirectional -40to 125 per tube
ACS758KCB-150U-PFF-T Formed Formed 150 26.7 Unidirectional

ACS758ECB-200B-PFF-T Formed Formed +200 10 Bidirectional

ACS758ECB-200B-PSF-T Straight Formed +200 10 Bidirectional

ACS758ECB-200B-PSS-T Straight Straight +200 10 Bidirectional 401085
ACS758ECB-200U-PFF-T Formed Formed 200 20 Unidirectional
1Additional leadform options available for qualified volumes.
2Contact Allegro for additional packing options.

Allegro MicroSystems, LLC 2

115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com




Thermally Enhanced, Fully Integrated, Hall Effect-Based
Linear Current Sensor IC with 100 uQ Current Conductor

ACS758xCB

SPECIFICATIONS
Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units

Forward Supply Voltage Vee 8 \%
Reverse Supply Voltage VRkee -0.5 \%
Forward Output Voltage Viout 28 \Y
Reverse Output Voltage Vriout -0.5 \%
Output Source Current lout(sourcey | VIOUT to GND 3 mA
OUtpUt Sink Current IOUT(Sink) VCC to VIOUT 1 mA

Range E —40 to 85 °C
Nominal Operating Ambient Temperature Top Range K —40to 125 °C

Range L —40 to 150 °C
Maximum Junction T,(max) 165 °C
Storage Temperature Tstg —65 to 165 °C

Isolation Characteristics
Characteristic Symbol Notes Rating Unit
Dielectric Strength Test Voltage* Viso Gﬁesqgﬁé};eg'é%ztgg_zor;% sEedcizggs per 4800 VAC
ic (si i i R 990 VDC orV,

Working Voltage for Basic Isolation Vies, Fo_r _baS|c (single) isolation per UL standard 60950-1, 2nd pk

Edition 700 Vims

i i i - 636 VDC orV,

Working Voltage for Reinforced Isolation Viwerg For relnfor(_:ed (double) isolation per UL standard 60950 pk

1, 2nd Edition 450 Vims

* Allegro does not conduct 60-second testing. It is done only during the UL certification process.

Allegro MicroSystems, LLC 3
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
M\croSyslems LLC 1.508.853.5000; www.allegromicro.com
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Thermally Enhanced, Fully Integrated, Hall Effect-Based
ACST758xCB Linear Current Sensor IC with 100 uQ Current Conductor

Thermal Characteristics may require derating at maximum conditions
Characteristic Symbol Test Conditions* Value Unit

Mounted on the Allegro evaluation board with 2800 mm?2
(1400 mm2 on component side and 1400 mm?2 on opposite
side) of 4 oz. copper connected to the primary leadframe
Package Thermal Resistance Raa and with thermal vias connecting the copper layers. 7 °C/W
Performance is based on current flowing through the
primary leadframe and includes the power consumed by

the PCB.
*Additional thermal information available on the Allegro website
Typical Overcurrent Capabilities'2
Characteristic Symbol Notes Rating Units
Tpo= 25°C, 1s duration, 1% duty cycle 1200 A
Overcurrent Ipoc Tp= 85°C, 1s duration, 1% duty cycle 900 A
Tp = 150°C, 1s duration, 1% duty cycle 600 A

1Test was done with Allegro evaluation board. The maximum allowed current is limited by T (max) only.
2For more overcurrent profiles, please see FAQ on the Allegro website, www.allegromicro.com.

Allegro MicroSystems, LLC 4
m 115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.
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Thermally Enhanced, Fully Integrated, Hall Effect-Based
ACST758xCB Linear Current Sensor IC with 100 uQ Current Conductor
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Functional Block Diagram

- Terminal List Table
[3] viout Number Name Description
% 322 1 VCC Device power supply terminal
IP- [5} 2 GND Signal ground terminal
. . 3 VIOUT Analog output signal
Pin-out Dlagram 4 1P+ Terminal for current being sampled
5 IP- Terminal for current being sampled
Allegro MicroSystems, LLC 5
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ACS758xCB

Thermally Enhanced, Fully Integrated, Hall Effect-Based
Linear Current Sensor IC with 100 uQ Current Conductor

COMMON OPERATING CHARACTERISTICS? valid at Tgp = —40°C to 150°C and V¢ = 5V, unless otherwise

specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage? Vee 3 5.0 5.5 \Y
Supply Current lcc Qutput open - 10 13.5 mA
Power-On Delay trop Tp=25°C - 10 - us
Rise Time3 t, Igoslfrlzi(;"/;gf I+, 10% to 90% rise time, Ty = 25°C, B 3 B us
Propagation Delay Time3 tproP Tp=25°C, Coyr =0.47 nF - 1 - VI
Response Time tRESPONSE Measured as sum of tprop and t, - 4 - us
Internal Bandwidth* BW,; -3 dB; Ty =25°C, Coyt =0.47 nF - 120 - kHz
Output Load Resistance RLoapminy VIOUT to GND 4.7 - - kQ
Output Load Capacitance CLoaDMAX) VIOUT to GND - - 10 nF
Primary Conductor Resistance RPRIMARY Tpo=25°C - 100 - uQ
Symmetry3 Esym Over half-scale of Ip 99 100 101 %

Viout(asi Bidirectional variant, I[p = 0 A, Ty = 25°C - Veel2 - \Y
Quiescent Output VoltageS Viour Unidirectional variant, Ip = 0 A, Ta = 25°C, Viourauni) is B 0.6 B v
(QUND | ratiometric to Vg

Ratiometry3 VRaT Vec=45t055V - 100 - %

1Device is factory-trimmed at 5 V, for optimal accuracy.

2Devices are programmed for maximum accuracy at 5.0 V V¢ levels. The device contains ratiometry circuits that accurately alter the 0 A Output Voltage and Sensitivity
level of the device in proportion to the applied V level. However, as a result of minor nonlinearities in the ratiometry circuit additional output error will result when V¢
varies from the 5 V V¢ level. Customers that plan to operate the device from a 3.3 V regulated supply should contact their local Allegro sales representative regarding
expected device accuracy levels under these bias conditions.

3See Characteristic Definitions section of this datasheet.

4Calculated using the formula BW; = 0.35 /..
5ViouT(q) Mmay drift over the lifetime of the device by as much as 25 mV.

l_e(gl‘ e

MicroSystems, LLC
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ACS758xCB

Thermally Enhanced, Fully Integrated, Hall Effect-Based
Linear Current Sensor IC with 100 uQ Current Conductor

X050B PERFORMANCE CHARACTERISTICS': Top=-40°C to 150°C, V=5V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Primary Sampled Current Ip -50 - 50 A
Senst, | Full scale of Ip applied for 5 ms, Ty = 25°C - 40 - mV/A
Sensitivity Sensropynt | Full scale of I applied for 5 ms, Top = 25°C to 150°C - 39.4 - mV/A
Sensropy.r | Full scale of Ip applied for 5 ms,Top = —40°C to 25°C - 41 - mV/A
Noise? Vynoise | Ta=25°C, 10 nF on VIOUT pin to GND - 10 - mV
Nonlinearity Elin Up to full scale of Ip, Ip applied for 5 ms -1 - 1 %
Vogma) |lp=0A Ta=25°C - +5 - mV
Electrical Offset Voltage3 Vogropt |lp = 0A, Top = 25°C to 150°C - +15 - mV
Vogopyr |lp=0A, Top = —40°C to 25°C - +35 - mV
Magnetic Offset Error lerrom | lp = 0 A, Ty = 25°C, after excursion of 50 A - 100 - mA
Total Output Errort Erornm |Over full scale of Ip, Ip applied for 5 ms, Top = 25°C to 150°C - -1.2 - %
Erorwry |Over full scale of Ip, Ip applied for 5 ms, Top = —40°C to 25°C - 2 - %
1See Characteristic Performance Data page for parameter distributions over temperature range.
243 sigma noise voltage.
3Vog(rop) drift is referred to ideal V|qyr(q) = 2.5 V.
4Percentage of |p. Output filtered.
X050U PERFORMANCE CHARACTERISTICS': Top=-40°C to 150°C, Vcc= 5V, unless otherwise specified
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Primary Sampled Current Ip 0 - 50 A
Sensty | Full scale of Ip applied for 5 ms, Ty = 25°C - 60 - mV/A
Sensitivity Sensopyyt | Full scale of Ip applied for 5 ms, Top = 25°C to 150°C - 59 - mV/A
Sensopy.r | Full scale of Ip applied for 5 ms,Top = —40°C to 25°C - 61 - mV/A
Noise2 Vinoise | Ta= 25°C, 10 nF on VIOUT pin to GND - 15 - mV
Nonlinearity Eun Up to full scale of Ip, Ip applied for 5 ms -1 - 1 %
Vogma) |lp=0A Ty=25°C - 5 - mV
Electrical Offset Voltage3 Vogropt |Ip = 0A, Top =25°C to 150°C - +20 - mV
Vogopyt |lp=0A, Top = —40°C to 25°C - +40 - mV
Magnetic Offset Error lerrom |l = 0 A, Ty = 25°C, after excursion of 50 A - 100 - mA
Total Output Errort Erornmy |Over full scale of Ip, Ip appl?ed for 5 ms, Top = 25°C to 150°C - -1.2 - %
Erorwr) |Over full scale of Ip, Ip applied for 5 ms, Top = —40°C to 25°C - 2 - %
1See Characteristic Performance Data page for parameter distributions over temperature range.
2+3 sigma noise voltage.
3Vog(rop) drift is referred to ideal V\qyr(q) = 0.6 V.
4Percentage of Ip. Output filtered.
Allegro MicroSystems, LLC 7
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Thermally Enhanced, Fully Integrated, Hall Effect-Based
ACST758xCB Linear Current Sensor IC with 100 uQ Current Conductor

X100B PERFORMANCE CHARACTERISTICS': Top=-40°C to 150°C, V=5V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Primary Sampled Current Ip -100 - 100 A
Senst, | Full scale of Ip applied for 5 ms, Ty = 25°C - 20 - mV/A
Sensitivity Sensropynt | Full scale of I applied for 5 ms, Top = 25°C to 150°C - 19.75 - mV/A
Sensopy.r | Full scale of Ip applied for 5 ms, Top = —40°C to 25°C - 20.5 - mV/A
Noise? Vynoise | Ta=25°C, 10 nF on VIOUT pin to GND - 6 - mV
Nonlinearity E/ N Up to full scale of |p, Ip applied for 5 ms -1.25 - 1.25 %
Vogma) |lp=0A Ta=25°C - +5 - mV
Electrical Offset Voltage3 Vogropt |lp = 0A, Top = 25°C to 150°C - 120 - mV
Vogopyr |lp=0A, Top =—-40°C to 25°C - +20 - mV
Magnetic Offset Error lerrom | Ip = 0 A, Ty = 25°C, after excursion of 100 A - 150 - mA
Total Output Errort Erornm |Over full scale of Ip, Ip applied for 5 ms, Top = 25°C to 150°C - -1.3 - %
Erorwry |Over full scale of Ip, Ip applied for 5 ms, Top = —40°C to 25°C - 24 - %

1See Characteristic Performance Data page for parameter distributions over temperature range.
2+3 sigma noise voltage.

3Vog(rop) drift is referred to ideal V|qyr(q) = 2.5 V.

4Percentage of |p. Output filtered.

X100U PERFORMANCE CHARACTERISTICS': Top=-40°C to 150°C, V=5V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Primary Sampled Current Ip 0 - 100 A
Sensta | Full scale of Ip applied for 5 ms, Ty = 25°C - 40 - mV/A
Sensitivity Sensop)y7| Full scale of |p applied for 5 ms, Top = 25°C to 150°C - 39.5 - mV/A
Sensopy.r | Full scale of I applied for 5 ms, Top = -40°C to 25°C - 41 - mV/A
Noise? Vinoise | Ta=25°C, 10 nF on VIOUT pin to GND - 12 - mV
Nonlinearity ELn Up to full scale of Ip, Ip applied for 5 ms -1.25 - 1.25 %
Vogaa)y |lp=0A, Ta=25°C - +5 - mV
Electrical Offset Voltage3 VogropHt |Ip = 0A, Top =25°C to 150°C - +20 - mV
Vogropt |lIp=0A, Top =-40°C to 25°C - +20 - mV
Magnetic Offset Error lerrom |1 = 0 A, Ty = 25°C, after excursion of 100 A - 150 - mA
Total Output Errort Erorr) |Over full scale of Ip, Ip appl?ed for 5 ms, Top = 25°C to 150°C - -1.3 - %
Erorwr) |Over full scale of Ip, Ip applied for 5 ms, Top = —40°C to 25°C - 24 - %

1See Characteristic Performance Data page for parameter distributions over temperature range.
243 sigma noise voltage.

3Voe(rop) drift is referred to ideal Voyr(q) = 0.6 V.

4Percentage of Ip. Output filtered.

;ammn - Allegro MicroSystems, LLC 8
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Thermally Enhanced, Fully Integrated, Hall Effect-Based
ACST758xCB Linear Current Sensor IC with 100 uQ Current Conductor

X150B PERFORMANCE CHARACTERISTICS': Top=-40°C to 125°C, V=5V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Primary Sampled Current Ip -150 - 150 A
Sensyty | Full scale of Ip applied for 5 ms, T = 25°C - 13.3 - mV/A
Sensitivity Sensop)yyt | Full scale of Ip applied for 5 ms, Top = 25°C to 125°C - 131 - mV/A
Sensrop).t | Full scale of Ip applied for 5 ms, Top = —40°C to 25°C - 13.5 - mV/A
Noise? Vhoise | Ta=25°C, 10 nF on VIOUT pin to GND - 4 - mV
Nonlinearity ELn Up to full scale of Ip, Ip applied for 5 ms -1 - 1 %
Vogra) |lp=0A, Ta=25°C - 5 - mV
Electrical Offset Voltage3 VogmopHt |lIp = 0A, Top =25°C to 125°C - +14 - mV
Vogopr |Ip=0A, Top = —40°C to 25°C - +24 - mV
Magnetic Offset Error lerrom  |lIp = 0 A, Ty = 25°C, after excursion of 150 A - 205 - mA
Total Output Error® Erormmy |Over full scale of Ip, Ip applied for 5 ms, Top =25°C to 125°C - -1.8 - Y%
Erorry |Over full scale of Ip, Ip applied for 5 ms, Top = —40°C to 25°C - 1.6 - %

1See Characteristic Performance Data page for parameter distributions over temperature range.
2+3 sigma noise voltage.

3Vog(ror) drift is referred to ideal V oyr(q) = 2.5 V.

4Percentage of |p. Output filtered.

X150U PERFORMANCE CHARACTERISTICS': Tgp=-40°C to 125°C, V=5V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Primary Sampled Current Ip 0 - 150 A
Sensty | Full scale of Ip applied for 5 ms, Ty = 25°C - 26.6 - mV/A
Sensitivity Senstopyyt | Full scale of Ip applied for 5 ms, Top = 25°C to 125°C - 26.6 - mV/A
Senstop).t | Full scale of Ip applied for 5 ms, Top = —40°C to 25°C - 27.4 - mV/A
Noise? Vnoise | Ta= 25°C, 10 nF on VIOUT pin to GND - 8 - mV
Nonlinearity ELn Up to full scale of Ip, Ip applied for 5 ms -1 - 1 Y%
Vogma) |lp=0A, Tp=25C - 5 - mV
Electrical Offset Voltage3 VoeopHt |Ip = 0A, Top =25°C to 125°C - +14 - mV
Voeopyt |lp=0A, Top = —40°C to 25°C - 24 - mV
Magnetic Offset Error lerrom  |lIp = 0 A, Tp = 25°C, after excursion of 150 A - 205 - mA
Total Output Error® Erorr) |Over full scale of Ip, Ip appl?ed for 5 ms, Top = 25°C to 125°C - -1.8 - %
Erorwr) |Over full scale of Ip, Ip applied for 5 ms, Top = —40°C to 25°C - 1.6 - %

1See Characteristic Performance Data page for parameter distributions over temperature range.
2+3 sigma noise voltage.

3Voe(rop) drift is referred to ideal Vioyrq) = 0.6 V.

4Percentage of |p. Output filtered.
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ACS758xCB

Thermally Enhanced, Fully Integrated, Hall Effect-Based
Linear Current Sensor IC with 100 uQ Current Conductor

X200B PERFORMANCE CHARACTERISTICS!: Tgp =—-40°C to 85°C, Vcc= 5V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Primary Sampled Current Ip -200 - 200 A
Sensta | Full scale of Ip applied for 5 ms, Ty = 25°C - 10 - mV/A
Sensitivity Sensropyyt | Full scale of Ip applied for 5 ms, Top = 25°C to 85°C - 9.88 - mV/A
Sensrop)Lt | Full scale of Ip applied for 5 ms, Top = —40°C to 25°C - 10.13 - mV/A
Noise? Vhoise | Ta= 25°C, 10 nF on VIOUT pin to GND - 3 - mV
Nonlinearity ELn Up to full scale of Ip, Ip applied for 5 ms -1 - 1 %
Vogma) |lp=0A Ta=25°C - +5 - mV
Electrical Offset Voltage3 VoeopHt |Ip = 0 A, Top =25°C to 85°C - +15 - mV
Vogrop)t |lp=0A, Top =-40°C to 25°C - +25 - mV
Magnetic Offset Error lerrom | lp = 0 A, Ty = 25°C, after excursion of 200 A - 230 - mA
Total Output Errort Erornm |Over full scale of Ip, Ip appl?ed for 5 ms, Top = 25°C to 85°C - -1.2 - %
Etorry |Over full scale of Ip, Ip applied for 5 ms, Top = —40°C to 25°C - 1.2 - %
1See Characteristic Performance Data page for parameter distributions over temperature range.
243 sigma noise voltage.
3Vog(rop) drift is referred to ideal V qyrq)=2.5V.
4Percentage of Ip. Output filtered.
X200U PERFORMANCE CHARACTERISTICS': Top=-40°C to 85°C, Vcc= 5V, unless otherwise specified
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Primary Sampled Current Ip 0 - 200 A
Sensta | Full scale of Ip applied for 5 ms, Ty = 25°C - 20 - mV/A
Sensitivity Sensrop)y7| Full scale of | applied for 5 ms, Top = 25°C to 85°C - 19.7 - mV/A
Sensopy.r | Full scale of I applied for 5 ms, Top = -40°C to 25°C - 20.3 - mV/A
Noise? Vinoise | Ta=25°C, 10 nF on VIOUT pin to GND - 6 - mV
Nonlinearity ELn Up to full scale of Ip, Ip applied for 5 ms -1 - 1 %
Vogaa)y |lp=0A, Ta=25°C - +5 - mV
Electrical Offset Voltage3 VogropHt |Ip = 0A, Top =25°C to 85°C - +20 - mV
Vogropt |lIp=0A, Top =-40°C to 25°C - +35 - mV
Magnetic Offset Error lerrom | lp = 0 A, Ty = 25°C, after excursion of 200 A - 230 - mA
Total Output Errort Erornmy |Over full scale of Ip, Ip appl?ed for 5 ms, Top = 25°C to 85°C - -1.2 - %
Erorwr) |Over full scale of Ip, Ip applied for 5 ms, Top = —40°C to 25°C - 1.2 - %
1See Characteristic Performance Data page for parameter distributions over temperature range.
243 sigma noise voltage.
3Voe(rop) drift is referred to ideal Voyrq) = 0.6 V.
4Percentage of Ip. Output filtered.
Allegro MicroSystems, LLC 1 O
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Thermally Enhanced, Fully Integrated, Hall Effect-Based
Linear Current Sensor IC with 100 uQ Current Conductor

ACS758xCB

CHARACTERISTIC PERFORMANCE DATA
Data taken using the ACS758LCB-50B

Accuracy Data

Electrical Offset Voltage versus Ambient Temperature Sensitivity versus Ambient Temperature
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ACS758xCB

Thermally Enhanced, Fully Integrated, Hall Effect-Based

Linear Current Sensor IC with 100 uQ Current Conductor

CHARACTERISTIC PERFORMANCE DATA
Data taken using the ACS758LCB-100B

Accuracy Data
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ACS758xCB

Thermally Enhanced, Fully Integrated, Hall Effect-Based
Linear Current Sensor IC with 100 uQ Current Conductor

CHARACTERISTIC PERFORMANCE DATA
Data taken using the ACS758KCB-150B

Accuracy Data

VoE (mV)

ELin (%)

IerrOM (MA)

Electrical Offset Voltage versus Ambient Temperature

Sensitivity versus Ambient Temperature
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ACS758xCB

Thermally Enhanced, Fully Integrated, Hall Effect-Based
Linear Current Sensor IC with 100 uQ Current Conductor

CHARACTERISTIC PERFORMANCE DATA
Data taken using the ACS758ECB-200B

Accuracy Data

VoE (mV)

ELin (%)

IerrOM (MA)
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Thermally Enhanced, Fully Integrated, Hall Effect-Based
ACST758xCB Linear Current Sensor IC with 100 uQ Current Conductor

CHARACTERISTIC PERFORMANCE DATA
Data taken using the ACS758LCB-100B

Timing Data

Rise Time Propagation Delay Time
N Ip (20 A/div.) T Ip (20 A/div.)
pr—t = A "
d T T
/ < / -
/ 1 Viour (0.5 V/div.) T Viout (0.5 V/div.)
L Pi Vi

LN B S I B N B B

2.988 us 997 ns
t (2 ps/div.) t (2 ps/div.)
Response Time Power-on Delay
: - e
F Vee
© o Adiv) |
/] T
/ .. .
- Viour (0.5 Vidiv.) +
r 9.034us T
'::::::::‘y/:: t L6 P A 2 e
" !\‘"‘ . J/‘\\h/ Viour (1 Vidiv.) _|
! . + (Ip = 60 A DC)
3.960 us L f T
C / S T
t (2 ps/div.) t (2 ps/div.)
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ACS758xCB

Thermally Enhanced, Fully Integrated, Hall Effect-Based

Linear Current Sensor IC with 100 uQ Current Conductor

CHARACTERISTIC DEFINITIONS

Definitions of Accuracy Characteristics

Sensitivity (Sens). The change in device output in response to a
1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear
IC amplifier gain (mV/G). The linear IC amplifier gain is pro-
grammed at the factory to optimize the sensitivity (mV/A) for the

half-scale current of the device.

Noise (Vnoisg)- The noise floor is derived from the thermal and
shot noise observed in Hall elements. Dividing the noise (mV)
by the sensitivity (mV/A) provides the smallest current that the
device is able to resolve.

Nonlinearity (Ep ;). The degree to which the voltage output
from the IC varies in direct proportion to the primary current
through its half-scale amplitude. Nonlinearity in the output can be
attributed to the saturation of the flux concentrator approaching
the half-scale current. The following equation is used to derive
the linearity:

100 {1—

A gain X % sat (Viout_half-scale amperes —¥10UT(Q)) }

2 (Mout_quarter-scale amperes — V1ouT(Q) )
where

A gain = the gain variation as a function of temperature changes
from 25°C,

% sat = the percentage of saturation of the flux concentra-

tor, which becomes significant as the current being sampled
approaches half-scale +Ip,, and

VIoUT halfscale amperes = the output voltage (V) when the sampled
current approximates half-scale £Ip.

Symmetry (Egyy). The degree to which the absolute voltage
output from the IC varies in proportion to either a positive or
negative half-scale primary current. The following equation is
used to derive symmetry:

100 VIOUTj— half-scale amperes _VIOUT(Q))

VioutQ) — VIOUTifhalf-scale amperes

Ratiometry. The device features a ratiometric output. This
means that the quiescent voltage output, Vigy1q, and the mag-
netic sensitivity, Sens, are proportional to the supply voltage, Vc.

The ratiometric change (%) in the quiescent voltage output is
defined as:

Vioutavee) / ViouTasy)
Vee / 5V

AVioutqav) = x 100%

and the ratiometric change (%) in sensitivity is defined as:

Sens(yee) / Senssv)
Vee / 5V

Quiescent output voltage (Vigyr(qg))- Quiescent output voltage
(Viout(Q))- The output of the device when the primary current is
zero. For bidirectional devices, it nominally remains at V¢ /2.
Thus, Ve =5V translates into Vigyrgpr = 2.5 V. For unidirec-
tional devices, it nominally remains at 0.12 X V. Thus, V¢
=5V translates into VioyrQunr) = 0.6 V. Variation in Vigyr(q)
can be attributed to the resolution of the Allegro linear IC quies-
cent voltage trim, magnetic hysteresis, and thermal drift.

ASCHS(A\/) =

x 100%

Electrical offset voltage (V). The deviation of the device out-
put from its ideal quiescent value of V/2 for bidirectional and
0.1 % V¢ for unidirectional devices, due to nonmagnetic causes.

Magnetic offset error (Izgron)- The magnetic offset is due to
the residual magnetism (remnant field) of the core material. The
magnetic offset error is highest when the magnetic circuit has
been saturated, usually when the device has been subjected to a
full-scale or high-current overload condition. The magnetic offset
is largely dependent on the material used as a flux concentrator.
The larger magnetic offsets are observed at the lower operating
temperatures.

Total Output Error (Epgy). The maximum deviation of the
actual output from its ideal value, also referred to as accuracy,
illustrated graphically in the output voltage versus current chart
on the following page.

Erot is divided into four areas:

e 0 A at 25°C. Accuracy at the zero current flow at 25°C,
without the effects of temperature.

* 0 A over A temperature. Accuracy at the zero current flow
including temperature effects.

e Half-scale current at 25°C. Accuracy at the the half-scale
current at 25°C, without the effects of temperature.

e Half-scale current over A temperature. Accuracy at the half-
scale current flow including temperature effects.

Allegro MicroSystems, LLC 1 6
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Thermally Enhanced, Fully Integrated, Hall Effect-Based

ACS758xCB

Linear Current Sensor IC with 100 uQ Current Conductor

Definitions of Dynamic Response Characteristics
Power-On Time (tpg). When the supply is ramped to its operat-
ing voltage, the device requires a finite time to power its internal
components before responding to an input magnetic field.

Power-On Time, tpq , is defined as the time it takes for the output
voltage to settle within £10% of its steady state value under an
applied magnetic field, after the power supply has reached its
minimum specified operating voltage, Vc(min), as shown in the

chart at right.
Rise time (t,.). The time interval between a) when the device

reaches 10% of its full scale value, and b) when it reaches 90%
of its full scale value. The rise time to a step response is used to
derive the bandwidth of the device, in which f(-3 dB) = 0.35/t..
Both t. and trpgponsg are detrimentally affected by eddy current

T
losses observed in the conductive IC ground plane

Primary Current

Transducer Output

T [ Rise Time, t;

Propagation delay (tprop)- The time required for the device
output to reflect a change in the primary current signal. Propaga-
tion delay is attributed to inductive loading within the linear IC
package, as well as in the inductive loop formed by the primary
conductor geometry. Propagation delay can be considered as a

fixed time offset and may be compensated

Primary Current

1(%)

Transducer Output

0

|
[+~ Propagation Time, tpeqp

\
V,
Veeltyp)— +— — —',--C-C- R ———
! Vour
90% VOUT_ _—— _ll_ J— J—
{
H
1
]
1
I‘
Vee(ming) —— 1
! tro
s t

t,= time at which power supply reaches
minimum specified operating voltage

within £10% of its steady state value

1

T

I

1

1

1

/

'.' t,= time at which output voltage setiles
," under an applied magnetic field
1]

+t

Output Voltage versus Sampled Current
Total Output Error at 0 A and at Half-Scale Current

Accuracy
Over ATemp erature

A
Increasing V,q,,(V)

Accuracy
25°C Only

Average

Bidirectional

Viour
Accuracy
Over ATemp erature ’t
Accuracy
25°C Only
Ip(min)
< . >
+, (A)
g
Ip(max)

Half Scale

0A

Decreasing V,,,(V)

Accuracy
25°C Only

Accuracy
Over ATemp erature

Increasing V,oy,(V)

Accuracy
f Over ATemp erature

Accuracy
25°C Only

Average
Viour

Unidirectional

Accuracy
Over ATemp erature ’i

Accuracy.
25°C Only

Full Scale
Ip(max)

0A
Decreasing Vo,(V)
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ACS758xCB

Thermally Enhanced, Fully Integrated, Hall Effect-Based

Linear Current Sensor IC with 100 uQ Current Conductor

Chopper Stabilization Technique

Chopper Stabilization is an innovative circuit technique that is
used to minimize the offset voltage of a Hall element and an asso-
ciated on-chip amplifier. Allegro patented a Chopper Stabiliza-
tion technique that nearly eliminates Hall IC output drift induced
by temperature or package stress effects.

This offset reduction technique is based on a signal modulation-
demodulation process. Modulation is used to separate the unde-
sired DC offset signal from the magnetically induced signal in the
frequency domain. Then, using a low-pass filter, the modulated
DC offset is suppressed while the magnetically induced signal
passes through the filter. The anti-aliasing filter prevents aliasing
from happening in applications with high frequency signal com-

Regulator

Hall Element

ponents which are beyond the user’s frequency range of interest.

As aresult of this chopper stabilization approach, the output
voltage from the Hall IC is desensitized to the effects of tempera-
ture and mechanical stress. This technique produces devices that
have an extremely stable Electrical Offset Voltage, are immune to
thermal stress, and have precise recoverability after temperature
cycling.

This technique is made possible through the use of a BICMOS
process that allows the use of low-offset and low-noise amplifiers
in combination with high-density logic integration and sample
and hold circuits.

Clock/Logic

|

Low-Pass
Filter

X

>
Am> %
- —

Anti-aliasing
Filter
Sample and
Hold

Concept of Chopper Stabilization Technique
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ACS758xCB

Thermally Enhanced, Fully Integrated, Hall Effect-Based

Linear Current Sensor IC with 100 uQ Current Conductor

PACKAGE OUTLINE DRAWING

For Reference Only — Not for Tooling Use
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Package CB, 5-pin Package, Leadform PFF
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Thermally Enhanced, Fully Integrated, Hall Effect-Based
ACST758xCB Linear Current Sensor IC with 100 uQ Current Conductor

For Reference Only — Not for Tooling Use
(Reference DWG-9111, DWG-9110)
Dimensions in millimeters - NOT TO SCALE
Dimensions exclusive of mold flash, gate burs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown
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Thermally Enhanced, Fully Integrated, Hall Effect-Based
ACST758xCB Linear Current Sensor IC with 100 uQ Current Conductor

For Reference Only — Not for Tooling Use

(Reference DWG-9111, DWG-9110)
Dimensions in millimeters - NOT TO SCALE
Dimensions exclusive of mold flash, gate burs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown
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Thermally Enhanced, Fully Integrated, Hall Effect-Based
ACST758xCB Linear Current Sensor IC with 100 uQ Current Conductor
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The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, LLC assumes no responsibility for its
use; nor for any infringement of patents or other rights of third parties which may result from its use.
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SIEMENS

Data sheet 3NC2200-0MK

SITOR cylindrical fuse link, 22x58 mm, 100 A, gR, Un AC: 690 V, Un DC:
250 V

product brand name SENTRON
product designation SITOR cylindrical fuse link
operating class of the fuse link gR
size of the fuse link 22x58 mm
type of voltage / of the operating voltage AC
supply voltage / at DC 250 V
operating voltage / rated value 690 V
operational current / at AC / rated value 100 A
Main circwit |
operational current / rated value 100 A
product component / striker No
mounting position Any, preferably vertical
net weight 56 g

General Product Approval
Miscellaneous E H [

Further information

Information- and Downloadcenter (Catalogs, Brochures,...)
http://www.siemens.com/lowvoltage/catalogs

Industry Mall (Online ordering system)
https://mall.industry.siemens.com/mall/en/en/Catalog/product?mlfb=3NC2200-0MK
Service&Support (Manuals, Certificates, Characteristics, FAQs,...)
https://support.industry.siemens.com/cs/ww/en/ps/3NC2200-0MK

Image database (product images, 2D dimension drawings, 3D models, device circuit diagrams, ...)
http://www.automation.siemens.com/bilddb/cax_en.aspx?mlifb=3NC2200-0MK
CAXx-Online-Generator

http://www.siemens.com/cax

Tender specifications

http://www.siemens.com/specifications

3NC22000MK 6.11.2021 Subject to change without notice
Page 1/2 T © Copyright Siemens


https://www.automation.siemens.com/bilddb/index.aspx?objKey=P_NSE0_XX_00541
https://support.industry.siemens.com/cs/WW/en/ps/3NC2200-0MK/Certificate?ct=439&ci=502&cao=591
https://support.industry.siemens.com/cs/WW/en/ps/3NC2200-0MK/Certificate?ct=439&ci=3020&cao=4488
http://www.siemens.com/lowvoltage/catalogs
https://mall.industry.siemens.com/mall/en/en/Catalog/product?mlfb=3NC2200-0MK
https://support.industry.siemens.com/cs/ww/en/ps/3NC2200-0MK
http://www.automation.siemens.com/bilddb/cax_en.aspx?mlfb=3NC2200-0MK
http://www.siemens.com/cax
http://www.siemens.com/specifications
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Controlled Capacitance
Multilayer Varistor

TAV/AS

GENERAL
CHARACTERISTICS
e Operating Teperature: -55°C to +125°C
e \Working Voltage: 22, 26Vdc
e Case Size: 0603

size.

FEATURES

e Single Chip Solution

¢ Tageted EMI/RFI Filtering

e 20dB Range for tiltering purposes

e Improves system EMC performance

GENERAL DESCRIPTION

The Controlled Capacitance TransGuard is an application specific bi-
directional transient voltage suppressor developed for use in mixed signal
environments. The Controlled Cap MLV has three purposes: 1) reduce
emissions from a high speed ASIC, 2) prevent induced E fields from
conducting into the IC, and 3) clamp transient voltages

By controlling capacitance of the MLV, the center frequency and 20db
range for filtering purposes can be targeted. A Controlled Cap MLV can
greatly improve overall system EMC performance and reduce system

APPLICATIONS

e EMI TVS Module Control
e High Speed ASICS

e Mixed Signal Environment
® Sensors

s

e Very fast response to ESD e and more
e 25kV ESD
RoHS
HOW TO ORDER COMPLIANT
VCAC 0603 A 470 N R P
Varistor Chip Chip Size Working Energy Capacitance Tolerance Packaging Termination
Automotive 0402 Voltage  Rating 330 = 33pF N=+30% R=4kpcs P = Ni Barrier/
Capacitance 0603 09=9V  X=005J 380=38pF M=2120% D =7"reel (1,000 pcs) 100% Sn (matte)
17=17V. A=01J 470 =47pF R = 7" reel (4,000 pcs)
22=22V B=02J 820 = 82pF T =13"reel (10,000 pcs)
26=26V C=0.3J 102 = 1000pF W = 7" Reel (10,000 pcs
30 = 30V 0402 only)
AVX Part Number Vw(DC) | Vw(AC) Ve Ve I Er Ip Cap Cap C?SE
Tolerance Size
VCAC060309B102N 9.0 6.4 12.7+15% 22 25 0.2 120 1000 +30% 0603
VCAC060317X330M 17 12 27+20% 52 10 0.05 2 33 +20% 0603
VCAC060322A470N 22 17 32.5£25% 50 10 0.1 30 47 30% 0603
VCAC060326C820M 26 20 36.0£15% 67 10 0.3 30 82 20% 0603
VCAC040230X380N 30 21 41+10% 67 5) 0.05 10 38 +30% 0402
Vi(DC) DC Working Voltage [V] I Maximum leakage current at the working voltage [UA]
VW(AC)  AC Working Voltage [V] E; Transient Energy Rating [J, 10x1000uS]
Vg Breakdown Votage [V @ 1TmAy] s Peak Current Rating [A, 8x20uS]
Ve Clamping Votage [V @ 1A] Cap Capacitance [pF] @ 1KHz specified and 0.5Vgys
0603 Discrete Dimensions mm (inches)
Size (EIA) Length (L) Width (W) Max Thickness (T) Land Length (t) L)\ /{\Wy
T 1.000.10 0.50£0.10 0.60 0.25+0.15 ~
(0.040+0.004) (0.020+0.004) (0.024) (0.010+0.006) T
- 1.60+0.15 0.80£0.15 0.90 0.3540.15
(0.063+0.006) (0.081+0.006) (0.035) (0.014+0.006)
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Industry-Standard Dual Operational Amplifiers
1 Features 3 Description

Wide supply range of 3 V to 36 V (B version)
Quiescent current: 300 pA per amplifier (B version,
typical)

Unity-gain bandwidth of 1.2 MHz (B version)
Common-mode input voltage range includes
ground, enabling direct sensing near ground

Low input offset voltage of 3 mV at 25°C (A and B
versions, maximum)

Internal RF and EMI filter (B version)

On products compliant to MIL-PRF-38535, all
parameters are tested unless otherwise noted. On
all other products, production processing does not
necessarily include testing of all parameters.

2 Applications

Merchant network and server power supply units
Multi-function printers

Power supplies and mobile chargers

Motor control: AC induction, brushed DC,
brushless DC, high-voltage, low-voltage,
permanent magnet, and stepper motor

Desktop PC and motherboard

Indoor and outdoor air conditioners

Washers, dryers, and refrigerators

AC inverters, string inverters, central inverters, and
voltage frequency drives

Uninterruptible power supplies
Programmable logic controllers
Electronic point-of-sale systems

Re

Wy

RG
JT—/\N\l

R, ——0O Vour

Vin O

VOUT

VIN

AN l

C1
1 o
- -8dB ™ 27R,C,

Re

Re 1
Rg ) (1 + sR,C,

(- )

Single-Pole, Low-Pass Filter

The LM358B and LM2904B devices are the next-
generation versions of the industry-standard
operational amplifiers (op amps) LM358 and LM2904,
which include two high-voltage (36-V) op amps.
These devices provide outstanding value for cost-
sensitive applications, with features including low
offset (300 uV, typical), common-mode input range to
ground, and high differential input voltage capability.

The LM358B and LM2904B op amps simplify circuit
design with enhanced features such as unity-gain
stability, lower offset voltage of 3 mV (maximum at
room temperature), and lower quiescent current of
300 pA per amplifier (typical). High ESD (2 kV, HBM)
and integrated EMI and RF filters enable the LM358B
and LM2904B devices to be used in the most rugged,
environmentally challenging applications.

The LM358B and LM2904B amplifiers are available in
micro-sized packaging, such as the SOT23-8 , as well
as industry standard packages, including SOIC,
TSSOP, and VSSOP.

Device Information

PART NUMBER(") PACKAGE | BODY SIZE (NOM)
LM358B, LM2904B, LM358,
LM358A, LM2904, SOIC (8)  |4.90 mm x 3.90 mm
LM2904V, LM258, LM258A
LM358B, LM2904B, LM358,
LM358A, LM2904, TSSOP (8) |3.00 mm x 4.40 mm
LM2490V
LM358B, LM2904B, LM358,
LM358A, LM2904, VSSOP (8) |3.00 mm x 3.00 mm
LM2904V, LM258, LM258A
LM358B(2), LM2904B(2) SOT-23 (8) |2.90 mm x 1.60 mm
LM358, LM2904 SO (8) 5.20 mm x 5.30 mm
LM358, LM2904, LM358A,
LM258, LM258A PDIP(8)  |9.81 mm x 6.35 mm
LM158, LM158A CDIP(8)  |9.60 mm x 6.67 mm
LM158, LM158A LCCC (20) [8.89 mm x 8.89 mm

M

For all available packages, see the orderable addendum at
the end of the data sheet.

Package is for preview only.

(2

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

DATA.


https://www.ti.com/solution/merchant-network-server-psu
https://www.ti.com/solution/multifunction-printer
https://www.ti.com/solution/mobile-wall-charger-design
https://www.ti.com/applications/industrial/motor-drives/overview.html
https://www.ti.com/applications/industrial/motor-drives/overview.html
https://www.ti.com/applications/industrial/motor-drives/overview.html
https://www.ti.com/applications/personal-electronics/pc-notebooks/overview.html
https://www.ti.com/solution/air-conditioner-indoor-unit
https://www.ti.com/solution/washer-dryer
https://www.ti.com/solution/central-inverter
https://www.ti.com/solution/central-inverter
https://www.ti.com/applications/industrial/power-delivery/overview.html
https://www.ti.com/solution/cpu-plc-controller
https://www.ti.com/applications/industrial/epos/overview.html
https://www.ti.com
https://www.ti.com/product/LM158
https://www.ti.com/product/LM158A
https://www.ti.com/product/LM258
https://www.ti.com/product/LM258A
https://www.ti.com/product/LM358
https://www.ti.com/product/LM358A
https://www.ti.com/product/LM358B
https://www.ti.com/product/LM358BA
https://www.ti.com/product/LM2904
https://www.ti.com/product/LM2904B
https://www.ti.com/product/LM2904BA
https://www.ti.com/product/LM2904V
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLOS068Y&partnum=LM158
https://www.ti.com/product/lm158?qgpn=lm158
https://www.ti.com/product/lm158a?qgpn=lm158a
https://www.ti.com/product/lm258?qgpn=lm258
https://www.ti.com/product/lm258a?qgpn=lm258a
https://www.ti.com/product/lm358?qgpn=lm358
https://www.ti.com/product/lm358a?qgpn=lm358a
https://www.ti.com/product/lm358b?qgpn=lm358b
https://www.ti.com/product/lm358ba?qgpn=lm358ba
https://www.ti.com/product/lm2904?qgpn=lm2904
https://www.ti.com/product/lm2904b?qgpn=lm2904b
https://www.ti.com/product/lm2904ba?qgpn=lm2904ba
https://www.ti.com/product/lm2904v?qgpn=lm2904v
https://www.ti.com/product/LM158
https://www.ti.com/product/LM158A
https://www.ti.com/product/LM258
https://www.ti.com/product/LM258A
https://www.ti.com/product/LM358
https://www.ti.com/product/LM358A
https://www.ti.com/product/LM358B
https://www.ti.com/product/LM358BA
https://www.ti.com/product/LM2904
https://www.ti.com/product/LM2904B
https://www.ti.com/product/LM2904BA
https://www.ti.com/product/LM2904V

LM158, LM158A, LM258, LM258A I3 TEXAS
LM358, LM358A, LM358B, LM358BA, LM2904, LM2904B, LM2904BA, LM2904V INSTRUMENTS
SLOS068Y — JUNE 1976 — REVISED FEBRUARY 2021 www.ti.com
Table of Contents
TFEAtUreS.........ooiii 1 9 Detailed Description..............ccoceiiiiiiii 27
2 Applications.............ccooiiiiiiii 1 9.1 OVEIVIEW.....coiiiiiiiiie ettt 27
3Description............ooiiii e 1 9.2 Functional Block Diagram: LM358B, LM358BA,
4 Revision History.............cccoooiiiiiiiiii e 2 LM2904B, LM2904BA.......cccooeiiiiiiieeee e 27
5 Device Comparison Table...............ccccoooiiiiiiiiniiii, 4 9.3 Feature Description..........ccccvovieeeiiiieiniecc e 28
6 Pin Configuration and Functions....................c.ccccoe. 5 9.4 Device Functional Modes...........ccoccvveriiiiiniiecinieenns 28
7 Specifications...........c.ccccooiiiiiiii 6 10 Application and Implementation................................ 29
7.1 Absolute Maximum Ratings.........cccocoveviieiinieeeiienee 6 10.1 Application Information............ccccoceeeniiiiiieceninenn. 29
7.2 ESD RatiNgS....cciiiiiiiiiii et 6 10.2 Typical Application..........cccoceeeiiiiiniieee 29
7.3 Recommended Operating Conditions............cccccovee.. 7 11 Power Supply Recommendations.............................. 30
7.4 Thermal Information...........ccooeviiiinieei e 7 12 LaYOUL.......ooiiiiiie e 30
7.5 Electrical Characteristics: LM358B and LM358BA..... 8 12.1 Layout Guidelines.........ccccooveeiiiiiiiiiee e 30
7.6 Electrical Characteristics: LM2904B and 12.2 Layout EXamples.........ccoocviiiiieiiiiieieicc e 31
LIM2904BA.... ..o 10 13 Device and Documentation Support.......................... 32
7.7 Electrical Characteristics: LM358, LM358A.............. 12 13.1 Related LiNKS......c.ccooviiiiiiiiieeee e 32
7.8 Electrical Characteristics: LM2904, LM2904V.......... 13 13.2 Receiving Notification of Documentation Updates..32
7.9 Electrical Characteristics: LM158, LM158A.............. 14 13.3 Support RESOUrCES.........cooviieeiiiieeee e 32
7.10 Electrical Characteristics: LM258, LM258A............ 16 13.4 Trad@marksS........uueeeeeeeeeeieeeeeee e 32
7.11 Typical Characteristics: LM358B and LM2904B..... 17 13.5 Electrostatic Discharge Caution...............ccccevineens 32
7.12 Typical Characteristics: LM158, LM158A, 13.6 GlOSSANY...ccuviieiiiieeet e 32
LM258, LM258A, LM358, LM358A, LM2904, and 14 Mechanical, Packaging, and Orderable
LIM2904V ...ttt 24 Information...............ccco i 33
8 Parameter Measurement Information......................... 26

4 Revision History

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision X (June 2020) to Revision Y (February 2021) Page
» Updated the numbering format for tables, figures, and cross-references throughout the document.................. 1
* Added SOT23-8 (DDF) package information throughout data sheet..............cccovviiiiiiii i, 1
» Deleted preview tag from LM358B and LM2904B VSSOP (8) package in Device Information table................. 1
* Added SOT23-8 (DDF) package information to Device Comparison Table ..............cccccceieiiiiiiiiiiiiiiiiiinaaaaaeenn. 4
* Added SOT23-8 (DDF) package information to the Pin Configuration and Functions section........................... 5
* Added DDF (SOT-23) package to the Thermal Information table...............c.ccoooiiiiiiiiiii e 7
Changes from Revision W (October 2019) to Revision X (June 2020) Page
* Added application links to Applications SECHON..........cooii it e e e e e e e e e e 1
* Deleted preview tag from LM358B and LM2904B TSSOP (8) package in Device Information table ................ 1
Changes from Revision V (September 2018) to Revision W (October 2019) Page
» Added specification in the Device CompariSON TADIE ................oooo i 4
* Changed CDM ESD rating for LM358B and LM2904B in ESD RatiNgs .......cccuuiuueiiiiiiiiiiae e 6
» Changed Vg to V+ in Recommended Operating Conditions ..............ccuueeeeieieeeiiiiccciiieeeeee e e e 7
» Changed Thermal Information for the LM158FK and LM158JG deViCes............coccuviveeiiiiiiee e 7
* Added Typical Characteristics section for the LM358B and LM2490B 0p amps........ccoviiiiiiiiiiiiiiieeeee e 17
» Added test circuit for THD+N and small-signal step response, G = —1 in the Parameter Measurement

] (0 1= 11 () g I <1< o1 1 1o o VR 26
* Changed the Functional BIOCK DIiagram ...........ccccuuiiiiiiiiiei ettt s e e e e e e e e e e e s e s ra e e e e eaaaeeeas 27

2 Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: LM158 LM158A LM258 LM258A LM358 LM358A LM358B LM358BA LM2904 LM2904B
LM2904BA LM2904V


https://www.ti.com/product/LM158
https://www.ti.com/product/LM158A
https://www.ti.com/product/LM258
https://www.ti.com/product/LM258A
https://www.ti.com/product/LM358
https://www.ti.com/product/LM358A
https://www.ti.com/product/LM358B
https://www.ti.com/product/LM358BA
https://www.ti.com/product/LM2904
https://www.ti.com/product/LM2904B
https://www.ti.com/product/LM2904BA
https://www.ti.com/product/LM2904V
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLOS068Y&partnum=LM158
https://www.ti.com/product/lm158?qgpn=lm158
https://www.ti.com/product/lm158a?qgpn=lm158a
https://www.ti.com/product/lm258?qgpn=lm258
https://www.ti.com/product/lm258a?qgpn=lm258a
https://www.ti.com/product/lm358?qgpn=lm358
https://www.ti.com/product/lm358a?qgpn=lm358a
https://www.ti.com/product/lm358b?qgpn=lm358b
https://www.ti.com/product/lm358ba?qgpn=lm358ba
https://www.ti.com/product/lm2904?qgpn=lm2904
https://www.ti.com/product/lm2904b?qgpn=lm2904b
https://www.ti.com/product/lm2904ba?qgpn=lm2904ba
https://www.ti.com/product/lm2904v?qgpn=lm2904v

I} TEXAS LM158, LM158A, LM258, LM258A
INSTRUMENTS LM358, LM358A, LM358B, LM358BA, LM2904, LM2904B, LM2904BA, LM2904V
www.ti.com SLOS068Y — JUNE 1976 — REVISED FEBRUARY 2021
» Deleted preview designator from LM358B and LM2904B in the Related Links section............ccccccceeeveneeennn. 32
Changes from Revision U (January 2017) to Revision V (September 2018) Page
e Changed the data Sheet title ..........ooo i e e e e 1
* Changed first four items in the Features SECHON .............ooi i 1
» Changed the first item in the Applications section and added four Nnew items ............ccccoevviiiiiiiiiiieece e, 1
» Changed voltage values in the first paragraph of the Description SeCtion............cccccceveiiiiee i 1
* Changed text in the second paragraph of the Description SECON............cooiiiiiiiiii e, 1
* Added devices LM358B and LM2904B t0 data Sheet..........cooeeeiiiiiiiiiee e 1
» Changed the first three rows of the Device Information table and added a a cross-referenced note for
PREVIEW-STAIUS EVICES......eeeeeiiiiiii ittt ettt et e e e e e e s s s s bbb e e e e e et e e e e e e saaannnenreees 1
o Added Device ComPAariSON TADIE ..............cooiii ittt e e e e e e e e e e e e e e e e a e e e e aaaeeeaaaanns 4
* Added a table note to the Pin FUNCHONS 1aDIE .........ooo e e e 5
» Changed "free-air temperature" to "ambient temperature" in the Absolute Maximum Ratings condition
5] 1= (=T 0T 0 PSP 6
+ Changed all entries in the Absolute Maximum Ratings table except Ty and Tgtg ....coovevivieiiiininiiiiniiiic 6
» Deleted lead temperature and case temperature from Absolute Maximum Ratings ............cccoovveeeeeeeeeeecieecnn, 6
« Changed device listings and their voltage values in the ESD Ratings table ..........ccccoeiiiiiiiiiiiieeeee 6
* Changed "free-air temperature" to "ambient temperature" in the Recommended Operating Conditions
FoTo ] o 1170 TS F=1 (=Y 14T o | (PR 7
» Changed table entries for all parameters in the Recommended Operating Conditions table............................. 7
* Added rows to the Thermal Information table, and a table note regarding device-package combinations ....... 7
* Deleted the Operating ConditionS 1aDIE............cooiiiiiii i 16
» Added a condition statement to the Typical Characteristics SECHON............ccoiiiicciiiiiiiie e 24
» Changed specific voltages to a Recommended Operating Conditions reference...........ccccccvveeeeeiiecccccinivennnnn. 27
* Changed unity-gain bandwidth from 0.7 MHz for all devices to 1.2 MHz for B-version devices...................... 28
* Changed slew rate from.3 V/us for all devices to 0.5 V/us for B-version devices..........ccccccvveeiiiiiiiiiiiiiiieeeenn. 28
* Changed the Section 9.3.3 section in multiple places throughout...............coooii e 28
* Changed Vi 10 Vg in the Section 10.7 SECHON ........uviiiiiiiieee et r e e e e e e e e s rereeeaaaee s 29
» Subscripted the sUffiXes fro Rj @NA RE ...ooooiiiii e e e e e e e e 29
« Changed Operational Amplifier Board Layout for Noninverting Configuration with an image that includes a
Lo [UE=1 o o 1= 0 o] o J SRR 31
» Added Preview designation to the LM358B and LM2904B devices in Table 13-1 ..........oooiiiiiiiiieeeeee s 32
Changes from Revision T (April 2015) to Revision U () Page
o Changed data SNEET HItlE...........coiiiiee e e e e e e e e e e e e e e e e e e et a e e aaaaeaeas 1
Changes from Revision S (January 2014) to Revision T (April 2015) Page

» Added Applications section, ESD Ratings table, Feature Description section, Device Functional Modes,
Application and Implementation section, Power Supply Recommendations section, Layout section, Device

and Documentation Support section, and Mechanical, Packaging, and Orderable Information section ........... 1
Changes from Revision R (July 2010) to Revision S (Jauary 2014) Page
» Converted this data sheet from the QS format to DocZone using the PDF on the web.............ccccocoiiiien. 1
* Deleted Ordering INformation tabIE................coiiuiiiii it et e e e st e e e s st e e e s snteeeeeeannsaeeaeans 1
* Updated Features to include Military DiSCIAIMET............oiuiiiiiiiiiii e 1
* Added Typical CharacteriStiCS SECHON. ......c.coiiuiiiii e e e e rabeeee e 24
Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 3

Product Folder Links: LM158 LM158A LM258 LM258A LM358 LM358A LM358B LM358BA LM2904 LM2904B
LM2904BA LM2904V


https://www.ti.com
https://www.ti.com/product/LM158
https://www.ti.com/product/LM158A
https://www.ti.com/product/LM258
https://www.ti.com/product/LM258A
https://www.ti.com/product/LM358
https://www.ti.com/product/LM358A
https://www.ti.com/product/LM358B
https://www.ti.com/product/LM358BA
https://www.ti.com/product/LM2904
https://www.ti.com/product/LM2904B
https://www.ti.com/product/LM2904BA
https://www.ti.com/product/LM2904V
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLOS068Y&partnum=LM158
https://www.ti.com/product/lm158?qgpn=lm158
https://www.ti.com/product/lm158a?qgpn=lm158a
https://www.ti.com/product/lm258?qgpn=lm258
https://www.ti.com/product/lm258a?qgpn=lm258a
https://www.ti.com/product/lm358?qgpn=lm358
https://www.ti.com/product/lm358a?qgpn=lm358a
https://www.ti.com/product/lm358b?qgpn=lm358b
https://www.ti.com/product/lm358ba?qgpn=lm358ba
https://www.ti.com/product/lm2904?qgpn=lm2904
https://www.ti.com/product/lm2904b?qgpn=lm2904b
https://www.ti.com/product/lm2904ba?qgpn=lm2904ba
https://www.ti.com/product/lm2904v?qgpn=lm2904v

LM158, LM158A, LM258, LM258A

LM358, LM358A, LM358B, LM358BA, LM2904, LM2904B, LM2904BA, LM2904V
SLOS068Y — JUNE 1976 — REVISED FEBRUARY 2021

13 TEXAS
INSTRUMENTS

www.ti.com

5 Device Comparison Table

PART NUMBER VS(;JLE’I_:IE:E TEM;EE&\EURE Vos/_\('pnzA;SgUM lo/CH (2'I;Y°(F;I)CAL AT INTE?:ﬁ_I'\rLiD EMI PACKAGE
LM358B 3V-36V —40°C to 85°C 3mVv 300 pA Yes D, DDF, DGK, PW
LM2904B 3V-36V —40°C to 125°C 3mV 300 pA Yes D, DDF, DGK, PW

LM358 3V-32V 0°C to 70°C 7mV 350 pA No D, PW, DGK, P, PS
LM2904 3V-26V —40°C to 125°C 7mV 350 pA No D, PW, DGK, P, PS
LM358A 3V-32V 0°Cto 70°C 3mVv 350 pA No D, PW, DGK, P
LM2904V 3V-32V —40°C to 125°C 7mV 350 pA No D, PW

LM158 3V-32V -55°C to 125°C 5mVv 350 pA No JG, FK
LM158A 3V-32V -55°C to 125°C 3mVv 350 pA No JG, FK

LM258 3V-32V —25°C to 85°C 5mV 350 pA No D, DGK, P
LM258A 3V-32V —25°C to 85°C 3mV 350 pA No D, DGK, P
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6 Pin Configuration and Functions
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Figure 6-1. D, DDF, DGK, P, PS, PW, and JG ne |7 s 14177 ne
Package o - -
8-Pin SOIC, SOT23-8, VSSOP, PDIP, SO, TSSOP, > T ”
NN
and CPIP \ | ! | ! | ! | ! | J
TOp View Not to scale
O 1 o + ©
z = =z g =z
NC - No internal connection
Figure 6-2. FK Package
20-Pin LCCC
Top View
Table 6-1. Pin Functions
PIN
SOIC, SOT23-8, VSSOP, CDIP, 1o DESCRIPTION
(1) ’ il il il
RENE Lece PDIP, SO, TSSOP, CFP(1)
IN1— 5 2 | Negative input
IN1+ 7 3 | Positive input
IN2— 15 6 | Negative input
IN2+ 12 5 | Positive input
ouT1 2 1 (¢} Output
OouUT2 17 7 o Output
Negative (lowest) supply or ground (for single-
V- 10 4 — .
supply operation)
1,3,4,6,809 11, . )
NC 13,14, 16, 18, 19 — — No internal connection
V+ 20 8 — Positive (highest) supply
(1) For alisting of which devices are available in what packages, see Section 5.
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7 Specifications

7.1 Absolute Maximum Ratings

over operating ambient tempera

ture range (unless otherwise noted)("

MIN MAX UNIT
LM358B, LM358BA,
LM2904B, LM2904BA 20 or 40
_ LM158, LM258, LM358,
Supply voltage, Vs = ([V+] - [V-]) LM158A, LM258A, LM358A, +16 or 32 v
LM2904V
LM2904 +13 0or 26
LM358B, LM358BA,
LM2904B, LM2904BA,LM158, _32 32
Differential input voltage, V|p ) LM258, LM358, LM158A, v
LM258A, LM358A, LM2904V
LM2904 -26 26
LM358B, LM358BA, ~0.3 40
LM2904B, LM2904BA '
. . LM158, LM258, LM358,
Input voltage, V Either input LM158A, LM258A, LM358A, ~03 32 v
LM2904V
LM2904 -0.3 26
Duration o; output short circuit (one amplifier) to ground at (or below) Tp = 25°C, Unlimited s
Vg <15 V®)
LM158, LM158A -55 125
LM258, LM258A -25 85
Operating ambient temperature, Tp LM3588B, LM358BA —40 85 °C
LM358, LM358A 0 70
LM2904B, LM2904BA,
LM2904, LM2904V —40 125
Operating virtual-junction temperature, T, 150 °C
Storage temperature, Tgq -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 do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Differential voltages are at IN+, with respect to IN-.

(3) Short circuits from outputs to Vg can cause excessive heating and eventual destruction.

7.2 ESD Ratings

VALUE UNIT
LM358B, LM358BA, LM2904B, AND LM2904BA
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
Vesp) Electrostatic discharge - —— \Y
Charged-device model (CDM), per JEDEC specification JESD22-C101®? +1000
LM158, LM258, LM358, LM158, LM258A, LM358A, LM2904, AND LM2904V
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +500
VEesp) Electrostatic discharge - — \
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +1000

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

over operating ambient temperature range (unless otherwise noted)

MIN MAX| UNIT
LM358B, LM358BA, LM2904B, 3 36
LM2904BA
Vs Supply voltage, V= ([V+] - [V-]) LM158, LM258, LM358, LM158A, 3 0 Vv
LM258A, LM358A, LM2904V
LM2904 3 26
Vem Common-mode voltage V- V+ -2 \Y
LM358B, LM358BA —40 85
LM2904B, LM2904BA, LM2904,
LM2904V —40 125
Ta Operating ambient temperature LM358, LM358A 0 70 C
LM258, LM258A -20 85
LM158, LM158A -55 125
7.4 Thermal Information
LM258, LM258A, LM358, LM358A, LM358B, LM358BA, LM2904, LM2904B,
LM2904BA, LM2904V( LM158, LM158A
THERMAL METRIC() D DGK P PS PW DDF FK JG UNIT
(SoOIC) | (VSSOP) | (PDIP) (SO) (TSSOP) | (sOT-23) | (Lccce) (CDIP)
8 PINS 8 PINS 8 PINS 8 PINS 8 PINS 8PINS 20 PINS 8 PINS
Rosa f#:r;“;”ré"s;g:zm 124.7 181.4 80.9 116.9 1717 TBD 84.0 112.4 °*CIW
Roscton)  jomonorio-case ({op) 66.9 69.4 70.4 62.5 68.8 TBD 56.9 63.6 °CIW
Ross ﬂ:;:g’:c'f'board thermal | 479 102.9 57.4 68.6 99.2 TBD 57.5 100.3 °CIW
Junction-to-top
Wit characterization 19.2 11.8 40 21.9 1.5 TBD 51.7 35.7 °C/W
parameter
Junction-to-board
WYis characterization 67.2 101.2 56.9 67.6 97.9 TBD 57.1 93.3 °C/IW
parameter
Junction-to-case (bottom o
Reuc(eon thermal resistanc(e ) - - - - - - 106 223 cw

(1)
@)

For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.
For a listing of which devices are available in what packages, see Section 5.
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7.5 Electrical Characteristics: LM358B and LM358BA

Vg=(V+)=(V-)=5V =36V (2.5V - 118 V), Tp = 25°C, Vcm = Vout = Vs / 2, R = 10k connected to Vg / 2
(unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
OFFSET VOLTAGE
+0.3 +3.0 mV
LM358B
Ta=-40°C to +85°C +4 mV
Vos Input offset voltage
+2.0 mV
LM358BA
Ta =—-40°C to +85°C +2.5 mV
dVog/dr | Input offset voltage drift Ta = -40°C to +85°C(") +3.5 11| wvieC
PSRR Power supply rejection ratio +2 15| pviv
Channel separation, dc f=1kHz to 20 kHz +1 uviv
INPUT VOLTAGE RANGE
Vs=3Vto36V (V=) (V+)-1.5
Vem Common-mode voltage range
Vs=5Vto36V Ta=-40°C to +85°C (V-) (V+)-2 \
(V-)SVems(V+)-15V [Vg=3Vto 36V 20 100
CMRR | Common-mode rejection ratio uviv
(V-)SVems (V+)-2.0V |[Vg=5Vto 36V Ta =—-40°C to +85°C 25 316
INPUT BIAS CURRENT
+10 +35 nA
Ig Input bias current
Ta =—40°C to +85°C(") +50 nA
0.5 4 nA
los Input offset current
Ta =—40°C to +85°C(1) 5 nA
dlps/dr | Input offset current drift Ta=—40°C to +85°C 10 pA/°C
NOISE
En Input voltage noise f=0.1t0 10 Hz 3 HVpp
en Input voltage noise density f=1kHz 40 nVAIHz
INPUT IMPEDANCE
Zp Differential 10| 0.1 MQ|| pF
Zc Common-mode 41115 GQ|| pF
OPEN-LOOP GAIN
70 140 VimV
AoL Open-loop voltage gain Vs =15V;Vo=1Vto 11V; R_ 210 kQ, connected to (V-)
Ta =—-40°C to +85°C 35 VimV
FREQUENCY RESPONSE
GBW Gain bandwidth product 1.2 MHz
SR Slew rate G=+1 0.5 Vius
Om Phase margin G=+1,R_=10kQ, C =20 pF 56 °
tor Overload recovery time VN X gain > Vg 10 us
ts Settling time To 0.1%, Vs =5V, 2-V step, G =+1, C_ = 100 pF 4 us
THD+N | Total harmonic distortion + noise |G =+ 1, f=1kHz, Vo = 3.53 Vrys, Vs = 36 V, R = 100k, loyt < 50 pA, BW = 80 kHz 0.001 %
OUTPUT
lout =50 pA 1.35 1.42
Positive rail (V+) lout=1mA 1.4 1.48
loyt = 5 mA( 1.5 1.61 \Y
Vo Voltage output swing from rail
lout =50 pA 100 150 mV
Negative rail (V—) lout=1mA 0.75 1 \
Vs =5V, RL <10 kQ connected to (V=) | Ta=—40°C to +85°C 5 20 mV
= s Vo =V—; -20 -30
xs _115\>/‘ Vo=V= Source(
D= Ta =—-40°C to +85°C -10
mA
| Output current - S\ = e 10 20
D=~ Ta =-40°C to +85°C 5
Vip=-1V; Vo = (V=) + 200 mV 60 100 pA
Isc Short-circuit current Vg=20V, (V+)=10V, (V-)=-10V,Vp =0V +40 +60 mA
CLoaD Capacitive load drive 100 pF
Ro Open-loop output resistance f=1MHz, Io=0A 300 Q
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SLOS068Y — JUNE 1976 — REVISED FEBRUARY 2021
7.5 Electrical Characteristics: LM358B and LM358BA (continued)

Vg=(V+)—=(V-)=5V-36V (x2.5V -18V), Tp = 25°C, Vecm = VouT = Vs / 2, R = 10k connected to Vg /2
(unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
POWER SUPPLY
la Quiescent current per amplifier Vs=5V;lp=0A 300 460 A
Ta =—-40°C to +85°C
la Quiescent current per amplifier Vg=36V;lp=0A 800 A
(1) Specified by characterization only.
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7.6 Electrical Characteristics: LM2904B and LM2904BA

Vg=(V+)=(V-)=5V =36V (2.5V - 118 V), Tp = 25°C, Vcm = Vout = Vs / 2, R = 10k connected to Vg / 2
(unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
OFFSET VOLTAGE
+0.3 +3.0 mV
LM2904B
Ta=—-40°C to +125°C +4 mV
Vos Input offset voltage
+2.0 mV
LM2904BA
Ta =—-40°C to +125°C +2.5 mV
dVog/dr | Input offset voltage drift Ta = —40°C to +125°C(1) +3.5 12| uv/eC
PSRR Power supply rejection ratio +2 15| pviv
Channel separation, dc f=1kHz to 20 kHz +1 uviv
INPUT VOLTAGE RANGE
Vs=3Vto36V (V=) (V+)-1.5
Vem Common-mode voltage range
Vs=5Vto36V Ta=—-40°C to +125°C (V-) (V+)-2 \
(V-)SVems(V+)-15V [Vg=3Vto 36V 20 100
CMRR | Common-mode rejection ratio uviv
(V-)SVems (V+)-2.0V |[Vg=5Vto 36V Ta =—-40°C to +125°C 25 316
INPUT BIAS CURRENT
+10 +35 nA
Ig Input bias current
Ta =—40°C to +125°C(1) +50 nA
0.5 4 nA
los Input offset current
Ta =—40°C to +125°C(1) 5 nA
dlps/dr | Input offset current drift Ta=—-40°C to +125°C 10 pA/°C
NOISE
En Input voltage noise f=0.1t0 10 Hz 3 HVpp
en Input voltage noise density f=1kHz 40 nVA/Hz
INPUT IMPEDANCE
Zp Differential 10| 0.1 MQ|| pF
Zc Common-mode 41115 GQ|| pF
OPEN-LOOP GAIN
70 140 VimV
AoL Open-loop voltage gain Vs =15V;Vo=1Vto 11V; R_ 210 kQ, connected to (V-)
Ta=—-40°C to +125°C 35 VimV
FREQUENCY RESPONSE
GBW Gain bandwidth product 1.2 MHz
SR Slew rate G=+1 0.5 Vius
Om Phase margin G=+1,R_=10kQ, C =20 pF 56 °
tor Overload recovery time VN X gain > Vg 10 us
ts Settling time To 0.1%, Vs =5V, 2-V Step, G = +1, C_ = 100 pF 4 us
THD+N | Total harmonic distortion + noise |G =+ 1, f=1kHz, Vo = 3.53 Vrys, Vs = 36 V, R = 100k, loyt < 50 pA, BW = 80 kHz 0.001 %
OUTPUT
lout =50 pA 1.35 1.42
Positive rail (V+) lout=1mA 1.4 1.48
loyt = 5 mA( 1.5 1.61 \Y
Vo Voltage output swing from rail
lout =50 pA 100 150 mV
Negative rail (V—) lout=1mA 0.75 1 \
Vs =5V, RL <10 kQ connected to (V-) | Ta=-40°C to +125°C 5 20 mV
- e = - -20 -30
Vs=15V; Vo=V Vp= Source™
1v Tp = —40°C to +125°C -10
mA
lo Output current V$\7 15V; Vo = V4 Vp = Sink(® 10 20
- Ta =—-40°C to +125°C 5
Vip=-1V; Vo = (V=) + 200 mV 60 100 pA
Isc Short-circuit current Vg=20V, (V+)=10V, (V-)=-10V,Vp =0V +40 +60 mA
CLoaD Capacitive load drive 100 pF
Ro Open-loop output resistance f=1MHz, Io=0A 300 Q
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7.6 Electrical Characteristics: LM2904B and LM2904BA (continued)

Vg=(V+)=(V-)=5V-36V (x2.5V -18V), Tp = 25°C, Vecm = VouT = Vs / 2, R = 10k connected to Vg /2
(unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
POWER SUPPLY
la Quiescent current per amplifier Vg=5V;lp=0A 300 460 A
Ta =—-40°C to +125°C
la Quiescent current per amplifier Vg=36V;lp=0A 800 A
(1) Specified by characterization only.
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7.7 Electrical Characteristics: LM358, LM358A
For Vg = (V+) — (V=) =5V, T = 25°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS() MIN TYP(2) MAX UNIT
OFFSET VOLTAGE
3 7
LM358 S c
= - =0V:Vpo= Ta=0°Cto 70° 9
Vos Input offset voltage Vs=5V1030V,Vou=0V; Vo =14 mv
v LM358A 2 3
Ta=0°Cto70°C 5
LM358 Ta=0°Cto70°C 7
dVogs/dt Input offset voltage drift pv/ec
LM358A Ta=0°Cto70°C 7 20
Input offset voltage vs power -
PSRR supply (AVio/AVg) Vs=5Vto30V 65 100 dB
Vo1/ Vo2 Channel separation f=1kHz to 20 kHz 120 dB
INPUT VOLTAGE RANGE
Vg=5Vto30V LM358
(V-) (V+)-15
Vg=30V LM358A
Vem Common-mode voltage range \Y
Vg=5Vto30V LM358
Ta=0°Cto70°C (V-) (V+)-2
Vg=30V LM358A
CMRR Common-mode rejection ratio |Vg=5Vto30V;Vey=0V 65 80 dB
INPUT BIAS CURRENT
-20 -250
LM358
Ta=0°Cto70°C -500
Is Input bias current Vo=14V nA
-15 -100
LM358A
Ta=0°Cto70°C —200
2 50
LM358
Ta=0°Cto70°C 150
los Input offset current Vo=14V nA
2 30
LM358A
Ta=0°Cto70°C 75
10
dlpg/dr Input offset current drift pA/°C
LM358A Ta=0°Cto70°C 300
NOISE
en Input voltage noise density f=1kHz 40 nVA Hz
OPEN-LOOP GAIN
25 100
AoL Open-loop voltage gain Vs=15V;Vpo=1Vto 11 V;R.22kQ VimV
Ta=0°Cto70°C 15
FREQUENCY RESPONSE
GBW Gain bandwidth product 0.7 MHz
SR Slew rate G=+1 0.3 Vlius
OUTPUT
Vs =30V; R, =2kQ ‘TA=O°Cto7O"C 4
Positive rail Vs =30V; R. 210 kQ 2 3 \
Vo Voltage output swing from rail
Vs=5V;R.22kQ 1.5
Negative rail Vs=5V;R_=10kQ ‘ Ta=0°Cto70°C 5 20 mV
-20 -30
Vs 18ViVo=O0ViVi Isouce  [Lm3ssA 60
[Ta=0Ccro70°C -10 mA
lo Output current
= VA - 10 20
xs _151\</,Vo 15V, Sink
b=~ ‘ Tp=0°C to 70°C 5
Vip ==1V; Vo =200 mV 12 30 LA
Isc Short-circuit current Vs=10V;Vpo=Vg/2 +40 +60 mA
POWER SUPPLY
Vo=25V;lp=0A 350 600
la Quiescent current per amplifier Ta=0°Cto 70°C A
Vs=30V;Vpo=15V;Io=0A 500 1000

(1)  All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified.
Maximum Vg for testing purposes is 30 V for LM358 and LM358A.

(2) Alltypical values are Tp = 25°C.
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7.8 Electrical Characteristics: LM2904, LM2904V
For Vg = (V+) = (V=) =5V, T = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS(") MIN TYP? MAX| UNIT
OFFSET VOLTAGE
Non-A suffix 3 7
i devices Ta=-40°C to 125°C 10
= . =0V: Vg = A
Vos Input offset voltage \1/3 V5 V to maximum; Ve u =0V; Vo mv
' A-suffix 1 2
devices Ta = —40°C to 125°C 4
dVog/dt  Input offset voltage drift Ta=-40°C to 125°C 7 upv/iec
Input offset voltage vs power supply _
PSRR (AV,o/AVs) Vs=5Vto30V 65 100 dB
Vo1/ Vo2 Channel separation f=1kHz to 20 kHz 120 dB
INPUT VOLTAGE RANGE
(V-) (V+)-1.5
Vem Common-mode voltage range Vg =5V to maximum \%
Ta=-40°C to 125°C (V-) (V+)-2
CMRR  Common-mode rejection ratio Vs =5V to maximum; Vgy =0 V 65 80 dB
INPUT BIAS CURRENT
-20 -250
Ig Input bias current Vo=14V nA
Ta =-40°C to 125°C -500
Non-V suffix 2 50
device Ta=-40°C to 125°C 300
los Input offset current Vo=14V nA
V-suffix 2 50
device Ta =—-40°C to 125°C 150
dlos/dr  Input offset current drift Ta=-40°C to 125°C 10 pA/°C
NOISE
en Input voltage noise density f=1kHz 40 nVA~ Hz
OPEN-LOOP GAIN
25 100
AoL Open-loop voltage gain Vs=15V;Vo=1Vto11V; R 22kQ VimV
Ta=-40°C to 125°C 15
FREQUENCY RESPONSE
GBW Gain bandwidth product 0.7 MHz
SR Slew rate G=+1 0.3 Vlius
OUTPUT
R. 210 kQ Vs—15
Vg = maximum; R = n
Non-V suffix 2kQ
device Vg = maximum; R 2 2 3
Positive rail 10 kQ \
Vo Voltage output swing from rail Ta=-40°Cto 125°C
Vs = maximum; R, = 6
2kQ
V-suffix device
Vs = maximum; R = 4 5
10 kQ
Negative rail Vs=5V;R . £10kQ |Tap=-40°Cto 125°C 5 20 mV
-20 -30
Vs=15V;Vo=0V;Vp=1V Source
Ta =-40°C to 125°C -10
mA
10 20
lo Output current Vg=15V;Vo=15V;Vp=-1V |Sink
Ta =-40°C to 125°C 5
Non-V suffix device 30
Vip=-1V; Vo =200 mV WA
V-suffix device 12 40
Isc Short-circuit current Vg=10V;Vo=Vg/2 +40 +60 mA
POWER SUPPLY
Vo=25V;lp=0A 350 600
la Quiescent current per amplifier Ta=-40°C to 125°C HA
Vg = maximum; Vo = maximum/2; 1o =0 A 500 1000

(1)  All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified.

Maximum Vg for testing purposes is 26 V for LM2904 and 32 V for LM2904V.
(2) Alltypical values are Tp = 25°C.
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7.9 Electrical Characteristics: LM158, LM158A
For Vg = (V+) = (V=) =5V, T = 25°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS(") MIN TYP®) MAX| UNIT
OFFSET VOLTAGE
3 5
LM158
Ta=-55°Cto 125°C 7
Vos Input offset voltage Vs=5Vto30V;Vem=0V;Vpo=14V mV
2
LM158A
Ta=-55°C to 125°C 4
LM158 Ta =-55°C to 125°C 7
dVog/dt  Input offset voltage drift pv/ec
LM158A Ta =-55°C to 125°C 7 150)
Input offset voltage vs power supply -
PSRR (AVio/AVS) Vs=5Vto30V 65 100 dB
Vo1/ Vo2 Channel separation f=1kHz to 20 kHz 120 dB
INPUT VOLTAGE RANGE
Vg=5Vto30V LM158
(V-) (V+)-1.5
Vg=30V LM158A
Vem Common-mode voltage range \
Vs=5Vto30V LM158
Ta=-55°C to 125°C (V-) (V+)-2
Vg=30V LM158A
CMRR Common-mode rejection ratio Vs=5Vto30V;Vey=0V 70 80 dB
INPUT BIAS CURRENT
-20 -150
LM158
Ta=-55°Cto 125°C -300
Is Input bias current Vo=14V nA
-15 -50
LM158A
Ta=-55°Cto 125°C -100
2 30
LM158
Ta =-55°C to 125°C 100
los Input offset current Vo=14V nA
2 10
LM158A
Ta=-55°C to 125°C 30
10
dlpg/dr Input offset current drift pA/°C
LM158A Ta=-55°Cto 125°C 200
NOISE
en Input voltage noise density f=1kHz 40 nVA~ Hz
OPEN-LOOP GAIN
50 100
AoL Open-loop voltage gain Vs=15V;Vp=1Vto 11V, R 22kQ VimV
Ta =-55°C to 125°C 25
FREQUENCY RESPONSE
GBW Gain bandwidth product 0.7 MHz
SR Slew rate G=+1 0.3 Vlus
OUTPUT
Vs =30V; R.=2kQ ‘TA=—55°C to 125°C 4
Positive rail Vs =30V; R 210 kQ 2 3 \Y
Vo Voltage output swing from rail
Vs=5V;R.22kQ 1.5
Negative rail Vs=5V; R <10 kQ ‘ Ta =-55°C to 125°C 5 20 mV
-20 -30
Vs=15V;Vo=0V;Vp=1V |Source LM158A —60
Ta=-55°Cto 125°C -10 mA
lo Output current
= Vg = - =_ 10 20
xs 15V;Vo=15V; Vp=-1 Sink
Ta=-55°Cto 125°C 5
Vip =-1V; Vo =200 mV 12 30 uA
Isc Short-circuit current Vs=10V;Vpo=Vg/2 +40 +60 mA
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7.9 Electrical Characteristics: LM158, LM158A (continued)
For Vg = (V+) — (V=) =5V, T = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS(") MIN TYP@) MAX| UNIT
POWER SUPPLY
Vo=25V;lp=0A 350 600
la Quiescent current per amplifier Ta=-55°C to 125°C HA
Vs=30V;Vp=15V;Ip=0A 500 1000

(1)  All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified.
Maximum Vg for testing purposes is 30 V for LM158 and LM158A.

(2) All typical values are T = 25°C.
(3)  On products compliant to MIL-PRF-38535, this parameter is not production tested.
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7.10 Electrical Characteristics: LM258, LM258A
For Vg = (V+) = (V=) =5V, T = 25°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS(") MIN TYP®) MAX| UNIT
OFFSET VOLTAGE
3 5
LM258
Ta=-25°C to 85°C 7
Vos Input offset voltage Vs=5Vto30V;Vem=0V;Vpo=14V mV
2 3
LM258A
Ta=-25°C to 85°C 4
LM258 7
dVog/dt  Input offset voltage drift Ta=-25°C to 85°C pv/ec
LM258A 7 15
Input offset voltage vs power supply -
PSRR (AVio/AVS) Vs=5Vto30V 65 100 dB
Vo1/ Vo2 Channel separation f=1kHz to 20 kHz 120 dB
INPUT VOLTAGE RANGE
Vg=5Vto30V LM258
(V-) (V+)-1.5
Vg=30V LM258A
Vem Common-mode voltage range \
Vg=5Vto30V LM258
Ta=-25°C to 85°C (V-) (V+)-2
Vg=30V LM258A
CMRR Common-mode rejection ratio Vs=5Vto30V;Vey=0V 70 80 dB
INPUT BIAS CURRENT
-20 —150
LM258
Ta=-25°C to 85°C -300
Is Input bias current Vo=14V nA
-15 -80
LM258A
Ta=-25°C to 85°C -100
2 30
LM258
Ta =-25°C to 85°C 100
los Input offset current Vo=14V nA
2 15
LM258A
Ta=-25°C to 85°C 30
10
dlpg/dr Input offset current drift pA/°C
LM258A Ta=-25°C to 85°C 200
NOISE
en Input voltage noise density f=1kHz 40 nVA Hz
OPEN-LOOP GAIN
50 100
AoL Open-loop voltage gain Vs=15V;Vpo=1Vto 11 V;R.22kQ VimV
Ta =-25°C to 85°C 25
FREQUENCY RESPONSE
GBW Gain bandwidth product 0.7 MHz
SR Slew rate G=+1 0.3 Vlus
OUTPUT
Vs =30V; R.=2kQ ‘ Ta=-25°C to 85°C 4
Positive rail Vs =30V; R 210kQ 2 3 \
Vo Voltage output swing from rail
Vs=5V; R 22kQ 1.5
Negative rail Vg=5V;R.<10kQ ‘ Ta=-25°C to 85°C 5 20 mV
—20 -30
Vs=15V;Vo=0V;Vp=1V |Source LM258A —60
Ta=-25°C to 85°C -10 mA
lo Output current
= Vg = - =_ 10 20
xs 15V;Vo=15V; Vp=-1 Sink
Ta=-25°C to 85°C 5
Vip =-1V; Vo =200 mV 12 30 uA
Isc Short-circuit current Vs=10V;Vpo=Vg/2 +40 +60 mA
POWER SUPPLY
Vo=25V;lp=0A 350 600
la Quiescent current per amplifier Ta=-25°C to 85°C HA
Vs=30V;Vp=15V;Io=0A 500 1000
(1)  All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified.
Maximum Vg for testing purposes is 30 V for LM258 and LM258A.
(2) Alltypical values are Tp = 25°C.
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7.11 Typical Characteristics: LM358B and LM2904B

This typical characteristics section is applicable for LM358B and LM2904B. Typical characteristics data in this section was
taken with Tp = 25°C, Vg =36 V (218 V), Vem = Vs / 2, R oap = 10 kQ connected to Vg / 2 (unless otherwise noted).

=TT T T T — T T T 1 o771 T T T T T T T 1
18 — 27
16 24
14 21
E 12 E 18
14 4
Ef':_> 10 ig 15
£ 8 g 12
< <
6 9
4 6
2 3
\_‘ | ] , I
0 0 1 I 1 I
-1800 -1200 -600 0 600 1200 1800 0 025 05 075 1 125 15 175 2 225 25 275
Offset Voltage (uV) Offset Voltage Drift (uV/°C)
Figure 7-1. Offset Voltage Production Distribution Figure 7-2. Offset Voltage Drift Distribution
750 500
450 300
=) =)
= =
150 100
S S
> >
B -150 g -100 /\<
5 5 E—
% -
-450 -300
/‘ “
-750 -500
-40 -20 0 20 40 60 80 100 120 -18 -12 -6 0 6 12 17
Temperature (°C) Common-Mode Voltage (V)
Figure 7-3. Offset Voltage vs Temperature Figure 7-4. Offset Voltage vs Common-Mode Voltage
90 100 70
— G=1
. 60 — G=10
= @ 5 G =100
s = — G =1000
3 § 40 —_— G
O
Q o g 30
2 ~ &
] Q =
2 » o 20
> s >
aQ ol 2 10
Q 9]
o -
[ o 0
S @
S 2 \
S g 10 \
) — Gain (dB) -20
0f Phase (°) 0
-20 -10 -30
1k 10k 100k ™ 1k 10k 100k ™
Frequency (Hz) Frequency (Hz)
Figure 7-5. Open-Loop Gain and Phase vs Frequency Figure 7-6. Closed-Loop Gain vs Frequency

Copyright © 2021 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: LM158 LM158A LM258 LM258A LM358 LM358A LM358B LM358BA LM2904 LM2904B
LM2904BA LM2904V

17


https://www.ti.com
https://www.ti.com/product/LM158
https://www.ti.com/product/LM158A
https://www.ti.com/product/LM258
https://www.ti.com/product/LM258A
https://www.ti.com/product/LM358
https://www.ti.com/product/LM358A
https://www.ti.com/product/LM358B
https://www.ti.com/product/LM358BA
https://www.ti.com/product/LM2904
https://www.ti.com/product/LM2904B
https://www.ti.com/product/LM2904BA
https://www.ti.com/product/LM2904V
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLOS068Y&partnum=LM158
https://www.ti.com/product/lm158?qgpn=lm158
https://www.ti.com/product/lm158a?qgpn=lm158a
https://www.ti.com/product/lm258?qgpn=lm258
https://www.ti.com/product/lm258a?qgpn=lm258a
https://www.ti.com/product/lm358?qgpn=lm358
https://www.ti.com/product/lm358a?qgpn=lm358a
https://www.ti.com/product/lm358b?qgpn=lm358b
https://www.ti.com/product/lm358ba?qgpn=lm358ba
https://www.ti.com/product/lm2904?qgpn=lm2904
https://www.ti.com/product/lm2904b?qgpn=lm2904b
https://www.ti.com/product/lm2904ba?qgpn=lm2904ba
https://www.ti.com/product/lm2904v?qgpn=lm2904v

LM158, LM158A, LM258, LM258A

LM358, LM358A, LM358B, LM358BA, LM2904, LM2904B, LM2904BA, LM2904V

SLOS068Y — JUNE 1976 — REVISED FEBRUARY 2021

13 TEXAS

7.11 Typical Characteristics: LM358B and LM2904B (continued)

This typical characteristics section is applicable for LM358B and LM2904B. Typical characteristics data in this section was
taken with Tp = 25°C, Vg =36 V (218 V), Vem = Vs / 2, R oap = 10 kQ connected to Vg / 2 (unless otherwise noted).
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Figure 7-7. Input Bias Current vs Common-Mode Voltage
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Figure 7-11. Output Voltage Swing vs Output Current (Sourcing)
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7.11 Typical Characteristics: LM358B and LM2904B (continued)

This typical characteristics section is applicable for LM358B and LM2904B. Typical characteristics data in this section was
taken with Tp = 25°C, Vg =36 V (218 V), Vem = Vs / 2, R oap = 10 kQ connected to Vg / 2 (unless otherwise noted).
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Figure 7-17. Input Voltage Noise Spectral Density vs Frequency

-118 1.6
ag 1.2
o 1 0.8
©
e 04
S 120 =
5] = 0
2 o
& S 04
> 121 S
% >
5 0.8
w
% 122 -1.2
o -1.6
-123 -2
40 20 0 20 40 60 80 100 120 140 0o 1 2 3 4 5 6 7 8 9 10
Temperature (°C) Time (s)
Vg=5V1to36V
Figure 7-15. Power Supply Rejection Ratio vs Temperature (dB) Figure 7-16. 0.1-Hz to 10-Hz Noise
100 -32
N — 10 kQ
g 8 48
>
3 70 _ -56
8 60 g 64
= e
= 50 z 72
g a
& 40 I -80
(0]
§ 30 -88
o 20 -96
&
§ 10 -104
0 REpA== —
10 100 1k 10k 100k 100 1k 10k

Frequency (Hz)

G =1,f=1kHz, BW =80 kHz,

Vout = 10 Vpp, RL connected to V-

Figure 7-18. THD+N Ratio vs Frequency, G = 1

Copyright © 2021 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: LM158 LM158A LM258 LM258A LM358 LM358A LM358B LM358BA LM2904 LM2904B
LM2904BA LM2904V

19


https://www.ti.com
https://www.ti.com/product/LM158
https://www.ti.com/product/LM158A
https://www.ti.com/product/LM258
https://www.ti.com/product/LM258A
https://www.ti.com/product/LM358
https://www.ti.com/product/LM358A
https://www.ti.com/product/LM358B
https://www.ti.com/product/LM358BA
https://www.ti.com/product/LM2904
https://www.ti.com/product/LM2904B
https://www.ti.com/product/LM2904BA
https://www.ti.com/product/LM2904V
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLOS068Y&partnum=LM158
https://www.ti.com/product/lm158?qgpn=lm158
https://www.ti.com/product/lm158a?qgpn=lm158a
https://www.ti.com/product/lm258?qgpn=lm258
https://www.ti.com/product/lm258a?qgpn=lm258a
https://www.ti.com/product/lm358?qgpn=lm358
https://www.ti.com/product/lm358a?qgpn=lm358a
https://www.ti.com/product/lm358b?qgpn=lm358b
https://www.ti.com/product/lm358ba?qgpn=lm358ba
https://www.ti.com/product/lm2904?qgpn=lm2904
https://www.ti.com/product/lm2904b?qgpn=lm2904b
https://www.ti.com/product/lm2904ba?qgpn=lm2904ba
https://www.ti.com/product/lm2904v?qgpn=lm2904v

LM158, LM158A, LM258, LM258A I3 TEXAS

LM358, LM358A, LM358B, LM358BA, LM2904, LM2904B, LM2904BA, LM2904V INSTRUMENTS
SLOS068Y — JUNE 1976 — REVISED FEBRUARY 2021 www.ti.com

7.11 Typical Characteristics: LM358B and LM2904B (continued)

This typical characteristics section is applicable for LM358B and LM2904B. Typical characteristics data in this section was
taken with Tp = 25°C, Vg =36 V (218 V), Vem = Vs / 2, R oap = 10 kQ connected to Vg / 2 (unless otherwise noted).
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7.11 Typical Characteristics: LM358B and LM2904B (continued)

This typical characteristics section is applicable for LM358B and LM2904B. Typical characteristics data in this section was
taken with Tp = 25°C, Vg =36 V (218 V), Vem = Vs / 2, R oap = 10 kQ connected to Vg / 2 (unless otherwise noted).
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Figure 7-25. Small-Signal Overshoot vs Capacitive Load
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7.11 Typical Characteristics: LM358B and LM2904B (continued)

This typical characteristics section is applicable for LM358B and LM2904B. Typical characteristics data in this section was
taken with Tp = 25°C, Vg =36 V (218 V), Vem = Vs / 2, R oap = 10 kQ connected to Vg / 2 (unless otherwise noted).
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7.11 Typical Characteristics: LM358B and LM2904B (continued)

This typical characteristics section is applicable for LM358B and LM2904B. Typical characteristics data in this section was
taken with Tp = 25°C, Vg =36 V (218 V), Vem = Vs / 2, R oap = 10 kQ connected to Vg / 2 (unless otherwise noted).
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7.12 Typical Characteristics: LM158, LM158A, LM258, LM258A, LM358, LM358A, LM2904, and

LM2904V
Typical characteristics section is applicable for LM158, LM158A, LM258, LM258A, LM358, LM358A, LM2904, and LM2904V.
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7.12 Typical Characteristics: LM158, LM158A, LM258, LM258A, LM358, LM358A, LM2904, and
LM2904V (continued)

Typical characteristics section is applicable for LM158, LM158A, LM258, LM258A, LM358, LM358A, LM2904, and LM2904V.
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Figure 7-47. Output Sinking Characteristics Figure 7-48. Source Current Limiting
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8 Parameter Measurement Information
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Figure 8-2. Noise-Test Circuit
Figure 8-1. Unity-Gain Amplifier
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Figure 8-3. Test Circuit, G = -1, for THD+N and Small-Signal Step Response
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9 Detailed Description
9.1 Overview

These devices consist of two independent, high-gain frequency-compensated operational amplifiers designed to
operate from a single supply over a wide range of voltages. Operation from split supplies also is possible if the
difference between the two supplies is within the supply voltage range specified in Section 7.3 and Vs is at least
1.5 V more positive than the input common-mode voltage. The low supply-current drain is independent of the
magnitude of the supply voltage.

Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational amplifier
circuits that now can be implemented more easily in single-supply-voltage systems. For example, these devices
can be operated directly from the standard 5-V supply used in digital systems and easily can provide the
required interface electronics without additional £5-V supplies.

9.2 Functional Block Diagram: LM358B, LM358BA, LM2904B, LM2904BA

Vees
~6 PA ~6 YA ~100 pA
Current Current Current
Regulator Regulator Regulator
>~ 00O
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9.3 Feature Description
9.3.1 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. These devices have a 1.2-MHz unity-gain bandwidth (B Version).

9.3.2 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. These devices have a 0.5-V/us slew rate (B Version).

9.3.3 Input Common Mode Range

The valid common mode range is from device ground to Vg — 1.5 V (Vg — 2 V across temperature). Inputs may
exceed Vg up to the maximum Vg without device damage. At least one input must be in the valid input common-
mode range for the output to be the correct phase. If both inputs exceed the valid range, then the output phase
is undefined. If either input more than 0.3 V below V- then input current should be limited to 1 mA and the output
phase is undefined.

9.4 Device Functional Modes

These devices are powered on when the supply is connected. This device can be operated as a single-supply
operational amplifier or dual-supply amplifier, depending on the application.
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10 Application and Implementation

Note

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

10.1 Application Information

The LMx58 and LM2904 operational amplifiers are useful in a wide range of signal conditioning applications.
Inputs can be powered before Vgfor flexibility in multiple supply circuits.

10.2 Typical Application

A typical application for an operational amplifier is an inverting amplifier. This amplifier takes a positive voltage
on the input, and makes it a negative voltage of the same magnitude. In the same manner, it also makes
negative voltages positive.

RF
NV

+
Vin
Vsup-

0O Vour

Figure 10-1. Application Schematic

10.2.1 Design Requirements

The supply voltage must be chosen such that it is larger than the input voltage range and output range. For
instance, this application scales a signal of +0.5 V to +1.8 V. Setting the supply at £12 V is sufficient to
accommodate this application.

10.2.2 Detailed Design Procedure

Determine the gain required by the inverting amplifier using Equation 1 and Equation 2:

_vout

V7 VIN (1)
1.8

-2 __36

V™ 05 )

Once the desired gain is determined, choose a value for R, or Rg. [Subscripts should be fixed in the
accompanying figures and equations also.] Choosing a value in the kilohm range is desirable because the
amplifier circuit uses currents in the milliampere range. This ensures the part does not draw too much current.
This example uses 10 kQ for R, which means 36 kQ is used for Rg. This was determined by Equation 3.

RF
Ay=-—
RI (3)
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10.2.3 Application Curve

e \/IN
——\/OUT

0 0.5 15 2

1
Time (ms)

Figure 10-2. Input and Output Voltages of the Inverting Amplifier

11 Power Supply Recommendations

CAUTION

Supply voltages larger than specified in the recommended operating region can permanently
damage the device (see Section 7.1).

Place 0.1-yF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high-
impedance power supplies. For more detailed information on bypass capacitor placement, see Section 12.

12 Layout
12.1 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.

» 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 Rg and Rg close to the inverting
input minimizes parasitic capacitance, as shown in Section 12.2.

» 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.
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12.2 Layout Examples

Run the input traces as far
away from the supply lines
as possible

Only needed for
dual-supply
operation

Place components close to
device and to each other to
reduce parasitic errors

Rr

—

—— = ———— —————

P
! |
! |
] Ve

1 GND |

| (or GND for single supply)

l IN1—

I

V+

-————— -

ouT2

o—

===
19
z

p

IN2—

IN2+

Ground (GND) plane on another layer

Use low-ESR, ceramic
bypass capacitor

Figure 12-1. Operational Amplifier Board Layout for Noninverting Configuration

RIN
VIN—AAA——
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RF

Figure 12-2. Operational Amplifier Schematic for Noninverting Configuration
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13 Device and Documentation Support
13.1 Related Links

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

Table 13-1. Related Links

PARTS PRODUCT FOLDER ORDER NOW Jgngl\Nn:Ecl\f‘TLS S-(I:)(IZ?\II-VSAgE gg;‘;%i{.ra;
LM158 Click here Click here Click here Click here Click here
LM158A Click here Click here Click here Click here Click here
LM258 Click here Click here Click here Click here Click here
LM258A Click here Click here Click here Click here Click here
LM358 Click here Click here Click here Click here Click here
LM358A Click here Click here Click here Click here Click here
LM358B Click here Click here Click here Click here Click here
LM2904 Click here Click here Click here Click here Click here
LM2904B Click here Click here Click here Click here Click here
LM2904V Click here Click here Click here Click here Click here

13.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For

change details, review the revision history included in any revised document.

13.3 Support Resources

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

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do

not necessarily reflect Tl's views; see TlI's Terms of Use.

13.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.

13.5 Electrostatic Discharge Caution

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

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

A
A
specifications.
13.6 Glossary

Tl Glossary

This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (4/5)
(6)
5962-87710012A ACTIVE LCCC FK 20 1 Non-RoHS SNPB N/ A for Pkg Type -55to 125 5962- R
& Green 87710012A R
LM158FKB
5962-8771001PA ACTIVE CDIP JG 8 1 Non-RoHS SNPB N / A for Pkg Type -55 to 125 8771001PA
& Green LM158 e
5962-87710022A ACTIVE LCCC FK 20 1 Non-RoHS SNPB N / A for Pkg Type -55 to 125 5962- ol
& Green 87710022A Sl
LM158AFKB
5962-8771002PA ACTIVE CDIP JG 8 1 Non-RoHS SNPB N/ A for Pkg Type -55to 125 8771002PA
& Green LM158A c ple
LM158 MW8 ACTIVE WAFERSALE YS 0 1 ROHS & Green Call Tl Level-1-NA-UNLIM -55to 125 Samples
LM158AFKB ACTIVE LCCC FK 20 1 Non-RoHS SNPB N / A for Pkg Type -55 to 125 5962-
& Green 87710022A Sl
LM158AFKB
LM158AJG ACTIVE CDIP JG 8 1 Non-RoHS SNPB N / A for Pkg Type -55to 125 LM158AJG Samples
& Green - =
LM158AJGB ACTIVE CDIP JG 8 1 Non-RoHS SNPB N/ A for Pkg Type -55to 125 8771002PA
& Green LM158A c ple
LM158FKB ACTIVE LCCC FK 20 1 Non-RoHS SNPB N/ A for Pkg Type -55to 125 5962- T
& Green 87710012A R
LM158FKB
LM158JG ACTIVE CDIP JG 8 1 Non-RoHS SNPB N / A for Pkg Type -55 to 125 LM158JG
& Green 23mp-2
LM158JGB ACTIVE CDIP JG 8 1 Non-RoHS SNPB N / A for Pkg Type -55 to 125 8771001PA
& Green LM158 Sl
LM258AD ACTIVE SoIC D 8 75 ROHS & Green NIPDAU Level-1-260C-UNLIM -25t0 85 LM258A Samples
LM258ADGKR ACTIVE VSSOP DGK 8 2500 RoHS & Green NIPDAU | NIPDAUAG  Level-1-260C-UNLIM -25to 85 (M3L, M3P, M3S, M3
U) . .
LM258ADR ACTIVE SoIC D 8 2500 RoOHS & Green NIPDAU | SN Level-1-260C-UNLIM -25to 85 LM258A Samples
LM258ADRE4 ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -25t0 85 LM258A
LM258ADRG4 ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -25to 85 LM258A

LA
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—
I
i
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®) (4/5)
(6)
LM258AP ACTIVE PDIP P 50 ROHS & Green NIPDAU | SN N/ A for Pkg Type -25t0 85 LM258AP Samples
LM258APE4 ACTIVE PDIP P 50 ROHS & Green NIPDAU N / A for Pkg Type -25to 85 LM258AP Samples
LM258D ACTIVE SoIC D 75 ROHS & Green NIPDAU Level-1-260C-UNLIM -25to 85 LM258
LM258DG4 ACTIVE SoIC D 75 ROHS & Green NIPDAU Level-1-260C-UNLIM -25t0 85 LM258 Samples
LM258DGKR ACTIVE VSSOP DGK 2500 RoHS & Green NIPDAU | NIPDAUAG  Level-1-260C-UNLIM -25to 85 (M2UL), M2P, M2S, M2 Samples
LM258DGKRG4 ACTIVE VSSOP DGK 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -25to 85 (MZUL), M2P, M2S, M2 Samples
LM258DR ACTIVE SoIC D 2500 ROHS & Green NIPDAU | SN Level-1-260C-UNLIM -25to 85 LM258
LM258DRG3 ACTIVE SoIC D 2500 ROHS & Green SN Level-1-260C-UNLIM -25to 85 LM258 Samples
LM258DRG4 ACTIVE SoIC D 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -25to 85 LM258 Samples
LM258P ACTIVE PDIP P 50 ROHS & Green NIPDAU | SN N / A for Pkg Type -25t0 85 LM258P
LM258PE4 ACTIVE PDIP P 50 ROHS & Green NIPDAU N/ A for Pkg Type -25to 85 LM258P
LM2904AVQDR ACTIVE SoIC D 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 L2904AV Samples
LM2904AVQDRG4 ACTIVE SoIC D 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 L2904AV Samples
LM2904AVQPWR ACTIVE TSSOP PW 2000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 L2904AV
LM2904AVQPWRG4 ACTIVE TSSOP PW 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 L2904AV Samples
LM2904BAIDR ACTIVE SoIC D 2500 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 2904BA Samples
LM2904BIDGKR ACTIVE VSSOP DGK 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 28BB
LM2904BIDR ACTIVE SOoIC D 2500 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 L2904B Samples
LM2904BIPWR ACTIVE TSSOP PW 2000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 L2904B Samples
LM2904D ACTIVE SoIC D 75 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 LM2904 Samples
LM2904DE4 ACTIVE SoIC D 75 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 LM2904 Samples
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®) (4/5)
(6)
LM2904DG4 ACTIVE SoIC D 8 75 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 LM2904 Samples
LM2904DGKR ACTIVE VSSOP DGK 8 2500 RoHS & Green NIPDAU | NIPDAUAG  Level-1-260C-UNLIM -40 to 125 (MBL‘JL), MBP, MBS, MB Samples
LM2904DGKRG4 ACTIVE VSSOP DGK 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 (MBL‘JL), MBP, MBS, MB Samples
LM2904DR ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU | SN Level-1-260C-UNLIM -40 to 125 LM2904 Samples
LM2904DRE4 ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 LM2904 Samples
LM2904DRG3 ACTIVE SoIC D 8 2500 ROHS & Green SN Level-1-260C-UNLIM -40 to 125 LM2904 Samples
LM2904DRG4 ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 LM2904
LM2904P ACTIVE PDIP P 8 50 ROHS & Green NIPDAU | SN N / A for Pkg Type -40 to 125 LM2904P Samples
LM2904PE4 ACTIVE PDIP P 8 50 ROHS & Green NIPDAU N/ A for Pkg Type -40 to 125 LM2904P Samples
LM2904PSR ACTIVE SO PS 8 2000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 L2904
LM2904PW ACTIVE TSSOP PW 8 150 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 L2904
LM2904PWR ACTIVE TSSOP PW 8 2000 ROHS & Green NIPDAU | SN Level-1-260C-UNLIM -40 to 125 L2904 Samples
LM2904PWRG3 ACTIVE TSSOP PW 8 2000 RoOHS & Green SN Level-1-260C-UNLIM -40 to 125 L2904 Samples
LM2904PWRG4 ACTIVE TSSOP PW 8 2000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 L2904
LM2904PWRG4-JF ACTIVE TSSOP PW 8 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 L2904 Samples
LM2904QDR ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 2904Q1 Samples
LM2904QDRG4 ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 2904Q1
LM2904VQDR ACTIVE SOoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 L2904V Samples
LM2904VQDRG4 ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 L2904V Samples
LM2904VQPWR ACTIVE TSSOP PW 8 2000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 L2904V Samples
LM2904VQPWRG4 ACTIVE TSSOP PW 8 2000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 L2904V Samples
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®) (4/5)
(6)

LM358AD ACTIVE SoIC D 75 ROHS & Green NIPDAU Level-1-260C-UNLIM Oto 70 LM358A Samples
LM358ADE4 ACTIVE SOoIC D 75 ROHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 LM358A Samples
LM358ADG4 ACTIVE SoIC D 75 ROHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 LM358A

LM358ADGKR ACTIVE VSSOP DGK 2500 RoOHS & Green NIPDAU | NIPDAUAG Level-1-260C-UNLIM Oto 70 (M%_)’ M6P, M6S, M6 Samples
LM358ADGKRG4 ACTIVE VSSOP DGK 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 (MELL), M6P, M6S, M6

LM358ADR ACTIVE SoIC D 2500 ROHS & Green NIPDAU | SN Level-1-260C-UNLIM 0to 70 LM358A Samples
LM358ADRE4 ACTIVE SoIC D 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 LM358A

LM358ADRG4 ACTIVE SoIC D 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 LM358A Samples

LM358AP ACTIVE PDIP P 50 ROHS & Green NIPDAU | SN N/ A for Pkg Type 0to 70 LM358AP Samples
LM358APE4 ACTIVE PDIP P 50 ROHS & Green NIPDAU N / A for Pkg Type Oto 70 LM358AP
LM358APW ACTIVE TSSOP PW 150 ROHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 L358A Samples
LM358APWR ACTIVE TSSOP PW 2000 ROHS & Green NIPDAU | SN Level-1-260C-UNLIM 0to 70 L358A Samples

LM358APWRG4 ACTIVE TSSOP PW 2000 RoOHS & Green NIPDAU Level-1-260C-UNLIM Oto 70 L358A Samples
LM358BAIDR ACTIVE SoIC D 2500 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 L358BA
LM358BIDGKR ACTIVE VSSOP DGK 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 358B Samples
LM358BIDR ACTIVE SoIC D 2500 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 LM358B Samples
LM358BIPWR ACTIVE TSSOP PW 2000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 LM358B
LM358D ACTIVE SOoIC D 75 ROHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 LM358
LM358DG4 ACTIVE SoIC D 75 ROHS & Green NIPDAU Level-1-260C-UNLIM Oto 70 LM358 Samples
LM358DGKR ACTIVE VSSOP DGK 2500 RoHS & Green NIPDAU | NIPDAUAG  Level-1-260C-UNLIM Oto 70 (M5L, M5P, M5S, M5 Samples

v)
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®) (4/5)
(6)
LM358DGKRG4 ACTIVE VSSOP DGK 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM Oto 70 (M5L, M5P, M5S, M5 Samples
U) - =
LM358DR ACTIVE SoIC D 8 2500 ROHS & Green NIPDAU | SN Level-1-260C-UNLIM Oto 70 LM358 Samples
LM358DRE4 ACTIVE SolIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 LM358 Samples
LM358DRG3 ACTIVE SoIC D 8 2500 RoHS & Green SN Level-1-260C-UNLIM 0to 70 LM358 Samples
LM358DRG4 ACTIVE SOIC D 8 2500 ROHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 LM358 Samples
LM358P ACTIVE PDIP P 8 50 RoOHS & Green NIPDAU | SN N/ A for Pkg Type 0to 70 LM358P Samples
LM358PE3 ACTIVE PDIP [ 8 50 ROHS & SN N / A for Pkg Type Oto 70 LM358P ol
Non-Green 23mp-2
LM358PE4 ACTIVE PDIP P 8 50 ROHS & Green NIPDAU N / A for Pkg Type 0to 70 LM358P Samples
LM358PSR ACTIVE SO PS 8 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 L358 Samples
LM358PW ACTIVE TSSOP PW 8 150 ROHS & Green NIPDAU Level-1-260C-UNLIM Oto 70 L358 Samples
LM358PWR ACTIVE TSSOP PW 8 2000 ROHS & Green NIPDAU | SN Level-1-260C-UNLIM 0to 70 L358 Samples
LM358PWRG3 ACTIVE TSSOP PW 8 2000 RoHS & Green SN Level-1-260C-UNLIM 0to 70 L358 Samples
LM358PWRG4 ACTIVE TSSOP PW 8 2000 ROHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 L358 Samples
LM358PWRG4-JF ACTIVE TSSOP PW 8 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 L358 Samples

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

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

reference these types of products as "Pb-Free".
RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
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Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

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

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

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

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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.

OTHER QUALIFIED VERSIONS OF LM258A, LM2904, LM2904B :
o Automotive : LM2904-Q1, LM2904B-Q1

o Enhanced Product : LM258A-EP, LM2904-EP

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects

e Enhanced Product - Supports Defense, Aerospace and Medical Applications
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 T [ KO [+—P1—»
1]
lReeI | | l
Diameter Cavity # 20 ‘*

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
i P1 | Pitch between successive cavity centers
[ [
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O of Sprocket Holes
I
Q1 : Q2
Q3 i Qé User Direction of Feed
T
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)

LM258ADGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
LM258ADR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM258ADR SOIC D 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
LM258ADR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM258ADR SOIC D 8 2500 330.0 15.4 6.4 5.2 2.1 8.0 12.0 Q1

LM258ADRG4 SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

LM258ADRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

LM258DGKR VSSOP DGK 8 2500 330.0 12.4 53 34 1.4 8.0 12.0 Q1
LM258DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM258DR SoIC D 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
LM258DR SoIC D 8 2500 330.0 15.4 6.4 5.2 2.1 8.0 12.0 Q1
LM258DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM258DRG3 SoIC D 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
LM258DRG3 SoIC D 8 2500 330.0 15.4 6.4 5.2 2.1 8.0 12.0 Q1
LM258DRG4 SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM258DRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

LM2904AVQDR SOIC D 8 2500 330.0 12.5 6.4 5.2 2.1 8.0 12.0 Q1

LM2904AVQDRG4 SOIC D 8 2500 330.0 12.5 6.4 5.2 2.1 8.0 12.0 Q1
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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)

LM2904AVQPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2904AVQPWRG4 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2904BAIDR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM2904BIDGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM2904BIDR SolIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM2904BIPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2904DGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM2904DGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM2904DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM2904DR SOIC D 8 2500 330.0 15.4 6.4 5.2 2.1 8.0 12.0 Q1
LM2904DR Sle][e: D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM2904DR SoIC D 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
LM2904DRG3 SoIC D 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
LM2904DRG3 SOIC D 8 2500 330.0 15.4 6.4 5.2 2.1 8.0 12.0 Q1
LM2904DRG4 SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM2904DRG4 SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM2904PWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2904PWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2904PWRG3 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2904PWRG4 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2904PWRG4-JF TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2904QDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM2904VQDR SoIC D 8 2500 330.0 125 6.4 5.2 2.1 8.0 12.0 Q1
LM2904VQPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM2904VQPWRG4 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM358ADGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM358ADR SOIC D 8 2500 330.0 15.4 6.4 5.2 2.1 8.0 12.0 Q1
LM358ADR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM358ADR SoIC D 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
LM358ADR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM358ADRG4 SoOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM358ADRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM358APWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM358APWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM358APWRG4 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM358BAIDR SolIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM358BIDGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
LM358BIDR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM358BIPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM358DGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
LM358DGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
LM358DR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM358DR SOIC D 8 2500 330.0 15.4 6.4 5.2 2.1 8.0 12.0 Q1
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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)
LM358DR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM358DR SoIC D 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
LM358DRG3 SoIC D 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
LM358DRG3 SoIC D 8 2500 330.0 15.4 6.4 5.2 2.1 8.0 12.0 Q1
LM358DRG4 SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM358DRG4 SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
LM358PWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM358PWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM358PWRG3 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM358PWRG4 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
LM358PWRG4-JF 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)
LM258ADGKR VSSOP DGK 8 2500 364.0 364.0 27.0
LM258ADR SOIC D 8 2500 853.0 449.0 35.0
LM258ADR SoIC D 8 2500 364.0 364.0 27.0
LM258ADR SoIC D 8 2500 340.5 338.1 20.6
LM258ADR SoIC D 8 2500 333.2 345.9 28.6
LM258ADRG4 SOoIC D 8 2500 853.0 449.0 35.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM258ADRG4 SolIC D 8 2500 340.5 338.1 20.6
LM258DGKR VSSOP DGK 8 2500 364.0 364.0 27.0
LM258DR SOIC D 8 2500 340.5 338.1 20.6
LM258DR SOIC D 8 2500 364.0 364.0 27.0
LM258DR SoIC D 8 2500 333.2 345.9 28.6
LM258DR SolIC D 8 2500 853.0 449.0 35.0
LM258DRG3 SolIC D 8 2500 364.0 364.0 27.0
LM258DRG3 SOIC D 8 2500 333.2 345.9 28.6
LM258DRG4 SoIC D 8 2500 340.5 338.1 20.6
LM258DRG4 SolIC D 8 2500 853.0 449.0 35.0
LM2904AVQDR SolIC D 8 2500 340.5 338.1 20.6
LM2904AVQDRG4 SOIC D 8 2500 340.5 338.1 20.6
LM2904AVQPWR TSSOP PW 8 2000 853.0 449.0 35.0
LM2904AVQPWRG4 TSSOP PW 8 2000 853.0 449.0 35.0
LM2904BAIDR SolIC D 8 2500 340.5 338.1 20.6
LM2904BIDGKR VSSOP DGK 8 2500 366.0 364.0 50.0
LM2904BIDR SOIC D 8 2500 340.5 338.1 20.6
LM2904BIPWR TSSOP PW 8 2000 853.0 449.0 35.0
LM2904DGKR VSSOP DGK 8 2500 358.0 335.0 35.0
LM2904DGKR VSSOP DGK 8 2500 364.0 364.0 27.0
LM2904DR SOIC D 8 2500 340.5 338.1 20.6
LM2904DR SoIC D 8 2500 333.2 345.9 28.6
LM2904DR SolIC D 8 2500 853.0 449.0 35.0
LM2904DR SolIC D 8 2500 364.0 364.0 27.0
LM2904DRG3 SOIC D 8 2500 364.0 364.0 27.0
LM2904DRG3 SoIC D 8 2500 333.2 345.9 28.6
LM2904DRG4 SoIC D 8 2500 853.0 449.0 35.0
LM2904DRG4 SolIC D 8 2500 340.5 338.1 20.6
LM2904PWR TSSOP PW 8 2000 364.0 364.0 27.0
LM2904PWR TSSOP PW 8 2000 853.0 449.0 35.0
LM2904PWRG3 TSSOP PW 8 2000 364.0 364.0 27.0
LM2904PWRG4 TSSOP PW 8 2000 853.0 449.0 35.0
LM2904PWRG4-JF TSSOP PW 8 2000 853.0 449.0 35.0
LM2904QDR SOIC D 8 2500 350.0 350.0 43.0
LM2904VQDR SoIC D 8 2500 340.5 338.1 20.6
LM2904VQPWR TSSOP PW 8 2000 853.0 449.0 35.0
LM2904VQPWRG4 TSSOP PW 8 2000 853.0 449.0 35.0
LM358ADGKR VSSOP DGK 8 2500 364.0 364.0 27.0
LM358ADR SOIC D 8 2500 333.2 345.9 28.6
LM358ADR SolIC D 8 2500 853.0 449.0 35.0
LM358ADR SolIC D 8 2500 364.0 364.0 27.0
LM358ADR SOIC D 8 2500 340.5 338.1 20.6
LM358ADRG4 SOIC D 8 2500 853.0 449.0 35.0
LM358ADRG4 SolIC D 8 2500 340.5 338.1 20.6
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM358APWR TSSOP PW 8 2000 853.0 449.0 35.0
LM358APWR TSSOP PW 8 2000 364.0 364.0 27.0
LM358APWRG4 TSSOP PW 8 2000 853.0 449.0 35.0
LM358BAIDR SOIC D 8 2500 340.5 338.1 20.6
LM358BIDGKR VSSOP DGK 8 2500 366.0 364.0 50.0
LM358BIDR SolIC D 8 2500 340.5 338.1 20.6
LM358BIPWR TSSOP PW 8 2000 853.0 449.0 35.0
LM358DGKR VSSOP DGK 8 2500 364.0 364.0 27.0
LM358DGKR VSSOP DGK 8 2500 358.0 335.0 35.0
LM358DR SolIC D 8 2500 853.0 449.0 35.0
LM358DR SolIC D 8 2500 333.2 345.9 28.6
LM358DR SOIC D 8 2500 340.5 338.1 20.6
LM358DR SoIC D 8 2500 364.0 364.0 27.0
LM358DRG3 SolIC D 8 2500 364.0 364.0 27.0
LM358DRG3 SolIC D 8 2500 333.2 345.9 28.6
LM358DRG4 SOIC D 8 2500 340.5 338.1 20.6
LM358DRG4 SOIC D 8 2500 853.0 449.0 35.0
LM358PWR TSSOP PW 8 2000 853.0 449.0 35.0
LM358PWR TSSOP PW 8 2000 364.0 364.0 27.0
LM358PWRG3 TSSOP PW 8 2000 364.0 364.0 27.0
LM358PWRG4 TSSOP PW 8 2000 853.0 449.0 35.0
LM358PWRG4-JF TSSOP PW 8 2000 853.0 449.0 35.0
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MECHANICAL DATA

MCEROO01A — JANUARY 1995 — REVISED JANUARY 1997

JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE

0.400 (10,16)
0.355 (9,00) '

Ao A

) 0.280 (7,11)
0.245 (6,22)

S

1 4
0.065 (1,65)
0.045 (1,14)

0.063 (1,60) 0.020 (0,51) MIN 0.310 (7,87)
0.015 (0,38) » 0.290 (7,37)
0.200 (5,08) MAX
— ¢ Seating Plane

T 0.130 (3,30) MIN

0.023 (0,58) o150
AJLL770015(038) —> \4/ 0°-15
(0100 (2,59) | 0.014 (0,36)

0.008 (0,20)

4040107/C 08/96

A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification.

E. Falls within MIL STD 1835 GDIP1-T8
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MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN—LINE PACKAGE

0.400 (10,16)
035 (9,00) 7
5
[ ™M ;
0.260 (6,60)
0.240 (6,10)
° ‘
P8 S WS I Wy

0.045 (1,14) 0.325 (8,26)
0.030 (0,76) | [© —0.020 (0,51) MIN 0.300 (7,62)
/ T o 38)
\ 0.200 (5,08) MAX TGouge Plane
L Seating Plane
0.125 (3,18) MIN (0,25) NOM
0.100 (2,54) O 430 (10, 92
MAX
0.021 (0,53)
€ 5015 (0,38)
[]0.010 (0,25) W]
4040082/E  04/2010
NQTES: A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS—001 variation BA.
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MECHANICAL DATA

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

r ﬂﬂgz
8 5

,HHHHT OZ

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

[@N]

LiLlil:

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

4073329/E 05/06

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

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

DGK (S—PDSO-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I 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:
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PACKAGE OUTLINE
PWOO00SA TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

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

0.19 L
‘%‘0.1@‘C‘A@‘B@‘ J'].ZMAX

ST -
\\\-‘/\SEE DETAIL A T(O'1S)TYP

DETAIL A
TYPICAL

4221848/A 02/2015

NOTES:

-

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

. This drawing is subject to change without notice.

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

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

. Reference JEDEC registration MO-153, variation AA.

s W N
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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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MECHANICAL DATA

FK (S*CQCC*N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
- 8 17 16 15 14 13 12 NO. OF A 5
TERMINALS
/e ™ o MIN MAX MIN MAX
19 11
20 0.342 | 0.358 | 0.307 | 0.358
20 10 (8,69) | (9,09) | (7,80) | (9,09)
o1 9 )8 0.4472 | 0.458 | 0.406 | 0.458
— (11,23) |(11,63) | (10,31) | (11,63)
22 8 an 0.640 | 0.660 | 0.495 | 0.560
A SQ . : (16,26) |(16,76) | (12,58) | (14,22)
59 0.740 | 0.761 | 0.495 | 0.560
24 6 (18,78 (19,32) | (12,58) |(14,22)
0.938 | 0.962 | 0.850 | 0.858
25 5
g 88 1193,83)|(24.43)| (21,6) | (21.,8)
84 1141 1.165 1.047 | 1.063
26 27 28 1 2 3 4 (28,99) [(29,59) | (26,6) | (27.0)
’ 0.080 (2,03)
0.064 (1,63)
£ 0020 (0,51) &

0.010 (0,25)

0045 (1,14)

0.035 (0,89)

A b

, , 0.045 (1,14)
0.022 (0.54) 4 # L*f 0.035 (0,89)

4040140/D 01/11

A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. Falls within JEDEC MS-004
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

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

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

‘\‘_

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

SEE DETAIL A

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

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

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

SMALL OUTLINE INTEGRATED CIRCUIT

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

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

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

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

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

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

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

4214825/C 02/2019

NOTES: (continued)

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

9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

PS (R-PDS0O-G8) PLASTIC SMALL-OUTLINE PACKAGE

] [ e

indd 1

T 0, 15 NOM
560 820
500 7,40

O|O

o [ e (B
_V—ZOOMAX 1 \/

4040063/C 03/03

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, not to exceed 0,15.
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LAND PATTERN DATA

PS (R—PDSO-G8) PLASTIC SMALL OUTLINE

Stencil Openings

Example Board Layout (Note D
(Note C)
. —» ~—8x0,55
»\ ‘<— xT, ‘ ‘<— 6x1,27
HHd 75 A H HJ&
7.40 7,40

(oA ik

[ Example

‘ Non Soldermask Defined Pad

/ . Example

i Pad Geometry
(See Note C)

Example
Non—Solder Mask Opening
(See Note E)

\\ S [— /

Al Around //

4212188/A 09/11

All linear dimensions are in millimeters.

NOTES: A

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.
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.

Customers should

WP TEXAS
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www. ticom



IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

ESP32 Series

Datasheet

Including:
ESP32-DOWD-V3
ESP32-DOWDQ6-V3
ESP32-DOWD
ESP32-DOWDQ6
ESP32-D2WD
ESP32-SOWD
ESP32-U4WDH

Version 3.6

m\\ Espressif Systems

Copyright © 2021

www.espressif.com



About This Guide

This document provides the specifications of ESP32 family of chips.

Document Updates
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1 Overview

1 Overview

ESP32 is a single 2.4 GHz Wi-Fi-and-Bluetooth combo chip designed with the TSMC ultra-low-power 40 nm
technology. It is designed to achieve the best power and RF performance, showing robustness, versatility and
reliability in a wide variety of applications and power scenarios.

The ESP32 series of chips includes ESP32-DOWD-V3, ESP32-DOWDQ6-V3, ESP32-DOWD, ESP32-DOWDQ6,
ESP32-D2WD, ESP32-SOWD, and ESP32-U4WDH, among which, ESP32-DOWD-V3, ESP32-DOWDQ6-V3,
and ESP32-U4WDH are based on ECO V3 wafer.

For details on part numbers and ordering information, please refer to Section 7.

For details on ECO V3 instructions, please refer to ESP32 ECO V3 User Guide.

1.1 Featured Solutions

1.1.1 Ultra-Low-Power Solution

ESP32 is designed for mobile, wearable electronics, and Internet-of-Things (IoT) applications. It features all the
state-of-the-art characteristics of low-power chips, including fine-grained clock gating, multiple power modes,
and dynamic power scaling. For instance, in a low-power 10T sensor hub application scenario, ESP32 is woken
up periodically and only when a specified condition is detected. Low-duty cycle is used to minimize the amount
of energy that the chip expends. The output of the power amplifier is also adjustable, thus contributing to an
optimal trade-off between communication range, data rate and power consumption.

Note:
For more information, refer to Section 3.7 RTC and Low-Power Management.

1.1.2 Complete Integration Solution

ESP32 is a highly-integrated solution for Wi-Fi-and-Bluetooth IoT applications, with around 20 external
components. ESP32 integrates an antenna switch, RF balun, power amplifier, low-noise receive amplifier, filters,
and power management modules. As such, the entire solution occupies minimal Printed Circuit Board (PCB)
area.

ESP32 uses CMOS for single-chip fully-integrated radio and baseband, while also integrating advanced
calibration circuitries that allow the solution to remove external circuit imperfections or adjust to changes in
external conditions. As such, the mass production of ESP32 solutions does not require expensive and
specialized Wi-Fi testing equipment.

1.2 Wi-Fi Key Features

802.11 b/g/n

802.11 n (2.4 GHz), up to 150 Mbps

o WMM

TX/RX A-MPDU, RX A-MSDU

Immediate Block ACK

Espressif Systems 8 ESP32 Series Datasheet V3.6
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1 Overview

Defragmentation

Automatic Beacon monitoring (hardware TSF)

4 x virtual Wi-Fi interfaces

Simultaneous support for Infrastructure Station, SoftAP, and Promiscuous modes
Note that when ESP32 is in Station mode, performing a scan, the SoftAP channel will be changed.

Antenna diversity

Note:
For more information, please refer to Section 3.5 Wi-fi.

1.3 BT Key Features
e Compliant with Bluetooth v4.2 BR/EDR and BLE specifications
e Class-1, class-2 and class-3 transmitter without external power amplifier
e Enhanced Power Control
® +12 dBm transmitting power
* NZIF receiver with -94 dBm BLE sensitivity
e Adaptive Frequency Hopping (AFH)
¢ Standard HCI based on SDIO/SPI/UART
e High-speed UART HCI, up to 4 Mbps
¢ Bluetooth 4.2 BR/EDR BLE dual mode controller
e Synchronous Connection-Oriented/Extended (SCO/eSCO)
e CVSD and SBC for audio codec
¢ Bluetooth Piconet and Scatternet
¢ Multi-connections in Classic BT and BLE

e Simultaneous advertising and scanning

1.4 MCU and Advanced Features

1.4.1 CPU and Memory

e Xtensa® single-/dual-core 32-bit LX6 microprocessor(s), up to 600 MIPS (200 MIPS for
ESP32-SOWD/ESP32-U4WDH, 400 MIPS for ESP32-D2WD)

448 KB ROM

520 KB SRAM

16 KB SRAM in RTC

QSPI supports multiple flash/SRAM chips

Espressif Systems 9 ESP32 Series Datasheet V3.6
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1 Overview

1.4.2 Clocks and Timers

Internal 8 MHz oscillator with calibration

Internal RC oscillator with calibration

External 2 MHz ~ 60 MHz crystal oscillator (40 MHz only for Wi-Fi/BT functionality)

External 32 kHz crystal oscillator for RTC with calibration

Two timer groups, including 2 x 64-bit timers and 1 x main watchdog in each group

One RTC timer

RTC watchdog

1.4.3 Advanced Peripheral Interfaces

34 x programmable GPIOs

12-bit SAR ADC up to 18 channels

2 x 8-bit DAC

10 x touch sensors

4 x SP

2 x 128

2 x [2C

3 x UART

1 host (SD/eMMC/SDIO)

1 slave (SDIO/SPI)

Ethernet MAC interface with dedicated DMA and IEEE 1588 support
Two-Wire Automotive Interface (TWAI®, compatible with ISO11898-1)
IR (TX/RX)

Motor PWM

LED PWM up to 16 channels

Hall sensor

1.4.4 Security

Secure boot
Flash encryption
1024-bit OTP, up to 768-bit for customers
Cryptographic hardware acceleration:
- AES
- Hash (SHA-2)

Espressif Systems 10
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Overview

- RSA
- ECC

— Random Number Generator (RNG)

1.5 Applications (A Non-exhaustive List)

Generic Low-power loT Sensor Hub - Agriculture robotics

Generic Low-power loT Data Loggers e Audio Applications

Cameras for Video Streaming
Over-the-top (OTT) Devices
Speech Recognition
Image Recognition
Mesh Network
Home Automation

- Light control

- Smart plugs

— Smart door locks
Smart Building

— Smart lighting

— Energy monitoring
Industrial Automation

- Industrial wireless control

- Industrial robotics
Smart Agriculture

— Smart greenhouses

— Smart irrigation

Espressif Systems

Internet music players

Live streaming devices

Internet radio players

Audio headsets

Health Care Applications
— Health monitoring

— Baby monitors

Wi-Fi-enabled Toys
- Remote control toys
— Proximity sensing toys

— Educational toys

Wearable Electronics

- Smart watches

— Smart bracelets

Retail & Catering Applications
- POS machines

- Service robots

11 ESP32 Series Datasheet V3.6
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4033&sections=&version=3.6 

1 Overview

1.6 Block Diagram

Embedded Flash

Blugtooth Bluetooth RF
| link baseband receive
SP| controller D
b Clock S S
L 12C generator c% 3
128 e Wi-Fi RF
WIRFIMAC baseband transmit = T
SDIO M/
UART
Cryptographic hardware
TWAI® Core and memory acceleration
ETH 2 (or 1) x Xtensa® 32-
N \blt LX6 Mlcroprocessors) SHA | | RSA
RMT
PWM ROM SRAM AES RNG
Touch sensor . /\ J
RTC
DAC
ADC PMU ULP Recovery
coprocessor memory
Timers b 2N . 4

Figure 1: Functional Block Diagram

Note:

Products in the ESP32 series differ from each other in terms of their support for embedded flash and the number of CPUs
they have. For details, please refer to Section 7 Part Number and Ordering Information.

Espressif Systems 12
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2 Pin Definitions

2 Pin Definitions

2.1 Pin Layout

-]
o
OI
o zZ — () (&) «©
_ | | o O Qo N o= O
s 1322588688289
S o 8§ k& 8 o35 35 o 6 S
[ee] N~ O Yo < [ep} [QV] — o (©)] [0} N~
< < < < < < < < < ™ (e8] (e8]
T T T T
| I T T T O T A T A T AN T R T A T SO T M T AN T N |
VDDA 1| 1 ' 136 GPIO23
- P e ! -]
LNALN 2| 1 ! : ! J35 GPIO18
-, | | -
VDD3P3 3| ! ! ! ! JS4 GPIO5
- ! I -
VDD3P3 4| I I JSS SD_DATA_1
L, ' ! -
SENSORVP 5| ! ! E ! JSZ SD_DATA_O
- I | -
I 1 I
SENSOR_CAPP GL__: | ESP32 | | 31 SD_CLK
SENSORCAPN 7/ 1 1 49 GND b |0 so-cwp
L, | ' -
SENSOR.VN ~ 8| ! ! ! ! J29 SD_DATA_3
-, ! I -
CHIP.PU 9| ! : ! ! J28 SD_DATA 2
-, ' ! -
VDET 1 10| | i ! J27 GPIO17
-, | | -
VDET2 11| ! ! ! ! J26 VDD_SDIO
-, e e ! -
32K XP 12| ! | |25 GPIO16
A e A e A e i I S e A
! L ! ! L ! ! L ! ! L L ! L
[sp) < o] © N~ [ee] (@] o — () [eg] <
- - - - - - - 8 o N & «
288525025888 ¢8
¢ L 92 9 s = 5 5 k& g 1
S 55 5 o O & G
™
[m)
[m)]
>
Figure 2: ESP32 Pin Layout (QFN 6*6, Top View)
Espressif Systems 13 ESP32 Series Datasheet V3.6

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4033&sections=&version=3.6 

2 Pin Definitions

o =z - N
- | | o O 9 9«
s f3gz88¢c¢8¢
5o 5k &k 56 3 56
o8] N~ © (o] < ] Al — o [©)]
< < < < ~< < < ~< < ™
-- A T T I R T —-
VDDA 1| ! e U R U ! J38 GPIO19
L, -
LNALN 2| 1 ! J37 VDD3P3_CPU
S A —
oloic I T J36 GPIO23
-, I | -
VDD3P3 4| ! | e JSS GPIO18
L, ' [ -
SENSOR\VP 5| I b J34 GPIOS5
. | \ -
SENSOR_CAPP 6| | 1 o JSS SD_DATA_1
. ' I .
| | |
SENSOR_CAPN 7 IR ESP32 . 32 SD_DATA_O
SENSORWN 8| 1 1 49 GND : :“J 31 SD_CLK
. | | -
CHIPPU 9| I ! ro JSO SD_CMD
L, [ [ -
VDET_1 10| ! | ! ! J29 SD_DATA_3
L, \ ! .
VDET2 11| 1 L st SD_DATA_2
-, I | -
BKXP 12 1} b J27 GPIO17
L, L ! -
B2KXN 13| 1 ! J26 VDD_SDIO
. -
GPIO25 14| ! T Tt Tt i | |25 GPIO16
-1 L L N L - -
L T T T Sy T ST T T o S

GPIOO 23
GPIO4 24

MTCK 20
MTDO 21
GPIO2 22

VDD3P3_RTC

Figure 3: ESP32 Pin Layout (QFN 5*5, Top View)

Note:
For details on ESP32’s part numbers and the corresponding packaging, please refer to Section 7 Part Number and Ordering
Information.
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2.2 Pin Description

Table 1: Pin Description

Name ‘ No. ’ Type I Function
Analog
VDDA 1 P Analog power supply (2.3V ~ 3.6 V)
LNA_IN 2 I/O | RF input and output
VDD3P3 3 P Analog power supply (2.3V ~ 3.6 V)
VDD3P3 4 P Analog power supply (2.3V ~ 3.6 V)
VDD3P3_RTC
SENSOR_VP 5 I GPIO36, ADC1_CHO, RTC_GPIOO
SENSOR_CAPP | 6 I GPIO37, ADC1_CH1, RTC_GPIO1
SENSOR_CAPN | 7 I GPIO38, ADC1_CH2, RTC_GPIO2
SENSOR_VN 8 I GPIO39, ADC1_CH3, RTC_GPIOS3
High: On; enables the chip
CHIP_PU 9 Low: Off; the chip powers off
Note: Do not leave the CHIP_PU pin floating.
VDET_1 10 I GPIO34, ADC1_CH6, RTC_GPIO4
VDET_2 11 I GPIO35, ADC1_CH7, RTC_GPIO5
32K_XP 12 | /O | GPIO32, ADC1_CH4, RTC_GPIO9, TOUCH9, 32K _XP (32.768 kHz crystal oscillator input)
32K_XN 13 | /O | GPIO33, ADC1_CH5, RTC_GPIO8, TOUCHS, 32K_XN (32.768 kHz crystal oscillator output)
GPIO25 14 | /O | GPIO25, ADC2_CH8, RTC_GPIOB, DAC_1, EMAC_RXDO
GPIO26 15 | /O | GPIO26, ADC2_CH9, RTC_GPIO7, DAC_2, EMAC_RXD1
GPIO27 16 | I/O | GPIO27, ADC2_CH7, RTC_GPIO17, TOUCH?7, EMAC_RX_DV
MTMS 17 | 1/0 | GPIO14, ADC2_CHB, RTC_GPIO16, TOUCHS, EMAC_TXD2, HSPICLK, HS2_CLK, SD_CLK, MTMS
MTDI 18 | I/O | GPIO12, ADC2_CH5, RTC_GPIO15, TOUCHS, EMAC_TXD3, HSPIQ, HS2_DATA2, SD_DATA2, MTDI
VDD3P3_RTC 19 P Input power supply for RTC 10 (2.3V ~ 3.6'V)
MTCK 20 | I/O | GPIO13, ADC2_CH4, RTC_GPIO14, TOUCHA4, EMAC_RX_ER, HSPID, HS2_DATA3, SD_DATA3, MTCK
MTDO 21 I/O | GPIO15, ADC2_CH3, RTC_GPIO13, TOUCHS, EMAC_RXD3, HSPICSO, HS2_CMD, SD_CMD, MTDO

suopuyeg uld ¢


https://www.espressif.com/en/company/contact/documentation_feedback?docId=4033&sections=&version=3.6 

SOBQP&8] UOBIUaLWNO0( JIWGNS

SWe1sAg Jissaids]

9l

9'EA 190UselRd SOUeS 284S

Name No. | Type | Function
GPIO2 22 | I/O0 | GPIO2, ADC2_CH2, RTC_GPIO12, TOUCHZ, HSPIWP,  HS2_DATAO, SD_DATAO
GPIOO 23 | I/O | GPIOO, ADGC2_CH1, RTC_GPIO11, TOUGCHT, EMAC_TX_CLK, CLK_OUTT,
GPIO4 24 | /O | GPIO4, ADC2_CHO, RTC_GPIO10, TOUCHO, EMAC_TX_ER, HSPIHD, HS2_DATA1, SD_DATA1
VDD_SDIO
GPIO16 25 | 1/O | GPIO16, HS1_DATA4, U2RXD, EMAC_CLK_OUT
VDD_SDIO 26 P Output power supply: 1.8 V or the same voltage as VDD3P3_RTC
GPIO17 27 | /0 | GPIO17, HS1_DATA5, U2TXD, EMAC_CLK_OUT_180
SD_DATA_2 28 | I/O | GPIO9, HS1_DATA2, U1RXD, SD_DATA2, SPIHD
SD_DATA_S 29 | 1/0O | GPIO10, HS1_DATA3, U1TXD, SD_DATAS, SPIWP
SD_CMD 30 | I/O | GPIO11, HS1_CMD, U1RTS, SD_CMD, SPICSO
SD_CLK 31 I/O | GPIOB, HS1_CLK, U1CTS, SD_CLK, SPICLK
SD_DATA_O 32 | I/O | GPIO7, HS1_DATAO, U2RTS, SD_DATAO, SPIQ
SD_DATA_1 33 | I/O | GPIO8, HS1_DATA1, U2CTS, SD_DATA1, SPID
VDD3P3_CPU
GPIO5 34 | I/O | GPIO5, HS1_DATAB, VSPICSO, EMAC_RX_CLK
GPIO18 35 | I/O | GPIO18, HS1_DATA7, VSPICLK
GPI023 36 | I/O | GPIO23, HS1_STROBE, VSPID
VDD3P3_CPU 37 P Input power supply for CPU 10 (1.8V ~ 3.6 V)
GPIO19 38 | /O | GPIO19, UOCTS, VSPIQ, EMAC_TXDO
GPI022 39 | /O | GPIO22, UORTS, VSPIWP, EMAC_TXD1
UORXD 40 | 1/0 | GPIO3, UORXD, CLK_OuT2
UOTXD 41 /0 | GPIO1, UOTXD, CLK_OUT3, EMAC_RXD2
GPIO21 42 | 1/0 | GPIO21, VSPIHD, EMAC_TX_EN
Analog
VDDA 43 P Analog power supply (2.3V ~ 3.6 V)
XTAL_N 44 O External crystal output
XTAL_P 45 | External crystal input
VDDA 46 P Analog power supply (2.3V ~ 3.6 V)
CAP2 47 I Connects to a 3.3 nF (10%) capacitor and 20 k2 resistor in parallel to CAP1
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Name No. | Type | Function
CAP1 48 I Connects to a 10 nF series capacitor to ground
GND 49 P Ground

Note:

¢ The pin-pin mapping between ESP32-D2WD/ESP32-U4WDH and the embedded flash is as follows: GPIO16 = CS#, GPIO17 = 101/DO, SD_CMD = I03/HOLD#, SD_CLK =
CLK, SD_DATA_0 = 102/WP#, SD_DATA_1 = 100/DI. The pins used for embedded flash are not recommended for other uses.

¢ |In most cases, the data port connection between ESP32 series of chips other than ESP32-D2WD/ESP32-U4WDH and external flash is as follows: SD_DATA0/SPIQ = 101/DO,
SD_DATA1/SPID = I00/DI, SD_DATA2/SPIHD = I03/HOLD#, SD_DATA3/SPIWP = |02/WP#.

e For a quick reference guide to using the I0_MUX, Ethernet MAC, and GIPO Matrix pins of ESP32, please refer to Appendix £SP32 Fin Lists.
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2.3 Power Scheme
ESP32’s digital pins are divided into three different power domains:
e VDD3P3_RTC
e VDD3P3_CPU
¢ VVDD_SDIO
VDD3P3_RTC is also the input power supply for RTC and CPU.
VDD3P3_CPU is also the input power supply for CPU.

VDD_SDIO connects to the output of an internal LDO whose input is VDD3P3_RTC. When VDD_SDIO is
connected to the same PCB net together with VDD3P3_RTC, the internal LDO is disabled automatically. The
power scheme diagram is shown below:

VDD3P3_RTC VDD3P3_CPU

VDD_SDIO

3.3V/1.8V

SDIO RTC CPU

Domain Domain Domain

Figure 4: ESP32 Power Scheme

The internal LDO can be configured as having 1.8V, or the same voltage as VDD3P3_RTC. It can be powered off
via software to minimize the current of flash/SRAM during the Deep-sleep mode.

Notes on CHIP_PU:

e The illustration below shows the ESP32 power-up and reset timing. Details about the parameters are listed
in Table 2.
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VDD3P3_RTC Min --

VDD

VILJRST -—-

CHIP_PU

Figure 5: ESP32 Power-up and Reset Timing

Table 2: Description of ESP32 Power-up and Reset Timing Parameters

Parameters Description Min. Unit
‘ Time between the 3.3 V rails being brought up and CHIP_PU being 50
S
0 activated K

; Duration of CHIP_PU signal level < V., ,rst (refer to its value in 50
S
! Table 13 DC Characteristics) to reset the chip K

¢ |n scenarios where ESP32 is powered on and off repeatedly by switching the power rails, while there is a
large capacitor on the VDD33 rail and CHIP_PU and VDD33 are connected, simply switching off the
CHIP_PU power rail and immediately switching it back on may cause an incomplete power discharge cycle
and failure to reset the chip adequately.

An additional discharge circuit may be required to accelerate the discharge of the large capacitor on rail
VDD33, which will ensure proper power-on-reset when the ESP32 is powered up again.

¢ \When a battery is used as the power supply for the ESP32 series of chips and modules, a supply voltage
supervisor is recommended, so that a boot failure due to low voltage is avoided. Users are recommmended
to pull CHIP_PU low if the power supply for ESP32 is below 2.3 V.

Notes on power supply:

¢ The operating voltage of ESP32 ranges from 2.3 V to 3.6 V. When using a single-power supply, the
recommended voltage of the power supply is 3.3 V, and its recommended output current is 500 mA or
more.

e When VDD_SDIO 1.8 V is used as the power supply for external flash/PSRAM, a 2 k) grounding resistor
should be added to VDD_SDIO. For the circuit design, please refer to Figure ESP32-WROVER
Schematics, in ESP32-WROVER Datasheet.

¢ When the three digital power supplies are used to drive peripherals, e.g., 3.3 V flash, they should comply
with the peripherals’ specifications.

2.4 Strapping Pins

There are five strapping pins:
e MTDI
e GPIOO
e GPIO2
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2 Pin Definitions

e MTDO
e GPIO5
Software can read the values of these five bits from register "GPIO_STRAPPING”.

During the chip’s system reset release (power-on-reset, RTC watchdog reset and brownout reset), the latches of
the strapping pins sample the voltage level as strapping bits of "0” or ”1”, and hold these bits until the chip is
powered down or shut down. The strapping bits configure the device’s boot mode, the operating voltage of
VDD_SDIO and other initial system settings.

Each strapping pin is connected to its internal pull-up/pull-down during the chip reset. Consequently, if a
strapping pin is unconnected or the connected external circuit is high-impedance, the internal weak
pull-up/pull-down will determine the default input level of the strapping pins.

To change the strapping bit values, users can apply the external pull-down/pull-up resistances, or use the host
MCU'’s GPIOs to control the voltage level of these pins when powering on the chip.

After reset release, the strapping pins work as normal-function pins.

Refer to Table 3 for a detailed boot-mode configuration by strapping pins.

Table 3: Strapping Pins

Voltage of Internal LDO (VDD_SDIO)
Pin Default 3.3V 1.8V
MTDI Pull-down 0 1

Booting Mode
Pin Default SPI Boot Download Boot
GPIOO |  Pull-up 1 0
GPIO2 | Pull-down Don’t-care 0
Enabling/Disabling Debugging Log Print over UOTXD During Booting
Pin Default UOTXD Active UOTXD Silent
MTDO Pull-up 1 0
Timing of SDIO Slave

FE Sampling | FE Sampling | RE Sampling | RE Sampling
Pin Default FE Output RE Output FE Output RE Output
MTDO Pull-up 0 0 1 1
GPIO5 Pull-up 0 1 0 1

Note:
e FE: faling-edge, RE: rising-edge.

¢ Firmware can configure register bits to change the settings of “Voltage of Internal LDO (VDD_SDIO)” and “Timing
of SDIO Slave”, after booting.

e For ESP32 chips that contain an embedded flash, users need to note the logic level of MTDI. For example, ESP32-
D2WD contains an embedded flash that operates at 1.8 V, therefore, the MTDI should be pulled high. ESP32-
U4WDH contains an embedded flash that operates at 3.3 V, therefore, the MTDI should be low.

The illustration below shows the setup and hold times for the strapping pin before and after the CHIP_PU signal
goes high. Details about the parameters are listed in Table 4.
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VIL_nRST
CHIP_PU

Strapping pin

Figure 6: Setup and Hold Times for the Strapping Pin

Table 4: Parameter Descriptions of Setup and Hold Times for the Strapping Pin

Parameters Description Min. Unit
to Setup time before CHIP_PU goes from low to high 0 ms
t Hold time after CHIP_PU goes high 1 ms
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3 Functional Description

3 Functional Description

This chapter describes the functions integrated in ESP32.

3.1 CPU and Memory

3.1.1 CPU

ESP32 contains one or two low-power Xtensa® 32-bit X6 microprocessor(s) with the following features:

e 7-stage pipeline to support the clock frequency of up to 240 MHz (160 MHz for ESP32-SOWD,
ESP32-D2WD, and ESP32-U4WDH)

e 16/24-bit Instruction Set provides high code-density
e Support for Floating Point Unit
e Support for DSP instructions, such as a 32-bit multiplier, a 32-bit divider, and a 40-bit MAC
e Support for 32 interrupt vectors from about 70 interrupt sources
The single-/dual-CPU interfaces include:
e Xtensa RAM/ROM Interface for instructions and data
e Xtensa Local Memory Interface for fast peripheral register access
e External and internal interrupt sources

e JTAG for debugging

3.1.2 Internal Memory
ESP32’s internal memory includes:
e 448 KB of ROM for booting and core functions
e 520 KB of on-chip SRAM for data and instructions

¢ 8 KB of SRAM in RTC, which is called RTC FAST Memory and can be used for data storage; it is accessed
by the main CPU during RTC Boot from the Deep-sleep mode.

e 8 KB of SRAM in RTC, which is called RTC SLOW Memory and can be accessed by the co-processor
during the Deep-sleep mode.

¢ 1 Kbit of eFuse: 256 bits are used for the system (MAC address and chip configuration) and the remaining
768 bits are reserved for customer applications, including flash-encryption and chip-ID.

e Embedded flash

Note:
Products in the ESP32 series differ from each other, in terms of their support for embedded flash and the size of it. For
details, please refer to Section 7 FPart Number and Ordering Information.
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3 Functional Description

3.1.3 External Flash and SRAM

ESP32 supports multiple external QSPI flash and SRAM chips. More details can be found in Chapter SPI in the
ESP32 Technical Reference Manual. ESP32 also supports hardware encryption/decryption based on AES to

protect developers’ programs and data in flash.
ESP32 can access the external QSPI flash and SRAM through high-speed caches.

e Up to 16 MB of external flash can be mapped into CPU instruction memory space and read-only memory
space simultaneously.

— When external flash is mapped into CPU instruction memory space, up to 11 MB + 248 KB can be
mapped at a time. Note that if more than 3 MB + 248 KB are mapped, cache performance will be
reduced due to speculative reads by the CPU.

— When external flash is mapped into read-only data memory space, up to 4 MB can be mapped at a
time. 8-bit, 16-bit and 32-bit reads are supported.

e External SRAM can be mapped into CPU data memory space. SRAM up to 8 MB is supported and up to 4
MB can be mapped at a time. 8-bit, 16-bit and 32-bit reads and writes are supported.

Note:
After ESP32 is initialized, firmware can customize the mapping of external SRAM or flash into the CPU address space.

3.1.4 Memory Map

The structure of address mapping is shown in Figure 7. The memory and peripheral mapping of ESP32 is shown
in Table 5.

0x0000_0000
Ox3F3F_FFFF

0x3F40_0000
OX3F7F_FFFF

0x3F80_0000
Ox3FBF_FFFF

0x3FC0_0000
OX3FEF_FFFF

External 0x3FF0_0000
Memory MMU < Cache Ox3FF7_FFFF

———® Peripheral

Ox3FF8_0000
OX3FFF_FFFF i DMA

0x4000_0000
0x400C_1FFF

0x400C_2000 Embedded
0x40BF_FFFF Memory

0x40C0_0000
OX4FFF_FFFF

0x5000_0000
0x5000_1FFF

0x5000_2000
OXFFFF_FFFF

Figure 7: Address Mapping Structure
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3 Functional Description

Table 5: Memory and Peripheral Mapping

Category Target Start Address End Address Size
Internal ROM O 0x4000_0000 0x4005_FFFF 384 KB
Internal ROM 1 0x3FF9_0000 Ox3FF9_FFFF 64 KB
Internal SRAM O 0x4007_0000 Ox4009_FFFF 192 KB
Embedded | Internal SRAM 1 OOFFED000 | OGHFITTT |48 kg
Mermory 0x400A_0000 Ox400B_FFFF
Internal SRAM 2 Ox3FFA_E000 Ox3FFD_FFFF 200 KB
RTC FAST Memory Ox3FF8_0000 Ox3FF8_1FFF 8 KB
0x400C_0000 0x400C_1FFF
RTC SLOW Memory | 0x5000_0000 0x5000_1FFF 8 KB
External External Flash 0x3F40_0000 Ox3F7F_FFFF 4 MB
Mermory 0x400C_2000 Ox40BF_FFFF 11 MB+248 KB
External RAM 0x3F80_0000 Ox3FBF_FFFF 4 MB
DPort Register Ox3FF0_0000 Ox3FFO_OFFF 4 KB
AES Accelerator Ox3FF0_1000 Ox3FFO_1FFF 4 KB
RSA Accelerator Ox3FFO_2000 Ox3FFO_2FFF 4 KB
SHA Accelerator Ox3FFO_3000 Ox3FFO_3FFF 4 KB
Secure Boot Ox3FFO_4000 Ox3FFO_4FFF 4 KB
Cache MMU Table Ox3FF1_0000 Ox3FF1_3FFF 16 KB
PID Controller Ox3FF1_F000 Ox3FF1_FFFF 4 KB
UARTO 0x3FF4_0000 Ox3FF4_OFFF 4 KB
SPi Ox3FF4_2000 Ox3FF4_2FFF 4 KB
SPIO Ox3FF4_3000 Ox3FF4_3FFF 4 KB
GPIO Ox3FF4_4000 Ox3FF4_4FFF 4 KB
RTC Ox3FF4_8000 Ox3FF4_8FFF 4 KB
IO MUX 0x3FF4_9000 Ox3FF4_9FFF 4 KB
SDIO Slave Ox3FF4_B000 Ox3FF4_BFFF 4 KB
UDMA1 Ox3FF4_C000 Ox3FF4_CFFF 4 KB
Peripheral 12S0 Ox3FF4_F000 Ox3FF4_FFFF 4 KB
UART1 0x3FF5_0000 Ox3FF5_0FFF 4 KB
12CO Ox3FF5_3000 Ox3FF5_3FFF 4 KB
UDMAO Ox3FF5_4000 Ox3FF5_4FFF 4 KB
SDIO Slave Ox3FF5_5000 Ox3FF5_5FFF 4 KB
RMT Ox3FF5_6000 Ox3FF5_6FFF 4 KB
PCNT Ox3FF5_7000 Ox3FF5_7FFF 4 KB
SDIO Slave Ox3FF5_8000 Ox3FF5_8FFF 4 KB
LED PWM Ox3FF5_9000 Ox3FF5_9FFF 4 KB
efFuse Controller Ox3FF5_A000 Ox3FF5_AFFF 4 KB
Flash Encryption Ox3FF5_B000 Ox3FF5_BFFF 4 KB
PWMO Ox3FF5_EO00 Ox3FF5_EFFF 4 KB
TIMGO Ox3FF5_F000 Ox3FF5_FFFF 4 KB
TIMG1 0x3FF6_0000 Ox3FF6_0OFFF 4 KB
SPI2 Ox3FF6_4000 Ox3FF6_4FFF 4 KB
SPI3 Ox3FF6_5000 Ox3FF6_5FFF 4 KB

Espressif Systems

24

Submit Documentation Feedback

ESP32 Series Datasheet V3.6



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4033&sections=&version=3.6 

3 Functional Description

Category Target Start Address End Address Size
SYSCON Ox3FF6_6000 Ox3FF6_6FFF 4 KB
12C1 Ox3FF6_7000 Ox3FF6_7FFF 4 KB
SDMMC Ox3FF6_8000 Ox3FF6_8FFF 4 KB
EMAC Ox3FF6_9000 Ox3FF6_AFFF 8 KB

Peripheral TWAI O0x3FF6_B000 Ox3FF6_BFFF 4 KB
PWM1 Ox3FF6_C000 Ox3FF6_CFFF 4 KB
1281 Ox3FF6_D000 Ox3FF6_DFFF 4 KB
UART2 Ox3FF6_E000 Ox3FF6_EFFF 4 KB
PWM2 Ox3FF6_F000 Ox3FF6_FFFF 4 KB
PWMS3 O0x3FF7_0000 Ox3FF7_OFFF 4 KB
RNG Ox3FF7_5000 Ox3FF7_5FFF 4 KB

3.2 Timers and Watchdogs

3.2.1 64-bit Timers

There are four general-purpose timers embedded in the chip. They are all 64-bit generic timers which are based

on 16-bit prescalers and 64-bit auto-reload-capable up/down-timers.

The timers feature:

e A 16-bit clock prescaler, from 2 to 65536

A 64-bit timer

Halt and resume of time-base counter

Auto-reload at alarming

e Software-controlled instant reload

Level and edge interrupt generation

3.2.2 Watchdog Timers

Configurable up/down timer: incrementing or decrementing

The chip has three watchdog timers: one in each of the two timer modules (called the Main Watchdog Timer, or
MWDT) and one in the RTC module (called the RTC Watchdog Timer, or RWDT). These watchdog timers are
intended to recover from an unforeseen fault causing the application program to abandon its normal sequence. A
watchdog timer has four stages. Each stage may trigger one of three or four possible actions upon the expiry of
its programmed time period, unless the watchdog is fed or disabled. The actions are: interrupt, CPU reset, core
reset, and system reset. Only the RWDT can trigger the system reset, and is able to reset the entire chip,
including the RTC itself. A timeout value can be set for each stage individually.

During flash boot the RWDT and the first MWDT start automatically in order to detect, and recover from, booting
problems.

The watchdogs have the following features:
e Four stages, each of which can be configured or disabled separately

* A programmable time period for each stage
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3 Functional Description

¢ One of three or four possible actions (interrupt, CPU reset, core reset, and system reset) upon the expiry of
each stage

e 32-bit expiry counter
¢ Write protection that prevents the RWDT and MWDT configuration from being inadvertently altered

e SPI flash boot protection
If the boot process from an SPI flash does not complete within a predetermined time period, the watchdog
will reboot the entire system.

3.3 System Clocks

3.3.1 CPU Clock

Upon reset, an external crystal clock source is selected as the default CPU clock. The external crystal clock
source also connects to a PLL to generate a high-frequency clock (typically 160 MHz).

In addition, ESP32 has an internal 8 MHz oscillator. The application can select the clock source from the external
crystal clock source, the PLL clock or the internal 8 MHz oscillator. The selected clock source drives the CPU
clock directly, or after division, depending on the application.

3.3.2 RTC Clock

The RTC clock has five possible sources:
e external low-speed (32 kHz) crystal clock
e external crystal clock divided by 4
¢ internal RC oscillator (typically about 150 kHz, and adjustable)
* internal 8 MHz oscillator
¢ internal 31.25 kHz clock (derived from the internal 8 MHz oscillator divided by 256)

When the chip is in the normal power mode and needs faster CPU accessing, the application can choose the
external high-speed crystal clock divided by 4 or the internal 8 MHz oscillator. When the chip operates in the
low-power mode, the application chooses the external low-speed (32 kHz) crystal clock, the internal RC clock or
the internal 31.25 kHz clock.

3.3.3 Audio PLL Clock

The audio clock is generated by the ultra-low-noise fractional-N PLL. More details can be found in Chapter Reset
and Clock in the ESP32 Technical Reference Manual.

3.4 Radio

The radio module consists of the following blocks:
e 2.4 GHz receiver
e 2.4 GHz transmitter

e bias and regulators
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3 Functional Description

e balun and transmit-receive switch

e clock generator

3.4.1 2.4 GHz Receiver

The 2.4 GHz receiver demodulates the 2.4 GHz RF signal to quadrature baseband signals and converts them to
the digital domain with two high-resolution, high-speed ADCs. To adapt to varying signal channel conditions, RF
filters, Automatic Gain Control (AGC), DC offset cancelation circuits and baseband filters are integrated in the
chip.

3.4.2 2.4 GHz Transmitter

The 2.4 GHz transmitter modulates the quadrature baseband signals to the 2.4 GHz RF signal, and drives the
antenna with a high-powered Complementary Metal Oxide Semiconductor (CMOS) power amplifier. The use of
digital calibration further improves the linearity of the power amplifier, enabling state-of-the-art performance in
delivering up to +20.5 dBm of power for an 802.11b transmission and +18 dBm for an 802.11n

transmission.

Additional calibrations are integrated to cancel any radio imperfections, such as:
e Carrier leakage
¢ |/Q phase matching
¢ Baseband nonlinearities
* RF nonlinearities
* Antenna matching

These built-in calibration routines reduce the amount of time required for product testing, and render the testing
equipment unnecessary.

3.4.3 Clock Generator

The clock generator produces quadrature clock signals of 2.4 GHz for both the receiver and the transmitter. Al
components of the clock generator are integrated into the chip, including all inductors, varactors, filters,
regulators and dividers.

The clock generator has built-in calibration and self-test circuits. Quadrature clock phases and phase noise are
optimized on-chip with patented calibration algorithms which ensure the best performance of the receiver and
the transmitter.

3.5 Wi-Fi

ESP32 implements a TCP/IP and full 802.11 b/g/n Wi-Fi MAC protocol. It supports the Basic Service Set (BSS)
STA and SoftAP operations under the Distributed Control Function (DCF). Power management is handled with
minimal host interaction to minimize the active-duty period.

3.5.1 Wi-Fi Radio and Baseband

The ESP32 Wi-Fi Radio and Baseband support the following features:
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3 Functional Description

802.11b/g/n

802.11n MCSO0-7 in both 20 MHz and 40 MHz bandwidth
802.11n MCS32 (RX)

802.11n 0.4 us guard-interval

up to 150 Mbps of data rate

Receiving STBC 2x1

Up to 20.5 dBm of transmitting power

Adjustable transmitting power

Antenna diversity
ESP32 supports antenna diversity with an external RF switch. One or more GPIOs control the RF switch
and selects the best antenna to minimize the effects of channel fading.

3.5.2 Wi-Fi MAC

The ESP32 Wi-Fi MAC applies low-level protocol functions automatically. They are as follows:

3.6

4 x virtual Wi-Fi interfaces

Simultaneous Infrastructure BSS Station mode/SoftAP mode/Promiscuous mode

RTS protection, CTS protection, Immediate Block ACK

Defragmentation

TX/RX A-MPDU, RX A-MSDU

TXOP

WMM

CCMP (CBC-MAC, counter mode), TKIP (MIC, RC4), WAPI (SMS4), WEP (RC4) and CRC

Automatic beacon monitoring (hardware TSF)

Bluetooth

The chip integrates a Bluetooth link controller and Bluetooth baseband, which carry out the baseband protocols

and other low-level link routines, such as modulation/demodulation, packet processing, bit stream processing,
frequency hopping, etc.

3.6.1

Bluetooth Radio and Baseband

The Bluetooth Radio and Baseband support the following features:

Class-1, class-2 and class-3 transmit output powers, and a dynamic control range of up to 24 dB
/4 DQPSK and 8 DPSK modulation

High performance in NZIF receiver sensitivity with over 94 dBm of dynamic range

Class-1 operation without external PA

Internal SRAM allows full-speed data-transfer, mixed voice and data, and full piconet operation
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3 Functional Description

encryption bit stream generation, whitening and transmit pulse shaping

ACL, SCO, eSCO and AFH

A-law, p-law and CVSD digital audio CODEC in PCM interface

SBC audio CODEC

e Power management for low-power applications

SMP with 128-bit AES

3.6.2 Bluetooth Interface
¢ Provides UART HCl interface, up to 4 Mbps
e Provides SDIO / SPI HClI interface

e Provides PCM / 12S audio interface

3.6.3 Bluetooth Stack

Logic for forward error correction, header error control, access code correlation, CRC, demodulation,

The Bluetooth stack of the chip is compliant with the Bluetooth v4.2 BR/EDR and Bluetooth LE

specifications.

3.6.4 Bluetooth Link Controller

The link controller operates in three major states: standby, connection and sniff. It enables multiple connections,
and other operations, such as inquiry, page, and secure simple-pairing, and therefore enables Piconet and

Scatternet. Below are the features:
¢ Classic Bluetooth

- Device Discovery (inquiry, and inquiry scan)
— Connection establishment (page, and page scan)
- Multi-connections
— Asynchronous data reception and transmission
— Synchronous links (SCO/eSCO)
- Master/Slave Switch
— Adaptive Frequency Hopping and Channel assessment
- Broadcast encryption
- Authentication and encryption
- Secure Simple-Pairing
— Multi-point and scatternet management
- Sniff mode
— Connectionless Slave Broadcast (transmitter and receiver)

- Enhanced power control
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3 Functional Description

- Ping

® Bluetooth Low Energy

- Advertising

- Scanning

— Simultaneous advertising and scanning

— Multiple connections

— Asynchronous data reception and transmission

- Adaptive Frequency Hopping and Channel assessment

LE Ping

Connection parameter update
Data Length Extension

Link Layer Encryption

3.7 RTC and Low-Power Management

With the use of advanced power-management technologies, ESP32 can switch between different power

modes.

e Power modes

- Active mode: The chip radio is powered on. The chip can receive, transmit, or listen.

- Modem-sleep mode: The CPU is operational and the clock is configurable. The Wi-Fi/Bluetooth
baseband and radio are disabled.

- Light-sleep mode: The CPU is paused. The RTC memory and RTC peripherals, as well as the ULP
co-processor are running. Any wake-up events (MAC, host, RTC timer, or external interrupts) will wake

up the chip.

— Deep-sleep mode: Only the RTC memory and RTC peripherals are powered on. Wi-Fi and Bluetooth

connection data are stored in the RTC memory. The ULP co-processor is functional.

- Hibernation mode: The internal 8-MHz oscillator and ULP co-processor are disabled. The RTC

recovery memory is powered down. Only one RTC timer on the slow clock and certain RTC GPIOs are
active. The RTC timer or the RTC GPIOs can wake up the chip from the Hibernation mode.

Table 6: Power Consumption by Power Modes

Power mode Description Power consumption
Wi-Fi Tx packet
. : — Please refer to
Active (RF working) Wi-Fi/BT Tx packet

Wi-Fi/BT Rx and listening

Table 15 for details.

Modem-sleep

Espressif Systems

* Dual-core chip(s) 30 mA ~ 68 mA
240 MHz , ,
Single-core chip(s) N/A
The CPU is * Dual-core chip(s) 27 mA ~ 44 mA
160 MHz , ,
powered on. Single-core chip(s) 27 mA ~ 34 mA
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3 Functional Description

Power mode Description Power consumption
Dual-core chip(s) 20 mA ~ 31 mA
Normal speed: 80 MHz - ,
Single-core chip(s) 20 mA ~ 25 mA
Light-sleep - 0.8 mA
The ULP co-processor is powered on. 150 pA
Deep-sleep ULP sensor-monitored pattern 100 pA @1% duty
RTC timer + RTC memory 10 pA
Hibernation RTC timer only 5 uA
Power off CHIP_PU is set to low level, the chip is powered off. 1 pA
Note:

e *Among the ESP32 series of SoCs, ESP32-DOWD-V3, ESP32-DOWDQ6-V3, ESP32-DOWD, and ESP32-DOWDQ6
have a maximum CPU frequency of 240 MHz, ESP32-D2WD, ESP32-SOWD, and ESP32-U4WDH have a maximum
CPU frequency of 160 MHz.

e \When Wi-Fiis enabled, the chip switches between Active and Modem-sleep modes. Therefore, power consumption
changes accordingly.

¢ In Modem-sleep mode, the CPU frequency changes automatically. The frequency depends on the CPU load and
the peripherals used.

e During Deep-sleep, when the ULP co-processor is powered on, peripherals such as GPIO and I2C are able to
operate.

e \When the system works in the ULP sensor-monitored pattern, the ULP co-processor works with the ULP sensor
periodically and the ADC works with a duty cycle of 1%, so the power consumption is 100 uA.
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4 Peripherals and Sensors

4.1 Descriptions of Peripherals and Sensors

4.1.1 General Purpose Input / Output Interface (GPIO)

ESP32 has 34 GPIO pins which can be assigned various functions by programming the appropriate registers.
There are several kinds of GPIOs: digital-only, analog-enabled, capacitive-touch-enabled, etc. Analog-enabled
GPIOs and Capacitive-touch-enabled GPIOs can be configured as digital GPIOs.

Most of the digital GPIOs can be configured as internal pull-up or pull-down, or set to high impedance. When
configured as an input, the input value can be read through the register. The input can also be set to edge-trigger
or level-trigger to generate CPU interrupts. Most of the digital IO pins are bi-directional, non-inverting and tristate,
including input and output buffers with tristate control. These pins can be multiplexed with other functions, such
as the SDIO, UART, SPI, etc. (More details can be found in the Appendix, Table |O_MUX.) For low-power
operations, the GPIOs can be set to hold their states.

4.1.2 Analog-to-Digital Converter (ADC)

ESP32 integrates 12-bit SAR ADCs and supports measurements on 18 channels (analog-enabled pins). The
ULP-coprocessor in ESP32 is also designed to measure voltage, while operating in the sleep mode, which
enables low-power consumption. The CPU can be woken up by a threshold setting and/or via other
triggers.

With appropriate settings, the ADCs can be configured to measure voltage on 18 pins maximum.

Table 7 describes the ADC characteristics.

Table 7: ADC Characteristics

Parameter Description Min | Max | Unit

, , , _ RTC controller; ADC connected to an
DNL (Differential nonlinearity) , _ _ -7 7 | LSB
external 100 nF capacitor; DC signal input;

) , ambient temperature at 25 °C;
INL (Integral nonlinearity) o -12 12 | LSB
Wi-Fi&BT off
RTC controller — | 200 | ksps

DIG controller - 2 | Msps

Sampling rate

Notes:

¢ When atten=3 and the measurement result is above 3000 (voltage at approx. 2450 mV), the ADC accuracy
will be worse than described in the table above.

¢ To get better DNL results, users can take multiple sampling tests with a filter, or calculate the average value.

e The input voltage range of GPIO pins within VDD3P3_RTC domain should strictly follow the DC
characteristics provided in Table 13. Otherwise, measurement errors may be introduced, and chip
performance may be affected.

By default, there are +6% differences in measured results between chips. ESP-IDF provides couple of calibration
methods for ADC1. Results after calibration using eFuse Vref value are shown in Table 8. For higher accuracy,
users may apply other calibration methods provided in ESP-IDF, or implement their own.
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4 Peripherals and Sensors

Table 8: ADC Calibration Results

Parameter Description Min | Max | Unit

Atten=0, effective measurement range of 100 ~ 950 mV -23 23 | mV

Atten=1, effective measurement range of 100 ~ 1250 mV -30 30 | mV

Total error ,
Atten=2, effective measurement range of 150 ~ 1750 mV =40 40 | mV

Atten=3, effective measurement range of 150 ~ 2450 mV -60 60 | mV

4.1.3 Hall Sensor

ESP32 integrates a Hall sensor based on an N-carrier resistor. When the chip is in the magnetic field, the Hall
sensor develops a small voltage laterally on the resistor, which can be directly measured by the ADC.

4.1.4 Digital-to-Analog Converter (DAC)

Two 8-bit DAC channels can be used to convert two digital signals into two analog voltage signal outputs. The
design structure is composed of integrated resistor strings and a buffer. This dual DAC supports power supply as
input voltage reference. The two DAC channels can also support independent conversions.

4.1.5 Touch Sensor

ESP32 has 10 capacitive-sensing GPIOs, which detect variations induced by touching or approaching the GPIOs
with a finger or other objects. The low-noise nature of the design and the high sensitivity of the circuit allow
relatively small pads to be used. Arrays of pads can also be used, so that a larger area or more points can be
detected. The 10 capacitive-sensing GPIOs are listed in Table 9.

Table 9: Capacitive-Sensing GPIOs Available on ESP32

Capacitive-sensing signal name | Pin name
T0 GPIO4
T1 GPIOO
T2 GPIO2
T3 MTDO
T4 MTCK
5 MTDI
T6 MTMS
T7 GPI027
T8 32K_XN
T9 32K_XP

4.1.6 Ultra-Low-Power Co-processor

The ULP processor and RTC memory remain powered on during the Deep-sleep mode. Hence, the developer
can store a program for the ULP processor in the RTC slow memory to access the peripheral devices, internal
timers and internal sensors during the Deep-sleep mode. This is useful for designing applications where the CPU
needs to be woken up by an external event, or a timer, or a combination of the two, while maintaining minimal
power consumption.
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4.1.7 Ethernet MAC Interface

An |IEEE-802.3-2008-compliant Media Access Controller (MAC) is provided for Ethernet LAN communications.
ESP32 requires an external physical interface device (PHY) to connect to the physical LAN bus (twisted-pair, fiber,
etc.). The PHY is connected to ESP32 through 17 signals of MIl or nine signals of RMII. The following features are
supported on the Ethernet MAC (EMAC) interface:

* 10 Mbps and 100 Mbps rates

¢ Dedicated DMA controller allowing high-speed transfer between the dedicated SRAM and Ethernet MAC
¢ Tagged MAC frame (VLAN support)

¢ Half-duplex (CSMA/CD) and full-duplex operation

¢ MAC control sublayer (control frames)

e 32-bit CRC generation and removal

e Several address-filtering modes for physical and multicast address (multicast and group addresses)

® 32-bit status code for each transmitted or received frame

e |nternal FIFOs to buffer transmit and receive frames. The transmit FIFO and the receive FIFO are both 512
words (32-bit)

e Hardware PTP (Precision Time Protocol) in accordance with IEEE 1588 2008 (PTP V2)

e 25 MHz/50 MHz clock output

4.1.8 SD/SDIO/MMC Host Controller
An SD/SDIO/MMC host controller is available on ESP32, which supports the following features:
e Secure Digital memory (SD mem Version 3.0 and Version 3.01)
e Secure Digital I/0 (SDIO Version 3.0)
e Consumer Electronics Advanced Transport Architecture (CE-ATA Version 1.1)
e Multimedia Cards (MMC Version 4.41, eMMC Version 4.5 and Version 4.51)

The controller allows up to 80 MHz clock output in three different data-bus modes: 1-bit, 4-bit and 8-bit. It
supports two SD/SDIO/MMC4.41 cards in a 4-bit data-bus mode. It also supports one SD card operating at 1.8
V.

4.1.9 SDIO/SPI Slave Controller

ESP32 integrates an SD device interface that conforms to the industry-standard SDIO Card Specification Version
2.0, and allows a host controller to access the SoC, using the SDIO bus interface and protocol. ESP32 acts as
the slave on the SDIO bus. The host can access the SDIO-interface registers directly and can access shared
memory via a DMA engine, thus maximizing performance without engaging the processor cores.

The SDIO/SPI slave controller supports the following features:
* SPI, 1-bit SDIO, and 4-bit SDIO transfer modes over the full clock range from O to 50 MHz
¢ Configurable sampling and driving clock edge
e Special registers for direct access by host
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Interrupts to host for initiating data transfer

Automatic loading of SDIO bus data and automatic discarding of padding data

Block size of up to 512 bytes

e |nterrupt vectors between the host and the slave, allowing both to interrupt each other

Supports DMA for data transfer

4.1.10 Universal Asynchronous Receiver Transmitter (UART)

ESP32 has three UART interfaces, i.e., UARTO, UART1 and UARTZ2, which provide asynchronous
communication (RS232 and RS485) and IrDA support, communicating at a speed of up to 5 Mbps. UART
provides hardware management of the CTS and RTS signals and software flow control (XON and XOFF). All of
the interfaces can be accessed by the DMA controller or directly by the CPU.

4111 I2C Interface

ESP32 has two [2C bus interfaces which can serve as I12C master or slave, depending on the user’s configuration.
The [2C interfaces support:

e Standard mode (100 Kbit/s)

e Fast mode (400 Kbit/s)

e Up to 5 MHz, yet constrained by SDA pull-up strength
e 7-bit/10-bit addressing mode

e Dual addressing mode

Users can program command registers to control I12C interfaces, so that they have more flexibility.

4112 12S Interface

Two standard I2S interfaces are available in ESP32. They can be operated in master or slave mode, in full duplex
and half-duplex communication modes, and can be configured to operate with an 8-/16-/32-/48-/64-bit
resolution as input or output channels. BCK clock frequency, from 10 kHz up to 40 MHz, is supported. When
one or both of the I2S interfaces are configured in the master mode, the master clock can be output to the
external DAC/CODEC.

Both of the I12S interfaces have dedicated DMA controllers. PDM and BT PCM interfaces are supported.

4113 Infrared Remote Controller

The infrared remote controller supports eight channels of infrared remote transmission and receiving. By
programming the pulse waveform, it supports various infrared protocols. Eight channels share a 512 x 32-bit
block of memory to store the transmitting or receiving waveform.

4.1.14 Pulse Counter

The pulse counter captures pulse and counts pulse edges through seven modes. It has eight channels, each of
which captures four signals at a time. The four input signals include two pulse signals and two control signals.
When the counter reaches a defined threshold, an interrupt is generated.
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4.1.15 Pulse Width Modulation (PWM)

The Pulse Width Modulation (PWM) controller can be used for driving digital motors and smart lights. The
controller consists of PWM timers, the PWM operator and a dedicated capture sub-module. Each timer provides
timing in synchronous or independent form, and each PWM operator generates a waveform for one PWM
channel. The dedicated capture sub-module can accurately capture events with external timing.

41.16 LED PWM

The LED PWM controller can generate 16 independent channels of digital waveforms with configurable periods
and duties.

The 16 channels of digital waveforms operate with an APB clock of 80 MHz. Eight of these channels have the
option of using the 8 MHz oscillator clock. Each channel can select a 20-bit timer with configurable counting
range, while its accuracy of duty can be up to 16 bits within a 1 ms period.

The software can change the duty immediately. Moreover, each channel automatically supports step-by-step
duty increase or decrease, which is useful for the LED RGB color-gradient generator.

4.1.17 Serial Peripheral Interface (SPI)

ESP32 features three SPIs (SPI, HSPI and VSPI) in slave and master modes in 1-line full-duplex and 1/2/4-line
half-duplex communication modes. These SPIs also support the following general-purpose SPI features:

e Four modes of SPI transfer format, which depend on the polarity (CPOL) and the phase (CPHA) of the SPI
clock

e Up to 80 MHz (The actual speed it can reach depends on the selected pads, PCB tracing, peripheral
characteristics, etc.)

* up to 64-byte FIFO

All SPIs can also be connected to the external flash/SRAM and LCD. Each SPI can be served by DMA
controllers.

4.1.18 TWAI Controller
ESP32 family has a TWAI® controller with the following features:
e compatible with ISO11898-1 protocol
e standard frame format (11-bit ID) and extended frame format (29-bit ID)
® bit rates from 1 Kbit/s to 1 Mbit/s
e multiple modes of operation: Normal, Listen Only, and Self-Test
e 64-byte receive FIFO
e special transmissions: single-shot transmissions and self reception
e acceptance filter (single and dual filter modes)

e error detection and handling: error counters, configurable error interrupt threshold, error code capture,
arbitration lost capture
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4.1.19 Accelerator

ESP32 is equipped with hardware accelerators of general algorithms, such as AES (FIPS PUB 197), SHA (FIPS
PUB 180-4), RSA, and ECC, which support independent arithmetic, such as Big Integer Multiplication and Big
Integer Modular Multiplication. The maximum operation length for RSA, ECC, Big Integer Multiply and Big Integer
Modular Multiplication is 4096 bits.

The hardware accelerators greatly improve operation speed and reduce software complexity. They also support

code encryption and dynamic decryption, which ensures that code in the flash will not be hacked.

4.2 Peripheral Pin Configurations

Table 10: Peripheral Pin Configurations

Interface Signal Pin Function
ADC1_CHO SENSOR_VP
ADC1_CH1 SENSOR_CAPP
ADC1_CH2 SENSOR_CAPN
ADC1_CH3 SENSOR_VN
ADC1_CH4 32K_XP
ADC1_CH5 32K_XN
ADC1_CH®6 VDET_1
ADC1_CH7 VDET_2

ADC ADG2_CHO arlo4 Two 12-bit SAR ADCs
ADC2_CHA1 GPIOO
ADC2_CH2 GPIO2
ADC2_CH3 MTDO
ADC2_CH4 MTCK
ADC2_CH5 MTDI
ADC2_CH®6 MTMS
ADC2_CH7 GPIO27
ADC2_CH8 GPIO25
ADC2_CH9 GPIO26

DAC DAC GPlo25 Two 8-bit DACs
DAC_2 GPIO26
TOUCHO GPIO4
TOUCH1 GPIOO
TOUCH2 GPIO2
TOUCHS3 MTDO
TOUCH4 MTCK .

Touch Sensor Capacitive touch sensors
TOUCHS5 MTDI
TOUCH®6 MTMS
TOUCH7 GPIO27
TOUCHS 32K_XN
TOUCH9 32K_XP
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Espressif Systems

I2CEXTO_SCL _out

I2CEXTO_SDA_out

I2CEXT1_SCL_out

38

Interface Signal Pin Function
MTDI MTDI
MTCK MTCK ,
JTAG JTAG for software debugging
MTMS MTMS
MTDO MTDO
HS2_CLK MTMS
HS2_CMD MTDO
SD/SDIO/MMC Host | HS2_DATAO GPIO2
Supports SD memory card V3.01 standard
Controller HS2_DATA1 GPIO4
HS2_DATA?2 MTDI
HS2_DATA3 MTCK
PWMO_OUTO~2
PWM1_OUT_INO~2 .
Three channels of 16-bit timers generate
PWMO_FLT_INO~2 ,
PWM waveforms. Each channel has a pair
PWM1_FLT_INO~2 _ , .
Motor PWM Any GPIO Pins | of output signals, three fault detection
PWMO_CAP_INO~2 , .
signals, three event-capture signals, and
PWM1_CAP_INO~2 ,
three sync signals.
PWMO_SYNC_INO~2
PWM1_SYNC_INO~2
SD_CLK MTMS
SD_CMD MTDO ,
SDIO interface that conforms to the
SDIO/SPI Slave SD_DATAO GPIO2 _
industry standard SDIO 2.0 card
Controller SD_DATAT GPIO4 T
specification
SD_DATA2 MTDI
SD_DATA3 MTCK
UORXD_in
UOCTS_in
UODSR_in
UOTXD_out
UORTS_out
UODTR_out
U1RXD_in . Three UART devices with hardware
UART , Any GPIO Pins
U1CTS_in flow-control and DMA
U1TXD_out
U1RTS_out
U2RXD_in
U2CTS_in
U2TXD_out
U2RTS_out
I2CEXTO_SCL_in
I2CEXTO_SDA_in
I2CEXT1_SCL_in
I2CEXT1_SDA_in , , .
12C Any GPIO Pins | Two I12C devices in slave or master mode
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Interface

Signal

Pin

Function

I2CEXT1_SDA_out

LED PWM

ledc_hs_sig_outO~7

ledc_Is_sig_outO~7

Any GPIO Pins

16 independent channels @80 MHz
clock/RTC CLK. Duty accuracy: 16 bits.

12S

I2SOI_DATA_in0~15

12S00_BCK_in

12500_WS_in

12S01_BCK_in

12S0I_WS_in

12S0I_H_SYNC

12S01_V_SYNC

12S0I_H_ENABLE

12S00_BCK _out

12S00_WS_out

12501_BCK _out

12S01_WS_out

12S00_DATA_out0~23

12S1I_DATA_in0~15

12S10_BCK_in

12510_WS_in

12S11_BCK_in

12S1I_WS_in

12S1I_H_SYNC

12511_V_SYNC

12S11_H_ENABLE

12S10_BCK_out

2S10_WS_out

2S1_BCK_out

12S11_WS_out

12S10_DATA_out0~23

Any GPIO Pins

Stereo input and output from/to the audio
codec; parallel LCD data output; parallel
camera data input

Infrared Remote
Controller

RMT_SIG_INO~7

RMT_SIG_OUTO~7

Any GPIO Pins

Eight channels for an IR transmitter and
receiver of various waveforms

General Purpose
SPI

HSPIQ_in/_out

HSPID_in/_out

HSPICLK _in/_out

HSPI_CSO0_in/_out

HSPI_CS1_out

HSPI_CS2_out

VSPIQ_in/_out

VSPID_in/_out

VSPICLK _in/_out

VSPI_CSO0_in/_out

VSPI_CS1_out

VSPI_CS2_out

Any GPIO Pins

Standard SPI consists of clock,
chip-select, MOSI and MISO. These SPls
can be connected to LCD and other
external devices. They support the
following features:

¢ Both master and slave modes;

e Four sub-modes of the SPI transfer

format;
e Configurable SPI frequency;
e Up to 64 bytes of FIFO and DMA.
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Interface Signal Pin Function
SPIHD SD_DATA_2
SPIWP SD_DATA_3
SPICSO SD_CMD
SPICLK SD_CLK
SPIQ SD_DATA_O
SPID SD_DATA_T
HSPICLK MTMS
HSPICSO MTDO
Supports Standard SPI, Dual SPI, and
Parallel QSPI HSPIQ MTD Quad SPI that can be connected to the
HSPID MTCK
HSPIED GPIO4 external flash and SRAM
HSPIWP GPIO2
VSPICLK GPIO18
VSPICSO GPIO5
VSPIQ GPIO19
VSPID GPI023
VSPIHD GPIO21
VSPIWP GPIO22
EMAC_TX_CLK GPIOO
EMAC_RX_CLK GPIO5
EMAC_TX_EN GPIO21
EMAC_TXDO GPIO19
EMAC_TXD1 GPIO22
EMAC_TXD2 MTMS
EMAC_TXD3 MTDI
EMAC_RX_ER MTCK
EMAC_RX_DV GPIO27
EMAC_RXDO GPIO25
EMAC EMAC_RXD1 GPIO26 Ethernet MAC with MII/RMII interface
EMAC_RXD2 UOTXD
EMAC_RXDS MTDO
EMAC_CLK_OUT GPIO16
EMAC_CLK_OUT_180| GPIO17
EMAC_TX_ER GPIO4
EMAC_MDC_out Any GPIO Pins
EMAC_MDIL_in Any GPIO Pins
EMAC_MDO_out Any GPIO Pins
EMAC_CRS_out Any GPIO Pins
EMAC_COL_out Any GPIO Pins
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Interface

Signal

Pin

Function

Pulse Counter

pcnt_sig_ch0_in0

pcnt_sig_ch1_in0

pcnt_ctrl_ch0_in0

pcnt_ctrl_ch1_in0

pcnt_sig_chO0_in1

pcnt_sig_ch1_in1

pcnt_ctrl_ch0_in1

pcnt_ctrl_ch1_in1

pcnt_sig_ch0_in2

pcnt_sig_ch1_in2

pcnt_ctrl_ch0_in2

pcnt_ctrl_ch1_in2

pcnt_sig_ch0_in3

pcnt_sig_ch1_in3

pcnt_ctrl_ch0_in3

pcnt_ctrl_ch1_in3

pcnt_sig_ch0_in4

pcnt_sig_ch1_in4

pcnt_ctrl_ch0_in4

pcnt_ctrl_ch1_in4

pcnt_sig_ch0_in5

pcnt_sig_ch1_in5

pcnt_ctrl_ch0_in5

pcnt_ctrl_ch1_in5

pcnt_sig_ch0_in6

pcnt_sig_ch1_in6

pecnt_ctrl_ch0_in6

pcnt_ctrl_ch1_in6

pcnt_sig_chO_in7

pcnt_sig_ch1_in7

pcnt_ctrl_ch0_in7

pcnt_ctrl_ch1_in7

Any GPIO Pins

Operating in seven different modes, the
pulse counter captures pulse and counts
pulse edges.

TWAI

twai_rx

twai_tx

twai_bus_off_on

twai_clkout

Any GPIO Pins

Compatible with ISO11898-1 protocol

Espressif Systems

41

ESP32 Series Datasheet V3.6

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4033&sections=&version=3.6 

5 Electrical Characteristics

5 Electrical Characteristics

5.1 Absolute Maximum Ratings

Stresses beyond the absolute maximum ratings listed in the table below may cause permanent damage to the
device. These are stress ratings only, and do not refer to the functional operation of the device that should follow
the recommended operating conditions.

Table 11: Absolute Maximum Ratings

Symbol Parameter Min | Max | Unit
VDDA, VDD3P3, VDD3P3_RTC, | Voltage applied to power supply pins per 03 36 | v
VDD3P3_CPU, VDD_SDIO power domain

lowtput * Cumulative 1O output current - 11200 | mA
Tetore Storage temperature -40 150 | °C

* The chip worked properly after a 24-hour test in ambient temperature at 25 °C, and the 10s in three domains
(VDD3P3_RTC, VDD3P3_CPU, VDD_SDIO) output high logic level to ground.

5.2 Recommended Operating Conditions

Table 12: Recommended Operating Conditions

Symbol Parameter Min | Typ | Max | Unit
VDDA, VDD3P3_RTC,® " VDD3P3, | Voltage applied to power supply pins
- 9 applediop PPYPINS | 5 3305 | 33| 36 |V

VDD_SDIO (3.3 V mode) ™ ? per power domain

VDD3P3_CPU Voltage applied to power supply pin 181 33| 36 |V
Current delivered by external power

lvpp 0.5 - - 1A
supply

T note 4 Operating temperature -40 -| 125 | °C

1. When writing eFuse, VDD3P3_RTC should be at least 3.3 V.

2. e VDD_SDIO works as the power supply for the related |10, and also for an external device. Please refer to the
Appendix |0_MUX of this datasheet for more details.

VDD_SDIO can be sourced internally by the ESP32 from the VDD3P3_RTC power domain:

— When VDD_SDIO operates at 3.3V, it is driven directly by VDD3P3_RTC through a 6 2 resistor, therefore,
there will be some voltage drop from VDD3P3_RTC.

= When VDD_SDIO operates at 1.8V, it can be generated from ESP32’s internal LDO. The maximum current
this LDO can offer is 40 mA, and the output voltage range is 1.65 V ~ 2.0 V.

VDD_SDIO can also be driven by an external power supply.
¢ Please refer to Power Scheme, section 2.3, for more information.
ESP32-U4WDH (with a 3.3 V flash embedded): this minimum voltage is 3.0 V;
ESP32-D2WD (with a 1.8 V flash embedded) and other chips (no flash): this minimum voltage is 2.3 V;
e For more information, see Table 23 Part Number and Ordering Information.
4. The operating temperature of ESP32-D2WD and ESP32-U4WDH ranges from —40 °C to 105 °C, due to the flash

embedded in them. The other chips in this series have no embedded flash, so their range of operating temperatures is
-40 °C ~ 125 °C.

@
.
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5 Electrical Characteristics

5.8 DC Characteristics (3.3 V, 25 °C)

Table 13: DC Characteristics (3.3 V, 25 °C)

Symbol Parameter Min | Typ Max Unit
Cin Pin capacitance - 2 - | pF
Vig High-level input voltage 0.75xVDD! -| VDD'+0.3 |V
Vrr Low-level input voltage -0.3 - | 0.25xVDD! | V
lrg High-level input current - - 50 | nA
lrr, Low-level input current - - 50 | nA
Vou High-level output voltage 0.8xVDD! - -V
Vor Low-level output voltage - - 0.1xVDD! | V
, VDD3P3_CPU
High-level source current ) - | 40 - | mA
power domain 1+ 2
(VDD! = 3.3V,
VDD3P3_RTC
lOH VOH >=2.64V, - 40 - | mA

power domain 1+ 2

) VDD_SDIO power
to the maximum) q s -] 20 - | mA
omain

output drive strength set

Low-level sink current
lor (VDD! = 3.3V, Vpr =0.495 YV, -] 28 - | mA
output drive strength set to the maximum)

Rpu Resistance of internal pull-up resistor - | 45 - | kQ

Rpp Resistance of internal pull-down resistor - | 45 - | kQ

Low-level input voltage of CHIP_PU
ViL_nRsST , - - 06 |V
to power off the chip

Notes:

1. Please see Table IO_MUX for 10’s power domain. VDD is the I/O voltage for a particular power domain of pins.

2. For VDD3P3_CPU and VDD3P3_RTC power domain, per-pin current sourced in the same domain is gradually reduced
from around 40 mA to around 29 mA, Vo g>=2.64V, as the number of current-source pins increases.

3. For VDD_SDIO power domain, per-pin current sourced in the same domain is gradually reduced from around 30 mA to
around 10 mA, Vor>=2.64V, as the number of current-source pins increases.

5.4 Reliability Qualifications
ESP32 chip series passed all reliability qualifications listed in Table 14.

Table 14: Reliability Qualifications

Test ltem Test Condition Test Standard
HTOL (High Temperature
, , 125 °C, 1000 hours JESD22-A108
Operating Life)
ESD (Electro-Static HBM (Human Body Mode) * + 2000 V JESD22-A114
Discharge Sensitivity) CDM (Charge Device Modeg) 2 + 500 V JESD22-C101F
Current trigger + 200 mA
Latch up , JESD78
Voltage trigger 1.5 x VDD,42
Bake 24 hours @125 °C J-STD-020,
Preconditioning Moisture soak (level 3: 192 hours @30 °C, 60% RH) | JESD47,
IR reflow solder: 260 + 0 °C, 20 seconds, three times | JESD22-A113
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5 Electrical Characteristics

Test Item

Test Condition

Test Standard

TCT (Temperature Cycling
Test)

—65 °C /150 °C, 500 cycles

JESD22-A104

Autoclave Test

121 °C, 100% RH, 96 hours

JESD22-A102

uHAST (Highly Acceler-
ated Stress Test, unbiased)

130 °C, 85% RH, 96 hours

JESD22-A118

HTSL (High Temperature
Storage Life)

150 °C, 1000 hours

JESD22-A103

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.

5.5 RF Power-Consumption Specifications

The power consumption measurements are taken with a 3.3 V supply at 25 °C of ambient temperature at the RF

port. All transmitters’ measurements are based on a 50% duty cycle.

Table 15: RF Power-Consumption Specifications

Mode Min Typ Max | Unit
Transmit 802.11b, DSSS 1 Mbps, POUT = +19.5 dBm - 240 - | mA
Transmit 802.11g, OFDM 54 Mbps, POUT = +16 dBm - 190 - | mA
Transmit 802.11n, OFDM MCS7, POUT = +14 dBm - 180 - | mA
Receive 802.11b/g/n -1 95~100 - | mA
Transmit BT/BLE, POUT = 0 dBm - 130 - | mA
Receive BT/BLE - | 95~100 - | mA

5.6 Wi-Fi Radio

Table 16: Wi-Fi Radio Characteristics

Parameter Condition Min Typ Max | Unit
Operating frequency range "ol | - 2412 - | 2484 | MHz
Output impedance mote2 - - | note 2 -1 Q
11n, MCS7 12 13 14 | dBm
TX power note3
11b mode 18.5 19.5 | 20.5 | dBm
11b, 1 Mbps - -98 - | dBm
11b, 11 Mbps - -88 - | dBm
119, 6 Mbps - -93 - | dBm
e 119, 54 Mbps - -75 - | dBm
Sensitivity
11n, HT20, MCSO - -93 - | dBm
11n, HT20, MCS7 - -73 - | dBm
11n, HT40, MCSO - -90 - | dBm
11n, HT40, MCS7 - -70 - | dBm
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5 Electrical Characteristics

Parameter Condition Min Typ Max | Unit
11g, 6 Mbps - 27 - | dB
) o 119, 54 Mbps - 13 - | dB
Adjacent channel rejection
11n, HT20, MCSO - 27 - | dB
11n, HT20, MCS7 - 12 - | dB

1. Device should operate in the frequency range allocated by regional regulatory authorities. Target operating frequency
range is configurable by software.

2. The typical value of ESP32’s Wi-Fi radio output impedance is different between chips in different QFN packages. For
ESP32 chips with a QFN 6x6 package, the value is 30+j10 Q. For ESP32 chips with a QFN 5x5 package, the value is
35+j10 Q.

3. Target TX power is configurable based on device or certification requirements.

5.7 Bluetooth Radio
5.7.1 Receiver — Basic Data Rate

Table 17: Receiver Characteristics — Basic Data Rate

Parameter Conditions Min | Typ | Max | Unit
Sensitivity @0.1% BER - 90 | -89 | -88 | dBm
Maximum received signal @0.1% BER - 0 - - | dBm
Co-channel G/ - - 47 - | dB
F=FO+1MHz - - -6 | dB
F=FO-1MHz - - -6 | dB
, . F=FO+2MHz - -| 25| dB
Adjacent channel selectivity C/I
F=F0-2MHz - -| -33 | dB
F=FO0+3MHz - -| 25| dB
F=FO0-3MHz - -| 45| dB
30 MHz ~ 2000 MHz -10 - - | dBm
. 2000 MHz ~ 2400 MHz =27 - - | dBm
Out-of-band blocking performance
2500 MHz ~ 3000 MHz 27 - - | dBm
3000 MHz ~ 12.5 GHz -10 - - | dBm
Intermodulation - -36 - - | dBm

5.7.2 Transmitter — Basic Data Rate

Table 18: Transmitter Characteristics — Basic Data Rate

Parameter Conditions Min | Typ | Max | Unit

RF transmit power (see note under Table 18) | - - 0 - | dBm

Gain control step - - 3 - | dB

RF power control range - -12 - +9 | dBm

+20 dB bandwidth - - 0.9 - | MHz
F=FO0+2MHz - | —47 - | dBm

Adjacent channel transmit power F=F0+3MHz -| b5 - | dBm
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5 Electrical Characteristics

transmit power is 0 dBm.

Parameter Conditions Min | Typ | Max | Unit
F=FO0O+>3MHz -| -60 - | dBm

A flayg - - - | 1585 | kHz

A f2max - 133.7 - - | kHz

A f2a/A flayg - - 1092 - -

ICFT - - —7 - | kHz

Drift rate - - 07 - | kHz/50 us

Drift (DH1) - - 6 - | kHz

Drift (DH5) - - 6 - | kHz

Note:

There are a total of eight power levels from 0 to 7, and the transmit power ranges from —12 dBm to 9 dBm. When the
power level rises by 1, the transmit power increases by 3 dB. Power level 4 is used by default and the corresponding

5.7.3 Receiver - Enhanced Data Rate

Table 19: Receiver Characteristics — Enhanced Data Rate

Parameter Conditions ‘ Min ‘ Typ ’ Max ‘ Unit
/4 DQPSK
Sensitivity @0.01% BER - -90 | -89 | -88 | dBm
Maximum received signal @0.01% BER - - 0 - | dBm
Co-channel C/I - - 11 - | dB
F=FO0+1MHz - =7 - | dB
F=FO-1MHz - =7 - | dB
) . F=FO0+2MHz - | 25 - | dB
Adjacent channel selectivity C/I
F=F0-2MHz -1 =35 - | dB
F=F0+3MHz - | 25 - | dB
F=F0-3MHz - | -45 - | dB
8DPSK
Sensitivity @0.01% BER - -84 | -83 | -82 | dBm
Maximum received signal @0.01% BER - -| -5 - | dBm
C/I c-channel - - 18 - | dB
F=FO+1MHz - 2 - | dB
F=FO-1MHz - 2 - | dB
, . F=FO0+2MHz - | 25 - | dB
Adjacent channel selectivity C/I
F=F0-2MHz - | 25 - | dB
F=FO+3MHz - | 25 - | dB
F=F0-3MHz - | -38 - | dB
5.7.4 Transmitter - Enhanced Data Rate
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5 Electrical Characteristics

Table 20: Transmitter Characteristics — Enhanced Data Rate

Parameter Conditions Min | Typ | Max | Unit
RF transmit power (see note under Table 18) - - 0 - | dBm
Gain control step - - 3 - | dB
RF power control range - -12 - +9 | dBm
/4 DQPSK max w0 - - | -0.72 - | kHz
/4 DQPSK max wi - - -6 - | kHz
/4 DQPSK max Iwi + wOl - - | —7.42 - | kHz
8DPSK max w0 - - 0.7 - | kHz
8DPSK max wi - -| -9.6 - | kHz
8DPSK max Iwi + wOl - - -10 - | kHz
RMS DEVM - | 4.28 -1 %
w/4 DQPSK modulation accuracy 99% DEVM - 100 -1 %
Peak DEVM -| 183 -1 %
RMS DEVM - 5.8 -1 %
8 DPSK modulation accuracy 99% DEVM - 100 -1 %
Peak DEVM - 14 -1 %
F=FO+1MHz - -46 - | dBm
In-band spurious emissions F=F0=2 MHz - ~40 - [ dBm
F=FO0+3MHz - -46 - | dBm
F=F0+/~->3MHz - - | =53 | dBm
EDR differential phase coding - - 100 -1 %

5.8 Bluetooth LE Radio

5.8.1 Receiver

Table 21: Receiver Characteristics - BLE

Parameter Conditions Min | Typ | Max | Unit
Sensitivity @30.8% PER - 94 | =93 | -92 | dBm
Maximum received signal @30.8% PER - 0 - - | dBm
Co-channel C/I - - | +10 - | dB
F=FO+1MHz - -5 - | dB
F=FO0-1MHz - -5 - | dB
_ . F=F0+2MHz - | -25 - | dB
Adjacent channel selectivity C/I
F=F0-2MHz - | -35 - | dB
F=FO0 + 3 MHz - | 25 - | dB
F=F0-3MHz - | 45 - | dB
30 MHz ~ 2000 MHz -10 - - | dBm
, 2000 MHz ~ 2400 MHz | -27 - - | dBm
Out-of-band blocking performance
2500 MHz ~ 3000 MHz | -27 - - | dBm
3000 MHz ~12.5 GHz | -10 - - | dBm
Intermodulation - -36 - - | dBm
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5 Electrical Characteristics

5.8.2 Transmitter

Table 22: Transmitter Characteristics — BLE

Parameter Conditions Min | Typ | Max | Unit

RF transmit power (see note under Table 18) | - - 0 - | dBm

Gain control step - - 3 - | dB

RF power control range - -12 - +9 | dBm
F=FO0+2MHz - | -B2 - | dBm

Adjacent channel transmit power F=FO0+3MHz - | -58 - | dBm
F=FO0+>3MHz - | -60 - | dBm

A flag - - - | 265 | kHz

A f2max - 247 | -] - [kHz

A f2ug/A flayg - -1 0.92 - -

ICFT - - | -10 - | kHz

Drift rate - - 07 - | kHz/50 us

Drift - - 2 - | kHz
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6 Package Information

PIN #1 DOT D [ Dimensional Ref
BY MARKING (~] ‘ D1 $D REF.| Min Nom Max
Pin1 N fgLUUUUUUUUUUJ,//CDBUXﬁ- A 10.800|0.850]0.900
Pin 2 . J ) Pin 1 Al 0.000 - 0.050
Pin3 o = q feinz A3 0.203 Ref
1= g |Pne b 15950 [ 6.000 ] 6.050
48L SLP e J:S + g ¢ E_|5.950 6.000 [ 6.050
(Ex6Mm? e B g D1 | £.250] 4.300 | £.350
B g E1 | 4.250 | 4.300 | 4.350
g = b | 0.150 [ 0.200 ] 0.250
M |aaa|C nanNAAnNANnAn L 0.350 [ 0.400 ] 0.450
[Saca[c] - % b e 0.400 BSC
Tol. of Form&Position
&
333 0.10
bbb 0.10
ccc 0.10
TOP VIEW BOTTOM VIEW iad 005
eee 0.08
fff 0.10
A
//lecclc F A3
F Notes
nx[D]eeelc] ; 1. Al DIMENSIONS ARE IN MILLIMETERS.
Al- SIDE VIEW 2. DIMENSIONING AND TOLERANCING PER JEDEC MO-220.
Figure 8: QFN48 (6x6 mm) Package
D 3] - SFFF@IEALE]
@ { Dimensional Ref
JﬁULUUUUUUUUUUJU REF.| Min. | Nom. | Max
A 10800 [ 08500900
L
= = AT 10000 — ]0.050
= - A3 0,203 Ref
48 SLP I = = D | 4.950]5.000]5.050
T 7B o E_[4.950]5.000]5.050
(Oxomm> € = = D2 | 3.650 | 3.700 ] 3.750
PIN #1 DOT__| = — E2 136503700 ] 3.750
BY MARKING \. b = b | 0130 | 0180 | 0.230
Sl 010000R0T00 DT e b1 1 0.070 ] 0.120 | 0.170
Pin1 Pin2 Pin3 ¢ ‘ I ble 3 21 €0.350 L 10350 ]0400]0.L50
— i | B S B e 0.350 BSC
k 0.250 Ref
Tol. of Form&Position
TOP VIEW BOTTOM VIEW aaa 0.10
I bbb 0.10
ccc 0.10
V== ddd 0.05
I A3 eee 0.08
Sl § 1 t £ 0.10
Al—T } Notes
1. ALl DIMENSIONS ARE I[N MILLIMETERS.
SIDE \/IEW 2. DIMENSIONING AND TOLERANCING PER JEDEC MO-220.
Figure 9: QFN48 (5x5 mm) Package
Note:
The pins of the chip are numbered in an anti-clockwise direction from Pin 1 in the top view.
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7 Part Number and Ordering Information

ESP32 - D 0

WD

Q6 V3

L Wafer version 3

Package
Q6=QFN 6*6

N/A=QFN 5*5

Connection

High temperature

WD=Wi-Fi b/g/n + BT/BLE dual mode

Embedded flash

0=No embedded flash

2=2 MB flash
4=4 MB flash

Core

D=Dual core

S/U=Single core

Figure 10: ESP32 Part Number

The table below provides the ordering information of the ESP32 series of chips.

Table 23: ESP32 Ordering Information

Ordering code Core Embedded flash Package
ESP32-DOWD-V3 Dual core No embedded flash QFN 5*5
ESP32-DOWDQ6-V3 Dual core No embedded flash QFN 66
ESP32-DOWD Dual core No embedded flash QFN 5*5
ESP32-DOWDQ6 Dual core No embedded flash QFN 66
ESP32-D2WD Dual core 2 MB embedded flash (40 MHz) QFN 5*5
ESP32-SOWD Single core No embedded flash QFN 5*5
ESP32-U4WDH Single core 4 MB embedded flash (80 MH2z) QFN 5*5
Note: All above chips support Wi-Fi b/g/n + BT/BLE Dual Mode connection.
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8 Learning Resources

8

8.1

Learning Resources

Must-Read Documents

Click on the following links to access documents related to ESP32.

8.2

ESP32 ECO V3 User Guide
This document describes differences between V3 and previous ESP32 silicon wafer revisions.

ECO and Workarounds for Bugs in ESP32
This document details hardware errata and workarounds in the ESP32.

ESP-IDF Programming Guide
It hosts extensive documentation for ESP-IDF, ranging from hardware guides to API reference.

ESP32 Technical Reference Manual
The manual provides detailed information on how to use the ESP32 memory and peripherals.

ESP32 Hardware Resources
The zip files include schematics, PCB layout, Gerber and BOM list.

ESP32 Hardware Design Guidelines
The guidelines provide recommended design practices when developing standalone or add-on systems
based on the ESP32 series of products, including the ESP32 chip, the ESP32 modules and development

boards.

ESP32 AT Instruction Set and Examples
This document introduces the ESP32 AT commands, explains how to use them, and provides examples of

several common AT commands.

Espressif Products Ordering Information

Must-Have Resources

Here are the ESP32-related must-have resources.

ESP32 BBS
This is an Engineer-to-Engineer (E2E) Community for ESP32, where you can post questions, share
knowledge, explore ideas, and solve problems together with fellow engineers.

ESP32 GitHub

ESP32 development projects are freely distributed under Espressif’'s MIT license on GitHub. This channel of
communication has been established to help developers get started with ESP32 and encourage them to
share their knowledge of ESP32-related hardware and software.

ESP32 Tools
This is a webpage where users can download ESP32 Flash Download Tools and the zip file "ESP32
Certification and Test”.

ESP-IDF
This webpage links users to the official loT development framework for ESP32.

ESP32 Resources
This webpage provides the links to all available ESP32 documents, SDK and tools.
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Appendix A - ESP32 Pin Lists

A.1. Notes on ESP32 Pin Lists

Table 24: Notes on ESP32 Pin Lists

No. Description
In Table I0_MUX, the boxes highlighted in yellow indicate the GPIO pins that are input-only.
Please see the following note for further details.

GPIO pins 34-39 are input-only. These pins do not feature an output driver or internal pull-
2 up/pull-down circuitry. The pin names are: SENSOR_VP (GPIO36), SENSOR_CAPP (GPIO37),
SENSOR_CAPN (GPIO38), SENSOR_VN (GPI0O39), VDET_1 (GPIO34), VDET_2 (GPIO35).
The pins are grouped into four power domains: VDDA (analog power supply), VDD3P3_RTC
(RTC power supply), VDD3P3_CPU (power supply of digital IOs and CPU cores), VDD_SDIO
(power supply of SDIO 10s). VDD_SDIO is the output of the internal SDIO-LDO. The voltage of
SDIO-LDO can be configured at 1.8 V or be the same as that of VDD3P3_RTC. The strapping
pin and eFuse bits determine the default voltage of the SDIO-LDO. Software can change the
voltage of the SDIO-LDO by configuring register bits. For details, please see the column “Power
Domain” in Table I0_MUX.

The functional pins in the VDD3P3_RTC domain are those with analog functions, including the
4 32 kHz crystal oscillator, ADC, DAC, and the capacitive touch sensor. Please see columns
“Analog Function 1~3” in Table I0_MUX.

These VDD3P3_RTC pins support the RTC function, and can work during Deep-sleep. For
example, an RTC-GPIO can be used for waking up the chip from Deep-sleep.

The GPIO pins support up to six digital functions, as shown in columns “Function 1~6” In Table
IO_MUX. The function selection registers will be set as “N-1”, where IV is the function number.
Below are some definitions:
e SD_*is for signals of the SDIO slave.
e HS1_*is for Port 1 signals of the SDIO host.
e HS2_*is for Port 2 signals of the SDIO host.
6 o MT~ is for signals of the JTAG.
e UO* is for signals of the UARTO module.
e U1*is for signals of the UART1 module.
e U2*is for signals of the UART2 module.
e SPI* is for signals of the SPI01 module.
e HSPI* is for signals of the SPI2 module.
e VSPI* is for signals of the SPI3 module.
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No. Description
Each column about digital “Function” is accompanied by a column about “Type”. Please see

the following explanations for the meanings of “type” with respect to each “function” they are
associated with. For each “Function-/\”, “type” signifies:
e |: input only. If a function other than “Function-/\” is assigned, the input signal of
“Function-/\" is still from this pin.
e [1: input only. If a function other than “Function-\” is assigned, the input signal of
“Function-/\" is always “1”.
¢ |0: input only. If a function other than “Function-/\” is assigned, the input signal of
“Function-/\" is always “0”.
e O: output only.
¢ T: high-impedance.
¢ |/O/T: combinations of input, output, and high-impedance according to the function sig-
nal.
¢ |1/O/T: combinations of input, output, and high-impedance, according to the function
signal. If a function is not selected, the input signal of the function is “1”.
For example, pin 30 can function as HS1_CMD or SD_CMD, where HS1_CMD is of an “[1/0/T”
type. If pin 30 is selected as HS1_CMD, this pin’s input and output are controlled by the SDIO
host. If pin 30 is not selected as HS1_CMD, the input signal of the SDIO host is always “1”.

Each digital output pin is associated with its configurable drive strength. Column “Drive
Strength” in Table IO_MUX lists the default values. The drive strength of the digital output
pins can be configured into one of the following four options:

e 0: ~5mA
8 e 1: ~10mA

e 2: ~20mA

e 3: ~40 mA
The default value is 2.
The drive strength of the internal pull-up (wpu) and pull-down (wpd) is ~75 pA.
Column “At Reset” in Table I0_MUX lists the status of each pin during reset, including input-
9 enable (ie=1), internal pull-up (wpu) and internal pull-down (wpd). During reset, all pins are

output-disabled.
Column “After Reset” in Table IO_MUX lists the status of each pin immediately after reset,
10 including input-enable (ie=1), internal pull-up (wpu) and internal pull-down (wpd). After reset,

each pin is set to “Function 1”. The output-enable is controlled by digital Function 1.

Table Ethernet_MAC is about the signal mapping inside Ethernet MAC. The Ethernet MAC
supports MIl and RMII interfaces, and supports both the internal PLL clock and the external
clock source. For the Mll interface, the Ethernet MAC is with/without the TX_ERR signal. MDC,
MDIO, CRS and COL are slow signals, and can be mapped onto any GPIO pin through the
GPIO-Matrix.

Table GPIO Matrix is for the GPIO-Matrix. The signals of the on-chip functional modules can
be mapped onto any GPIO pin. Some signals can be mapped onto a pin by both I0-MUX
and GPIO-Matrix, as shown in the column tagged as “Same input signal from IO_MUX core”
in Table GPIO Matrix.

11

12
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No. Description

13

255.)

*In Table GPIO_Matrix the column “Default Value if unassigned” records the default value of
the an input signal if no GPIO is assigned to it. The actual value is determined by register
GPIO_FUNCm_IN_INV_SEL and GPIO_FUNCm_IN_SEL. (The value of m ranges from 1 to

A.2. GPIO_Matrix

Table 25: GPIO_Matrix

Default Same input
Signal value if signal from Qutput enable of
No. Input signals unassigned* | IO_MUX core | Output signals output signals
0 | SPICLK in 0 | yes SPICLK _out SPICLK _oe
1 | SPIQ_in 0 | yes SPIQ_out SPIQ_oe
2 | SPID_in 0 | yes SPID_out SPID_oe
3 | SPIHD_in 0 | yes SPIHD_out SPIHD_oe
4 | SPIWP_in 0 | yes SPIWP_out SPIWP_oe
5 | SPICSO_in 0 | yes SPICSO_out SPICSO_oce
6 | SPICS1_in 0| no SPICS1_out SPICS1_oe
7 | SPICS2_in 0 | no SPICS2_out SPICS2_oe
8 | HSPICLK in 0 | yes HSPICLK _out HSPICLK _oe
9 | HSPIQ_in 0 | yes HSPIQ_out HSPIQ_oe
10 | HSPID_in 0 | yes HSPID_out HSPID_oe
11 | HSPICSO_in 0 | yes HSPICSO_out HSPICSO0_oe
12 | HSPIHD_in 0 | yes HSPIHD_out HSPIHD_oe
13 | HSPIWP_in 0 | yes HSPIWP_out HSPIWP_oe
14 | UORXD_in 0 | yes UOTXD_out 1'd1
15 | UOCTS_in 0 | yes UORTS_out 1°d1
16 | UODSR_in 0| no UODTR_out 1’d1
17 | UTRXD_in 0 | yes U1TXD_out 1'd1
18 | UTCTS_in 0 | yes UTRTS_out 1’d1
23 | 12S00_BCK_in 0| no 12S00_BCK _out 1°d1
24 | 12S10_BCK_in 0| no 12S10_BCK _out 1’d1
25 | 12S00_WS_in 0| no 12S00_WS_out 1’d1
26 | 12S10_WS_in 0| no 12S10_WS_out 1°d1
27 | 12S0I_BCK_in 0| no 12S0I_BCK _out 1’d1
28 | 12S0I_WS_in 0| no 12S0I_WS_out 1°d1
29 | 12CEXTO_SCL_in 1| no I2CEXTO_SCL_out 1’d1
30 | I2CEXTO_SDA._in 1] no I2CEXTO_SDA_out 1°d1
31 | pwmO_syncO_in 0| no sdio_tohost_int_out 1’d1
32 | pwmO_synci_in 0| no pwmO_outOa 1°d1
33 | pwmO_sync2_in 0| no pwmO_outOb 1’d1
34 | pwmO_fO_in 0| no pwmO_out1a 1d1
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Default Same input
Signal value if signal from Output enable of
No. Input signals unassigned* | IO_MUX core | Output signals output signals
35 | pwmO_f1_in 0| no pwmO_out1b 1d1
36 | pwmO_f2_in 0| no pwmO_out2a 1’d1
37 | - 0| no pwmO_out2b 1°d1
39 | pcnt_sig_chO0_in0 0 | no - 1'd1
40 | pent_sig_ch1_in0 0| no - 1°d1
41 | pent_ctrl_ch0_in0 0| no - 1°d1
42 | pcnt_ctrl_ch1_in0 0| no - 1’d1
43 | pent_sig_chO_in1 0| no - 1°d1
44 | pent_sig_ch1_in1 0| no - 1'd1
45 | pcnt_ctrl_chO_in1 0| no - 1’d1
46 | pcnt_ctrl_ch1_in1 0| no - 1°d1
47 | pent_sig_chO_in2 0| no - 1°d1
48 | pcnt_sig_ch1_in2 0| no - 1d1
49 | pent_ctrl_ch0_in2 0| no - 1’d1
50 | pent_ctrl_ch1_in2 0| no - 1°d1
51 | pent_sig_ch0_in3 0| no - 1'd1
52 | pcnt_sig_ch1_in3 0| no - 1°d1
53 | pent_ctrl_chO_in3 0| no - 1°d1
54 | pcnt_ctrl_ch1_in3 0| no - 1’d1
55 | pent_sig_chO_in4 0| no - 1°d1
56 | pent_sig_ch1_ind 0| no - 1'd1
57 | pent_ctrl_chO_in4 0| no - 1’d1
58 | pent_ctrl_chi1_in4 0| no - 1°d1
61 | HSPICS1_in 0| no HSPICS1_out HSPICS1_oe
62 | HSPICS2_in 0| no HSPICS2_out HSPICS2_oe
63 | VSPICLK in 0 | yes VSPICLK _out_mux VSPICLK _oe
64 | VSPIQ_in O | yes VSPIQ_out VSPIQ_oe
65 | VSPID_in 0 | yes VSPID_out VSPID_oe
66 | VSPIHD_in 0 | yes VSPIHD_out VSPIHD_oe
67 | VSPIWP_in 0 | yes VSPIWP_out VSPIWP_oe
68 | VSPICSO_in 0 | yes VSPICSO_out VSPICSO_oe
69 | VSPICS1_in 0| no VSPICS1_out VSPICS1_oe
70 | VSPICS2_in 0| no VSPICS2_out VSPICS2_oe
71 | pcnt_sig_chO_inb 0| no ledc_hs_sig_outO 1d1
72 | pent_sig_ch1_in5 0 | no ledc_hs_sig_out1 1'd1
73 | pent_ctrl_chO_inb 0| no ledc_hs_sig_out2 1d1
74 | pcent_ctrl_ch1_in5 0| no ledc_hs_sig_out3 1d1
75 | pent_sig_chO_in6 0 | no ledc_hs_sig_out4 1'd1
76 | pcnt_sig_ch1_in6 0| no ledc_hs_sig_outb 1°d1
77 | pent_ctrl_chO_in6 0 | no ledc_hs_sig_out6 1'd1
78 | pent_ctrl_chi1_in6 0| no ledc_hs_sig_out7 1°d1
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Default Same input
Signal value if signal from Output enable of
No. Input signals unassigned* | IO_MUX core | Output signals output signals
79 | pent_sig_chO_in7 0| no ledc_Is_sig_outO 1d1
80 | pent_sig_ch1_in7 0 | no ledc_ls_sig_out1 1'd1
81 | pcnt_ctrl_chO_in7 0| no ledc_|s_sig_out2 1°d1
82 | pent_ctrl_chi1_in7 0 | no ledc_lIs_sig_out3 1'd1
83 | rmt_sig_in0 0 | no ledc_lIs_sig_out4 1’d1
84 | rmt_sig_in1 0| no ledc_ls_sig_outb 1°d1
85 | rmt_sig_in2 0 | no ledc_lIs_sig_out6 1'd1
86 | rmt_sig_in3 0| no ledc_|s_sig_out7 1°d1
87 | rmt_sig_in4 0| no rmt_sig_outO 1'd1
88 | rmt_sig_in5 0| no rmt_sig_out1 1°d1
89 | rmt_sig_in6 0| no rmt_sig_out2 1°d1
90 | rmt_sig_in7 0 | no rmt_sig_out3 1'd1
91 | - - |- rmt_sig_out4 1d1
92 | - - |- rmt_sig_out6 1'd1
94 | twai_rx 1] no rmt_sig_out7 1°d1
95 | I2CEXT1_SCL_in 1] no I2CEXT1_SCL_out 1°d1
96 | I2CEXT1_SDA_in 1] no |[2CEXT1_SDA_out 1'd1
97 | host_card_detect_n_1 0| no host_ccmd_od_pullup_en_n | 1°d1
98 | host_card_detect_n_2 0 | no host_rst_n_1 1’d1
99 | host_card_write_prt_1 0| no host_rst_n_2 1°d1
100 | host_card_write_prt_2 0| no gpio_sd0_out 1’d1
101 | host_card_int_n_1 01| no gpio_sd1_out 1°d1
102 | host_card_int_n_2 0 | no gpio_sd2_out 1'd1
1038 | pwm1_syncO_in 0| no gpio_sd3_out 1°d1
104 | pwmi1_synci_in 0| no gpio_sd4_out 1d1
105 | pwmi1_sync2_in 0| no gpio_sd5_out 1’d1
106 | pwm1_fO_in 0| no gpio_sd6_out 1°d1
107 | pwm1_f1_in 0| no gpio_sd7_out 1°d1
108 | pwm1_f2_in 0| no pwm1_outOa 1°d1
109 | pwmO_capO0_in 0 | no pwm1_outOb 1'd1
110 | pwmO_cap1_in 0| no pwm1_outla 1’d1
111 | pwmO_cap2_in 0| no pwmi_out1b 1°d1
112 | pwmi_cap0_in 0| no pwm1_out2a 1'd1
113 | pwm1_capi_in 0| no pwm1_out2b 1’d1
114 | pwmi_cap2_in 0| no pwm2_out1h 1'd1
115 | pwm2_flta 11 no pwm2_out1| 1’d1
116 | pwm2_fltb 1] no pwm2_out2h 1d1
117 | pwm2_capi_in 0| no pwm2_out2| 1'd1
118 | pwm2_cap2_in 0| no pwm2_out3h 1°d1
119 | pwm2_cap3_in 0| no pwm2_out3| 1°d1
120 | pwm3_flta 11 no pwm2_out4h 1’d1
Espressif Systems 56 ESP32 Series Datasheet V3.6

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4033&sections=&version=3.6 

Appendix A

Default Same input
Signal value if signal from Output enable of
No. Input signals unassigned* | IO_MUX core | Output signals output signals
121 | pwm3_fltb 1] no pwm2_out4l 1d1
122 | pwm3_capi_in 0| no - 1'd1
123 | pwm3_cap2_in 0| no twai_tx 1°d1
124 | pwm3_cap3_in 0 | no twai_bus_off_on 1'd1
125 | - -1 - twai_clkout 1°d1
140 | 12S0I_DATA_inO 0| no 12S00O_DATA_out0 1’d1
141 | 12S0I_DATA_in1 0| no 12S00_DATA_out1 1°d1
142 | 12S0I_DATA_in2 0| no 12S00O_DATA _out2 1’d1
143 | 12S0I_DATA_in3 0| no 12S00_DATA_out3 1°d1
144 | 12S0I_DATA_in4 0| no 12S0O_DATA _out4 1’d1
145 | 12S0I_DATA_in5 0| no 12S00_DATA _outb 1°d1
146 | 12S0I_DATA_in6 0| no 12S0O_DATA_out6 1’d1
147 | 12S0I_DATA_in7 0| no 12S00_DATA _out7 1’d1
148 | 12S0I_DATA_in8 0| no 12S00_DATA_out8 1°d1
149 | 12S0I_DATA_in9 0| no 12S00O_DATA_out9 1’d1
150 | I2S0I_DATA_in10 0| no 12S00_DATA_out10 1°d1
151 | I2SOI_DATA_in11 0| no 12S00_DATA_out11 1'd1
152 | 12S0I_DATA_in12 0| no 12S00O_DATA _out12 1'd1
153 | I2S0I_DATA_in13 0| no [12S00_DATA_out13 1°d1
154 | 12S0I_DATA_in14 0| no 12S0O_DATA _out14 1’d1
155 | I2S0I_DATA_in15 0| no [12S00_DATA _out15 1°d1
156 | - - - 12S0O_DATA_out16 1’d1
157 | - - - 12S00_DATA _out17 1°d1
158 | - - - 12S00_DATA_out18 1'd1
159 | - - - 12S00_DATA_out19 1’d1
160 | - - |- 12S00_DATA_out20 1°d1
161 | - - - 12S00O_DATA _out21 1’d1
162 | - - - 12S00_DATA _out22 1°d1
163 | - - - 12S00_DATA_out23 1'd1
164 | 12S11_BCK_in 0| no 12S11_BCK_out 1'd1
165 | 12S11_WS_in 0| no 12S11_WS_out 1°d1
166 | 12S11_DATA_inO 0| no 12S10O_DATA_out0 1’d1
167 | 12S11_DATA_in1 0| no 12S10_DATA _out 1°d1
168 | 12S1I_DATA_in2 0| no 12S10_DATA_out2 1’d1
169 | 12S11_DATA_in3 0| no 12S10_DATA_out3 1°d1
170 | 12S11_DATA_in4 0| no 12S10_DATA_out4 1'd1
171 | 12S11_DATA_in5 0| no 12S10_DATA_outb 1’d1
172 | 12S11_DATA_in6 0| no 12S10_DATA_out6 1°d1
173 | 12S11_DATA_in7 0| no 12S10_DATA _out7 1’d1
174 | 12511_DATA_in8 0| no 12S10_DATA_out8 1°d1
175 | 12S11_DATA_in9 0| no 12S10_DATA_out9 1’d1
Espressif Systems 57 ESP32 Series Datasheet V3.6

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4033&sections=&version=3.6 

Appendix A

Default Same input
Signal value if signal from Output enable of

No. Input signals unassigned* | IO_MUX core | Output signals output signals
176 | 12S11_DATA_in10 0| no 12S10_DATA_out10 1°d1

177 | 12S11_DATA_in11 0| no 12S10_DATA_out11 1°d1

178 | 12511_DATA_in12 0| no 12S10_DATA_out12 1°d1

179 | 12S11_DATA_in13 0| no 12S10_DATA_out13 1°d1

180 | I2S1I_DATA_in14 0| no 12S10_DATA_out14 1'd1

181 | I2S11_DATA_in15 0| no 12S10_DATA _out15 1°d1

182 | - - - 12S10_DATA_out16 1°d1

183 | - - - 12S10_DATA _out17 1°d1

184 | - - - 12S10_DATA_out18 1°d1

185 | - - - 12S510_DATA_out19 1°d1

186 | - - - 12510_DATA_out20 1°d1

187 | - - - 12S10_DATA_out21 1'd1

188 | - - - 12S10_DATA_out22 1°d1

189 | - - - 12S10_DATA_out23 1°d1

190 | 12S0I_H_SYNC 0| no pwm3_out1h 1°d1

191 | 12S01_V_SYNC 0| no pwm3_out1l 1°d1

192 | 12S0I_H_ENABLE 0| no pwm3_out2h 1’d1

193 | 12S51I_H_SYNC 0| no pwm3_out2| 1°d1

194 | 12S11_V_SYNC 0| no pwm3_out3h 1°d1

195 | 12511_H_ENABLE 0| no pwm3_out3| 1°d1

196 | - - |- pwm3_out4h 1’d1

197 | - - - pwm3_out4l 1°d1

198 | U2RXD_in 0 | yes U2TXD_out 1°d1

199 | U2CTS_in 0 | yes U2RTS_out 1’d1

200 | emac_mdc_i 0 | no emac_mdc_o emac_mdc_oe
201 | emac_mdi_i 0| no emac_mdo_o emac_mdo_o_e
202 | emac_crs_i 0 | no emac_crs_o emac_crs_oe
203 | emac_col_i 0| no emac_col_o emac_col_oe
204 | pcmfsync_in 0| no bt_audio0_irg 1’d1

205 | pemclk_in 0 | no bt_audio1_irg 1'd1

206 | pcmdin 0| no bt_audio2_irq 1’d1

207 | - - - ble_audioO_irq 1°d1

208 | - - - ble_audiol_irg 1’d1

209 | - - - ble_audio2_irq 1°d1

210 | - - - pcmfsync_out pcmfsync_en
211 | - - - pcmclk_out pcmcelk_en
212 | - - |- pcmdout pcmdout_en
213 | - - - ble_audio_syncO_p 1’d1

214 | - - |- ble_audio_sync1_p 1°d1

215 | - - - ble_audio_sync2_p 1°d1

224 | - - - sig_in_func224 1'd1
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Default Same input

Signal value if signal from Output enable of

No. Input signals unassigned* | IO_MUX core | Output signals output signals

225 | - - |- sig_in_func225 1d1

226 | - - |- sig_in_func226 1'd1

227 | - - |- sig_in_func227 1°d1

228 | - - |- sig_in_func228 1'd1

A.3. Ethernet_MAC
Table 26: Ethernet_MAC

PIN Name Function6 MIl (int_osc) MIl (ext_osc) | RMII (int_osc) RMII (ext_osc)
GPIOO EMAC_TX_CLK TX_CLK()) TX_CLK(l) CLK_OUT(O) EXT_OSC_CLK()
GPIO5 EMAC_RX_CLK RX_CLK () RX_CLK ()) - -
GPIO21 EMAC_TX_EN TX_EN(O) TX_EN(O) TX_EN(O) TX_EN(O)
GPIO19 EMAC_TXDO TXD[0](O) TXD[0](O) TXD[0](O) TXD[0](O)
GPI022 EMAC_TXD1 TXD[1](O) TXD[1](O) TXD[1](O) TXD[1](O)
MTMS EMAC_TXD2 TXD[2](O) TXD[2](O) - -
MTDI EMAC_TXDS3 TXD[3](O) TXD[3](O) - -
MTCK EMAC_RX_ER RX_ER() RX_ER(l) - -
GPIO27 EMAC_RX_DV RX_DV(l) RX_DV()) CRS_DV()) CRS_DV())
GPIO25 EMAC_RXDO RXD[O]()) RXDI[O]() RXDIO]()) RXD[O]())
GPIO26 EMAC_RXD1 RXD[1]()) RXD[1]()) RXD[1]() RXD[1](l)
UOTXD EMAC_RXD2 RXD[2]()) RXD[2]() - -
MTDO EMAC_RXDS3 RXD[3]()) RXD[3]() - -
GPIO16 EMAC_CLK_OUT CLK_OUT(O) - CLK_OUT(O) -
GPIO17 EMAC_CLK_OUT_180| CLK_OUT_180(0) - CLK_OUT_180(0) -
GPIO4 EMAC_TX_ER TX_ERR(O)* TX_ERRO)* | - -
In GPIO Matrix* | - MDC(O) MDC(O) MDC(O) MDC(O)
In GPIO Matrix* | - MDIO(IO) MDIO(IO) MDIO(IO) MDIO(IO)
In GPIO Matrix* | - CRS(l) CRS(1) - -
In GPIO Matrix* | - COoL( COL()) - -
*Notes: 1. The GPIO Matrix can be any GPIO. 2. The TX_ERR (O) is optional.

A.4. 10_MUX

For the list of IO_MUX pins, please see the next page.
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Pin No. ;:;’:I; pin  Analog Pin Digital Pin  Power Domain ::::;gm :::;%nz :::«I::?ans
1 VDDA VDDA supply in

2 LNA_IN VDD3P3

3 VDD3P3 VDD3P3 supply in

4 VDD3P3 VDD3P3 supply in

5 SENSOR_VP VDD3P3_RTC ADC_H ADG1_CHO

6 SENSOR_CAPP VDD3P3_RTC ADC_H ADC1_CH1

7 SENSOR_CAPN VDD3P3_RTC ADC_H ADG1_GH2

8 SENSOR_VN VDD3P3_RTC ADC_H ADG1_GH3

9 CHIP_PU VDD3P3_RTC

10 VDET_1 VDD3P3_RTC ADC1_CH6

1 VDET 2 VDD3P3_RTC ADG1_CH7

12 32K XP VDD3P3_RTC XTAL_32K P ADG1_GH4 TOUCH9
13 32K XN VDD3P3_RTC XTAL_32K_ N ADG1_CH5 TOUCHS
14 GPIO25  VDD3P3_RTC DAC_1 ADG2_CH8

15 GPIO26  VDD3P3_RTC DAC 2 ADG2_CH9

16 GPIO27 VDD3P3_RTC ADC2_CH7 TOUCH7
17 MTMS VDD3P3_RTC ADC2_CH6 | TOUCHS
18 MTDI VDD3P3_RTC ADC2_CH5  TOUCHS
19 VDD3P3_RTC VDD3P3_RTC supply in

20 MTCK VDD3P3_RTC ADG2_CH4  TOUGH4
21 MTDO VDD3P3_RTC ADG2_CH3  TOUCH3
22 GPIO2 VDD3P3_RTC ADC2_CH2 | TOUGH2
23 GPIOO VDD3P3_RTC ADC2_CH1 TOUCH1
2 GPIO4 VDD3P3_RTC ADG2_GHO  TOUGHO
25 GPIO16  VDD_SDIO

2 VDD_SDIO VDD_SDIO supply out/in

27 GPIO17  VDD_SDIO

28 SD_DATA 2 VDD_SDIO

29 SD_DATA 3 VDD_SDIO

30 SD.CMD  VDD_SDIO

31 SD.CLK  VDD_SDIO

32 SD_DATA.0  VDD_SDIO

ESS SD_DATA_1  VDD_SDIO

3 GPIOs VDD3P3_CPU

35 GPIO18  VDD3P3_CPU

36 GPIO23 VDD3P3_CPU

a7 VDD3P3_CPU VDD3P3_CPU supply in

38 GPIO19  VDD3P3_CPU

39 GPIO22 VDD3P3_CPU

20 UORXD  VDD3P3_CPU

# UoTXD VDD3P3_CPU

42 GPIO21 VDD3P3_CPU

Y VDDA VDDA supply in

a XTALN VDDA

5 XTAL_P VDDA

a6 VDDA VDDA supply in

a7 cAP2 VDDA

48 cAP1 VDDA

wpu: weak pull-up;

wpd: weak pull-down;

ie: input enable;

oe: output enable;

Please see Table: Notes on ESP32 Pin Lists for more information. (i53Z%: &EHE8I%A, )

C
Function1

RTC_GPIOO
RTC_GPIO1
RTC_GPIO2
RTC_GPIO3

RTC_GPIO4
RTC_GPIOS
RTC_GPIO9

RTC_GPIO8
RTC_GPIO6
RTC_GPIO7
RTC_GPIO17
RTC_GPIO16
RTC_GPIO15

RTC_GPIO14
RTC_GPIO13
RTC_GPIO12
RTC_GPIO11
RTC_GPIO10

Function2

12C_SDA
12C_SCL
12C_SDA
12C_SCL

10_MUX
u Type Type Fu Type Fu Type  Fui Type
GPIO36 | GPIO36 |
GPIO37 I GPIO37 I
GPIO38 | GPIO38 |
GPIO39 | GPIO39 |
GPIO34 | GPIO34 |
GPIO35 | GPIO35 |
GPIO32 /O GPIO32  /O/T
GPIO33  1/O/T GPIO33  1/O/T
GPIO25 | 1/O/T GPIO25  I/O/T EMAC_RXDO
GPI026 1/0/T GPIO26 1/0/T EMAC_RXD1
GPIO27 1/0/T GPIO27 /0T EMAC_RX_DV
MTMS 10 HSPICLK  VO/T  GPIO14  VO/T HS2_CLK o SD.CLK 0 EMAC_TXD2
MTDI 1 HSPIQ VOT GPIO12  /O/T HS2_DATA2  1/O/T SD_DATA2 I1/0/T EMAC_TXD3
MTCK 1 HSPID VO/T GPIO13  I/O/T HS2_DATA3  [1/0/T SD_DATA3 [1/0/T EMAC_RX_ER
MTDO O  HSPICSO  VO/T GPIO15S  I/O/T HS2_CMD 11/0/T SD_.CMD  1/O/T EMAC_RXD3
GPIO2 VOT  HSPWP  I/O/T  GPIO2 I/O/T  HS2_DATAO | 11/O/T  SD_DATAO  I11/O/T
GPIOO 1/0/T CLK_OUT1 O GPIOO /0T EMAC_TX_CLK
GPIO4 VOT  HSPHD  I/O/T  GPIO4 IVO/T HS2_DATAT  11/0/T SD_DATA1 I1/O/T EMAC_TX_ER
GPIO16 /0T GPIO16 I/0/T  HS1_DATA4 11/0/T  U2RXD " EMAC_CLK_OUT
GPIO17 1O GPIO17  V/O/T HS1_DATAS  1/O/T U2TXD o EMAC_CLK_OUT_180
SD_DATA2 | 11/0/T  SPIHD I/OT | GPIO9 IVO/T  HS1_.DATA2 | 1/O/T  U1RXD 1"
SD_DATA3  10/0/T SPIWP 1/O/T  GPIO10 I/O/T  HS1_DATA3 1/0/T  UITXD o
SD.CMD  I1/O/T  SPICSO VO/T GPIOT1  I/O/T HS1_CMD 11/0/T | U1RTS o
SD.CLK 10 SPICLK I/OT | GPIO6 VOT | HS1_CLK o u1CTS 1"
SD_DATA0  11/0/T  SPIQ 1/0/T  GPIO7 I/0/T  HS1_DATAO 11/0/T  U2RTS e}
SD_DATA1 11/0/T  SPID 1/O/T  GPIO8 I1/O/T  HS1_DATA1 11/0/T  U2CTS "
GPIOS I/OT  VSPICSO  I/O/T  GPIOS VOIT  HS1_DATA6  11/0/T EMAC_RX_CLK
GPIO18  I/O/T  VSPICLK  VO/T GPIO18  I/O/T HS1_DATA7  I1/O/T
GPIO23 I/O/T  VSPID 1/O/T  GPIO23 I/O/T  HS1_STROBE 10
GPIO19  /O/T | VSPIQ VO/T GPIO19  I/O/T UOCTS 1" EMAC_TXDO
GPIO22 I/O/T  VSPIWP 1/O/T  GPIO22 I1/O/T  UORTS o EMAC_TXD1
UORXD 1 CLKOUT2 O  GPIO3 1orr
UOTXD o CLKOUT3 O  GPIO1 1orr EMAC_RXD2
GPIO21 I/O/T  VSPIHD 1/O/T  GPIO21 1/orm EMAC_TX_EN

Type

o

o

Drive Strength
(2'd2: 20 mA)

2'd2

2'd2
2'd2
2'd2
2'd2
2'd2
2'd2

2'd2
2'd2
2'd2
2'd2
2'd2

2'd2

2'd2
2'd2
2'd2
2'd2
2'd2
2'd2
2'd2
2'd2
2'd2
2'd2

2'd2
2'd2
2'd2
2'd2
2'd2

At Reset

oe=0, ie=0

oe=0, ie=0

oe=0, ie=0
oe=0, ie=0

0e=0, ie=0

oe=0, ie=0
oe=0, ie=0
0e=0, ie=0
oe=0, ie=0
0e=0, ie=0
oe=0, ie=1, wpd

oe=0, ie=0

0e=0, ie=1, wpu
oe=0, ie=1, wpd
0e=0, ie=1, wpu

0e=0, ie=1, wpd

0e=0, ie=0

oe=0, ie=0

oe=0, ie=1, wpu
©0e=0, ie=1, wpu
0e=0, ie=1, wpu
, ie=1, wpu

0e=0, ie=1, wpu
0e=0, ie=1, wpu
0e=0, ie=1, wpu
0e=0, ie=0
0e=0, ie=0

0e=0, ie=0
oe=0, ie=0

ie=1, wpu
0e=0, ie=1, wpu
0e=0, ie=0

After Reset

0e=0, i

0e=0,
0e=0, ie=0
0e=0, ie=0

oe=0, ie=0
oe=0, ie=0
0e=0, ie=0

oe=0, ie=0
oe=0, ie=0
0e=0, ie=0
oe=0, ie=0
0e=0, ie=1, wpu
0e=0, ie=1, wpd

0e=0, ie=1, wpd

0e=0, ie=1, wpu
oe=0, ie=1, wpd
0e=0, ie=1, wpu

o0e=0, ie=1, wpd

0e=0, ie=1

oe=0, ie=1

0e=0, ie=1, wpu
0e=0, ie=1, wpu
0e=0, ie=1, wpu

o0e=0, ie=1, wpu

o0e=0, , Wpu
oe=0, ie=1, wpu
0e=0, i

0e=0, i

0e=0,

v Xjpusddy
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Revision History

Revision History

Date

Version

Release notes

2021-03-19

V3.6

Updated Figure 1: Functional Block Diagram

Updated Table 14: Reliability Qualifications

Updated Figure 4: ESP32 Power Scheme

Updated Table 12: Recommended Operating Conditions

Updated the notes below Table 2: Power Scheme

Provided more information about TWAI® in Table 5, Table 10, Table 8.2, and Sec-
tion 4.1

2021-01-22

V3.5

Updated the description for CAP2 from 3 nF to 3.3 nF

Added TWAI® in Section 1.4.3: Advanced Peripheral Interfaces

Updated Figure 1: Functional Block Diagram

Updated the reset values for MTCK, MTMS, GPIO27 in Appendix IO_MUX

2020-04-27

V3.4

Added one chip variant: ESP32-U4WDH
Updated some figures in Table 6, 16, 17, 19, 21, 22
Added a note under Table 18

2020.01

V3.3

Added two chip variants: ESP32-DOWD-V3 and ESP32-DOWDQ6-V3.
Added a note under Table 7.

2019.10

V3.2

Updated Figure 5: ESP32 Power-up and Reset Timing.

2019.07

V3.1

Added pin-pin mapping between ESP32-D2WD and the embedded flash under
Table 1 Pin Description;
Updated Figure 10 ESP32 Part Number.

2019.04

V3.0

Added information about the setup and hold times for the strapping pins in Section
2.4: Strapping Pins.

2019.02

V2.9

Applied new formatting to Table 1: Pin Description;
Fixed typos with respect to the ADC1 channel mappings in Table 10: Peripheral
Pin Configurations.

2019.01

V2.8

Changed the RF power control range in Table 18, Table 20 and Table 22 from —12
~+12t0-12 ~ +9 dBm;
Small text changes.

2018.11

V2.7

Updated Section 1.5;
Updated pin statuses at reset and after reset in Table |O_MUX.

2018.10

V2.6

Updated QFN package drawings in Chapter 6: Package Information.

2018.08

V2.5

e Added "Cumulative 10 output current” entry to Table 11: Absolute Maximum
Ratings;

e Added more parameters to Table 13: DC Characteristics;

e Changed the power domain names in Table IO_MUX to be consistent with
the pin names.
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Revision History

Date Version Release notes

¢ Deleted information on Packet Traffic Arbitration (PTA);
¢ Added Figure 5: ESP32 Power-up and Reset Timing in Section 2.3: Power
2018.07 V2.4 Scheme; , ,
e Added the power consumption of dual-core SoCs in Table 6: Power Con-
sumption by Power Modes;
e Updated section 4.1.2: Analog-to-Digital Converter (ADC).
Added the power consumption at CPU frequency of 160 MHz in Table 6: Power
Consumption by Power Modes.
e Changed the voltage range of VDD3P3_RTC from 1.8-3.6V to 2.3-3.6V in
Table 1: Pin Description;
e Updated Section 2.3: Power Scheme;
e Updated Section 3.1.3: External Flash and SRAM,;
e Updated Table 6: Power Consumption by Power Modes;

2018.06 V2.3

¢ Deleted content about temperature sensor;
Changes to electrical characteristics:
e Updated Table 11: Absolute Maximum Ratings;
e Added Table 12: Recommended Operating Conditions;
e Added Table 13: DC Characteristics;
¢ Added Table 14: Reliability Qualifications;
e Updated the values of "Gain control step” and "Adjacent channel transmit
power” in Table 18: Transmitter Characteristics - Basic Data Rate;

2018.05 V2.2

e Updated the values of "Gain control step”, "n/4 DQPSK modulation accu-

ST

racy”, "8 DPSK modulation accuracy” and "In-band spurious emissions” in
Table 20: Transmitter Characteristics — Enhanced Data Rate;
e Updated the values of "Gain control step”, "Adjacent channel transmit

power” in Table 22: Transmitter Characteristics - BLE.

¢ Deleted software-specific features;

¢ Deleted information on LNA pre-ampilifier;

¢ Specified the CPU speed and flash speed of ESP32-D2WD;
¢ Added notes to Section 2.3: Power Scheme.

2018.01 V2.1

2017.12 V2.0 Added a note on the sequence of pin number in Chapter 6.
e Updated the description of the pin CHIP_PU in Table 1;
e Added a note to Section 2.3: Power Scheme;

e Updated the description of the chip’s system reset in Section 2.4: Strapping

2017.10 V1.9 Pins;

¢ Added a description of antenna diversity and selection to Section 3.5.1;

e Deleted "Association sleep pattern” in Table 6 and added notes to Active
sleep and Modem-sleep.

e Added Table 4.2 in Section 4;

e Corrected a typo in Figure 1.

2017.08 V1.8
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Revision History

Date Version Release notes

¢ Changed the transmitting power to +12 dBm; the sensitivity of NZIF receiver
to -97 dBm in Section 1.3;

e Added a note to Table 1 Pin Description;

e Added 160 MHz clock frequency in section 3.1.1;

¢ Changed the transmitting power from 21 dBm to 20.5 dBm in Section 3.5.1;

e Changed the dynamic control range of class-1, class-2 and class-3 transmit
output powers to "up to 24 dBm”; and changed the dynamic range of NZIF
receiver sensitivity to "over 97 dB” in Section 3.6.1;

e Updated Table 6: Power Consumption by Power Modes, and added two
notes to it;

2017.08 V1.7 e Updated sections 4.1.1, 4.1.9;

e Updated Table 11: Absolute Maximum Ratings;

e Updated Table 15: RF Power Consumption Specifications, and changed the
duty cycle on which the transmitters’ measurements are based by 50%.

¢ Updated Table 16: Wi-Fi Radio Characteristics and added a note on “Output
impedance” to it;

e Updated parameter "Sensitivity” in Table 17, 19, 21;

e Updated parameters "RF transmit power” and "RF power control range”,
and added parameter "Gain control step” in Table 18, 20, 22;

¢ Deleted Chapters: "Touch Sensor” and "Code Examples”;

¢ Added a link to certification download.

Corrected two typos:
2017.06 V1.6 e Changed the number of external components to 20 in Section 1.1.2;
e Changed the number of GPIO pins to 34 in Section 4.1.1.

¢ Changed the power supply range in Section: 1.4.1 CPU and Memory;

e Updated the note in Section 2.3: Power Scheme;
e Updated Table 11: Absolute Maximum Ratings;

2017.06 V1.5 , . N .
e Changed the drive strength values of the digital output pins in Note 8, in
Table 24: Notes on ESP32 Pin Lists;
¢ Added the option to subscribe for notifications of documentation changes.
e Added a note to the frequency of the external crystal oscillator in Section
1.4.2: Clocks and Timers;
¢ Added a note to Section 2.4: Strapping Pins;
¢ Updated Section 3.7: RTC and Low-Power Management;
e Changed the maximum driving capability from 12 mA to 80 mA, in Table 11:
2017.05 V1.4

Absolulte Maximum Ratings;

e Changed the input impedance value of 5012, in Table 16: Wi-Fi Radio Char-
acteristics, to output impedance value of 30+j10 ;

e Added a note to No.8 in Table 24: Notes on ESP32 Pin Lists;

¢ Deleted GPIO20 in Table IO_MUX.

e Added Appendix: ESP32 Pin Lists;

2017.04 V1.3 e Updated Table: Wi-Fi Radio Characteristics;

e Updated Figure: ESP32 Pin Layout (for QFN 5*5).
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Revision History

Date

Version

Release notes

2017.03

V1.2

e Added a note to Table: Pin Description;
e Updated the note in Section: Internal Memory.

2017.02

¢ Added Chapter: Part Number and Ordering Information;
e Updated Section: MCU and Advanced Features;

¢ Updated Section: Block Diagram;

¢ Updated Chapter: Pin Definitions;

e Updated Section: CPU and Memory;

e Updated Section: Audio PLL Clock;

e Updated Section: Absolute Maximum Ratings;

¢ Updated Chapter: Package Information;

e Updated Chapter: Learning Resources.

2016.08

V1.0

First release.
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ready L] * Switch-Mode-Power-Supply of HS series
Pages 13- 18
BV 20 Series * Printed-Circuit-Board transformers
frame size EE 20 (0.35 VA - 0.5 VA)
Pages 19 - 22
El 30 Series * Printed-Circuit-Board transformers
frame size EI 30 (0.5 VA - 3.6 VA)
* Flat-type Printed-Circuit-Board transformers with small base areas
frame size EI 30/40 (1.6 VA - 8.0 VA)
Pages 23 - 36
El Series * Printed-Circuit-Board transformers
frame size El 38 - EI 96 (4.5 VA - 200 VA)
Pages 37 - 74
Ul Series * Printed-Circuit-Board Flat-type transformers
frame size Ul 21 - Ul 48 (1.0 VA - 60 VA)
Pages 75 - 84
RAST 5 Series * Transformers with RAST 5 connecting technology
frame size El 48 - EI 84 (10.0 VA - 120 VA)
Pages 85 - 90
Flyback * Flyback converters frame size EF 16/5 - 8 mm creeping distance
converter/ * Individual version 8 mm creeping distance
SMPS-Converter . Flypgck converlters frame size ‘EF 29/5 - 4 mm creeping distance
* Individual version 4 mm creeping distance
Pages 91 - 100
Ignition * Ignition transformers
transformers « Electronic ignition devices
Pages 101 - 104
Choke program * Extended mains choke series
 Extensive range of customer-specific chokes
Pages 105 - 120
Special solutions l « Electrical Power Supply Facilities / Supply units
* Transformers Top-Hat-Rail Fixtures EI 48 - EI 78
* Transformers in open version, vacuum impregnated version
e Customer-specific winding goods / Fine-wire-coils
Pages 121 - 128
HAHN worldwide \ Y * Your partner in charge in Germany
[ « HAHN's Distributors
" « Your partner in charge abroad
Pages 129 - 138
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HAHN Quality — Performance that builds trust.
HAHN-History

This has been the corporate philosophy of the HAHN company since its foundation in 1949.
Right from the start, it was the maxim of HAHN to supply products of high quality and to base
all efforts on customer-requirements and satisfaction. Corporate growth has been achieved
to a dynamic and reliable extent. The ongoing expansion of the manufacturing facilities fur-
thered the improvement in quality and HAHN was able to invest in new products. Today, HAHN
employs a workforce of approaching 500, which serve an international clientele in various in-
dustrial sectors. HAHN’s principal aim is to continue to supply quality products and to provide
reliable customer service and thus contribute to the success of its customers.

1949 « Founded on April 21st, the company was registered as an armature winding works, repair
shop for electric motors, generators, electrical installations and the sale of domestic
electrical appliances

1969 « September — commencement of small size transformer production in the storage space
of the newly renovated electrical installation shop

1971 « Construction of the first new hall building of 700 square meters floor space

1981 « Opening of new production and warehouse hall of 1,600 total square meters floor space
1985 « Extension of the production floor space by some 600 square meters

1990 « Extension of the storage space by some 500 square meters

1994 « Removal of the final inspection and quality control facility and the standard transformer

inventory into a new hall building of some 1,000 square meter floor space

1995 « A new raw materials’ and semi-finished products’ warehouse was constructed with
a floor area of some 600 square meters

1996 » Award of the DIN EN ISO 9001:1994 certification
» New warehouse and goods’ consignment facility was constructed with a floor space of
some 600 square meters

1998 « Commissioning of the new manufacturing facility in GUsten
» Extension of the trading floor space by some 20,000 square meters
» Production capacity was extended by 20%
* A new reception area was opened

2002 « Award of the DIN EN ISO 9001:2000 certification for the locations at Hungen and Gusten
in Germany
2003 « Approval/Authorization of an UL-Electro-Isolation-System class F (HAHN 155-1)
» Disposable and reusable packagings are given the designation ‘Blue Angel’
2004 « A third manufacturing facility has been set up in the Ukraine
2005 « Starting production in our new manufacturing facility in Ukraine
2008 « Award of the DIN EN ISO 9001:2008 certification for the location at Hungen, Glsten
and Ukraine

» Approval/Authorization of an UL-Electro-Isolation-System class B (HAHN 130-1)

2009/2010 « Hungen works — Site expansion with warehouse building transformed into high-bay
warehouse, extended staff car park
« Glsten works — Further investments in automation
» Ukraine works — Continuous increase in production capacity

2011/2012 « Structure and beginning of production for ignition transformers at plant Gusten
» Approval/Authorization of 2nd UL-Electro-Isolation-System class F (HAHN 155-2)
» Update of the approvals according to DIN EN 61558-1,/2005 and DIN EN 61558-2-6/2009
for all HAHN-Series-Products
» Continuous increase in production capacity

02/2016 www.hahn-trafo.com Page 7
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HAHN Locations

The parent company in Hungen, Germany

All the business decisions of HAHN are taken here, just only half an hour away by car
from Frankfurt’s International Airport; in terms of a qualitative and consumer-oriented
corporate cultural philosophy. New, user-friendly products are developed here.
Progressive production technology for highest process quality and economically high
volume is located here. All employees are trained to satisfy customer requirements
all over the world.

Production in Giisten, Saxony-Anhalt, Germany

The rising demand for HAHN products in Eastern European countries made it
necessary to transfer partial production into a region near the border in order to
reduce logistical costs.

3rd Production Plant in Novovolynsk (Ukraine)

With foundation of the 3rd plant in Eastern Europe, HAHN removed the manual
production from plant Hungen and Gusten to Novovolynsk. Custom-made and
wage-intensive products made this step necessary to be as one of the leading
transformer producer further more competitive on the constantly growing market.

Glsten/Saxony-Anhalt

Novovolynsk (Ukraine)

www.hahn-trafo.com
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HAHN Electronic Component Parts

Quality awareness, product liability legislation and the growing demands of worldwide
markets today make it necessary for equipment and appliance manufacturers to pass
on these stringent requirements to their subcontractors and suppliers to ensure,
that no component or assembly can become a critical weak spot. HAHN successfully
meets these requirements. All products leaving the HAHN works have been manu-
factured of high grade, quality-controlled raw materials or semi-manufactures on
the most modern production equipment. A quality management system meeting
DIN EN ISO 9001:2008 German and European standards provides the means for
ensuring such high quality.

HAHN permanently maintains a large stock inventory of all items and sizes.
Customers can take advantage of this service as required, by means of placing
call orders — no matter what item of size is required — the comprehensive range
from capacities 0.35 VA to 200.0 VA is always available. A detailed overview can
be found on the following pages of this catalog.

& héi
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HAHN has its own laboratory with TDAP the qualification for all the prerequisites, to
carry out tests for VDE-marks, an expert’s report or for certificates in an international
procedure together with VDE-experts to carry out.

www.hahn-trafo.com
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More electrical safety and long service life
for consumers’ appliances

e Chokes

e Coils, custom-made coils

e Control transformers

Current- and voltage converters
Flat-type transformers

Inductive assembly components
Isolating transformers

Mains transformers

Printed circuit-board transformers
Safety transformers

e Single-phase transformers

e Small size transformers

e SMPS-transformers

e Special transformers

e Three-phase transformers

e |gnition transformers and electronic ignition devices

All HAHN transformers carry a test certificate, so that customers obtain an assurance

of maximum electrical safety and long service-life for their equipment and appliances.

HAHN invites new customers and other interested parties to place their reliance on
its quality products and services.

Highest quality and customer-orientated services in all industries

Ko £ ZKes KB w @

www.hahn-trafo.com
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Quality and economy
in the production process

HAHN products are characterized by their performance and reliability. Ongoing
in-house quality control management ensures uncompromising raw material
selection and the highest standards of production with the corporate aim of
achieving reliability and an optimum of economy and efficiency for customers.

To ensure the competitiveness of its products, HAHN attaches great importance
to automation in production. Modern technology with automatic assembly lines,
integrated quality control devices, transfer systems and ‘intelligent’ production
equipment are the prerequisites for highly rationalised and flexible manufacturing
facilities. This minimizes costs and positively influences the marketability of its
products. All the corporate-related decisions of HAHN are thus taken from an
economic and ecological viewpoint. HAHN already exceeds such requirements by
implementing numerous appropriate measures of such a nature. For example, all
works-internal movements are carried out with electric vehicles and in the areas
of production and distribution, HAHN employs reusable packaging.

02/2016 www.hahn-trafo.com Page 11
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All according to customer requirements
Packed and consigned

In order to meet the requirements of any specific trade and industry, HAHN

can provide practically any desired problem solution in the areas of packing and
distribution. No matter whether customers require cases, cartons, polystyrene

or plastic packagings — whether ‘just-in-time’ delivery, special forwarding services
or self collection — HAHN can always provide customers with the right problem
solution. The examples mentioned above meet current standards, whereby the new
designed plastic tubes is worthy of special mention. The transformers can thus
be extracted from a ‘magazine’ and inserted directly into customers’ production.
ESD-conform packaging is contemporary and has come to stay on the European
market. HAHN will, of course re-accept packagings returned in a usable condition.
These can be cleaned and used again for further consignments to customers.

www.hahn-trafo.com
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Printed-Circuit-Board transformers
Output Power: 1.3 VA-2.8 VA

o DINEN61558-2-6 VDE 115801/124257

>

Syt . DINEN 60 335-1 VDE 102961/84814

22| DN

UL 5085-3 UL E177280
UL 5085-1 UL E98173
@« c22.2 CSA 99204

- according to REACH regulation

- according to RoHs regulation EBPG
- according to ErP regulation

ErP

* Primary voltages up to 250 V We have expanded our program for you in the course of ErP
* Secondary voltages 2 Vto max. 38 Vor2x2Vto (Energy related Products).

max. 2 x19V
* Output Power up to 2.8 VA The ErP Serie 2013 of HAHN is perfect for applications

* Short-circuit-proof
* Temperature class ta 70 °C/F
* Vacuum-encapsulated, bobbin with dual chamber windings

of the electric power supply in electrical and electronic
household and office equipment with “stand by” and
“off” conditions. Already today where a reduced power

* Peritem tested quality with cel.'tificat.e . consumption of [N RVA is required, the ErP Serie 2013
* Excellent temperature fluctuation resistance properties of HAHN will be a solution

* Self-extinguishing cast housing and sealing material
* Minimal size available

Connecting pins

-« 20 . »ﬁ«
A
5 Ge ] —
le]
0 Lyl T e —
&
¥ 3 8e —
©
= 2 ge I
o1 10 e L —
! Soldering pin 0.6 x0.8
oldering pin 0.6 x 0.
TtEhs 2743 » - i » Round pin g 0.8
Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved

Connection scheme (only connected pins are present)

1. 2.

5 7 5 6
sec. |
I 7

prim. sec. prim.

9
I sec. Il
1 9 1 10

2.) double voltage - bridge: 7 + 9, double current - bridge: 6 + 9/7 + 10

Frame size/Core height Output Power Size (h) Weight Packaging unit
ta70 °C/F
BV EI 307 8... /11.5 mm 1.3 VA 22.1 mm 0.076 kg 50 pieces
BV EI 303 8... /12.5 mm 1.5 VA 23.8 mm 0.081 kg 50 pieces
BV EI 304 8... /15.5 mm 2.1VA 26.8 mm 0.099 kg 50 pieces
BV El 305 8... /18.0 mm 2.3 VA 29.5 mm 0.111 kg 50 pieces
BV EI 306 8... /23.0 mm 2.8 VA 34.0 mm 0.135 kg 50 pieces
02/2016 www.hahn-trafo.com Page 15



Printed-Circuit-Board transformers
Output Power: up to 2.8 VA

1.3VA Primary Connecting Secondary Current Connecting  No-load Connection
ta 70 °C /F Order No. voltageV  pins prim. voltageV sec. mA pins sec. voltage V scheme
e e BV EI 307 8009 230 1-5 1x6 217 7-9 1x10.7 1

BV El 307 .... / BV El 307 8011 230 1-5 1x9 144 7-9 1x15.7 1
11.5 mm BV El 307 8001 230 1-5 1x12 108 7-9 1x19.8 1
iRy BV EI 307 8002 230 1-5 2x12 54 6-7/9-10 2x19.8 2
short-circuit- BV EI 307 8012 230 1-5 1x15 87 7-9 1x25.0 1

proof

no load power loss

<0.4W

15VA Primary Connecting Secondary Current Connecting No-load  Connection
ta 70 °C /F Order No. voltageV  pins prim. voltageV sec. mA pins sec. voltage V scheme
e e BV EI 303 8008 230 1-5 1x9 167 7-9 1x14.0 1

BV EI 303 .... / BV El 303 8021 230 1-5 2x9 83 6-7/9-10 2x14.0 2
12.5 mm BV EI 303 8023 230 1-5 1x12 125 7-9 1x18.8 1
inherently

short-circuit-

proof

no load power loss

<04W

2.1VA Primary Connecting Secondary Current Connecting  No-load Connection
ta 70 °C /F Order No. voltageV  pins prim. voltageV sec. mA pins sec. voltage V scheme
T e BV El 304 8013 230 1-5 1x6 350 7-9 1x11.0 1
BVEI304 .../ BV El 304 8024 230 1-5 1x7.5 280 7-9 1x13.9 1
15.5 mm BV El 304 8014 230 1-5 1x9 233 7-9 1x16.2 1
iRy BV El 304 8005 230 1-5 1x12 175 7-9 1x20.5 1
short-circuit- BV EI 304 8006 230 1-5 2x12 88 6-7/9-10 2x20.5 2

proof BV El 304 8015 230 1-5 1x15 140 7-9 1x27.0 1

no load power loss

<04W

2.3 VA Primary Connecting Secondary Current Connecting  Noldoad Connection
ta 70 °C /F Order No. voltageV  pins prim. voltageV sec. mA pins sec. voltage V scheme
Frame size,/Core height BV El 305 8022 230 1-5 1x7.5 307 7-9 1x13.2 1

BV EI 305 .... / BV El 305 8019 230 1-5 1x9 255 7-9 1x16.0 1
18.0 mm BV El 305 8020 230 1-5 2x9 127 6-7/9-10 2x15.7 2
inherently

short-circuit-

proof

no load power loss

<0.4W

2.8 VA Primary Connecting Secondary Current Connecting  Noldoad Connection
ta 70 °C /F Order No. voltageV  pins prim. voltageV sec.mA pins sec. voltage V scheme
o BV El 306 8016 230 1-5 1x6 467 7-9 1x10.5 1

BV EI 306 .... / BV EI 306 8017 230 1-5 1x9 311 7-9 1x16.1 1
23.0 mm BV EI 306 8003 230 1-5 1x12 233 7-9 1x21.4 1
I BV El 306 8007 230 1-5 2x12 117 6-7/9-10 2x21.4 2
short-circuit- BV EI 306 8018 230 1-5 1x15 187 7-9 1x26.1 1

proof BV EI 306 8034 230 1-5 2x9 155 6-7/9-10 2x16.2 2

no load power loss

<0.4W
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Switch-Mode-Power-Supply

HS series

YOENark for  DINEN 60 335-1 VDE on request

22 P

UL 5085-3 UL onrequest
UL 5085-1 UL onrequest
@® c22.2 CSA on request

- according to REACH regulation
- according to RoHs regulation
- according to ErP regulation

EBPG
ErP

Ecological in design - and solutions based on switch mode

technology developed by HAHN. Within the scope of the
Eco-Design Directive for energy-related products, we have
expanded our product portfolio for you.

Connecting pins

The new HS series by HAHN incorporating switch mode
technology has a no load power loss of < 0.15 W and an
efficiency of > 70 %! It is ideal for applications within the
broad input voltage range of 85 -265 V for power supplies.

Design is short-circuit-proof and wiring is strictly isolated
according to DIN EN 61558-2-16 and DIN EN 60950.

All components are UL- and DIN EN 60335-compliant. The
power of the safety extra-low output voltage is up to 3 W.

T

A
o5 -
@ Te
o
(3]
3
€ Qe
o1 L
A\
max. 27.8 max. 25.8

Connection scheme

Dimensions without tolerances + 0.3 mm,
rights to make alterations and improvements hereby reserved

ac”] 15 Ho 2 ¢
~—»+ H—»—H =
14 i L T 7
3.0wW Primary Connecting Secondary Current Connecting Connection
ta 70 °C /F Order No. voltage V pins prim.  voltage V(DC) sec. mA (DC) pins sec. scheme
HS 40003 85-265V 1-5 1x3.3 900 7-9 1
HS 40005 85-265V 1-5 1x5 600 7-9 1
inherently HS 40009 85-265V 1-5 1x9 333 7-9 1
;’r‘gg}'c"w't' HS 40012 85-265V 1-5 1x12 250 7-9 1
HS 40015 85-265V 1-5 1x15 200 7-9 1
no load power loss HS 40018 85-265V 1-5 1x18 167 7-9 1
<0.15W HS 40024 85 -265 V 1-5 1x24 125 7-9 1
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® Content

HAHN

BV 20 Series e Printed-Circuit-Board transformers
frame size EE 20 (0.35 VA - 0.5 VA)
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Printed-Circuit-Board transformers
Output Power: 0.35 VA - 0.5 VA

&Ko DIN EN 61558-2-6 VDE 115642
ekt DINEN 60335-1 VDE 102961/84814
L\ Y UL 5085-3 UL  onrequest
1-\Y UL 5085-1 UL E98173

@@ c22.2 CSA 99204

- according to REACH regulation
- according to RoHs regulation

* Minimal size available

* Primary voltages from 12 V to 250 V

* Secondary voltages from4 Vto24 Vor2 x3Vto2 x12V

¢ Qutput Power up to 0.5 VA

* Further voltages on demand

¢ Inherently short-circuit-proof

* Vacuum-encapsulated, bobbin type with dual chamber
windings

e Temperature class ta 70 °C/B

* High electrical safety and long service-life features

¢ Per item tested quality with certificate

¢ Excellent temperature fluctuation resistance properties

* Self-extinguishing cast housing and sealing material

Connecting pins

15

e 4 5e —I
q ®3 6e
3
= ®2 7e
o1 8e
max. 22.9 h

View looking onto pins

Connection scheme (only connected pins are present)

1. 2.

Thanks to its minimal size the BV 20 is the ideal problem
solution for appliance manufacturers requiring small compo-
nents and who are not prepared to enter into any comprises
as regards quality and performance demands. Processing

with double-coated windings, special extreme heat-resistant
epoxy insulating resins and self-extinguishing encapsulation
housing materials give HAHN transformers extra electrical
safety reserves enabling applications of extreme limits to be
addressed.

The BV 20 with insulation class B properties is especially
suitable for printed circuit boards, computer processors, other
electronic applications, domestic appliances, telecommunica-
tions’, lighting and photo technologies. Particularly in regard
to competitiveness on international markets and the product
liability of manufacturers, the BV 20 offers users the greatest
functional electrical safety and long-life service by reason of its
superior quality for their products.

Round pin g 0,6

Dimensions without tolerances + 0.3 mm,
rights to make alterations and improvements hereby reserved

4 6 4
prim.

prim.

1 7 1

5]
I sec. |
6

2.) double voltage - bridge: 6 + 7, double current - bridge: 5+7/ 6+8

7
I sec. |l
8

Frame size/Core height Output Power Size (h) Weight Packaging unit
ta70 °C/B
BV201.../ 6 mm 0.35VA 15 mm 0.025 kg 176 pieces
BV 202 .... /10 mm 0.50 VA 19 mm 0.035 kg 88 pieces
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Printed-Circuit-Board transformers
Output Power: up to 0.5 VA

0.35 VA Primary Connecting Secondary Current Connecting  Noload Connection
ta70° C/ B Order No. voltageV  pins prim. voltageV sec. mA pins sec. voltage V scheme
Framesize/Coreheignt  BY 2010128 230 1-4 1x6 58 6-7 1x10.0 1
BV 201 .../ BV 201 0142 230 1-4 2x6 29 5-6/7-8 2x10.6 2
6 mm BV 201 0143 230 1-4 1x75 47 6-7 1x12.6 1

BV 201 0136 230 1-4 1x9 39 6-7 1x14.4 1
L7 BV 201 0144 230 1-4 2x9 19 5-6/7-8 2x16.2 2
short-circuit-
proof BV 201 0145 230 1-4 1x12 29 6-7 1x20.8 1

BV 201 0146 230 1-4 2x12 15 5-6/7 -8 2x19.7 2
e '°a‘§lpgw‘7\; loss BV 201 0147 230 1-4 1x15 23 6-7 1x26.1 1
type 1. BV 201 0149 230 1-4 1x18 19 6-7 1x30.4 1

BV 201 0150 230 1-4 1x21 17 6-7 1x36.0 1

BV 201 0135 230 1-4 1x24 15 6-7 1x36.8 1
0.5VA Primary Connecting Secondary Current Connecting No-load Connection
ta70 °C/B Order No. voltageV  pins prim. voltageV sec.mA  pins sec. voltage V scheme
Framesize/Coreheight  BY 202 0154 230 1-4 1x6 83 6-7 1x10.2 1
BV 202 ... / BV 202 0155 230 1-4 2x6 42 5-6/7-8 2x 9.7 2
10 mm BV 202 0156 230 1-4 1x7.5 67 6-7 1x12.8 1

BV 202 0157 230 1-4 1x9 55 6-7 1x15.4 1
inherently BV 202 0158 230 1-4 2x9 28 5-6/7-8 2x15.4 2
short-circuit:
proof BV 202 0159 230 1-4 1x12 42 6-7 1x21.2 1

BV 202 0160 230 1-4 2x12 21 5-6/7 -8 2x21.2 2
:; '°a"19;W‘7‘; loss BV 202 0161 230 1-4 1x15 33 6-7 1x25.9 1

pe - BV 202 0162 230 1-4 1x18 28 6-7 1x30.9 1

BV 202 0163 230 1-4 1x21 24 6-7 1x36.2 1

BV 202 0164 230 1-4 1x24 21 6-7 1x41.2 1
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® Content

HAHN

El 30 Series * Printed-Circuit-Board transformers
frame size EI 30 (0.5 VA - 3.6 VA)
* Flat-type Printed-Circuit-Board transformers with small base areas
frame size EI 30/40 (1.6 VA - 8.0 VA)
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Printed-Circuit-Board transformers
Output Power: 0.5 VA - 3.6 VA

0 DIN EN 61558-2-6 VDE 115801/124257

VoEMarkfr  DINEN 60335-1 VDE 102961/84814

2|2

UL 5085-3 UL  E177280
UL 5085-1 UL  E98173
@@ c22.2 CSA 99204

- according to REACH regulation
- according to RoHs regulation

* Primary voltages from 12 Vto 250 Vor2 x 12 Vto 2 x 125V Several hundreds of types provide safety and long service-life

* Secondary voltages from 2 Vto max. 38 Vor2 x2 Vto for printed circuit boards, household appliances, leisure
max. 2 x 19V electronics, heating and control technol ogy as well as in

e Qutput Power up to 3.6 VA assembly techniques. Transformers for special requirements

¢ Short-circuit-proof with lower open-circuit (no-load) loss capacity are also

* Vacuum-encapsulated, bobbin with dual chamber windings available in the range.

¢ Temperature class ta 40 °C/F andta 70 °C/F

e Per item tested quality with certificate Enhanced customer benefit due to ongoing high quality

¢ Excellent temperature fluctuation resistance properties standards throughout 40 years experience in transformer

 Self-extinguishing cast housing and sealing material technology.

* Minimal size available

Connecting pins

« 20 . »’ir«
[
5 6 —1 I
0
(9] o4 Te —
oN
“ e3 8 -
x
@©
£ L) Qe —
o1 10 L— —
! Solderi in 0.6x0.8
oldering pin 0.6 x 0.
ik 2048 | - X »| | Round pin 0.8
Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved

Connection scheme (only connected pins are present)

1. 2. 3. 4.

5 7 5 6 B 7 5 6
I sec. | I sec. |
7

prim. sec. prim. prim. sec. prim.

9 9
I sec. |l o o I sec. |l
1 9 1 10 1 —F— 9 1—F—= 10

2.+4.) double voltage - bridge: 7 + 9, double current - bridge: 6 + 9/7 + 10

~

Frame size/ Output Power Output Power Output Power Height (h) Weight Packaging
Core height ta40 °C/F ta70°G/F ta70 °C/F unit
with thermo-fuse

BVEI301.../ 5.5 mm 0.6 VA 0.5/0.7 VA 0.65 VA 15.2 mm 0.044 kg 50 pieces
BV EI 302 .... /10.5 mm 1.8 VA 1.5 VA 1.8 VA 21.8 mm 0.070 kg 50 pieces
BV EI 307 ..../11.5 mm 2.2VA 1.8 VA 1.8 VA 22.1mm 0.076 kg 50 pieces
BV EI303..../12.5 mm 2.3VA 1.9 VA 2.3VA 23.8 mm 0.081 kg 50 pieces
BVEI304 ... /15.5 mm 2.6 VA 2.1VA 2.4 VA 26.8 mm 0.099 kg 50 pieces
BV EI 305 .... /18.0 mm 3.0VA 2.3VA 2.7 VA 29.5 mm 0.111 kg 50 pieces
BV El 306 .... /23.0 mm 3.6 VA 3.0 VA 3.4 VA 34.0 mm 0.135 kg 50 pieces
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Printed-Circuit-Board transformers

Output Power: up to 0.7 VA

0.5 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
e e e BV EI 301 3005 230 1-5 1x6 83 7-9 1x10.2 1
BV EI 301..../ BV El 301 3538 230 1-5 2x6 41 6-7/9-10 2x10.41 2
5.5 mm BV EI 301 3017 230 1-5 1x7.5 67 7-9 1x12.2 1

BV EI 301 3970 230 1-5 2x7.5 33 6-7/9-10 2x11.7 2
) BV EI 301 2911 230 1-5 1x9 56 7-9 1x14.7 1
inherently
short-circuit- BV EI 301 3172 230 1-5 2x9 28 6-7/9-10 2x13.3 2
proof BV EI 301 2824 230 1-5 1x12 42 7-9 1x18.0 1
no load power loss BV EI 301 3971 230 1-5 2x12 21 6-7/9-10 2x18.7 2
type. 1.0 W BV EI 301 2845 230 1-5 1x15 33 7-9 1x22.8 1

BV EI 301 2741 230 1-5 2x15 17 6-7/9-10 2x23.3 2

BV EI 301 2967 230 1-5 1x18 28 7-9 1x26.0 1

BV EI 301 3020 230 1-5 1x21 24 7-9 1x30.6 1

BV El 301 2807 230 1-5 1x24 21 7-9 1x35.5 1
0.7 VA Primary Connecting Secondary Current Connecting  No-load Connection
ta 70°C /F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
ey e e BV EI 301 3582 230 1-5 1x6 117 7-9 1x10.3 1
BV El 301..../ BV El 301 3583 230 1-5 2x6 58 6-7/9-10 2x10.5 2
5.5 mm BV EI 301 3584 230 1-5 1x7.5 94 7-9 1x12.7 1

BV El 301 3585 230 1-5 2x7.5 47 6-7/9-10 2x12.7 2
inherently BV EI 301 3586 230 1-5 1x9 78 7-9 1x14.6 1
short-circuit- BV El 301 3587 230 1-5 2x9 39 6-7/9-10 2x14.6 2
proof BV EI 301 3588 230 1-5 1x12 58 7-9 1x19.5 1
no load power loss BV El 301 3589 230 1-5 2x12 29 6-7/9-10 2x19.5 2
type. 2.3 W BV EI 301 3590 230 1-5 1x15 47 7-9 1x24.5 1

BV EI 301 3591 230 1-5 2x15 23 6-7/9-10 2x24.5 2

BV EI 301 3592 230 1-5 1x18 39 7-9 1x28.3 1

BV EI 301 3593 230 1-5 1x21 33 7-9 1x32.9 1

BV EI 301 3594 230 1-5 1x24 29 7-9 1x37.8 1
0.65 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C / F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
EeE e o BV EI 301 7002 230 1-5 1x6 108 7-9 1x10.5 3
BV EI301..../ BV EI 301 7003 230 1-5 2x6 54 6-7/9-10 2x10.5 4
5.5 mm BV EI 301 7004 230 1-5 1x7.5 87 7-9 1x13.0 3

BV EI 301 7005 230 1-5 2x7.5 43 6-7/9-10 2x13.0 4
non inherently BV EI 301 7006 230 1-5 1x9 72 7-9 1x15.4 3
short-circuit- BV EI 301 7007 230 1-5 2x9 36 6-7/9-10 2x15.4 4
proof BV EI 301 7008 230 1-5 1x12 54 7-9 1x20.4 3
with thermofuse BV EI 3017009 230 1-5 2x 12 27  6-7/9-10  2x20.4 4

e BV EI 301 7010 230 1-5 1x15 43 7-9 1x24.9 3

BV EI 301 7011 230 1-5 2x15 21 6-7/9-10 2x24.9 4
no load power loss BV El 301 7012 230 1—5 1 X 18 36 7—9 1 X 301 3
type. 2.3 W BV EI 301 7013 230 1-5 1x21 31 7-9 1x35.1 3

BV El 301 7014 230 1-5 1x24 27 7-9 1 x40.0 3
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Printed-Circuit-Board transformers

Output Power: up to 1.8 VA

1.8 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 40°C /F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
Frame size/Core height BV E1 3022000 230 1-5 1x6 300 7-9 1x 8.8 1
BV El 302..../ BV EI 3022005 230 1-5 2x6 150 6-7/9-10 2x 8.8 2
10.5 mm BV EI 302 3021 230 1-5 1x7.5 240 7-9 1x10.7 1

BV EI 302 3562 230 1-5 2x7.5 120 6-7/9-10 2x11.0 2
e BV EI 302 2001 230 1-5 1x9 200 7-9 1x12.6 1
short-circuit- BV El 302 2006 230 1-5 2x9 100 6-7/9-10 2x13.0 2
proof BV EI 302 2002 230 1-5 1x12 150 7-9 1x16.9 1
no load power loss BV EI 302 2007 230 1-5 2x12 75 6-7/9-10 2x18.3 2
type. 2.2 W BV E1 3022003 230 1-5 1x15 120 7-9 1x21.2 1

BV EI 302 2008 230 1-5 2x15 60 6-7/9-10 2x21.8 2

BV EI 302 2004 230 1-5 1x18 100 7-9 1x25.4 1

BV EI 302 3022 230 1-5 1x21 86 7-9 1x30.4 1

BV EI 302 2990 230 1-5 1x24 75 7-9 1x34.5 1
1.5 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /F Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V scheme
Frame size/Core height BV E1 3022020 230 1-5 1x6 250 7-9 1x 82 1
BV El 302..../ BV EI 3022025 230 1-5 2x6 125 6-7/9-10 2x 8.4 2
10.5 mm BV EI 302 3058 230 1-5 1x7.5 200 7-9 1x10.5 1

BV El 302 3561 230 1-5 2x7.5 100 6-7/9-10 2x10.5 2
ety BV EI 302 2021 230 1-5 1x9 166 7-9 1x12.1 1
short-circuit- BV EI 302 2026 230 1-5 2x9 83 6-7/9-10 2x12.4 2
proof BV EI 302 2022 230 1-5 1x12 125 7-9 1x16.6 1
no load power loss BV EI 302 2027 230 1-5 2x12 62 6-7/9-10 2x16.6 2
type. 1.4 W BV EI 3022023 230 1-5 1x15 100 7-9 1x20.7 1

BV EI 302 2028 230 1-5 2x15 50 6-7/9-10 2 x20.7 2

BV EI 302 2024 230 1-5 1x18 83 7-9 1x24.5 1

BV EI 302 2029 230 1-5 2x18 41 6-7/9-10 2x24.8 2

BV EI 302 3059 230 1-5 1x21 71 7-9 1x 28.6 1

BV EI 302 2989 230 1-5 1x24 62 7-9 1x33.5 1
1.8 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
Frame size/Core height BV E1 3027015 230 1-5 1x6 300 7-9 1x 9.8 3
BV El 302..../ BV EI 3027016 230 1-5 2x6 150 6-7/9-10 2x10.6 4
10.5 mm BV EI 302 7017 230 1-5 1x7.5 240 7-9 1x12.2 3

BV EI 302 7018 230 1-5 2x7.5 120 6-7/9-10 2x13.4 4

: BV EI 302 7019 230 1-5 1x9 200 7-9 1x14.6 3
non inherently
short-circuit- BV EI 302 7020 230 1-5 2x9 100 6-7/9-10 2x15.9 4
proof BV EI 302 7021 230 1-5 1x12 150 7-9 1x19.4 3
with thermofuse BV EI 3027022 230 1-5 2x 12 75  6-7/9-10  2x20.9 4
=) BV EI 302 7023 230 1-5 1x15 120 7-9 1x24.3 3

= BV EI 302 7024 230 1-5 2x15 60 6-7/9-10 2x24.8 4
no load power loss BV EI 302 7025 230 1-5 1x18 100 7-9 1x29.2 3
type. 2.1 W BV EI 302 7026 230 1-5 1x21 86 7-9 1x34.1 3

BV EI 302 7027 230 1-5 1x24 75 7-9 1x38.8 3
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Printed-Circuit-Board transformers

Output Power: up to 1.8 VA

1.8 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C/F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
Frame size/Coreheigt BY E1 307 3842 230 1-5 1x6 300 7-9 1x 9.7 1
BV El 307..../ BV EI 307 3843 230 1-5 2x6 150 6-7/9-10 2x 9.4 2
11.5 mm BV EI 307 3844 230 1-5 1x7.5 240 7-9 1x12.7 1

BV EI 307 3845 230 1-5 2x7.5 120 6-7/9-10 2x12.4 2
e BV EI 307 3846 230 1-5 1x9 200 7-9 1x14.5 1
short-circuit- BV EI 307 3847 230 1-5 2x9 100 6-7/9-10 2x14.3 2
proof BV EI 307 3801 230 1-5 1x12 150 7-9 1x18.7 1
o load power l0ss BV EI 307 3848 230 1-5 2x12 75 6-7/9-10 2x18.9 2
type. 1.0 W BV EI 307 3849 230 1-5 1x15 120 7-9 1x24.5 1

BV EI 307 3850 230 1-5 2x15 60 6-7/9-10 2x24.5 2

BV EI 307 3851 230 1-5 1x18 100 7-9 1x28.4 1

BV EI 307 3852 230 1-5 1x21 86 7-9 1x33.4 1

BV EI 307 3853 230 1-5 1x24 75 7-9 1x37.9 1
1.8 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C / F Order No. voltage V.  pins prim. voltageV sec. mA pins sec. voltage V scheme
Frame size/Coreheigt BY E1 307 7079 230 1-5 1x6 300 7-9 1x 9.8 3
BV El 307..../ BV EI 307 7080 230 1-5 2x6 150 6-7/9-10 2x 9.8 4
11.5 mm BV EI 307 7081 230 1-5 1x7.5 240 7-9 1x12.9 3

BV EI 307 7082 230 1-5 2x7.5 120 6-7/9-10 2x13.2 4

: BV EI 307 7083 230 1-5 1x9 200 7-9 1x14.7 3
non inherently
short-circuit- BV EI 307 7084 230 1-5 2x9 100 6-7/9-10 2x15.2 4
proof BV EI 307 7085 230 1-5 1x12 150 7-9 1x19.4 3
with thermofuse BV EI 307 7086 230 1-5 2x12 75 6-7/9-10 2x20.1 4
=) BV EI 307 7087 230 1-5 1x15 120 7-9 1x24.1 3

= BV EI 307 7088 230 1-5 2x15 60 6-7/9-10 2x24.1 4
no load power loss BV El 307 7089 230 1-5 1x18 100 7-9 1x28.9 3
type. 1.1 W BV EI 307 7090 230 1-5 1x21 86 7-9 1x34.8 3

BV ElI 307 7091 230 1-5 1x24 75 7-9 1 x 38.5 3
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Printed-Circuit-Board transformers

Output Power: up to 2.3 VA

2.3 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 40°C/F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
TS BRhET BV EI 303 2010 230 1-5 1x6 383 7-9 1x 8.5 1
BV EI 303..../ BV EI 303 2015 230 1-5 2x6 191 6-7/9-10 2x 94 2
12.5 mm BV EI 303 3611 230 1-5 1x7.5 307 7-9 1x11.4 1

BV EI 303 3612 230 1-5 2x7.5 153 6-7/9-10 2x12.4 2
inherently BV EI 303 2011 230 1-5 1x9 255 7-9 1x12.9 1
short-circuit- BV EI 303 2016 230 1-5 2x9 127 6-7/9-10 2x14.6 2
proof BV EI 303 2012 230 1-5 1x12 191 7-9 1x17.4 1
o load power 10ss BV EI 303 2017 230 1-5 2x12 95 6-7/9-10 2x18.7 2
type. 2.0 W BV EI 303 2013 230 1-5 1x15 153 7-9 1x21.6 1

BV El 303 2018 230 1-5 2x15 76 6-7/9-10 2x235 2

BV El 303 2014 230 1-5 1x18 127 7-9 1x25.8 1

BV El 303 3563 230 1-5 1x21 110 7-9 1x30.2 1

BV El 303 2991 230 1-5 1x24 96 7-9 1x34.3 1
19VA Primary Connecting Secondary Current Connecting  No-load Connection
ta 70°C / F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
oSBT BV EI 303 2030 230 1-5 1x6 316 7-9 1x 8.6 1
BV El 303..../ BV EI 303 2035 230 1-5 2x6 158 6-7/9-10 2x 9.3 2
12.5 mm BV EI 303 3060 230 1-5 1x7.5 253 7-9 1x11.0 1

BV EI 303 2095 230 1-5 2x7.5 126 6-7/9-10 2x12.3 2
inherently BV EI 303 2031 230 1-5 1x9 211 7-9 1x12.9 1
short-circuit- BV EI 303 2036 230 1-5 2x9 105 6-7/9-10 2x13.9 2
proof BV EI 303 2032 230 1-5 1x12 158 7-9 1x17.2 1
no load power loss BV EI 303 2037 230 1-5 2x12 79 6-7/9-10 2x18.5 2
type. 1.2 W BV EI 303 2033 230 1-5 1x15 126 7-9 1x21.5 1

BV El 303 2038 230 1-5 2x15 63 6-7/9-10 2x22.0 2

BV El 303 2034 230 1-5 1x18 105 7-9 1x25.8 1

BV El 303 3013 230 1-5 1x21 90 7-9 1 x 30.0 1

BV El 303 2100 230 1-5 1x24 79 7-9 1x35.5 1
2.3 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
R R R BV EI 303 7028 230 1-5 1x6 383 7-9 1x 9.4 3
BV El 303..../ BV EI 303 7029 230 1-5 2x6 191 6-7/9-10 2x 9.7 4
12.5 mm BV EI 303 7030 230 1-5 1x7.5 306 7-9 1x11.3 3

BV EI 303 7031 230 1-5 2x7.5 153 6-7/9-10 2x12.2 4

. BV EI 303 7032 230 1-5 1x9 256 7-9 1x13.8 3
non inherently
short-circuit- BV EI 303 7033 230 1-5 2x9 128 6-7/9-10 2x14.3 4
proof BV EI 303 7034 230 1-5 1x12 191 7-9 1x17.4 3
with thermofuse BV EI 3037035 230 1-5 2x 12 96 6-7/9-10  2x19.1 4
e BV EI 303 7036 230 1-5 1x15 153 7-9 1x22.3 3

BV El 303 7037 230 1-5 2x15 76 6-7/9-10 2x23.7 4
no load power loss BV EI 303 7038 230 1-5 1x18 128 7-9 1x26.4 3
type. 2.0 W BV El 303 7039 230 1-5 1x21 110 7-9 1x30.5 3

BV El 303 7040 230 1-5 1x24 96 7-9 1x34.0 3
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Printed-Circuit-Board transformers

Output Power: up to 2.6 VA

2.6 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 40°C /F Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V scheme
PR BV EI 304 2040 230 1-5 1x6 434 7-9 1x10.4 1
BV El 304..../ BV El 304 2045 230 1-5 2x6 217 6-7/9-10 2x10.8 2
15.5 mm BV EI 304 3564 230 1-5 1x7.5 346 7-9 1x12.5 1

BV El 304 2840 230 1-5 2x7.5 173 6-7/9-10 2x12.5 2
inherently BV EI 304 2041 230 1-5 1x9 289 7-9 1x15.9 1
short-circuit- BV El 304 2046 230 1-5 2x9 145 6-7/9-10 2x16.2 2
proof BV EI 304 2042 230 1-5 1x12 217 7-9 1x21.7 1
no load power loss BV El 304 2047 230 1-5 2x12 108 6-7/9-10 2x22.4 2
type. 1.0 W BV EI 304 2043 230 1-5 1x15 174 7-9 1x27.4 1

BV El 304 2044 230 1-5 1x18 145 7-9 1x30.9 1

BV EI 304 2995 230 1-5 1x21 123 7-9 1x32.1 1

BV EI 304 2992 230 1-5 1x24 108 7-9 1x41.7 1
2.1 VA Primary Connecting Secondary Current Connecting  No-load Connection
ta 70°C /F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
e e ae BV EI 304 2080 230 1-5 1x6 350 7-9 1x10.5 1
BV El 304..../ BV El 304 2085 230 1-5 2x6 175 6-7/9-10 2x11.2 2
15.5 mm BV EI 304 2889 230 1-5 1x7.5 280 7-9 1x13.7 1

BV El 304 2773 230 1-5 2x7.5 140 6-7/9-10 2x14.2 2
inherently BV EI 304 2081 230 1-5 1x9 234 7-9 1x16.0 1
short-circuit- BV EI 304 2086 230 1-5 2x9 117 6-7/9-10 2x16.2 2
proof BV EI 304 2082 230 1-5 1x12 175 7-9 1x21.5 1
no load power loss BV EI 304 2087 230 1-5 2x12 88 6-7/9-10 2x22.0 2
type. 0.7 W BV EI 304 2083 230 1-5 1x15 140 7-9 1x26.5 1

BV El 304 2084 230 1-5 1x18 117 7-9 1 x30.0 1

BV EI 304 2843 230 1-5 1x21 100 7-9 1x33.4 1

BV EI 304 2868 230 1-5 1x24 88 7-9 1x37.3 1
2.4 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
B G G et BV El 304 7041 230 1-5 1x6 400 7-9 1x10.6 3
BV EI 304..../ BV El 304 7042 230 1-5 2x6 200 6-7/9-10 2x10.41 4
15.5 mm BV EI 304 7043 230 1-5 1x7.5 320 7-9 1x13.2 3

BV El 304 7044 230 1-5 2x7.5 160 6-7/9-10 2x13.2 4
non inherently BV EI 304 7045 230 1-5 1x9 266 7-9 1x16.3 3
short-circuit- BV El 304 7046 230 1-5 2x9 133 6-7/9-10 2x16.9 4
proof BV EI 304 7047 230 1-5 1x12 200 7-9 1x21.8 3
with thermo-fuse

BV EI 304 7048 230 1-5 2x12 100 6-7/9-10 2x21.8 4

e BV EI 304 7049 230 1-5 1x15 160 7-9 1x26.7 3

BV EI 304 7095 230 1-5 2x15 80 6-7/9-10 2 x24.7 4
no load power loss BV EI 304 7050 230 1-5 1x18 133 7-9 1x32.6 3
type. 1.0 W BV El 304 7051 230 1-5 1x21 114 7-9 1x37.2 3

BV EI 304 7052 230 1-5 1x24 100 7-9 1x42.3 3
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Printed-Circuit-Board transformers

Output Power: up to 3.0 VA

3.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 40°C/F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
Frame size/Core helght BV EI 305 2050 230 1-5 1x6 500 7-9 1x10.7 1
BV El 305..../ BV EI 305 2055 230 1-5 2x6 250 6-7/9-10 2x10.7 2
18.0 mm BV EI 305 3565 230 1-5 1x7.5 400 7-9 1x13.7 1
BV EI 305 2922 230 1-5 2x7.5 200 6-7/9-10 2x13.7 2
inherently BV EI 305 2051 230 1-5 1x9 334 7-9 1x17.3 1
short-circuit- BV EI 305 2056 230 1-5 2x9 167 6-7/9-10 2x15.7 2
proof BV EI 305 2052 230 1-5 1x12 250 7-9 1x20.3 1
BV El 305 2057 230 1-5 2x12 125 6-7/9-10 2x20.3 2
no load power loss
type. 1.0 W BV El 305 2053 230 1-5 1x15 200 7-9 1x26.7 1
BV El 305 2054 230 1-5 1x18 167 7-9 1x32.5 1
BV EIl 305 2188 230 1-5 1x21 143 7-9 1x35.7 1
BV El 305 2993 230 1-5 1x24 125 7-9 1x42.0 1
2.3 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C/F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
e T Corahelent BV EI 305 2878 230 1-5 1x6 383 7-9 1x11.6 1
BV El 305..../ BV EI 305 2882 230 1-5 2x6 192 6-7/9-10 2x10.9 2
18.0 mm BV El 305 2893 230 1-5 1x7.5 307 7-9 1x15.2 1
BV EI 305 2894 230 1-5 2x7.5 153 6-7/9-10 2x13.0 2
inherently BV EI 305 2879 230 1-5 1x9 255 7-9 1x17.6 1
short-circuit- BV EI 305 2866 230 1-5 2x9 127 6-7/9-10 2x16.1 2
proof BV El 305 2800 230 1-5 1x12 192 7-9 1x21.4 1
no load power loss BV El 305 2847 230 1-5 2x12 96 6-7/9-10 2x21.5 2
type. 0.8 W BV El 305 2805 230 1-5 1x15 153 7-9 1x28.2 1
BV El 305 2844 230 1-5 2x15 76 6-7/9-10 2x24.5 2
BV El 305 2851 230 1-5 1x18 128 7-9 1x32.4 1
BV El 305 2772 230 1-5 1x21 110 7-9 1x38.4 1
BV El 305 2874 230 1-5 1x24 96 7-9 1x45.4 1
2.7 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /F Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V scheme
R BV EI 305 7053 230 1-5 1x6 450 7-9 1x10.9 3
BV El 305..../ BV EI 305 7054 230 1-5 2x6 225 6-7/9-10 2x10.3 4
18.0 mm BV EI 305 7055 230 1-5 1x7.5 360 7-9 1x13.7 3
BV EI 305 7056 230 1-5 2x7.5 180 6-7/9-10 2x13.4 4
non inherently BV EI 305 7057 230 1-5 1x9 300 7-9 1x16.2 3
short-circuit- BV EI 305 7058 230 1-5 2x9 150 6-7/9-10 2x16.8 4
E’Vﬁ’:fthermo_fuse BV El 305 7059 230 1-5 1x12 225 7-9 1x20.7 3
BV El 305 7060 230 1-5 2x12 112 6-7/9-10 2x221 4
e BV EI 305 7061 230 1-5 1x15 180 7-9 1x26.6 3
BV El 305 7062 230 1-5 2x15 90 6-7/9-10 2x24.6 4
no load power loss BV El 305 7063 230 1-5 1x18 150 7-9 1x33.0 3
type. 1.0 W BV El 305 7064 230 1-5 1x21 128 7-9 1x37.6 3
BV El 305 7065 230 1-5 1x24 112 7-9 1x42.9 3
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Printed-Circuit-Board transformers

Output Power: up to 3.6 VA

3.6 VA Primary Connecting Secondary Current Connecting  No-load Connection
ta 40°C /F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
e e e BV EI 306 3595 230 1-5 1x6 600 7-9 1x10.8 1
BV El 306..../ BV El 306 3596 230 1-5 2x6 300 6-7/9-10 2x10.8 2
23.0 mm BV EI 306 3597 230 1-5 1x7.5 480 7-9 1x13.3 1

BV El 306 3598 230 1-5 2x7.5 240 6-7/9-10 2x13.3 2
inherently BV EI 306 3599 230 1-5 1x9 400 7-9 1x15.7 1
short-circuit- BV EI 306 3600 230 1-5 2x9 200 6-7/9-10 2x15.7 2
proof BV El 306 3601 230 1-5 1x12 300 7-9 1x21.0 1
o load power l0ss BV EI 306 3602 230 1-5 2x12 150 6-7/9-10 2x21.0 2
type. 1.3 W BV EI 306 3603 230 1-5 1x15 240 7-9 1x24.5 1

BV EI 306 3604 230 1-5 2x15 120 6-7/9-10 2x24.5 2

BV EI 306 3605 230 1-5 1x18 200 7-9 1x31.4 1

BV EI 306 3606 230 1-5 1x21 171 7-9 1x35.5 1

BV EI 306 3607 230 1-5 1x24 150 7-9 1x42.0 1
3.0 VA Primary Connecting Secondary Current Connecting  No-load Connection
ta 70°C /F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
et sl G el BV El 306 3359 230 1-5 1x6 500 7-9 1x10.5 1
BV El 306..../ BV El 306 3360 230 1-5 2x6 250 6-7/9-10 2x10.5 2
23.0 mm BV EI 306 3361 230 1-5 1x7.5 400 7-9 1x12.7 1

BV EI 306 3362 230 1-5 2x7.5 200 6-7/9-10 2x12.7 2
inherently BV El 306 3363 230 1-5 1x9 333 7-9 1x15.9 1
short-circuit- BV EI 306 3364 230 1-5 2x9 167 6-7/9-10 2x15.9 2
proof BV EI 306 3365 230 1-5 1x12 250 7-9 1x20.3 1
no load power loss BV EI 306 3366 230 1-5 2x12 125 6-7/9-10 2x20.3 2
type. 0.8 W BV El 306 3367 230 1-5 1x15 200 7-9 1x23.8 1

BV EI 306 3368 230 1-5 2x15 100 6-7/9-10 2x24.0 2

BV EI 306 3369 230 1-5 1x18 167 7-9 1x29.2 1

BV EI 306 3371 230 1-5 1x21 143 7-9 1x34.3 1

BV EI 306 3372 230 1-5 1x24 125 7-9 1x38.4 1
3.4 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C/F Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
EE T oA BV EI 306 7066 230 1-5 1x6 566 7-9 1x11.0 3
BV El 306..../ BV El 306 7067 230 1-5 2x6 283 6-7/9-10 2x10.7 4
23.0 mm BV EI 306 7068 230 1-5 1x7.5 453 7-9 1x13.6 3

BV EI 306 7069 230 1-5 2x7.5 226 6-7/9-10 2x12.4 4
non inherently BV EI 306 7070 230 1-5 1x9 378 7-9 1x16.0 3
short-circuit- BV EI 306 7071 230 1-5 2x9 189 6-7/9-10 2x16.8 4
proof BV EI 306 7072 230 1-5 1x12 283 7-9 1x21.0 3
with thermo-fuse

BV EI 306 7073 230 1-5 2x12 141 6-7/9-10 2x221 4

e BV EI 306 7074 230 1-5 1x15 226 7-9 1x26.0 3

BV EI 306 7075 230 1-5 2x15 113 6-7/9-10 2x24.6 4
no load power loss BV EI 306 7076 230 1-5 1x18 189 7-9 1x32.2 3
type. 1.3 W BV EI 306 7077 230 1-5 1x21 162 7-9 1x37.5 3

BV EI 306 7078 230 1-5 1x24 141 7-9 1x43.1 3
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Flat-type Printed-Circuit-Board
transformers with small base areas
Output Power: 1.6 VA -8.0 VA

o Gy

DIN EN 61558 VDE on request

VDE-Mark for
Glow-Wire-Test

DIN EN 60335-1 VDE 102961/84814

22|

UL 5085-3 UL onrequest
UL 5085-1 UL onrequest
@g C22.2 CSA on request

- according to REACH regulation
- according to RoHs regulation

* Primary voltages up to 230 V

* Secondary voltages from 2 Vto max. 38 V

¢ Qutput Power up to 8.0 VA

* Temperature classta 70 °C/B

¢ Short-circuit-proof

* Vacuum-encapsulated, bobbin with dual chamber windings
* Per item tested quality with certificate

e Excellent temperature fluctuation resistance properties
» Self-extinguishing cast housing and sealing material

* Minimal size available

Connecting pins

The El 34 Series provides solutions for applications requiring
low heights and a small base areas. HAHN offers rapid and
economic problem solutions for customer applications espe -
cially developed by our experienced R&D development engineers.
The EI 34 Transformers meet the stringent requirements of the
DIN EN 61558 and DIN VDE 0570 standards. Short-circuit-proof
and non short-circuit-proof transformers are available in five
different stacking heights. Outputs from 1.6 VA to 8.0 VA,

at an ambient temperature of 70 °C, are supplyable to meet
customer requirements in encapsulated versions.

HAHN has established itself on the market as a reliable and

innovative supplier with its application-oriented solutions.

5

T

® 4 5e
™
% e 3 Ge
(’é ° 2 7e
g
o 1 8e
max. 45.7

View looking onto pins

Connection scheme (only connected pins are present)

é,l Soldering pin 0.6 x0.8

Round pin g 0.8
Dimensions without tolerances + 0.3 mm,
rights to make alterations and improvements hereby reserved

1. 2.

4 6 4 5

I sec. |
) . 6

prim. sec. prim.

7

I sec. Il
1 7 1 8

2.) double voltage - bridge: 6 + 7, double current - bridge: 5+7/ 6+8

Frame size/Core height Output Power
ta 70 °C/B inherently

short-circuit-proof

Output Power
ta70 °C/B unit
non short-circuit-proof

Height (h) Weight Packaging

BVEI341.../ 5.5 mm 1.6 VA - 16.2 mm 758 36 pieces

BVEI342.../ 7.5 mm 2.0VA - 18.1 mm 90¢g 36 pieces

BV EI343..../10.5 mm 2.4 VA 3.0VA 21.0 mm 120 g 36 pieces

BVEI344.../16.5 mm - 5.0 VA 26.9 mm 165 g 36 pieces

BV EI345.... /26.0 mm - 8.0 VA 36.7 mm 245 g 36 pieces
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Flat-type Printed-Circuit-Board
transformers with small base areas

Output Power: up to 2.4 VA

1.6 VA Primary Connecting Secondary Current Connecting No-oad Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V'  scheme
TS BRhET BV EI 341 0001 230 1-4 1x6 266 6-7 1x10.0 1
BV EI341..../ BV El 341 0002 230 1-4 2x6 133 5-6/7-8 2x 9.7 2
5.5 mm BV EI 341 0003 230 1-4 1x7.5 213 6-7 1x12.8 1
BV El 341 0004 230 1-4 2x7.5 107 5-6/7-8 2x13.5 2
inherently BV EI 341 0005 230 1-4 1x9 178 6-7 1x15.1 1
short-circuit- BV EI 341 0006 230 1-4 2x9 89 5-6/7-8 2x15.1 2
proof BV EI 341 0007 230 1-4 1x12 133 6-7 1x19.6 1
BV El 341 0008 230 1-4 2x12 67 5-6/7-8 2x20.3 2
no load power loss BV EI 341 0009 230 1-4 1x15 107 6-7 1x25.5 1
type. 1.7 W BV El 341 0010 230 1-4 2x15 53 5-6/7-8 2x24.7 2
BV El 341 0011 230 1-4 1x18 89 6-7 1x30.1 1
BV El 341 0012 230 1-4 1x21 76 6-7 1x35.6 1
BV El 341 0013 230 1-4 1x24 67 6-7 1x39.6 1
2.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V scheme
i Sl G el BV EI 342 0014 230 1-4 1x6 333 6-7 1x10.7 1
BV El 342..../ BV El 342 0015 230 1-4 2x6 167 5-6/7-8 2x10.7 2
7.5 mm BV EI 342 0016 230 1-4 1x7.5 266 6-7 1x13.5 1
BV EI 342 0017 230 1-4 2x7.5 133 5-6/7-8 2x13.5 2
inherently BV EI 342 0018 230 1-4 1x9 222 6-7 1x15.6 1
short-circuit- BV EI 342 0019 230 1-4 2x9 111 5-6/7-8 2x16.1 2
proof BV El 342 0020 230 1-4 1x12 167 6-7 1x21.4 1
BV El 342 0021 230 1-4 2x12 83 5-6/7-8 2x21.4 2
no load power loss BV EI 342 0022 230 1-4 1x15 133 6-7 1x27.0 1
type. 1.0 W BV El 342 0024 230 1-4 1x18 111 6-7 1x31.4 1
BV El 342 0025 230 1-4 1x21 95 6-7 1x37.6 1
BV El 342 0026 230 1-4 1x24 84 6-7 1x43.2 1
2.4 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V'  scheme
Frame size/Core helght BV El 343 0027 230 1-4 1x6 400 6-7 1x10.4 1
BV El 343..../ BV El 343 0028 230 1-4 2x6 200 5-6/7-8 2x10.4 2
10.5 mm BV EI 343 0029 230 1-4 1x7.5 320 6-7 1x13.3 1
BV EI 343 0030 230 1-4 2x7.5 160 5-6/7-8 2x13.3 2
inherently BV EI 343 0031 230 1-4 1x9 267 6-7 1x16.1 1
short-circuit- BV EI 343 0032 230 1-4 2x9 134 5-6/7-8 2x15.4 2
proof BV EI 343 0033 230 1-4 1x12 200 6-7 1x20.8 1
BV El 343 0034 230 1-4 2x12 100 5-6/7-8 2 x20.2 2
no load power loss BV EI 343 0035 230 1-4 1x15 160 6-7 1x26.8 1
type. 0.7 W BV El 343 0037 230 1-4 1x18 134 6-7 1x31.2 1
BV El 343 0038 230 1-4 1x21 114 6-7 1x35.9 1
BV El 343 0039 230 1-4 1x24 100 6-7 1x41.2 1
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Flat-type Printed-Circuit-Board
transformers with small base areas

Output Power: up to 8.0 VA

3.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V'  scheme
Frame size,/Core height BV EI 343 0040 230 1-4 1x6 500 6-7 1x10.1 1
BVEI343..../ BV El 343 0041 230 1-4 2x6 250 5-6/7-8 2x10.1 2
10.5 mm BV EI 343 0042 230 1-4 1x7.5 400 6-7 1x12.3 1
BV EI 343 0043 230 1-4 2x7.5 200 5-6/7-8 2x12.8 2
I BV El 343 0044 230 1-4 1x9 333 6-7 1x14.6 1
circuit-proof BV EI 343 0045 230 1-4 2x9 167 5-6/7-8 2x14.6 2
BV EI 343 0046 230 1-4 1x12 250 6-7 1x19.1 1
no load power loss BV EI 343 0047 230 1-4 2x12 125 5-6/7-8 2x19.1 2
type. 1.2 W BV EI 3430048 230 1-4 1x15 200 6-7 1x23.5 1
BV El 343 0049 230 1-4 2x15 100 5-6/7-8 2x24.5 2
BV EI 343 0050 230 1-4 1x18 167 6-7 1x27.7 1
BV El 343 0051 230 1-4 1x21 143 6-7 1x31.9 1
BV El 343 0052 230 1-4 1x24 125 6-7 1x36.5 1
5.0 VA Primary Connecting Secondary Current Connecting  No-load Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltageV  scheme
et sl /Gl BV EI 344 0053 230 1-4 1x6 834 6-7 1x 8.7 1
BV EI 344..../ BV El 344 0054 230 1-4 2x6 417 5-6/7-8 2x 8.7 2
16.5 mm BV EI 344 0055 230 1-4 1x7.5 667 6-7 1x11.0 1
BV El 344 0056 230 1-4 2x7.5 334 5-6/7-8 2x11.0 2
e —— BV El 344 0057 230 1-4 1x9 555 6-7 1x12.6 1
circuit-proof BV El 344 0058 230 1-4 2x9 278 5-6/7-8 2x12.6 2
BV EI 344 0059 230 1-4 1x12 417 6-7 1x17.3 1
no load power loss BV El 344 0060 230 1-4 2x12 208 5-6/7-8 2x16.5 2
type. 1.3 W BV EI 344 0061 230 1-4 1x15 334 6-7 1x21.6 1
BV El 344 0062 230 1-4 2x15 167 5-6/7-8 2x21.6 2
BV El 344 0063 230 1-4 1x18 278 6-7 1x25.4 1
BV El 344 0064 230 1-4 1x21 238 6-7 1x29.6 1
BV El 344 0065 230 1-4 1x24 208 6-7 1x31.8 1
8.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
Frame size,/Core height BV EI 345 0066 230 1-4 1x6 1332 6-7 1x 8.2 1
BVEI345..../ BV EI 345 0067 230 1-4 2x6 667 5-6/7-8 2x 8.2 2
26.0 mm BV EI 345 0068 230 1-4 1x7.5 1067 6-7 1x10.3 1
BV EI 345 0069 230 1-4 2x7.5 533 5-6/7-8 2x10.3 2
I BV EI 345 0070 230 1-4 1x9 888 6-7 1x11.6 1
circuit-proof BV El 345 0071 230 1-4 2x9 444 5-6/7-8 2x11.6 2
BV EI 345 0072 230 1-4 1x12 667 6-7 1x15.7 1
no load power loss BV El 345 0073 230 1-4 2x12 333 5-6/7-8 2x15.7 2
type. 1.7 W BV EI 3450074 230 1-4 1x15 533 6-7 1x20.6 1
BV El 345 0075 230 1-4 2x15 267 5-6/7-8 2 x 20.6 2
BV El 345 0076 230 1-4 1x18 444 6-7 1x23.1 1
BV El 345 0077 230 1-4 1x21 380 6-7 1x26.8 1
BV El 345 0078 230 1-4 1x24 334 6-7 1x30.4 1
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- Content

HAHN

El Series * Printed-Circuit-Board transformers
frame size El 38 — El 96 (4.5 VA — 200 VA)
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Printed-Circuit-Board transformers
Output Power: 4.5 VA

] DIN EN 61558-2-6 VDE 119359

UL 5085-3 UL onrequest

&

YoENarkfor ~ DINEN60335-1 VDE 102961/84814
b\

b\ Y

UL 5085-1 UL E98173

@@ c22.2 CSA 1290235

- according to REACH regulation
- according to RoHs regulation

* Qutput Power up to 4.5 VA Protection extern secondary by:

* Non short-circuit-proof at temperature class ta 70 °C/B * Micro fuse according to IEC 127 or
» Standard type cast housing “0” * PTC resistance

e Excellent temperature fluctuation resistance properties

» High electrical safety and long service-life features

* High voltage resistance

* Self-extinguishing cast housing and sealing material

e Per item tested quality with certificate

Connecting pins

- 25 ~ L
A
° 6 — v
™ . . B 5
3 ; : A
; 3 8 -
&
IS «2 Qe |
o1 10 « -
\ Soldering pin 0.6x0.8
max. 35.5 . » h N Round pin 2 0.8

Dimensions without tolerances + 0.3 mm,

View looking onto pins rights to make alterations and improvements hereby reserved

Connection scheme (only connected pins are present)

1. 2.
5 7 5 6

I sec. |

prim. sec. prim. v

9
I sec. Il
1 9 1 10

2.) double voltage - bridge: 7 + 9, double current - bridge: 6 +9/ 7 + 10

Frame size/Core height Output Power Height (h) Weight Packaging unit
ta 70 °C/B
BVEI382.../13.6 mm 4.5 VA 28.1 mm 0.150 kg 30 pieces
02/2016 www.hahn-trafo.com Page 39



Printed-Circuit-Board transformers
Output Power: 4.5 VA

4.5 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V.  scheme
Frame size/Coreheign  BY E1 3821185 230 1-5 1x6 750 7-9 1x 9.7 1
BV El 382..../ BVEI3821186 230 1-5 2x6 375 6-7/9-10  2x 9.2 2
13.6 mm BV EI 382 1187 230 1-5 1x7.5 600 7-9 1x10.6 1

BV El 382 1188 230 1-5 2x7.5 300 6-7/9-10 2x11.0 2
o o BVEI3821189 230 1-5 1x9 500 7-9 1x13.0 1

BV El 382 1190 230 1-5 2x9 250 6-7/9-10 2x13.0 2
no load power loss BV EI 382 1191 230 1-5 1x12 375 7-9 1x17.0 1
type. 1.5 W BV EI 382 1192 230 1-5 2x12 187 6-7/9-10 2x18.4 2

BV EI 382 1193 230 1-5 1x15 300 7-9 1x20.8 1

BV EI 382 1194 230 1-5 2x15 150 6-7/9-10 2x21.2 2

BV EI 382 1195 230 1-5 1x18 250 7-9 1x24.4 1

BV EI 382 1196 230 1-5 2x18 125 6-7/9-10 2x24.9 2

BV EI 382 1267 230 1-5 1x21 215 7-9 1x29.0 1

BV EI 382 1197 230 1-5 1x24 187 7-9 1x 33.5 1
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Printed-Circuit-Board transformers
Output Power: 2.5 VA -9.0 VA

@0 DINEN61558-2-6 VDE on request Individual version!
Parallel to the cataloged EI 38 series transformers. HAHN
Pk for  DINEN 603351 VDE on request also produces other variants. e.g. with integrated thermo fuse
or thermo switch. other housing-. fixing- and connective
A UL 5085-3 UL  onrequest options as well as non-encapsulated transformers.
L - \'y UL 5085-1 UL onrequest
@@ C22.2 CSA on request

- according to REACH regulation
- according to RoHs regulation

Frame size/Core height Output Power ta 70 °C/B Height (h) Weight

BVEI381../ 7.5mm 2.5VA 22.1 mm 0.100 kg
BV EI382..../13.6 mm 4.5 VA 28.1 mm 0.150 kg
BV EI383..../16.5 mm 6.0 VA 30.8 mm 0.190 kg
BV EI384..../28.0 mm 9.0 VA 42.8 mm 0.280 kg

Type cast housing “0”

27.5*

- - 2.5 5
A
; ° [ fL
i .4 7. —
N .3 g e — i
&
£ *2 Qe -
°1 10 —
Y Soldering pin 0.6x0.8
max. 35.5 h Round pin g 0.8
View looking onto pins Dimensions without tolerances + 0.3 mm,
* alternative version with connecting grid 27.5 mm rights to make alterations and improvements hereby reserved

Type cast housing “K” with 2 fixing straps

B)
»r*
25 (27.5%) y
D “|e32+0.2 ©
A A
= 1
A
5 6 —
-~ ~
e ) -4 I g —
< 5 o Be % B
27.5*
E °2 9. E — - >
o1 10 — 5
L | *’»«
Y | !
N @ N Soldering pin 0.6x0.8 Y
N le]
max. 35.4 N h Round pin 2 0.8 i
View looking onto pins Dimensions without tolerances + 0.3 mm,
* alternative version with connecting grid 27.5 mm rights to make alterations and improvements hereby reserved
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Printed-Circuit-Board transformers
Output Power: 2.5 VA -9.0 VA

Type cast housing “SV” for upright mounting

max. 33.5
8.25

-

B 10

A
[ToX o]
|
©| < -
x| X [te)
© ©
gl €
Y Y
] \ M ~
©
Y v i
max. 35.3 35
= 27.7 Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
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Printed-Circuit-Board transformers
Output Power: 6.0 VA

o

>

DIN EN 61558-2-6 VDE 119359

VDE-Mark for

Glow-Wire-Test DIN EN 60

335-1 VDE 102961/84814

UL 5085-3

UL onrequest

22BN

UL 5085-1

UL E98173

@@ c22.2

CSA on request

- according to REACH regulation

- according to RoHs regulation

¢ Output Power up to 6.0 VA

* Non short-circuit-proof at temperature class ta 70 °C/B
» Standard type cast housing “K” and “O”

Protection extern secondary by:

* PTC resistance

¢ Excellent temperature fluctuation resistance properties
* High electrical safety and long service life features

* High voltage resistance

* Self-extinguishing cast housing and sealing material
* Per item tested quality with certificate

Connection scheme (only connected pins are present)

1.

B

2.

prim. sec.

1

7 5 6

I sec. |
) 7
prim.
9
I sec. Il
9 1 10

2.) double voltage - bridge: 7 + 9, dou

ble current - bridge: 6 +9/ 7 + 10

* Micro fuse according to IEC 127 or

Frame size/Core height Output Power Height (h) Weight Packaging unit
ta 70 °C/B
BVEI422.../14.8 mm 6.0 VA 32.3 mm 0.200 kg 30/21 pieces*

02/2016
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* it depends on kind of cast housing
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Printed-Circuit-Board transformers
Output Power: 6.0 VA

Connecting pins type cast housing “0”

. 25 ~15
A
; ] — v
. . — To)
o o]
n .4 7 — l A
S B Ce -
A *3 8e —
(>é . A D . — *
£ .o 9. -
o, 10+ -
Y Soldering pin 0.6 x 0.8
max. 37.2 h Round pin g 0.8
Dimensions without tolerances = 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved

Type cast housing m

6.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
Frame size/Core helght BV El 422 1320 230 1-5 1x6 1000 7-9 1x 8.7 1
BV El 422..../ BV El 422 1298 230 1-5 2x6 500 6-7/9-10 2x 8.7 2
14.8 mm BV El 422 1303 230 1-5 1x7.5 800 7-9 1x10.9 1

BV El 422 1304 230 1-5 2x7.5 400 6-7/9-10 2x10.9 2
gﬁgufthgrr;of BV El 422 1285 230 1-5 1x9 667 7-9 1x13.0 1

BV El 422 1281 230 1-5 2x9 334 6-7/9-10 2x13.0 2
no load power loss BV El 422 1275 230 1-5 1x12 500 7-9 1x16.7 1
type. 1.3 W BV El 422 1260 230 1-5 2x12 250 6-7/9-10 2x16.7 2

BV El 422 1276 230 1-5 1x15 400 7-9 1x20.2 1

BV El 422 1305 230 1-5 2x15 200 6-7/9-10 2 x 20.6 2

BV El 422 1289 230 1-5 1x18 334 7-9 1x24.6 1

BV El 422 1306 230 1-5 2x18 167 6-7/9-10 2x24.6 2

BV El 422 1355 230 1-5 1x21 285 7-9 1x27.1 1

BV El 422 1307 230 1-5 1x24 250 7-9 1 x30.8 1
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Printed-Circuit-Board transformers
Output Power: 6.0 VA

Connecting pins type cast housing “K” with 2 fixing straps

25

e ™ g42+0.2
i _ 5
I F@r / | .
A %
5 6 N — 0 ol
~ o4 7o ™ — N 2
222 Ifg - B Co g — *
g o B: % — #
) Qe € —
o1 10 e L |
\
Soldering pin 0.6 x0.8
Y I @ \k Round pin g 0.8
max. 37.2 - h ‘
Dimensions without tolerances = 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
Type cast housing m
6.0 VA Primary Connecting Secondary Current Connecting  No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V' scheme
O BV El 422 1218 230 1-5 1x6 1000 7-9 1x 8.7 1
BV ElI 422..../ BV El 422 1219 230 1-5 2x6 500 6-7/9-10 2x 8.7 2
14.8 mm BV EI 422 1220 230 1-5 1x7.5 800 7-9 1x10.9 1
BV El 422 1221 230 1-5 2x7.5 400 6-7/9-10 2x10.9 2
Qﬁguft*jgr’;) . BVEI4221222 230 1-5 1x9 667 7-9 1x13.0 1
BV El 422 1223 230 1-5 2x9 334 6-7/9-10 2x13.0 2
no load power loss BV El 422 1224 230 1-5 1x12 500 7-9 1x16.7 1
type. 1.3 W BV El 422 1225 230 1-5 2x12 250 6-7/9-10 2x16.7 2
BV El 422 1226 230 1-5 1x15 400 7-9 1x20.2 1
BV El 422 1227 230 1-5 2x15 200 6-7/9-10 2x20.6 2
BV El 422 1228 230 1-5 1x18 334 7-9 1x24.6 1
BV El 422 1229 230 1-5 2x18 167 6-7/9-10 2x24.6 2
BV El 422 1354 230 1-5 1x21 285 7-9 1x27.1 1
BV El 422 1230 230 1-5 1x24 250 7-9 1x30.8 1
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Printed-Circuit-Board transformers
Output Power: 3.0 VA-10.0 VA

&Ko DIN EN 61558-2-6 VDE on request Individual version!
Parallel to the cataloged El 42 series transformers, HAHN
ekt DINEN 60335-1 VDE on request also produces other variants, e.g. with integrated thermo fuse
or thermo switch, other housing-, fixing- and connective options
AY UL 5085-3 UL onrequest as well as non-encapsulated transformers.
L\ § UL 5085-1 UL onrequest
@e C22.2 CSA on request
- according to REACH regulation
- according to RoHs regulation
Frame size/Core height Output Power Height (h) Weight
ta 70 °C/B
BVEI421.../ 85 mm 3.0VA 26.2 mm 0.120 kg
BV EI422..../14.8 mm 6.0 VA 32.3 mm 0.200 kg
BV EI423.... /20.0 mm* 10.0 VA 38.0 mm 0.250 kg
*only type cast housing “0”
Connecting pins type cast housing “0”
27.5%
~ 2.5 W+ D
A
.5 6o 1 | o mV
™ *4 7 — o -
Mt =
3 °A D* —
E °2 9. — 4
°1 10«
Y ] Soldering pin 0.6 x0.8
max. 37.2 h Round pin g 0.8
View looking onto pins Dimensions without tolerances + 0.3 mm,
* alternative version with connecting grid 27.5 mm rights to make alterations and improvements hereby reserved

Connecting pins type cast housing “O” with fixing band

[¢9]
S 5
1.5+0.8 H 6+0.4 —
| i 0 il ‘
[ @ N v | \
4 y
R F 2
. . — <
Q0 N A
J| o <4 9 — <
% h -3 | 10- -
g| @ ) ‘ 11 -
«1 12« —
\i @ @ © | Soldering pin 0.6x0.8
2‘8 h Round pin g 0.8
max. 37.2
Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
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Printed-Circuit-Board transformers
Output Power: 6.0 VA

Connecting pins type cast housing “SV” for upright mounting

max. 33.3

€.
|-

7 0

max. 65.5
max. 45.3
55

L] ~
©
A
_ ! @
\ Pt
max. 38.3 3.5
268
- o Dimensions without tolerances + 0.3 mm,
View looking onto pins

rights to make alterations and improvements hereby reserved

02/2016

www.hahn-trafo.com Page 47



Printed-Circuit-Board transformers
Output Power: 7.0 VA -15.0 VA

o

>

DIN EN 61558-2-6 VDE 108266

Ve Mkt DINEN60335-1 VDE 102961/84814

22 BN

UL 5085-3 UL onrequest
UL 5085-1 UL E98173
@@ C22.2 CSA on request

- according to REACH regulation
- according to RoHs regulation

* Output Power up to 15.0 VA Protection extern secondary by:
¢ Non short-circuit-proof at temperature class ta 70 °C/B ¢ Micro fuse according to IEC 127 or
e Standard type cast hou sing “K” and “0” * PTC resistance

e Excellent temperature fluctuation resistance properties
* High electrical safety and long service-life features

* High voltage resistance

* Self-extinguishing cast housing and sealing material

e Per item tested quality with certificate

Connection scheme (only connected pins are present)

1. 2,
6 8 6

7
I sec. |
) ) 8
prim. sec. prim.
11
I sec. Il
1 11 1 12

2.) double voltage - bridge: 8 + 11, double current - bridge: 7 + 11/ 8+ 12

Frame size/Core height Output power Height (h) Weight Packaging unit
ta70 °C/B

BV EI480.... /12.5 mm¥* 7.0 VA 30.2+ 0.5 mm 0.250 kg 20/16 pieces**
BVEI481 ... /16.8 mm 10.0 VA 34.6 £ 0.5 mm 0.300 kg 20/16 pieces**

BV EI482 ... /20.5 mm 12.0 VA 38.5+ 0.5 mm 0.350 kg 20/16 pieces**

BV EI483 ... /25.5 mm 15.0 VA 43.5 £ 0.5 mm 0.450 kg 20/16 pieces**
*only type cast housing "0 ** it depends on kind of cast housing
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Connecting pins type cast housing “0”

Printed-Circuit-Board transformers

215

max. 50.7

*6
*5
o4
3
*2
‘1

T e
8e
Qe
10«
11«
12«

max. 42.7

View looking onto pins

Output Power: up to 10.0 VA

FTTTTTT

%

2.5

Soldering post 1.1 x0.5
Round pin g 0.8

Dimensions without tolerances = 0.3 mm,
rights to make alterations and improvements hereby reserved

Type cast housing m
7.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
Frame size/Core helght BV EI 480 1385 230 1-6 1x6 1167 8-11 1x 7.9 1
BV El 480..../ BV EI 480 1386 230 1-6 2x6 583 7-8/11-12 2x 7.9 2
12.5 mm BV EI 480 1387 230 1-6 1x7.5 933 8-11 1x 9.8 1
BV EI 480 1388 230 1-6 2x7.5 467 7-8/11-12 2x 9.8 2
’c‘ﬁgu?t*jg[;’o . BV EI 480 1389 230 1-6 1x9 788 8-11 1x11.8 1
BV EI 480 1390 230 1-6 2x9 388 7-8/11-12 2x11.8 2
no load power loss BV El 480 1391 230 1-6 1x12 583 8-11 1x15.8 1
type. 2.3 W BV El 480 1392 230 1-6 2x12 292 7-8/11-12 2x15.8 2
BV EI 480 1393 230 1-6 1x15 467 8-11 1x19.5 1
BV EI 480 1394 230 1-6 2x15 233 7-8/11-12 2x19.5 2
BV EI 480 1395 230 1-6 1x18 389 8-11 1x23.3 1
BV El 480 1396 230 1-6 2x18 195 7-8/11-12 2x23.3 2
BV EI 480 1397 230 1-6 1x21 333 8-11 1x27.5 1
BV EI 480 1398 230 1-6 1x24 292 8-11 1x31.3 1
Type cast housing m
10.0 VA Primary Connecting Secondary Current Connecting  No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
R BV EI 481 1325 230 1-6 1x6 1667 8-11 1x 7.6 1
BVEI481..../ BV EI 481 1305 230 1-6 2x6 833 7-8/11-12 2x 7.6 2
16.8 mm BV EI 481 1312 230 1-6 1x7.5 1333 8-11 1x 9.8 1
BV EI 481 1326 230 1-6 2x7.5 667 T7-8/11-12 2x 9.8 2
’C‘ﬁgufthg:;of BV EI 481 1291 230 1-6 1x9 1111 8-11 1x11.5 1
BV El 481 1271 230 1-6 2x9 B56 7-8/11-12 2x11.5 2
no load power loss BV El 481 1295 230 1-6 1x12 834 8-11 1x15.5 1
type. 2.0 W BV El 481 1327 230 1-6 2x12 417 7-8/11-12 2x15.3 2
BV EI 481 1323 230 1-6 1x15 667 8-11 1x18.6 1
BV El 481 1324 230 1-6 2x15 333 7-8/11-12 2x18.6 2
BV El 481 1307 230 1-6 1x18 556 8-11 1x22.3 1
BV El 481 1328 230 1-6 2x18 278 7-8/11-12 2x22.3 2
BV El 481 1381 230 1-6 1x21 477 8-11 1x25.1 1
BV El 481 1329 230 1-6 1x24 417 8-11 1x28.7 1
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Printed-Circuit-Board transformers
Output Power: up to 12.0 VA

Connecting pins type cast housing “K” with 2 fixing straps

213

‘ 5 94.2+0.2
A ~ 2.5 5
A\ . >
A | : T T
-6 7. — II
N «5 8 [*5) —
& - 4 9 3 -
?é © 3 10« % I
£ ) 11 £ -
o1 12 -
Y
Y ' l @ <[~ Soldering post 1.1x0.5
Round pin g 0.8
max. 42.7 - L h -
Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
Type cast housing m
10.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
Frame size/Core helght BV EI 481 1142 230 1-6 1x6 1667 8-11 1x 7.6 1
BVEI481..../ BV El 481 1134 230 1-6 2x6 833 7-8/11-12 2x 7.6 2
16.8 mm BV El 481 1182 230 1-6 1x7.5 1333 8-11 1x 9.8 1
BV El 481 1188 230 1-6 2x7.5 667 7-8/11-12 2x 9.8 2
gﬁgu?thgrr;of BV El 481 1167 230 1-6 1x9 1111 8-11 1x11.5 1
BV El 481 1118 230 1-6 2x9 556 7-8/11-12 2x11.5 2
no load power loss BV EI 481 1172 230 1-6 1x12 834 8-11 1x15.5 1
type. 2.0 W BV ElI 481 1119 230 1-6 2x12 417 7-8/11-12 2x15.3 2
BV El 481 1184 230 1-6 1x15 667 8-11 1x18.6 1
BV El 481 1120 230 1-6 2x15 333 7-8/11-12 2x18.6 2
BV EI 481 1185 230 1-6 1x18 556 8-11 1x22.3 1
BV El 481 1192 230 1-6 2x18 278 7-8/11-12 2x22.3 2
BV EI 481 1273 230 1-6 1x21 477 8-11 1x25.1 1
BV El 481 1186 230 1-6 1x24 417 8-11 1 x28.7 1
Type cast housing m
12.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V scheme
Y e BV El 482 1231 230 1-6 1x6 2000 8-11 1x 8.3 1
BV EI 482..../ BV El 482 1232 230 1-6 2x6 1000 7-8/11-12 2x 8.3 2
20.5 mm BV El 482 1233 230 1-6 1x7.5 1600 8-11 1x10.6 1
BV El 482 1236 230 1-6 2x7.5 800 7-8/11-12 2x10.6 2
Qi‘;gu?{}g{go " BV El 482 1237 230 1-6 1x9 1333 8-11 1x12.4 1
BV El 482 1238 230 1-6 2x9 667 T7-8/11-12 2x12.4 2
no load power loss BV El 482 1239 230 1-6 1x12 1000 8-11 1x16.3 1
type. 1.8 W BV El 482 1240 230 1-6 2x12 500 7-8/11-12 2x16.3 2
BV El 482 1241 230 1-6 1x15 800 8-11 1x19.9 1
BV El 482 1242 230 1-6 2x15 400 7-8/11-12 2x19.9 2
BV El 482 1243 230 1-6 1x18 667 8-11 1x23.5 1
BV El 482 1234 230 1-6 2x18 333 7-8/11-12 2x23.5 2
BV El 482 1382 230 1-6 1x21 572 8-11 1x26.1 1
BV El 482 1244 230 1-6 1x24 500 8-11 1x30.3 1
Page 50 www.hahn-trafo.com 02/2016



Printed-Circuit-Board transformers
Output Power: up to 15.0 VA

Type cast housing m
15.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V scheme
e e BV EI 483 1260 230 1-6 1x6 2500 8-11 1x 7.8 1
BV EI 483..../ BV El 483 1257 230 1-6 2x6 1250 7-8/11-12 2x 7.8 2
25.5 mm BV EI 483 1258 230 1-6 1x7.5 2000 8-11 1x 9.5 1

BV El 483 1245 230 1-6 2x7.5 1000 7-8/11-12 2x 9.5 2
Qi‘:gu?{_‘g{;;) ] BV EI 4831246 230 1-6 1x9 1667 8-11 1x12.0 1

BV El 483 1247 230 1-6 2x9 833 7-8/11-12 2x12.0 2
no load power loss BV EI 483 1248 230 1-6 1x12 1250 8-11 1x15.9 1
type. 2.5 W BV EI 483 1249 230 1-6 2x12 625 7-8/11-12 2x15.9 2

BV EI 483 1250 230 1-6 1x15 1000 8-11 1x19.1 1

BV El 483 1251 230 1-6 2x15 500 7-8/11-12 2x19.1 2

BV El 483 1252 230 1-6 1x18 833 8-11 1x22.8 1

BV EI 483 1259 230 1-6 2x18 417 7-8/11-12 2x22.8 2

BV EI 483 1302 230 1-6 1x21 714 8-11 1x26.0 1

BV El 483 1253 230 1-6 1x24 625 8-11 1 x 30.6 1
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Printed-Circuit-Board transformers
Output Power: 7.0 VA-15.0 VA

0 DIN EN 61558-26 VDE on request Individual version!

Parallel to the cataloged El 48 series transformers, HAHN

o . DINEN 60 3351 VDE 102961/84814  also produces other variants, e.g. with integrated thermo
fuse or thermo switch, other housing-, fixing- and connective

22|

UL 5085-3 UL on request options as well as non-encapsulated transformers.
UL 5085-1 UL onrequest
@® C22.2 CSA on request

- according to REACH regulation
- according to RoHs regulation

Type cast housing “0” with fixing band

2.3+0.8 e min. 6.7 - - 2.5 .
1 @ @ > Y | :
i N4 4
I | A
5| e | . 5
~ 0 . . @ - 3 A
3| © o4 9. o — S
JH T3t T+
X o -3 10 —
© [Te]
gl ¥ 2 ‘ 11 ~ —
1 0 12« —
Y (c
, ® ©® ©® =
L 32 | h _ | Soldering post 1.1x0.5
max. 42.7 Round pin g 0.8
Dimensions without tolerances £ 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved

Type cast housing “SV” for upright mounting

max. 39.2
9.1 12

|
Fam
o

—
Vanm
—+

max. 75.5
max. 51.4
62

max. 43.4 Si5)
30.2

Y
A

Dimensions without tolerances £ 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
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Printed-Circuit-Board transformers
Output Power: 12.0 VA-22.0 VA

o DIN EN 61558-26 VDE 108267

YoENakfr . DINEN 603351 VDE 102961/84814

2|2 A

UL 5085-3 UL onrequest
UL 5085-1 UL E98173
@@ c22.2 CSA on request

- according to REACH regulation
- according to RoHs regulation

* Output Power up to 22.0 VA

* Non short-circuit-proof at temperature class ta 70 °C/B
» Standard type cast housing “KK”

e Excellent temperature fluctuation resistance properties
* High electrical safety and long service-life features

* High voltage resistance

 Self-extinguishing cast housing and sealing material

e Per item tested quality with certificate

Type cast housing “KK” with 4 fixing straps

Protection extern secondary by:

* Micro fuse according to IEC 127 or

* PTC resistance

B ¥ 842:02
] (Al P~ /
ol [o al
A
-7 8« -
0 -6 o ® -
te} *5 10+ © -
"8 -4 11- © _
<>\§ «3 12 (>é |
£ .2 13« £ |
odl 14« -
‘ ‘
¥ ! (8] $ ¥= Soldering post 1.1x0.5
37.5 4% Round pin ¢ 0.8
max. 47.7

View looking onto pins

Connection scheme (only connected pins are present)

1. 2.
7 9 7 8
I sec. |
) ) 9
prim. sec. prim.
13
I sec. Il
1 13 1 14

2.) double voltage - bridge: 9 + 13, double current - bridge: 8 + 13/ 9+ 14

»ﬁ+

Dimensions without tolerances + 0.3 mm,
rights to make alterations and improvements hereby reserved

Frame size/Core height Output Power Height (h) Weight Packaging unit
ta70 °C/B

BV EI540.... /14.0 mm¥* 12.0 VA 35.0 + 0.5 mm 0.350 kg 14 pieces

BVEI541 ... /18.8 mm 16.0 VA 38.8+ 0.5 mm 0.400 kg 14 pieces

BVEI542 ... /23.0 mm 20.0 VA 43.2 + 0.5 mm 0.500 kg 14 pieces

BV EI543.... /25.5 mm 22.0 VA 47.4 £ 0.5 mm 0.550 kg 14 pieces

*only type cast housing ‘O°
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Printed-Circuit-Board transformers
Output Power: up to 20.0 VA

12.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
Frame size/Core helght BV EI 540 1137 230 1-7 1x6 2000 9-13 1x 8.1 1
BV El 540..../ BV El 540 1138 230 1-7 2x6 1000 8-9/13-14 2x 81 2
14.0 mm BV El 540 1139 230 1-7 1x7.5 1600 9-13 1x 9.9 1

BV EI 540 1140 230 1-7 2x7.5 800 8-9/13-14 2x 9.9 2
gﬁgu?thgrr;of BV EI 540 1141 230 1-7 1x9 1333 9-13 1x12.2 1

BV El 540 1142 230 1-7 2x9 667 8-9/13-14 2x12.2 2

BV El 540 1143 230 1-7 1x12 1000 9-13 1x15.8 1

BV El 540 1144 230 1-7 2x12 500 8-9/13-14 2x15.8 2

BV EI 540 1145 230 1-7 1x15 800 9-13 1x19.4 1

BV El 540 1146 230 1-7 2x15 400 8-9/13-14 2x19.4 2

BV EI 540 1147 230 1-7 1x18 667 9-13 1x23.5 1

BV El 540 1148 230 1-7 2x18 334 8-9/13-14 2x23.5 2

BV EI 540 1149 230 1-7 1x24 500 9-13 1 x30.6 1
16.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V scheme
et sl Bl BV ElI 541 1121 230 1-7 1x6 2667 9-13 1x 7.9 1
BV El 541..../ BV El 541 1128 230 1-7 2x6 1334 8-9/13-14 2x 7.9 2
18.8 mm BV El 541 1122 230 1-7 1x7.5 2134 9-13 1x 9.7 1

BV El 541 1129 230 1-7 2x7.5 1067 8-9/13-14 2x 9.7 2
gﬁ’c‘uft'?g{;) " BVEI541 1123 230 1-7 1x9 1778 9-13 1x11.7 1

BV ElI 541 1130 230 1-7 2x9 889 8-9/13-14 2x11.7 2

BV El 541 1124 230 1-7 1x12 1333 9-13 1x15.2 1

BV El 541 1131 230 1-7 2x12 667 8-9/13-14 2x15.2 2

BV El 541 1125 230 1-7 1x15 1067 9-13 1x19.1 1

BV El 541 1132 230 1-7 2x15 534 8-9/13-14 2x19.1 2

BV El 541 1126 230 1-7 1x18 889 9-13 1x22.3 1

BV El 541 1150 230 1-7 2x18 445 8-9/13-14 2x22.3 2

BV EI 541 1110 230 1-7 1x24 667 9-13 1x29.1 1
20.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
Frame size/Core helght BV El 542 1151 230 1-7 1x6 3334 9-13 1x 7.7 1
BV ElI 542..../ BV El 542 1152 230 1-7 2x6 1667 8-9/13-14 2x 7.7 2
23.0 mm BV El 542 1153 230 1-7 1x7.5 2667 9-13 1x 9.5 1

BV El 542 1154 230 1-7 2x7.5 1334 8-9/13-14 2x 9.5 2
gﬁgu?thgrr;of BV El 542 1155 230 1-7 1x9 2223 9-13 1x11.4 1

BV El 542 1156 230 1-7 2x9 1112 8-9/13-14 2x11.4 2

BV EI 542 1157 230 1-7 1x12 1667 9-13 1x15.0 1

BV El 542 1158 230 1-7 2x12 834 8-9/13-14 2x15.0 2

BV El 542 1159 230 1-7 1x15 1334 9-13 1x18.6 1

BV El 542 1160 230 1-7 2x15 667 8-9/13-14 2x18.6 2

BV EI 542 1161 230 1-7 1x18 1112 9-13 1x21.8 1

BV El 542 1162 230 1-7 2x18 556 8-9/13-14 2x21.8 2

BV EI 542 1163 230 1-7 1x24 834 9-13 1x29.5 1
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Printed-Circuit-Board transformers

Output Power: up to 22.0 VA

22.0 VA Primary Connecting Secondary Current Connecting  No-load Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltageV  scheme
Frame size/Coreheignt  BY E1 543 1166 230 1-7 1x6 3667 9-13 1x 7.4 1
BV El 543..../ BV EI 543 1167 230 1-7 2x6 1834 8-9/13-14 2x 7.4 2
25.5 mm BV El 543 1168 230 1-7 1x7.5 2934 9-13 1x 8.9 1

BV EI 543 1169 230 1-7 2x7.5 1467 8-9/13-14 2x 8.9 2
Zﬁgu?ggrr;'of BV EI 543 1170 230 1-7 1x9 2445 9-13 1x10.7 1

BV EI 543 1171 230 1-7 2x9 1223 8-9/13-14 2x10.7 2

BV EI 543 1172 230 1-7 1x12 1834 9-13 1x14.5 1

BV EI 543 1173 230 1-7 2x12 917 8-9/13-14 2x14.5 2

BV EI 543 1174 230 1-7 1x15 1467 9-13 1x17.9 1

BV El 543 1175 230 1-7 2x15 734 8-9/13-14 2x17.9 2

BV EI 543 1176 230 1-7 1x18 1223 9-13 1x21.0 1

BV EI 543 1177 230 1-7 2x18 612 8-9/13-14 2x21.0 2

BV EI 543 1178 230 1-7 1x24 917 9-13 1x28.0 1
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Printed-Circuit-Board transformers
Output Power: 12.0 VA-22.0 VA

Individual version!

Parallel to the cataloged El 54 series transformers, HAHN
also produces other variants, e.g. with integrated thermo fuse
or thermo switch, other housing-, fixing- and connective

options as well as non-encapsulated transformers.

@o DIN EN 61558-26 VDE on request
(O WeMake  DINEN 603351 VDE on request
AY UL 5085-3 UL on request
AY UL 5085-1 UL on request
@® c22.2 CSA on request

- according to REACH regulation
- according to RoHs regulation

Type cast housing “0”

max. 56.8

30
'
o7 8
6 Qe
.5 10+
.4 11
.3 12
«2 13+
o1 14+
y

max. 47.7

View looking onto pins

Type cast housing “0” with fixing band

3+0.8

4>H+

max. 56.8

A
© © ©
.7 | 8.
° -6 9.
S 5 10 «
ql 4—es4—1t 39—}
g *3 12«
*2 13

Y

o1 14+

@é@

max. 47.7

View looking onto pins

Page 56

7.5+0.8

TTTTTTT

Soldering post 1.1 x0.5

h Round pin ¢ 0.8
Dimensions without tolerances + 0.3 mm,

rights to make alterations and improvements hereby reserved

82+0.4 5)

Hl
$
Y
-

|
TTrrrrr

Soldering post 1.1x0.5
Round pin g 0.8

Dimensions without tolerances + 0.3 mm,
rights to make alterations and improvements hereby reserved
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Printed-Circuit-Board transformers
Output Power: 12.0 VA-22.0 VA

Type cast housing “K” with 2 fixing straps

30 o
| 842202
T W -
I & 4 i
[
o7 8- — o
s o€ e o — A
< *5 10« © —
[ T 5] |
3¢ | 2 : —
= 2 13 e —
1 14 —
\
v y ] @ | Soldering post 1.1x0.5
Round pin g 0.8
max. 47.7 — _ h -
Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved

Type cast housing “SV” for upright mounting

max. 43.3
115 11

il
1 1 B0

max. 83
max. 57.9
68

6.7

Y
. A [l
Y \ e ﬂ} 1

max. 49 \ ||, 35
33.2 . . .
Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
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Printed-Circuit-Board transformers
Output Power: 17.0 VA-35.0 VA

0 DIN EN 61558-2-6 VDE 110044

VoEMarkfor  DINEN 60335-1 VDE 102961/84814

22 DM

UL 5085-3 UL onrequest
UL 5085-1 UL E98173
@e Cc22.2 CSA on request

- according to REACH regulation
- according to RoHs regulation

* Output Power up to 35.0 VA Protection extern secondary by:
* Non short-circuit-proof at temperature class ta 70 °C/B * Micro fuse according to IEC 127 or
» Standard type cast housing “KK” * PTC resistance

e Excellent temperature fluctuation resistance properties
* High electrical safety and long service-life features

* High voltage resistance

* Self-extinguishing cast housing and sealing material

e Per item tested quality with certificate

Connecting pins type cast housing “KK” with 4 fixing straps

32.5
~ — 4.2+0.2
1 2.5 5
Yo fe & , s Hﬁ *H*
. 8: — %
° ° < —
S o *5 10+ © —
2| & o4 11 % —
g ~ 3 120 c —
*2 13 —
1 14 -
Y ‘
y s _1 Soldering post 1.1x0.5
Y ¢.’J o \'= Round pin g 0.8
43.5 - h
max. 55.2
Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved

Connection scheme (only connected pins are present)

1. 2.

7 9 7 8
I sec. |
9

prim. sec. prim.

13
I sec. |l
1 13 1 14

2.) double voltage - bridge: 9 + 13, double current - bridge: 8 + 13/ 9+ 14

Frame size/Core height Output Power Height (h) Weight Packaging unit
ta 70 °C/B

BV EI 600 .... /16.0 mm* 17.0 VA 40.5+ 0.5 mm 0.450 kg 10 pieces

BV EI 601 .... /21.0 mm 20.0 VA 44.7 £ 0.5 mm 0.600 kg 10 pieces

BV EI 602 .... /25.5 mm 28.0 VA 49.2 + 0.5 mm 0.700 kg 10 pieces

BV EI 603 .... /30.5 mm 30.0 VA 54.2 + 0.5 mm 0.800 kg 10 pieces

BV EI604 ... /35.0 mm 35.0 VA 57.3+0.5 mm 0.900 kg 10 pieces

*only type cast housing ‘0°
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Printed-Circuit-Board transformers

Output Power: up to 28.0 VA

17.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
Frame sze/Core height BY E1 6001050 230 1-7 1x6 2834  9-13 1x 74 1
BV El 600.... / BV EI 600 1051 230 1-7 2x6 1417 8-9/13-14 2x 7.4 2
16.0 mm BV EI 600 1052 230 1-7 1x7.5 2267 9-13 1x 9.3 1

BV EI 600 1053 230 1-7 2x7.5 1134 8-9/13-14 2x 93 2
non short BV EI 600 1054 230 1-7 1x9 1889 9-13 1x11.1 1

BV El 600 1055 230 1-7 2x9 945 8-9/13-14 2x11.1 2

BV El 600 1056 230 1-7 1x12 1417 9-13 1x15.2 1

BV EI 600 1057 230 1-7 2x12 708 8-9/13-14 2x15.2 2

BV EI 600 1058 230 1-7 1x15 1134 9-13 1x18.2 1

BV EI 600 1065 230 1-7 2x15 567 8-9/13-14 2x18.7 2

BV EI 600 1072 230 1-7 1x18 944 9-13 1x21.9 1

BV EI 600 1061 230 1-7 2x18 472 8-9/13-14 2x21.9 2

BV ElI 600 1062 230 1-7 1x24 708 9-13 1 x28.9 1
20.0 VA Primary Connecting Secondary Current Connecting  No-load Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
rrame size/Coreneign. BV E16011069 230 1-7 1x6 3334  9-13 1x 70 1
BV EI 601..../ BV EI 6011070 230 1-7 2x6 1667 8-9/13-14 2x 7.0 2
21.0 mm BV EI 601 1071 230 1-7 1x7.5 2667 9-13 1x 8.8 1

BV El 601 1059 230 1-7 2x7.5 1334 8-9/13-14 2x 8.8 2
Zﬁgu?trj;rr;)f BV El 601 1060 230 1-7 1x9 2223 9-13 1x10.5 1

BV El 601 1042 230 1-7 2x9 1111 8-9/13-14 2 x10.5 2

BV EI 601 1046 230 1-7 1x12 1667 9-13 1x14.2 1

BV El 601 1043 230 1-7 2x12 834 8-9/13-14 2x14.2 2

BV El 601 1064 230 1-7 1x15 1334 9-13 1x17.0 1

BV EI 601 1044 230 1-7 2x15 667 8-9/13-14 2x17.0 2

BV El 601 1066 230 1-7 1x18 1111 9-13 1x20.5 1

BV EI 601 1068 230 1-7 2x18 556 8-9/13-14 2 x 20.5 2

BV EI 601 1067 230 1-7 1x24 834 9-13 1x27.6 1
28.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
Frame size/Coreheight BY E1602 1011 230 1-7 1x6 4667  9-13 1x 74 1
BV El 602.... / BV EI 602 1018 230 1-7 2x6 2334 8-9/13-14 2x 7.1 2
25.5 mm BV EI 602 1012 230 1-7 1x7.5 3734 9-13 1x 8.8 1

BV EI 602 1019 230 1-7 2x7.5 1867 8-9/13-14 2x 8.8 2
non short._ BV EI602 1013 230 1-7 1x9 3111 9-13 1x10.6 1

BV El 602 1020 230 1-7 2x9 1556 8-9/13-14 2x10.6 2

BV EI 602 1014 230 1-7 1x12 2334 9-13 1x14.4 1

BV El 602 1021 230 1-7 2x12 1167 8-9/13-14 2x14.4 2

BV EI 602 1015 230 1-7 1x15 1867 9-13 1x17.8 1

BV ElI 602 1022 230 1-7 2x15 934 8-9/13-14 2x17.8 2

BV EI 602 1016 230 1-7 1x18 1556 9-13 1x 20.5 1

BV EI 602 1076 230 1-7 2x18 778 8-9/13-14 2 x20.5 2

BV El 602 1017 230 1-7 1x24 1167 9-13 1x27.4 1
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Printed-Circuit-Board transformers

Output Power: up to 35.0 VA

30.0 VA Primary Connecting Secondary Current Connecting No-lload Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
S BV EI 603 1023 230 1-7 1x6 5000 9-13 1x 7.0 1
BV El 603..../ BV El 603 1030 230 1-7 2x6 2500 8-9/13-14 2x 7.0 2
30.5 mm BV EI 603 1024 230 1-7 1x7.5 4000 9-13 1x 8.7 1

BV El 603 1031 230 1-7 2x7.5 2000 8-9/13-14 2x 8.7 2
gﬁ'c‘uslthggof BV EI 603 1025 230 1-7 1x9 3334 9-13 1x10.2 1

BV El 603 1032 230 1-7 2x9 1667 8-9/13-14 2x10.2 2

BV El 603 1026 230 1-7 1x12 2500 9-13 1x13.7 1

BV El 603 1034 230 1-7 2x12 1250 8-9/13-14 2x13.7 2

BV EI 603 1027 230 1-7 1x15 2000 9-13 1x16.8 1

BV EI 603 1035 230 1-7 2x15 1000 8-9/13-14 2x16.8 2

BV El 603 1028 230 1-7 1x18 1667 9-13 1x20.3 1

BV EI 603 1080 230 1-7 2x18 834 8-9/13-14 2x20.3 2

BV EI 603 1029 230 1-7 1x24 1250 9-13 1x27.0 1
35.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltageV  scheme
Frame size,/Core helght BV El 604 1082 230 1-7 1x6 5834 9-13 1x 7.0 1
BV EI 604..../ BV El 604 1083 230 1-7 2x6 2917 8-9/13-14 2x 7.0 2
35.0 mm BV EI 604 1084 230 1-7 1x7.5 4667 9-13 1x 8.7 1

BV El 604 1085 230 1-7 2x7.5 2334 8-9/13-14 2x 8.7 2
gﬁgusl:‘ggof BV El 604 1086 230 1-7 1x9 3889 9-13 1x10.3 1

BV El 604 1087 230 1-7 2x9 1994 8-9/13-14 2x10.3 2

BV EI 604 1088 230 1-7 1x12 2917 9-13 1x13.9 1

BV El 604 1089 230 1-7 2x12 1458 8-9/13-14 2x13.9 2

BV El 604 1090 230 1-7 1x15 2334 9-13 1x17.1 1

BV El 604 1091 230 1-7 2x15 1167 8-9/13-14 2x17.1 2

BV EI 604 1092 230 1-7 1x18 1994 9-13 1x20.3 1

BV EI 604 1093 230 1-7 2x18 972 8-9/13-14 2x20.3 2

BV EI 604 1094 230 1-7 1x24 1458 9-13 1x26.9 1
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Printed-Circuit-Board transformers
Output Power: 17.0 VA-35.0 VA

Ko DIN EN 61558-2-6 VDE on request
VoEMarkfor  DIN EN 60 3351 VDE on request
L\ '} UL 5085-3 UL onrequest
transformers.
AY UL 5085-1 UL onrequest

@® c22.2 CSA

on request

- according to REACH regulation
- according to RoHs regulation

Type cast housing “0”

325
Y
7 e
6 Qe
3 -5 10
% <4 11+
g 3 12
°2 13
o1 14+
Y
max. 54 -

View looking onto pins

Type cast housing “0” with fixing band

3.75 £ 0.8

«l+

il
| o o]
e @ @
.7 ‘ 8 i
o 6 Qe
3 3 *5 | 10 ®
< H| A -t -°
g 8 3 12 +
2 | 13 S
1| 1a-
A
e e e
40
max. 54 -

View looking onto pins

02/2016
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9.2+0.4
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Soldering post 1.1 x0.5

h Round pin g 0.8

Individual version!

Parallel to the cataloged El 60 series transformers,

2.5

HAHN also produces other variants, e.g. with integrated
thermo fuse or thermo switch, other housing-, fixing-
and connective options as well as non-encapsulated

™

e

Dimensions without tolerances + 0.3 mm,

rights to make alterations and improvements hereby reserved

g2.4

285

= =

v
o
}

Soldering post 1.1 x0.5
Round pin g 0.8

Dimensions without tolerances + 0.3 mm,

rights to make alterations and improvements hereby reserved
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Printed-Circuit-Board transformers
Output Power: 17.0 VA-35.0 VA

Type cast housing “SV” with fixing band

max. 48.5
12.3 13.5

‘4—»4—»‘

b — 1 ] 814

j——

max. 88.5
max. 66.7
75

p o . HULICN B
- max. 54 - 4»1_}42

38.1

Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
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Printed-Circuit-Board transformers
Output Power: 17.0 VA - 50.0 VA

@o DIN EN 61558-2-6 VDE 108268

é VDEMarkfor  DINEN 60 335-1 VDE 102961/84814
L\ ¥ UL 5085-3 UL onrequest

L\ § UL 5085-1 UL onrequest

@@ c22.2 CSA 1486889

- according to REACH regulation
- according to RoHs regulation

¢ Qutput Power up to 50.0 VA

* Non short-circuit-proof at temperature class ta 70 °C/B
» Standard type cast housing “KK”

e Excellent temperature fluctuation resistance properties
» High electrical safety and long service-life features

* High voltage resistance

« Self-extinguishing cast housing and sealing material

e Per item tested quality with certificate

Connecting pins type cast housing “KK” with 4 fixing straps

Protection extern secondary by:

* Micro fuse according to IEC 127 or

* PTC resistance

- E5 > g4.2+0.2
1 @ ﬁg /jk —»5
A
-8 9 — [15)
7 10 —
= 6 11. e —
&| -5 12- = —
ERS 4 13- © —
© -3 14+ fe —
€ 2 15+ —
°1 16 — EEEREE
Y ‘
Y % © \* Soldering post 1.1 x 0.5
Round pin g 0.8
47,5 - h ~
L max. 61.5 ~
Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
Connection scheme (present only connected pins)
1. 2.
8 11 8 9
I sec. |
. . 11
prim. sec. prim.
14
I sec. |l
1 14 1 16
2.) double voltage - bridge: 11 + 14, double current - bridge: 9 + 14/ 11+ 16
Frame size/Core height Output Power Height (h) Weight Packaging unit
ta 70 °C/B
BV EI 660 .... /12.0 mm 17.0 VA 38.5+0.5mm 0.500 kg 9 pieces
BVEI6G61 .... /18.0 mm 25.0 VA 445 + 0.5 mm 0.700 kg 9 pieces
BV EI 662 .... /23.0 mm 33.0VA 48.5 + 0.5 mm 0.800 kg 9 pieces
BV EI 663 .... /30.0 mm 44.0 VA 55.8 £+ 0.5 mm 0.950 kg 9 pieces
BV EI 664 .... /34.8 mm 47.0 VA 60.2 £ 0.5 mm 1.000 kg 9 pieces
BV EI 665 .... /40.0 mm 50.0 VA 66.5 £ 0.5 mm 1.200 kg 9 pieces
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Printed-Circuit-Board transformers
Output Power: up to 33.0 VA

17.0 VA Primary Connecting Secondary Current Connecting No-oad Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
Frame size/Core helght BV EI 660 1060 230 1-8 1x6 2833 11-14 1x 7.4 1
BV El 660..../ BV ElI 660 1061 230 1-8 2x6 1417 9-11/14-16 2x 7.7 2
12.0 mm BV EI 660 1062 230 1-8 1x7.5 2267 11-14 1x 9.1 1
BV ElI 660 1063 230 1-8 2x7.5 1133 9-11/14-16 2x 9.1 2
gﬁgufthgrr;of BV EI 660 1064 230 1-8 1x9 1889 11-14 1x10.8 1
BV EI 660 1065 230 1-8 2x9 944 9-11/14-16 2x10.8 2
BV EI 660 1066 230 1-8 1x12 1417 11-14 1x14.4 1
BV El 660 1067 230 1-8 2x12 708 9-11/14-16 2x14.2 2
BV EI 660 1068 230 1-8 1x15 1133 11-14 1x18.0 1
BV EI 660 1069 230 1-8 2x15 567 9-11/14-16 2x17.8 2
BV EI 660 1070 230 1-8 1x18 944 11-14 1x21.0 1
BV El 660 1071 230 1-8 2x18 472 9-11/14-16 2x21.7 2
BV El 660 1072 230 1-8 1x24 708 11-14 1 x 28.0 1
25.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V scheme
STl E BV El 661 1073 230 1-8 1x6 4167 11-14 1x 7.3 1
BV El 661..../ BV El 661 1074 230 1-8 2x6 2083 9-11/14-16 2x 7.3 2
18.0 mm BV EI 661 1075 230 1-8 1x7.5 3333 11-14 1x 9.0 1
BV El 661 1076 230 1-8 2x7.5 1667 9-11/14-16 2x 9.0 2
Qﬁgu?:&%; " BV El 661 1077 230 1-8 1x9 2778 11-14 1x10.9 1
BV El 661 1078 230 1-8 2x9 1389 9-11/14-16 2x10.6 2
BV EI 661 1079 230 1-8 1x12 2083 11-14 1x13.9 1
BV El 661 1080 230 1-8 2x12 1042 9-11/14-16 2x13.9 2
BV EI 661 1081 230 1-8 1x15 1667 11-14 1x17.4 1
BV El 661 1082 230 1-8 2x15 833 9-11/14-16 2x17.4 2
BV El 661 1083 230 1-8 1x18 1389 11-14 1 x20.9 1
BV El 661 1084 230 1-8 2x18 694 9-11/14-16 2x20.5 2
BV El 661 1085 230 1-8 1x24 1042 11-14 1x27.9 1
33.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V. scheme
Frame size/Core helght BV El 662 1086 230 1-8 1x6 5500 11-14 1x 7.0 1
BV El 662..../ BV El 662 1087 230 1-8 2x6 2750 9-11/14-16 2x 7.0 2
23.0 mm BV EI 662 1088 230 1-8 1x7.5 4400 11-14 1x 8.5 1
BV El 662 1089 230 1-8 2x7.5 2200 9-11/14-16 2x 8.5 2
gﬁgufthgrr;of BV El 662 1090 230 1-8 1x9 3667 11-14 1x10.3 1
BV El 662 1091 230 1-8 2x9 1833 9-11/14-16 2x10.3 2
BV EI 662 1092 230 1-8 1x12 2750 11-14 1x14.0 1
BV El 662 1093 230 1-8 2x12 1375 9-11/14-16 2x14.0 2
BV El 662 1094 230 1-8 1x15 2200 11-14 1x16.9 1
BV El 662 1095 230 1-8 2x15 1100 9-11/14-16 2x16.9 2
BV El 662 1096 230 1-8 1x18 1833 11-14 1x20.1 1
BV El 662 1097 230 1-8 2x18 917 9-11/14-16 2x20.1 2
BV El 662 1098 230 1-8 1x24 1375 11-14 1x26.8 1
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Printed-Circuit-Board transformers
Output Power: up to 50.0 VA

44.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C / B Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V scheme
Frame size/Coreheignt  BY 16631099 230 1-8 1x6 7333  11-14 1x 6.8 1
BV El 663..../ BV EI 663 1100 230 1-8 2x6 3667 9-11/14-16 2x 6.8 2
30.0 mm BV ElI 663 1101 230 1-8 1x7.5 5867 11-14 1x 8.8 1
BV El 663 1102 230 1-8 2x7.5 2933 9-11/14-16 2x 8.6 2
Qi‘:guft*_‘gr';‘o " BVEI663 1103 230 1-8 1x9 4889 11-14 1x10.5 1
BV EI 663 1104 230 1-8 2x9 2444 9-11/14-16 2x10.3 2
BV El 663 1105 230 1-8 1x12 3667 11-14 1x13.7 1
BV El 663 1106 230 1-8 2x12 1833 9-11/14-16 2x13.7 2
BV EI 663 1107 230 1-8 1x15 2933 11-14 1x17.2 1
BV EI 663 1108 230 1-8 2x15 1467 9-11/14-16 2x17.2 2
BV El 663 1109 230 1-8 1x18 2444 11-14 1x20.2 1
BV El 663 1110 230 1-8 2x18 1222 9-11/14-16 2x20.2 2
BV El 663 1111 230 1-8 1x24 1833 11-14 1x26.9 1
47.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V. scheme
Frame size/Coreheignt  BY E1664 1112 230 1-8 1x6 7833  11-14 1x 7.3 1
BV El 664.... / BV EI 664 1113 230 1-8 2x6 3917 9-11/14-16 2x 7.1 2
34.8 mm BV El 664 1114 230 1-8 1x7.5 6267 11-14 1x 8.6 1
BV El 664 1115 230 1-8 2x7.5 3133 9-11/14-16 2x 8.6 2
Qi‘;gu?t*_‘grfgo . BVEI664 1116 230 1-8 1x9 5222 11-14 1x10.1 1
BV El 664 1117 230 1-8 2x9 2611 9-11/14-16 2x10.1 2
BV El 664 1118 230 1-8 1x12 3917 11-14 1x13.4 1
BV El 664 1119 230 1-8 2x12 1960 9-11/14-16 2x13.4 2
BV El 664 1120 230 1-8 1x15 3133 11-14 1x16.4 1
BV El 664 1121 230 1-8 2x15 1570 9-11/14-16 2x16.4 2
BV ElI 664 1122 230 1-8 1x18 2610 11-14 1x19.7 1
BV El 664 1123 230 1-8 2x18 1306 9-11/14-16 2 x19.7 2
BV El 664 1124 230 1-8 1x24 1958 11-14 1x26.3 1
50.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C /B Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V scheme
rame size/Coreheignt BY E1665 1125 230 1-8 1x6 8333  11-14 1x 6.9 1
BV El 665..../ BV El 665 1126 230 1-8 2x6 4167 9-11/14-16 2x 6.7 2
40.0 mm BV El 665 1127 230 1-8 1x7.5 6667 11-14 1x 8.5 1
BV El 665 1128 230 1-8 2x7.5 3333 9-11/14-16 2x 8.5 2
e BV EI6651129 230 1-8 1x9 5556 11-14 1x10.0 1
BV EI 665 1130 230 1-8 2x9 2778 9-11/14-16 2x10.0 2
BV El 665 1131 230 1-8 1x12 4167 11-14 1x13.0 1
BV El 665 1132 230 1-8 2x12 2083 9-11/14-16 2x13.0 2
BV ElI 665 1133 230 1-8 1x15 3333 11-14 1x16.4 1
BV ElI 665 1134 230 1-8 2x15 1667 9-11/14-16 2x16.4 2
BV El 665 1135 230 1-8 1x18 2778 11-14 1x19.7 1
BV El 665 1136 230 1-8 2x18 1388 9-11/14-16 2x19.7 2
BV El 665 1137 230 1-8 1x24 2083 11-14 1x26.1 1
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Printed-Circuit-Board transformers

Output Power: 17.0 VA-50.0 VA

o DIN EN 615582-6 VDE on request
(O WMkl DINEN 60 3351 VDE on request
L \§ UL 5085-3 UL onrequest
-\ UL 5085-1 UL on request
@® C22.2 CSA on request

- according to REACH regulation
- according to RoHs regulation

Type cast housing “0”

35

max. 70.1
2N CYAENIS FoORNTo)

max. 61.5

View looking onto pins

Type cast housing “0” with fixing band

45+0.8

10+ 0.8

.. ©

max. 70.1
55]
RN WAoo~

..r=h

View looking onto pins

Page 66
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Individual version!

Parallel to the cataloged El 66 series transformers, HAHN
also produces other variants, e.g. with integrated thermo fuse
or thermo switch, other housing-, fixing- and connective options
as well as non-encapsulated transformers.

Soldering post 1.1 x0.5

h Round pin g 0.8

T

Dimensions without tolerances = 0.3 mm,

rights to make alterations and improvements hereby reserved

bl

824

Soldering post 1.1 x0.5
Round pin g 0.8

5
»H<7

-

ks

Dimensions without tolerances = 0.3 mm,

rights to make alterations and improvements hereby reserved

www.hahn-trafo.com
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Printed-Circuit-Board transformers
Output Power: 17.0 VA-50.0 VA

Type cast housing “SV” for upright mounting

A _/,*

max. 94.5
max. 72.3

' _\%

max. 59 ‘

View looking onto pins

02/2016

. _max. 49.7

13.5 13
||

82

010

8.3

00

4.8
40.1

www.hahn-trafo.com

Dimensions without tolerances + 0.3 mm,
rights to make alterations and improvements hereby reserved
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Printed-Circuit-Board transformers
Output Power: 50.0 VA-70.0 VA

o DIN EN 615582:6 VDE on request Individual version!

Custom-made models are available on request, e.g. with or
yDENark fr . DIN EN 60 3351 VDE on request without mounting brackets, other heights, pin configurations
— or connections.

L\ '} UL 5085-3 UL onrequest
AY UL 5085-1 UL onrequest
@® Cc22.2 CSA on request

- according to REACH regulation
- according to RoHs regulation

Frame size/Core height Output Power ta 70°C/B Height (h) Weight

BVEI781.... /27.5 mm 50.0 VA 59.0 £ 0.5 mm 1.250 kg
BV EI 782 .... /36.5 mm 60.0 VA 68.0 £ 0.5 mm 1.500 kg
BV EI 783 .... /40.5 mm 70.0 VA 72.0 £ 0.5 mm 1.700 kg

Type cast housing “0” with 12 connection pins

42.5
2.5 5

<6 7 — —*»
™

015 8. - f
g 4 Q- Te)
= .3 10 » —
g «2 11 ¢ —

ol alz)o

Soldering post 1.1x0.5
max. 70.3 - . h . ‘ Round pin ¢ 0.8

Dimensions without tolerances = 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved

Type cast housing “0” with 18 connection pins

42.5
2.5 5
= >l
A
<9 10 — ‘
8 11 —
g 7 12, — f
6 13-
2 5 14+ - Te}
4 15+ -
e 3 16+ —
€ 2 17 —
1 18 —
\J
Soldering post 1.1 x0.5
max. 70.3 L h »| | Round pin 2 0.8
Dimensions without tolerances = 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
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Type cast housing “KK” with 12 connection pins

Printed-Circuit-Board transformers
Output Power: 50.0 VA -70.0 VA

max. 100.1
920

42.5
o)
A=
6 7
.5 8
o4 e
.3 10«
.2 11
.1 12«
Y ) oy
. 975 |
. max. 715 |

84.2+0.2

max. 82.5

I

IT

Round pin g 0.8

2.5

[o

I Soldering post 1.1 x0.5

Dimensions without tolerances + 0.3 mm,

View looking onto pins rights to make alterations and improvements hereby reserved

Type cast housing “KK” with 18 connection pins

425

g4.2+0.2

25

[o

©

X
I

/

90

max. 100.1

PNWPOTONOO©
N
R
max. 82.5

[TTTTTTTT

- Soldering post 1.1 x0.5
Round pin g 0.8

57.5
max. 71.5

T

View looking onto pins

O
- h

Dimensions without tolerances = 0.3 mm,
rights to make alterations and improvements hereby reserved

Type cast housing “SV” for upright mounting

max. 59.5
‘32.57
86,
T T 00 6
A
ol ©Q
S8 ©
R g
\ {V
‘ T 00 0] ¢
- max. 72 - ~ =5.2 ﬁ
48,3 |

Dimensions without tolerances = 0.3 mm,

View looking onto pins rights to make alterations and improvements hereby reserved
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Printed-Circuit-Board transformers
Output Power: 75.0 VA - 100.0 VA

o DIN EN 61558-2-6 VDE on request Individual version!

— Custom-made models are available on request, e.g. with or
A YOE N ark for  DINEN 6033514 VDE on request without mounting brackets, other heights, pin configurations
— or connections.
L\ ¥ UL 5085-3 UL  on request
L\ Y UL 5085-1 UL  onrequest
@@ Cc22.2 CSA on request

- according to REACH regulation
- according to RoHs regulation

Frame size/Core height Output Power ta 70 °C/B Height (h) Weight
BVEI841 ... /29.5 mm 75.0 VA 63.0 £ 0.5 mm 1.600 kg
BV EI842..../43.5 mm 100.0 VA 76.5 £ 0.5 mm 2.100 kg

Type cast housing “0” with 12 connection pins

45

Y
A

max. 89.4
= N Wk o o
©
T
5

max. 76.5 ~ L h »| | Soldering post 1.1x0.5

Round pin g 0.8

Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved

Type cast housing “0” with 16 connection pins

45
5
i |-
g 8 - %
- .7 10 - ?
.6 11 . -
] . i 1§ . — 0
; 5 13 . [
& -3 14 - —
E -2 15 - -
.1 16 » [
Y
- max. 76.5 - - h »| | Soldering post 1.1x0.5
Round pin g 0.8
Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
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Printed-Circuit-Board transformers
Output Capacity: 75.0 VA-100.0 VA

Type cast housing “0” with 20 connection pins

A —>§<—
TR = !
< :8 13: — A
(0] o7 14 —
el 2 = °
é :4 17: —
= *3 18+ —
*2 19« —
o1 20« —
Y
max. 76.5 h Soldering post 1.1 x0.5
Round pin g 0.8
Dimensions without tolerances = 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved

Type cast housing “KK” with 12 connection pins

™ 34.2+0.2

A () "t 5 ..
A =

5 =l | - Y
o] 5 8- © — A
ST 4 9. d - ©
i 5 3 10+ % —
£ 2 11. £ —

1 12. -

60 L h »| | Soldering post 1.1x0.5
max. 76.5 Round pin 2 0.8
Dimensions without tolerances = 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved

Type cast housing “KK” with 16 connection pins

45

- > 84.2+0.2
A i ) g 5
1 — -
8 9 —
.7 10 — g
8 6 11 o f
< S .5 12 & — ©
g o ' i % —
£ £
.2 15« —
*1 16« —
Y
Y O e T~
- &0 > - h » | Soldering post 1.1x0.5
max. 76.5 Round pin 2 0.8
Dimensions without tolerances = 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
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Printed-Circuit-Board transformers
Output Capacity: 75.0 VA-100.0 VA

Type cast housing “KK” with 20 connection pins

» $4210.2
[y )| — — =
A =

10 11 — *

9 12+ —
2 ] = < = }
= 2 6 15+ ®© — 2
3 & 2 i % —
€ 3 18+ IS —

2 19 « —

1 20+ —

' Y
Y e e B ¥
60 L h ~ Soldering post 1.1 x0.5
max. 76.5 Round pin g 0.8
Dimensions without tolerances = 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
Type cast housing “SV” for upright mounting
max. 64.3
32.5

8.8

~

o)
[52)
5 =
=
Y Y
\
Y 1 B8] @
A
max. 75.2 ~ | |_55
52.3
Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
Page 72 www.hahn-trafo.com 02/2016



Printed-Circuit-Board transformers
Output Power: 130.0 VA - 200.0 VA

Individual version!

&Ko DIN EN 61558-2-6 VDE on request
YhEMarkfor . DINEN 60335-1 VDE on request
or connections.
- \} UL 5085-3 UL  onrequest
L\ § UL 5085-1 UL onrequest
@e C22.2 CSA on request

- according to REACH regulation
- according to RoHs regulation

Custom-made models are available on request, e.g. with or
without mounting brackets, other heights, pin configurations

Frame size/Core height Output Power ta 70 °C/B Height (h) Weight
BVEI961..../35.7 mm 130.0 VA 74.6 £ 0.5 mm 2.600 kg
BV EI 962 .... /45.5 mm 160.0 VA 84.4 £+ 0.5 mm 3.800 kg
BV EI 963 .... /59.7 mm 200.0 VA 98.4 + 0.5 mm 4.600 kg
Type cast housing “KK” with 16 connection pins
- 575 862402
Y 4@1 [’@’/ 25 5

max. 130

115

8
o7

.6
o5
o4
o3

°2
o1

9e
10 e

11 e

12 e
13 e

14

15 e
16 e

View looking onto pins

max. 107.5

Type cast housing “KK” with 20 connection pins

View looking onto pins

02/2016

max. 107.5

TTTTTTTTTT

_ 5715 26.2+0.2
y N /Nb/
b (o ®
10 11
Q . .
® . .
<| 0 . .
s
g - . .
E . .
o1 20 ¢
vy - 1\© o
70
= max. 87 -

e P

www.hahn-trafo.com

Y
A

Soldering post 1.1 x 0.5
Round pin g 0.8

Dimensions without tolerances + 0.3 mm,
rights to make alterations and improvements hereby reserved

285)

Soldering post 1.1x0.5
Round pin g 0.8

Dimensions without tolerances + 0.3 mm,
rights to make alterations and improvements hereby reserved

Page 73



Printed-Circuit-Board transformers
Output Power: 130.0 VA -200.0 VA

Type cast housing “KK” with 24 connection pins

/é,

TTTTTTTTTTTT

575 $6.2+0.2
@ Gl
A
12 13
. . 0
8 : : 5
S| e 0 S
g . . Ny
£ . . £
:1 24:
Y
y 1\ &
70
- max. 87

View looking onto pins

Type cast housing “KK” with 32 connection pins

2.5 5

Soldering post 1.1 x0.5
Round pin g 0.8

Dimensions without tolerances + 0.3 mm,
rights to make alterations and improvements hereby reserved

BIES) 6.2+£0.2
[ (@ A * I
A
16 17 | -
5 5 - o
o . . LO —
. . = —
90 : % S -
g - . o % -
= : : £ =
oa 2. —1 -
Y
y D O \:{
70 L h »| | Soldering post 1.1x0.5
max. 87 N Round pin 2 0.8
Dimensions without tolerances = 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
Type cast housing “SV” for upright mounting
max. 98.8
64
23.5
A i e
1
—10 6/6 ©
@ —]
@l S
I
5| & 2
= £ -
Y —
Y ap A

max. 85.5

View looking onto pins

Page 74

10

84.7

Dimensions without tolerances = 0.3 mm,

www.hahn-trafo.com

rights to make alterations and improvements hereby reserved
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w Content

Ul Series e Printed-Circuit-Board Flat-type transformers
frame size Ul 21 — Ul 48 (1.0 VA - 60 VA)
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Printed-Circuit-Board
Flat-type transformers
Output Power: 1.0 VA

&Kos [KEUA| DINEN 61558 DEKRA 2147944.01

VoEMakfor DN EN 60 3351 VDE  102961/84814

2& P

UL 5085-3 UL on request
UL 50851 uL E98173
@® c22.2 CSA 1077600

- according to REACH regulation
- according to RoHs regulation

e Output Power up to 1.0 VA
e Temperature class ta 70°C/B ¢ High voltage resistance
* Inherently short-circuit-proof * Self-extinguishing cast housing and sealing material
e Excellent temperature fluctuation resistance properties ¢ Per item tested quality with certificate
e Vacuum-encapsulated, bobbin type with dual chamber

windings

¢ High electrical safety and long service-life features

Connecting pins

o
LA N
*w
LN
e Ol
> O)

max. 33.8
20

_ max. 29.3 o h

A
A
Y

Round pin g 0.6

Dimensions without tolerances = 0.3 mm,

View looking onto pins

Connection scheme (only connected pins are present)

rights to make alterations and improvements hereby reserved

1. 2. 3. 4.
Primary 230 V Primary 115 V Sekundary double voltage Sekundary double current
6 7 6 7 6 7 6 7
4 prim. 1l I l sec. | 8 2 prim. Il l l sec. | 8 4 prim. Il l l sec. | 8 4 prim. Il l l sec. |
5 _ l l 11 3 l l 1 3 l l 11 g l l 11
prim. | sec. Il prim. | sec. Il prim. | sec. Il prim. | sec. I
1 12 1 12 1 12 1 12
5.
Primary 230 V
3 7
prim. sec.
1 8
Test voltage: up to 6000 V
Frame size/Core height Output Power Size (h) Weight Packaging unit
ta 70°C/B
BVUI21.../7.3 mm 1.0 VA 14.9 mm 0.050 kg 40 pieces
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Printed-Circuit-Board
Flat-type transformers
Output Power: 1.0 VA

1.0VA Primary Connecting Secondary Current Connecting No-load Connection
ta70 °C/B Order No. voltageV  pins prim. voltageV sec.mA  pins sec. voltage V scheme
e e BV UI 21 0011 230 1-3 1x3 333 7-8 1x 4.7 5
BVUI21 .../ BV Ul 21 0012 230 1-3 1x6 166 7-8 1x10.4 5
7.3 mm BV Ul 21 0013 230 1-3 1x7.5 133 7-8 1x12.9 5
_ BV Ul 21 0014 230 1-3 1x9 111 7-8 1x14.4 5
mherent BV Ul 21 0015 230 1-3 1x10 100 7-8 1x15.4 5
proof BV Ul 21 0016 230 1-3 1x12 83 7-8 1x20.4 5
BV UI 21 0017 230 1-3 1x15 67 7-8 1x24.6 5
BV UI 21 0018 230 1-3 1x18 56 7-8 1x29.1 5
BV Ul 21 0019 230 1-3 1x21 47 7-8 1x34.0 5
BV Ul 21 0021 230 1-3 1x24 41 7-8 1x39.7 B
BV Ul 21 0001 2x115 1-3/4-6 2x3 166 7-8/11-12 2x 5.8 1-4
BV Ul 21 0002 2x115 1-3/4-6 2x6 83 7-8/11-12 2x11.4 1-4
BV Ul 21 0008 2x115 1-3/4-6 2x7.5 67 7-8/11-12 2x13.1 1-4
BV Ul 21 0003 2x115 1-3/4-6 2x9 56 7-8/11-12 2x17.1 1-4
BV Ul 21 0009 2x115 1-3/4-6 2x10 50 7-8/11-12 2x17.4 1-4
BV Ul 21 0004 2x115 1-3/4-6 2x12 41 7-8/11-12 2x21.8 1-4
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Printed-Circuit-Board
Flat-type transformers
Output Power: 3.0 VA -16.0 VA

Kos DIN EN 61558  DEKRA 2147944.01

ek for  DINEN60335-1 VDE  102961/84814

22 b

UL 5085-3 UL on request
UL 5085-1 uL E98173
@@ c22.2 CSA 1077600

- according to REACH regulation
- according to RoHs regulation

* Output Power up to 16.0 VA Protection extern secondary by:
* Temperature class ta 70 °C/B, butnon short-circuit-proof * Micro fuse according to IEC 127 or
* Vacuum-encapsulated, bobbin type with dual chamber * PTC resistance

windings
e Excellent temperature fluctuation resistance properties Parallel to the cataloged Ul 30 series transformers, HAHN
* High electrical safety and long service-life features also produces other variants, e. g. with integrated thermo
* High voltage resistance up to 6000 V fuse or thermo switch.

* Self-extinguishing cast housing and sealing material
e Per item tested quality with certificate

Connecting pins

024 024 »’ir
_ »

N Pz
A A [i%l 23456871 Li‘_] & * additional means of fastening *
Iy _wof
- }
™
0| © 10
3| g
€
w 16 15 14 13 12 11 10 _9
v el [&] — +
‘&J <" | Soldering pin 0.6x0.8
max. 44.6 Round pin g 0.8
Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved

Connection scheme (only connected pins are present)

1. 2. 3. 4.

Primary 230 V Primary 115 V Sekundary double voltage Sekundary double current

8 10 8 10

8

6 prim. Il Il sec. | 12 6 prim. Il l l sec. | 12 6 prim. 1l
prim. | l l sec. |l i3 prim. | l l sec. |l i3 e
1

10 8

l l sec. | 12 6 prim. Il l l sec. |
prim. | l l sec. |l g l l

15 1

w
w
w

sec. Il

10
12
prim. | 49
15

Test voltage: up to 6000 V

Frame size/Core height Output Power Size (h) Weight Packaging unit
ta70 °C/B
BvUI301... / 5.5mm 3.0VA 17.8 mm 0.130 kg 20 pieces
BVUI302... / 7.5mm 4.0 VA 19.8 mm 0.150 kg 20 pieces
BVUI303... /10.5mm 6.0 VA 22.8 mm 0.180 kg 20 pieces
BVUI 304 ... /16.5mm 10.0 VA 28.8 mm 0.260 kg 20 pieces
BVUI305.... /26.0mm 16.0 VA 37.6 mm 0.370 kg 20 pieces
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Printed-Circuit-Board

Flat-type transformers
Output Power: up to 16.0 VA

3.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
STl BV UI 3010167 2x115 1-3/6-8 2x6 250 10-12/13-15 2x 7.9 1-4
BV UI 301..../ BV UI 3010168 2x115 1-3/6-8 2x9 167 10-12/13-15 2x14.0 1-4
5.5 mm BV UI 3010133 2x115 1-3/6-8 2x12 126 10-12/13-15 2x18.4 1-4
BVUI3010166 2x115 1-3/6-8 2x15 100 10-12/13-15 2x22.8 1-4
non short-
circuit-proof
4.0 VA Primary Connecting Secondary Current Connecting Noload Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
Frame size/Core helght BV UI 3020164 2x115 1-3/6-8 2x6 333 10-12/13-15 2x10.4 1-4
BV Ul 302..../ BV UI 3020161 2x115 1-3/6-8 2x9 222 10-12/13-15 2x13.5 1-4
7.5 mm BV UI 3020144 2x115 1-3/6-8 2x12 166 10-12/13-15 2x20.2 1-4
BVUI 3020165 2x115 1-3/6-8 2x15 133 10-12/13-15 2x24.9 1-4
non short-
circuit-proof
6.0 VA Primary Connecting Secondary Current Connecting Noload Connection
ta 70°C / B Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V scheme
R BV UI3030162 2x115 1-3/6-8 2x6 500 10-12/13-15 2x 9.0 1-4
BV Ul 303..../ BV UI3030179 2x115 1-3/6-8 2x7.5 400 10-12/13-15 2x11.4 1-4
10.5 mm BV UI 3030158 2x115 1-3/6-8 2x9 334 10-12/13-15 2x12.8 1-4
BV UI 3030145 2x115 1-3/6-8 2x12 250 10-12/13-15 2x17.2 1-4
A BVUI3030163 2x115 1-3/6-8  2x15 200 10-12/13-15 2x21.8 1-4
10.0 VA Primary Connecting Secondary Current Connecting No-load Connection
ta 70°C / B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
TS BRhET BV UI 304 0155 2x115 1-3/6-8 2x6 833 10-12/13-15 2x 8.7 1-4
BV Ul 304..../ BV UI 3040129 2x115 1-3/6-8 2x7.5 667 10-12/13-15 2x10.0 1-4
16.5 mm BV UI 304 0153 2x115 1-3/6-8 2x9 555 10-12/13-15 2x12.4 1-4
BV UI 304 0154 2x115 1-3/6-8 2x12 416 10-12/13-15 2x16.0 1-4
;‘;Qu?t'?gg‘of BVUI 3040136 2x115 1-3/6-8 2x15 333 10-12/13-15 2x19.7 1-4
BV UI 3040159 2x115 1-3/6-8 2x18 277 10-12/13-15 2x23.4 1-4
16.0 VA Primary Connecting Secondary Current Connecting Noload Connection
ta 70°C / B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
EEe T Coranaont BV UI 3050147 2x115 1-3/6-8 2x6 1330 10-12/13-15 2x 7.5 1-4
BV UI 305..../ BV UI 3050148 2x115 1-3/6-8 2x9 888 10-12/13-15 2x10.9 1-4
26.0 mm BV UI3050149 2x115 1-3/6-8 2x12 666 10-12/13-15 2x14.6 1-4
BV UI 3050150 2x115 1-3/6-8 2x15 533 10-12/13-15 2x18.0 1-4
Zﬁgufthgr';of BVUI 3050151 2x115 1-3/6-8 2x18 444 10-12/13-15 2x21,5 1-4
BVUI 3050152 2x115 1-3/6-8 2x21 380 10-12/13-15 2x25,0 1-4
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Printed-Circuit-Board
Flat-type transformers
Output Power: 10.0 VA -30.0 VA

@5 m DINEN 61558 DEKRA 2147944.01
WEMarkfor  DINEN 603351 VDE  102961/84814
L\ ¥ UL 5085-3 UL on request
AL UL 5085-1 uL E98173

@@ c22.2 CSA 1077600

- according to REACH regulation
- according to RoHs regulation

¢ Qutput Power up to 30.0 VA

e Temperature class ta 70 °C/B, non short-circuit-proof

* Vacuum encapsulated, bobbin type with dual chamber
windings

e Excellent temperature fluctuation resistance properties

* High electrical safety and long service-life features

Protection extern secondary by:
* Micro fuse according to IEC 127 or
* PTC resistance

Parallel to the cataloged Ul 39 series transformers, HAHN
also produces other variants, e.g. with integrated thermo

* High voltage resistance up to 6000 V fuse or thermo switch.
* Self-extinguishing cast housing and sealing material

e Per item tested quality with certificate

Connecting pins

» 5 -
024 024 6
= |
123456780910 * additional means of fastening %
® e s e 0 o 0 0 o0 ['e]
o !
)
l =
X| ©
€
5 i d o 1514 43 42 11 —
y @ [a T Jr
50 h Soldering pin 0.6 x0.8
= ™1 Round pin g 0.8
max. 57.7
———————————»

Dimensions without tolerances + 0.3 mm,

View looking onto pins rights to make alterations and improvements hereby reserved

Connection scheme (only connected pins are present)

1 2. 3. 4.

Primary 230 V Primary 115 V Sekundary double voltage Sekundary double current

10 12 10 12 10 12 10 12

8 prim. Il I l sec. | 14 prim. Il l l sec. | 14 8 prim. Il l l sec. | 14 8 prim. Il l l sec. | 14
E prim. | l l sec. |l i e prim. | l l sec. I aw d prim. | l l sec. Il iy prim. | l l sec. Il i

1 19 1 19 1 19 1 19

=
w

Test voltage: up to 6000 V

Frame size/Core height Output Power Size (h) Weight Packaging unit
ta70 °C/B

BvUI392... / 80mm 10.0 VA 23.0 mm 0.290 kg 12 pieces
BVUI393... /10.2 mm 14.0 VA 25.2 mm 0.330 kg 12 pieces
BVUI394... /13.5mm 18.0 VA 28.5 mm 0.390 kg 12 pieces
BVUI395... /17.0 mm 24.0 VA 32.0 mm 0.460 kg 12 pieces
BVUI396... /21.0mm 30.0 VA 36.0 mm 0.550 kg 12 pieces
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Printed-Circuit-Board

Flat-type transformers
Output Power: up to 30.0 VA

10.0 VA Primary Connecting Secondary Current Connecting Noload Connection
ta 70°C / B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltage V scheme
e BV UI 3920092 2x115 1-3/8-10 2x6 833 12-14/17-19 2x 8.2 1-4
BV Ul 392..../ BVUI 3920076 2x115 1-3/8-10 2x9 556 12-14/17-19 2x11.9 1-4
8.0 mm BVUI 3920093 2x115 1-3/8-10 2x12 416 12-14/17-19 2x16.4 1-4
BV UI 3920077 2x115 1-3/8-10 2x15 333 12-14/17-19 2x19.3 1-4
glc;Zu?thgrr})of BVUI 3920094 2x115 1-3/8-10 2x18 277 12-14/17-19 2x23.8 1-4
14.0 VA Primary Connecting Secondary Current Connecting Noload Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltageV  scheme
Y o e BVUI 3930085 2x115 1-3/8-10 2x6 1166 12-14/17-19 2x 8.0 1-4
BV Ul 393..../ BV U 3930074 2x115 1-3/8-10 2x9 778 12-14/17-19 2x12.0 1-4
10.2 mm BVUI 3930081 2x115 1-3/8-10 2x12 583 12-14/17-19 2x15.6 1-4
BV UI 3930078 2x115 1-3/8-10 2x15 467 12-14/17-19 2x19.9 1-4
gﬁgu?thsgof BVUI 3930062 2x115 1-3/8-10 2x18 389 12-14/17-19 2x23.7 1-4
18.0 VA Primary Connecting Secondary Current Connecting Noload Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA pins sec. voltage V scheme
Frame size/Core height BV UI 3940086 2x115 1-3/8-10 2x6 1500 12-14/17-19 2x 8.0 1-4
BV UI 394..../ BV Ul 394 0110 2x115 1-3/8-10 2x7.5 1200 12-14/17-19 2x 9.8 1-4
13.5 mm BV UI 394 0063 2x115 1-3/8-10 2x9 1000 12-14/17-19 2x12.0 1-4
BV UI 394 0087 2x115 1-3/8-10 2x12 750 12-14/17-19 2x15.5 1-4
o BVUI394 0088 2x115 1-3/8-10 2x15 600 12-14/17-19 2x19.6 1-4
BVUI 3940075 2x115 1-3/8-10 2x18 500 12-14/17-19 2x23.2 1-4
24.0 VA Primary Connecting Secondary Current Connecting Noload Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltageV  scheme
TS Ol BVUI 3950089 2x115 1-3/8-10 2x6 2000 12-14/17-19 2x 7.4 1-4
BV Ul 395..../ BVUI 3950190 2x115 1-3/8-10 2x7.5 1600 12-14/17-19 2x 9.3 1-4
17.0 mm BV UI 3950098 2x115 1-3/8-10 2x9 1333 12-14/17-19 2x11.0 1-4
BVUI 3950091 2x115 1-3/8-10 2x12 1000 12-14/17-19 2x14.7 1-4
gi‘;gu?t'?;r’};o " BV UI 3950083 2x115 1-3/8-10 2x15 800 12-14/17-19 2x18.2 1-4
BVUI 3950099 2x115 1-3/8-10 2x18 666 12-14/17-19 2x22.0 1-4
BVUI 3950100 2x115 1-3/8-10 2x21 571 12-14/17-19 2x25.0 1-4
30.0 VA Primary Connecting Secondary Current Connecting Noload Connection
ta 70°C/B Order No. voltage V  pins prim. voltageV sec. mA  pins sec. voltageV  scheme
Y o BVUI 396 0101 2x115 1-3/8-10 2x6 2500 12-14/17-19 2x 7.3 1-4
BV Ul 396..../ BV UI 396 0187 2x115 1-3/8-10 2x7.5 2000 12-14/17-19 2x 9.0 1-4
21.0 mm BV UI 396 0102 2x115 1-3/8-10 2x9 1666 12-14/17-19 2x10.7 1-4
BV Ul 396 0079 2x115 1-3/8-10 2x12 1250 12-14/17-19 2x14.1 1-4
Qﬁgu?tm}, " BV UI 3960103 2x115 1-3/8-10 2x15 1000 12-14/17-19 2x17.6 1-4
BVUI 3960080 2x115 1-3/8-10 2x18 833 12-14/17-19 2x21.2 1-4
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Printed-Circuit-Board
Flat-type transformers
Output Power: 40.0 VA -60.0 VA

&Kos [ENA| DINEN61558 DEKRA 2147944.01
ek . DINEN60335-1 VDE  102961/84814
L \§ UL 5085-3 UL on request
AY UL 5085-1 uL E98173

@® c22.2 CSA 1077600

- according to REACH regulation
- according to RoHs regulation

* Qutput Power up to 60.0 VA

* Temperature class ta 70 °C/B, non short-circuit-proof

e Excellent temperature fluctuation resistance properties

* Vacuum-encapsulated, bobbin type with dual chamber
windings

* High electrical safety and long service-life features

* High voltage resistance up to 6000 V

* Self-extinguishing cast housing and sealing material

e Per item tested quality with certificate

Connecting pins

2 3.3

Protection extern secondary by:
* Micro fuse according to IEC 127 or

* PTC resistance

Parallel to the cataloged Ul 48 series transformers,
HAHN also produces other variants, e.g. with integrated
thermo fuse or thermo switch.

max. 84
75
52.5

Soldering post 1.1 x0.5

N

2.5
—

:
— -

- 60 N | | 6.7
max. 70.9 - h -
Dimensions without tolerances + 0.3 mm,
View looking onto pins rights to make alterations and improvements hereby reserved
Connection scheme (only connected pins are present)
1. 2. 3. 4.
Primary 230 V Primary 115 V Sekundary double voltage Sekundary double current
14 14 14 12
prim. Il l sec. | 17 prim. Il sec. | 17 prim. 1 sec. | 17 9 prim. Il l sec. |
prim. | l sec. Il 2y prim. | l sec. Il 2l prim. | l l sec. |l 2y 4 prim. | l sec. Il
23 23 23 1 ‘
Test voltage: up to 6000 V
Frame size/Core height Output Power Size (h) Weight Packaging unit
ta 70 °C/B
BvUI481.../17.0 mm 40.0 VA 38.7 mm 0.780 kg 6 pieces
BV UI 482 