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RV4145A — Low-Power Ground Fault Interrupter

Features Description

The RV4145A is a low-power controller for AC outlet
ground fault interrupters. These devices detect
® Direct Interface to Silicon-Controlled Rectifier (SCR) hazardous grounding conditions, such as equipment

= Supply Voltage Derived from AC Line — 26 V Shunt (c_onnected to opposite phases of the_ AC Iin_e) in contact
with a pool of water and open circuits the line before a

" No Potentiometer Required

® Adjustable Sensitivity harmful or lethal shock occurs.

® Grounded Neutral Fault Detection A 26V Zener shunt regulator, an operational amplifier,

= Meets U.L. 943 Standards and' an SCR driver are contained inte.rnally. V\./ilth the
_ addition of two sense transformers, a bridge rectifier, an

® 450 pA Quiescent Current SCR, a relay, and a few additional components; the

RV4145A can detect and protect against both hot-wire-
to-ground and neutral-wire-to-ground faults. The simple
layout and conventional design ensure ease of
application and long-term reliability.

Ideal for 120 V or 220 V Systems
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Figure 1. Block Diagram
Ordering Information
Part Number Operating Package Packing Method
Temperature Range
RV4145AN 8-Lead, MDIP, JEDEC MS-001, .300" Wide Ralil
-35°C to +85°C
RVA4145AMT 8-Lead, SOIC, JEDEC MS-012, .150" Narrow Body Tape and Reel
© 2004 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Pin Configuration

0
VEB =] 1 8 = NC
+Input =] 2 7 [[ = Op Amp Output
VREF =4[] 3 6[[ = +Vs
GND =1] 4 5 M= SCR Trigger
~ @@/

Pin Descriptions

Figure 2. Pin Assignment

Pin# Name Description
1 Ves Sense amplifier negative input
2 +Input Sense amplifier positive input
3 VRer Reference Voltage
4 GND Ground
5 NC No Connect
6 Op Amp Output | Sense Amplifier Output
7 +Vs Supply input for RV4145A circuitry
8 SCR Trigger | Output for triggering external SCR when a fault is detected

© 2004 Fairchild Semiconductor Corporation
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Symbol Parameter Min. | Typ. | Max. | Unit
Vce Supply Current 18 mA
Po Internal Power Dissipation 500 mwW
Tste | Storage Temperature Range -65 +150 °C
Ta Operating Temperature Range -35 +85 °C
T; Junction Temperature 125 °C
. 60 s, DIP 300
TL Lead Soldering Temperature °C
10 s, SOIC 260
SoIC 300
Ta <50°C mw
L PDIP 450
Po Power Dissipation
SOIC 4
Ta <50°C Derate mw/°C
PDIP 6
) SoIC 240
®ia Thermal Resistance °C/IW
PDIP 160
© 2004 Fairchild Semiconductor Corporation www.fairchildsemi.com

RV4145A -« Rev. 1.0.6 3

la1dnuiaul ljned punolig IsmMmod MO — VST TAY



Electric

al Characteristics

Is=1.5mA and Ta = +25°C.

Symbol Parameter Conditions Min. Typ. Max. Unit
Detector Reference Voltage Pin 7 to Pin 3 6.8 7.2 8.1 Vv
Shunt Regulator
+Vs Zener Voltage Pin 6 to Pin 4 25.0 26.0 29.2 \%
VRer Reference Voltage Pin 3 to Pin 4 12.5 13.0 14.6 V
ls Quiescent Current +Vs=24V 450 750 HA
Operation Amplifier
Offset Voltage Pin 2 to Pin 3 -3.0 0.5 +3.0 mV
+Output Voltage Swing Pin 7 to Pin 3 6.8 7.2 8.1 \%
-Output Voltage Swing Pin 7 to Pin 3 -95 -11.2 -13.5 \%
+Output Source Current Pin 7 to Pin 3 650 HA
-Output Source Current Pin 7 to Pin 3 1.0 mA
Gain Bandwidth Product f =50 kHz 1.0 1.8 MHz
Resistors
R1 Pin 1to Pin 3 10
R2 Resistors, Is= 0 mA Pin 2 to Pin 3 10 kQ
R3 Pin 5to Pin 4 3.5 4.7 5.9
SCR Trigger
Detector On . . 15 2.8 \%
Detector Off Pin5toPin 4 0 1 10 mV
Electrical Characteristics
Is=1.5mA and -35°C < Tpo < +85°C.
Symbol Parameter Conditions Min. Typ. Max. Unit
Detector Reference Voltage Pin 7 to Pin 3 6.5 7.2 8.3 Vv
Shunt Regulator
+Vs Zener Voltage Pin 6 to Pin 4 24 26 30 \Y
VRer Reference Voltage Pin 3to Pin 4 12 13 15 \%
Is Quiescent Current +Vs =23V 500 A
Operational Amplifier
Offset Voltage Pin 2 to Pin 3 -5.0 0.5 +5.0 mV
+Output Voltage Swing Pin 7 to Pin 3 6.5 7.2 8.3 \Y,
-Output Voltage Swing Pin 7 to Pin 3 -9.0 -11.2 -14.0 \%
Gain Bandwidth Product f =50 kHz 1.8 MHz
Resistors
R1 Pin 1to Pin 3 10
R2 Resistors, Is= 0 mA Pin 2to Pin 3 10 kQ
R3 Pin 5to Pin 4 3.5 4.7 5.9
SCR Trigger
Detector On ) i 1.3 2.8 \%
Detector Off PinStoPin 4 0 3 50 mV
© 2004 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Principles of Operation

The 26V shunt regulator voltage generated by the
string of Zener diodes is divided into three reference
voltages: % Vs, %2 Vs, and % Vs. Vger is at %2 Vs and is
used as a reference to create an artificial ground of
+13 V at the operational amplifier non-inverting input.

Figure 3 shows a three-wire 120V AC outlet GFI
application using an RV4145A. Fault signals from the
sense transformer are AC coupled into the input and are
amplified according to the following equation:

VT-" = RSE.\"SE X fSENEE .i; N (1)
where V7 is the RMS voltage at pin 7 relative to pin 3,
Rsensk is the value of the feedback resistor connected
from pin 7 to pin 1, Isense is the fault current (in amps)
RMS, and N is the turns ratio of the transformer.

When V; exceeds 7.2V relative to pin 3, the SCR
trigger output goes high and fires the external SCR.

The formula for V7 is approximate because it does not
include the sense transformer characteristics.

Grounded neutral fault detection is accomplished when
a short or fault closes a magnetic path between the
sense transformer and the grounded neutral
transformer. The resultant AC coupling closes a positive
feedback path around the op amp, and the op amp
oscillates. When the peaks of the oscillation voltage
exceed the SCR trigger comparator thresholds, the SCR
output goes high.

Shunt Regulator

The Ryne limits the current into the shunt regulator;
220 V applications must substitute a 47 kQ 2 W resistor.
In addition to supplying power to the IC, the shunt
regulator creates internal reference voltages.

Operational Amplifier

Rsense is a feedback resistor that sets gain and,
therefore sensitivity to normal faults. To adjust Rsensk,
apply the desired fault current (a difference in current of
5 mA is the UL 943 standard) then adjust Rsense upward
until the SCR activates. A fixed resistor can be used for
Rsense because the resultant +15% variation in
sensitivity meets UL’s 943 4-6 mA specification window.

The roll-off frequency is greater than the grounded
neutral fault oscillation frequency to preserve loop gain
for oscillation (which is determined by the inductance of
the 200:1 transformer and C4).

The sensitivity to grounded neutral faults is adjusted by
changing the frequency of oscillation. Increasing the
frequency reduces the sensitivity by reducing the loop
gain of the positive feedback circuit. As frequency
increases, the signal becomes attenuated and the loop
gain decreases. With the values shown in Figure 3, the
circuit detects a grounded neutral with resistance of 2 Q
or less.

The input to the operational amplifier is protected from
over-voltage by back-to-back diodes.

Silicon-Controlled Rectifier (SCR) Driver

The SCR must have a high dV/dt rating to ensure that
line noise (generated by noisy appliances, such as a
drill motor) does not falsely trigger the SCR. The SCR
must have a gate-drive requirement of less than 200 pA.
Ck is a noise filter capacitor that prevents narrow pulses
from firing the SCR.

The relay solenoid should have a 3 ms or less response
time to meet the UL 943 timing requirement.

Sense Transformers and Cores

The sense and grounded neutral transformer cores are
usually fabricated using high permeability laminated
steel rings. Their single-turn primary is created by
passing the line and neutral wires through the center of
the core. The secondary is usually 200 to 1500 turns.

Magnetic Metals Corporation www.magmet.com is a full
line suppliers of ring cores and transformers designed
specifically for GFI applications.

Two-Wire Application Circuit

Figure 4 shows the diagram of a two-wire 120V AC
outlet GFI circuit using an RV4145A. This circuit is not
designed to detect grounded neutral faults. For this
reason, the grounded neutral transformer and
capacitors C3 and C4 of Figure 3 are not used.

© 2004 Fairchild Semiconductor Corporation
RVA4145A « Rev. 1.0.6
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GFI Application Circuit (Two-Wire Outlet)
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RV4145A — Low Power Ground Fault Interrupter

Schematic Diagram
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Physical Dimensions
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NOTES:

A. CONFORMS TO JEDEC REGISTRATION MS-001,
VARIATIONS BA
B. CONTROLING DIMENSIONS ARE IN INCHES
REFERENCE DIMENSIONS ARE IN MILLIMETERS
OES NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED
.010 INCHES OR 0.25MM.
DOES NOT INCLUDE DAMBAR PROTRUSIONS.
DAMBAR PROTRUSIONS SHALL NOT EXCEED
.010 INCHES OR 0.25MM.
E. DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994.

NOSEREVG

Figure 6.

Package drawings are provided as a service to customers considering Fairchild components. Drawings may change in any manner
without notice. Please note the revision and/or date on the drawing and contact a Fairchild Semiconductor representative to verify or
obtain the most recent revision. Package specifications do not expand the terms of Fairchild’s worldwide terms and conditions,

specifically the warranty therein, which covers Fairchild products.
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Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
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For current packing container specifications, visit Fairchild Semiconductor’s online packaging area:
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Physical Dimensions
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Figure 7. 8-Lead, SOIC, JEDEC MS-012, .150" Narrow Body

Package drawings are provided as a service to customers considering Fairchild components. Drawings may change in any manner
without notice. Please note the revision and/or date on the drawing and contact a Fairchild Semiconductor representative to verify or
obtain the most recent revision. Package specifications do not expand the terms of Fairchild’s worldwide terms and conditions,
specifically the warranty therein, which covers Fairchild products.

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
http://www.fairchildsemi.com/ dwg/MO/MO8A. pdf

For current packing container specifications, visit Fairchild Semiconductor’s online packaging area:
http://www.fairchildsemi.com/packing dwg/PKG-M08A GEM.pdf
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TRADEMARKS

The following includes registered and unregistered trademarks and service marks, owned by Fairchild Semiconductor and/or its global subsidiaries, and is not
intended to be an exhaustive list of all such trademarks.

AccuPower™
AX-CAP®
BitSiC™

Build it Now™
CorePLUS™
CorePOWER™
CROSSVOLT™
CTL™

Current Transfer Logic™
DEUXPEED"
Dual Cool™
EcoSPARK®
EfficientMax™
ESBC™

F

Fairchild®

Fairchild Semiconductor®
FACT Quiet Series™
FACT®

FAST”

FastvCore™

FETBench™

FPS ™

i GENERAL®
FRFE ®
Global PF’WE[ Resource™ PowerTrench® TinyBoost”
GreenBridge™ PowerXs ™ TinyBuck®
Green FPS™ Programmable Active Droop™ TinyCalc™
Green FPS™ e-Series™ QFET" TinyLogic”
Gmax™ Qs™ TINYOPTO™
GTO™ Quiet Series™ TinyPower™
IntelliMAX™ RapidConfigure™ TinyPWM™
ISOPLANAR™ f:)”‘ TinyWire™
Making Small Speakers Sound Louder i . TranSiC™
and Better™ S:avmg our world, TmW/MWW/EKW at a time™ TriFault Detect™
MegaBuck™ SignalWise™ TRUECURRENT®
MICROCOUPLER™ SmartViax™ uSerDes™
MicroFET™ SMART START™
MicroPak™ Solulqigons for Your Success™ Des
MicroPak2™ Sk UHC®
MillerDrive™ SIEACTH Ultra FRFET™
MotionMax™ SuperFET® UniFET™
mWSaver® SuperSaT™3 VeX™
OploHiT™ SuperSOT™-6 VisualMax™
oPTOLOGIC® SuperSOT -8 VoltagePlus™
OPTOPLANAR® SupreMOS® xem
SyncFET™ iz ™
Sync-Lock™ =

* Trademarks of System General Corporation, used under license by Fairchild Semiconductor.

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES VWITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE
RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING QUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILD'S WORLDWIDE TERMS AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN,
WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
EXPRESS WRITTEN APPRCVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems which, (a) are
intended for surgical implant into the body or (b) support or sustain
life, and (c) whose failure to perform when properly used in
accordance with instructions for use provided in the labeling, can be

2. A critical component in any component of a life support, device, or
system whose failure to perform can be reasonably expecied to
cause the failure of the life support device or system, or to affect its
safety or effectiveness.

reasonably expected to result in a significant injury of the user.

ANTI-COUNTERFEITING POLICY
Fairchild Semiconductor Corporation's Anti-Counterfeiting Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our external website, wwwy .fairchildsemi.com,

under Sales Support.

Counterfeiting of semiconductor parts is a growing problem in the industry. All manufacturers of semiconductor products are experiencing counterfeiting of their
parts. Customers who inadvertently purchase counterfeit parts experience many problems such as loss of brand reputation, substandard performance, failed
applications, and increased cost of production and manufacturing delays. Fairchild is taking strong measures to protect ourselves and our customers from the
proliferation of counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts either directly from Fairchild or from Authorized Fairchild
Distributors who are listed by country on our web page cited above. Products customers buy either from Fairchild directly or from Authorized Fairchild Distributors
are genuine parts, have full traceability, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical
and product information. Fairchild and our Authorized Distributors will stand behind all warranties and will appropriately address any warranty issues that may arise.
Fairchild will not provide any warranty coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to combat this global
problem and encourage our customers to do their part in stopping this practice by buying direct or from authorized distributors.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification

Product Status

Definition

Advance Information

Formative / In Design

Datasheet contains the design specifications for product development. Specifications may change
in any manner without notice.

Preliminary

First Production

Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild
Semiconductor reserves the right to make changes at any time without notice to improve design.

No Identification Needed

Full Production

Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make
changes at any time without notice to improve the design.

Obsolete

Not In Production

Datasheet coniains specifications on a product that is discontinued by Fairchild Semiconductor.
The datasheet is for reference information only.
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