Raytheon Electronics
Semiconductor Division

RV4140

Low Power Two-Wire Ground Fault
Interrupter Controller

Features

* Powered from the AC line

* Built-in bridge rectifier

+ Direct interface to SCR

» 350pA quiescent current

» Adjustable trip current

» Adjustable time delay

* Minimum external components

* Meets UL 943 requirements

» Specifically for two-wire systems

» For use with 110V or 220V systems

Block Diagram

Description

The RV4140 is a low power controller for AC outlet
appliance leakage circuit interrupters. These devices detect
hazardous current paths to ground such as an appliance
falling into water. The interrupter then open circuits the line
before a harmful or lethal shock occurs.

Internally, the RV4140 has a diode bridge rectifier, zener
shunt regulator, op amp, current reference, time delay circuit,
latch and SCR driver.

An external sense transformer, SCR, relay, two resistors
and three capacitors complete the design of the circuit
interrupter. The simple layout and minimum component
count ensure ease of application and long term reliability.
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RV4140

PRODUCT SPECIFICATION

Functional Description
(Refer to Block Diagram and Figure 1)

The shunt rgulator generated by a 6.5V zener diode is
built into the internal bridge rectd. It is divided to create
an internal referenceoitage of 2.9V connected to pin 3.
The secondary of the sense transform@&dscoupled to the
inverting input of the sense ampdifiat pin 2; the non-irert-
ing input is referenced to pin A.current feedback loop
around the sense ampdifiensures a virtual ground will be
presented to the secondary of the sense transfoimrteis
manner it acts as a current transformer instead oftage
transformerlin this mode, the transformsrcharacteristics
are \ery predictable and circuit adjustments are not neces-
sary in production.

Supply Current Requirements

The R/4140 has atilt-in diode bridge rectiér that
provides paver to the chip independent of the polarity of
theAC line.This eliminates thexternal rectifer required for
previous GFCI controllers.

RLINE limits the shunt rgulator current to 2 mAThe rec-
ommended alue is 47K to 91K for 110V systems and 91K
to 150K for 220V systemd3.he recommended maximum
peak line current throughURNE is 7 mA.

DO NOT connect a fter capacitor between pins 5 and 6 in
an attempt to fier the supply wltage at the R4140. Proper
operaton of the 4140 requires the internal supplgltage
to be unfitered.

The sense transformer has a toroidal core made of Iaminate§lCR Driver

steel rings or solid ferrite materidlhe secondary of the
transformer is 500 to 1000 turns of #40 wireund through
the toroid.The primarys one turn made by passing the
AC hot and neutral wires through the center of the toroid.
When a grounddult eists, a diference rists between the
current fowing in hot and neutral wire$he diference
primary current, dided by the number of secondary turns,
flows through the secondary wire of the transformer

TheAC coupled transformer secondary current themdl
through the sense ampdifis feedback hop, creating a full
wave rectifed version of the secondargdlt currentThis
current passes througlsRr at pin 1, generating altage
equal to ReTtimes the pealalilt current diided by the
sense transformer turns rafithis wltage is compared with
the referenceoltage at pins.

If the wltage at pin 1 is greater than pin 3, a comparator wi
chage C2 through a 28A current source at pin 8. If the
voltage at pin 1xxeeds pin 3 for longer than the delay time
a 400pA current will pulse between pins 7 and 6 which will
trigger the gte of the SCR.

If the wltage at pin 1xceeds pin 3 for less than the delay
time, the SCR will not trigger

The fault current at which the controller triggers the SCR
is dependent on thealue of RSETand the time delay
determined by C2.

The SCR must he a high dV/dt rating to ensure that line
noise (generated by electrically noisy appliances) does not
falsely trigger the SCRAlIso, the SCR must lva a gite drve
requirement less than 2Q@. C3 is a noise ltier that

prevents high frequenycline pulses from triggering the SCR.

The relay solenoid used should/ba 3 ms or less response
time to meet the UL 943 timing requirement.

Supplier of Sense Transformer s and Cores

Magnetic Metals Corporation, Camden, NJ 08101,

(609) 9647842, supplies a full line of ring cores and trans-
formers designed spediélly for GFCI and related applica-
tions.

Determining the Values of RSET and C2

IIDetermine the grounaiilt trip current requirementhis

will be typically 5 mA in NorthAmerica (11A/AC) and
10 mA in the UK and Europe.

Determine the minimum amount of time delay required to
prevent nuisance tripping-his will typically be 1 to 2 ms.

The \alue of C2 required to pvade the desired delay time
is:

C2=10XT
where C2 is in nFandT is the desired delay time in ms.

UL 943 requires the circuit interrupter trip when the ground

fault exceeds 6 mA and not trip when ttauft current is less
than 4 mA.
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RV4140

The \alue of RSETto meet nominal grounault tip current
speciftation is:

R — 2.05x N
SET = 1 AuLT X COS 18QT/P)
Where:

* RsgTis in kQ

e Tis the time delay in ms

» P is the period of the line frequgnioo ms

* IFAULT is the desired grounadilt trip current in mA
RMS.

This formula assumes an ideal sense transformer is used.
The calculatedalue of RSET may hae to be changed up to

30% when using a noideal transformer

* N is the number of sense transformer secondary turns.
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Figure 1. Appliance Leakage Detector Circuit Application
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Pin Assignments

PDIP
(Top View)
SOIC \UJ
(Top View) Rser E © El C Delay
Rser E 9 8] C Delay VFB E Zl SCR Trigger
VFB [2] 7] SCR Trigger Common (+2.5V) [3] 6] Neutral
Common (+2.5V) E El Neutral
Ground E E Line Ground E El Line
65-4140-01
Absolute Maxim um Ratings
Parameter Min. Typ. Max. Units
Supply Current 7 mA
Internal Power Dissipation 500 mw
Storage Temperature Range -65 +150 °C
Operating Temperature Range -35 +80 °C
Lead Soldering Temperature 60 Seconds, DIP +300 °C
10 Seconds, SOIC +260 °C
Thermal Characteristics
Parameter 8 Lead Plastic SOIC 8 Lead Plastic DIP
Maximum Junction Temperature +125°C +125°C
Maximum PpTa<50°C 300 mW 468 mw
Thermal Resistance, 0JA 240°C/W 160°C/W
For Ta > 50°C Derate at 4.1 mW/°C 6.25 mWw/°C
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Electrical Characteristics

ILINE = 1.5mA and TA = +25°C, RSET = 290kQ
Parameter s | Test Conditions Min. | Typ. | Max | Units
Shunt Regulator (Pins 5 to 4)
Regulated Voltage 12-3=11pA 6.8 7.2 7.6 Y,
Regulated Voltage ILINE = 700 PA, 12-3 = 9pA 6.8 7.2 7.6 Vv
Sense Amplifi er (Pins 2 to 3)
Offset Voltage Design Value -3.0 0 3.0 mV
Gain Bandwidth Design Value 2.0 MHz
Input Bias Current Design Value 30 100 nA
SCRTrigger (Pins 7 to 6)
Output Resistance V5-6 = open, 12-3 = OpA 4.0 4.7 54 kQ
Output Voltage 12-3 = 9uA 0 0.1 10 mV
Output Voltage [2-3=11pA 14 2.0 2.6 \
Output Current V7-6 =0V, 12-3 = 11pA 300 420 600 A
Reference Voltage (Pins 3 to 4)
Reference Voltage | ILINE = 700 pA 26 | 29 | 32 | v
Delay Timer (Pins 8 to 4)
Delay Time?! Cg-4 = 20nF — 2.0 — ms
Delay Current 12-3=11pA 23 29 35 HA

Note:

1. Delay time is defined as starting when the instantaneous sense current (12-3) exceeds 2.9V/RsgT and ending when the SCR

trigger voltage V7-6 goes high.
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Mechanical Dimensions

8-Lead Plastic DIP P ackage

Inches Millimeters Notes:
Symbol - - Notes 1. Dimensioning and tolerancing per ANSI Y14.5M-1982.
Min. Max. Min. Max. X K X
2. "D"and "E1" do not include mold flashing. Mold flash or protrusions
A - 210 - 5.33 shall not exceed .010 inch (0.25mm).
Al 015 _ 38 _ 3. Terminal numbers are for reference only.
A2 115 -195 2.93 4.95 4. "C" dimension does not include solder finish thickness.
B 014 022 36 56 5. Symbol "N" is the maximum number of terminals.
B1 .045 .070 1.14 1.78
C .008 .015 .20 .38 4
D .348 .430 8.84 10.92 2
D1 .005 — A3 —
E .300 .325 7.62 8.26
E1l .240 .280 6.10 7.11 2
e .100 BSC 2.54 BSC
eB — .430 — 10.92
L 115 .160 2.92 4.06
N 8° 8° 5
le—— D ——»
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PRODUCT SPECIFICATION RV4140

Mechanical Dimensions (continued)
8-Lead SOIC Package

Inches Millimeters Notes:
Symbol - - Notes 1. Dimensioning and tolerancing per ANSI Y14.5M-1982.
Min. Max. Min. Max. i
2. "D"and "E" do not include mold flash. Mold flash or
A -053 069 135 175 protrusions shall not exceed .010 inch (0.25mm).
Al 004 010 0.10 0.25 3. "L"is the length of terminal for soldering to a substrate.
B 013 020 0.33 0.51 4. Terminal numbers are shown for reference only.
C -008 010 0.20 0.25 5 5. "C" dimension does not include solder finish thickness.
D 189 197 4.80 5.00 2 6. Symbol "N" is the maximum number of terminals.
E .150 .158 3.81 4.01 2
e .050 BSC 1.27 BSC
H .228 244 5.79 6.20
h .010 .020 0.25 0.50
L .016 .050 0.40 1.27 3
N 8 8 6
o 0° 8° 0° 8°
cce — .004 — 0.10

o } seEaTing [—c-] X L——‘ }:f
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Ordering Inf ormation

Part Number Package Operating Temperature Rang e
RV4140N 8-Lead Plastic DIP -35°C to +80°C
RV4140M 8-Lead Plastic SOIC -35°C to +80°C

The information contained in this data sheet has been carefully compilealigat shall not by implication or otherwise become part of the
terms and conditions of gsubsequent sale. Raythephiability shall be determined solely by its standard terms and conditions of sale.
No representation as to application or use or that the circuits are either licensed or free from patent infringemend isriimtestieel.
Raytheon resees the right to change the circuitry ang ather data at gntime without notice and assumes no liability for errors.

LIFE SUPPORT POLICY:

Raytheors products are not designed for use in life support applications, wheegimra 6r malfunction of the component can reasonably
be expected to result in personal injuiithe user of Raytheon components in life support applications assumes all risk of such use and
indemnifies Raytheon Compgraginst all damages
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