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Notice 
1. All information included in this document is current as of the date this document is issued. Such information, however, is 

subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please 
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to 
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website. 

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights 
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.  
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights 
of Renesas Electronics or others. 

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. 
4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of 

semiconductor products and application examples.  You are fully responsible for the incorporation of these circuits, software, 
and information in the design of your equipment.  Renesas Electronics assumes no responsibility for any losses incurred by 
you or third parties arising from the use of these circuits, software, or information. 

5. When exporting the products or technology described in this document, you should comply with the applicable export control 
laws and regulations and follow the procedures required by such laws and regulations.  You should not use Renesas 
Electronics products or the technology described in this document for any purpose relating to military applications or use by 
the military, including but not limited to the development of weapons of mass destruction.  Renesas Electronics products and 
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited 
under any applicable domestic or foreign laws or regulations. 

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics 
does not warrant that such information is error free.  Renesas Electronics assumes no liability whatsoever for any damages 
incurred by you resulting from errors in or omissions from the information included herein. 

7. Renesas Electronics products are classified according to the following three quality grades:  “Standard”, “High Quality”, and 
“Specific”.  The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as 
indicated below.  You must check the quality grade of each Renesas Electronics product before using it in a particular 
application.  You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior 
written consent of Renesas Electronics.  Further, you may not use any Renesas Electronics product for any application for 
which it is not intended without the prior written consent of Renesas Electronics.  Renesas Electronics shall not be in any way 
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an 
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written 
consent of Renesas Electronics.  The quality grade of each Renesas Electronics product is “Standard” unless otherwise 
expressly specified in a Renesas Electronics data sheets or data books, etc. 

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual 
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots. 

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support. 

“Specific”:  Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or 
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare 
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life. 

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, 
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation 
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or 
damages arising out of the use of Renesas Electronics products beyond such specified ranges. 

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have 
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further, 
Renesas Electronics products are not subject to radiation resistance design.  Please be sure to implement safety measures to 
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a 
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire 
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.  Because 
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system 
manufactured by you. 

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental 
compatibility of each Renesas Electronics product.  Please use Renesas Electronics products in compliance with all applicable 
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS 
Directive.  Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with 
applicable laws and regulations. 

11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas 
Electronics. 

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this 
document or Renesas Electronics products, or if you have any other inquiries. 

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-
owned subsidiaries. 

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics. 
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M54128L/FP
EARTH LEAKAGE CURRENT DETECTOR

REJ03F0027-0100Z
Rev.1.0

Sep.16.2003

Description
The M54128L/FP is a semiconductor integrated circuit having leakage detection and abnormal voltage detection
functions for high-speed earth leakage interruption, and was developed for use in earth leakage breakers.

Features
•  Lightning surge protection

Two-count method adopted
Improved dead-time performance for lightning impulses

•  IEC support: 1.5 count method switching
•  High input impedance

Filter circuit can be configured using external capacitor, resistor
Improved high-frequency, high harmonic superposition performance

•  High input sensitivity: VT=6.5 Vrms
•  Abnormal voltage detection (N open) function

Neutral line open-phase protection in single-phase three-wire designs
Function halt control (circuit current reduction)

•  Low-voltage operation 7 to 12 V (versus 12 to 20 V in previous series)
Standby:  820 µA standard (VS = 9 V, Ta = 25°C)
SCR on:  740 µA standard (VS = 9 V, Ta = 25°C)

•  Highly stable design
Circuit designed for minimum characteristic fluctuation with changes in power supply voltage, ambient temperature

Applications
•  Earth leakage breaker

Recommended Operating Conditions
•  Power supply operating conditions: 7 to 12V
•  operating temperature: –20 to85°C
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Block Diagram

VS VCC PSAV IBLI TTDC OFFC SCRT

PSELTRC2TRC1ILKIVREFIREFGND

Power supply circuit
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Leakage detection
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Pin Configuration (TOP VIEW)
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Pin Functions
Pin no.
L FP

Pin name Function

Common

7 14 Vs Power supply
6 13 Vcc Output pin for internal constant-voltage circuit; connect to a decoupling capacitor

9 2 IREF Connect a resistor to set the constant current of the internal circuits; approx. 1.3 V
8 1 GND Ground
5 12 PSAV During normal use, connected to VCC pin [13]. When not using the abnormal voltage

detection function, should be grounded, so that circuit currents can be reduced. Pin
IBLI [11] and pin TTDC [10] should also be grounded.

Leakage detection, abnormal voltage detection, SCR driving circuits

10 3 VREF Input standard level pin for leakage detection circuit; approx. 2.7 V
11 4 ILKI Another input pin for leakage detection circuit
12 5 TRC1 Pin for connection to a capacitor to integrate the level discriminator output signal of

the leakage input signal
13 6 TRC2 Pin to connect a capacitor for noise elimination
14 7 PSEL Logic function switching pin for leakage detection

•When grounded:negative input  positive input  negative input
•When connected to VCC pin [13]: negative input  positive input
SCRT operates with the above logic.

2 9 OFFc •When leakage input signal is not continued
•When abnormal voltage input signal is not continued
•When a leakage or abnormal voltage is detected and SCR is turned on
After a prescribed amount of time, this IC is returned to the initial state.
A capacitor to set the time for this function is connected.

4 11 IBLI Abnormal voltage detection circuit input pin
3 10 TTDC Pin to connect a capacitor to set the time for the abnormal voltage detection circuit
1 8 SCRT Thyristor driving output pin
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Input / Output Equivalent Circuits
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Absolute Maximum Ratings
(unless otherwise noted, Ta = 25°C)

Symbol Quantity Conditions Rated value Unit
Is Power supply current 4 mA
VsMAX Maximum power supply voltage 15 V
∆VIL Input voltage across ILKI and VREF –1.4 to +1.4 V
IIL Input current across ILKI and VREF –5 to +5 mA
IIG Input current VREF–GND 10 mA
VIBL Input voltage across IBLI and GND –0.3 to +4.0 V
IIBL Input current across IBLI and GND 4 mA
Pd Power consumption 200 mW
Topr Operating temperature range –20 to 85 °C
Tstg Storage temperature –55 to 125 °C

Characteristic Curve
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Electrical Characteristics
 (unless otherwise noted, Ta = 25°C)

Quantity RatingsSymbol
Vs

Measurement
conditions Min. Typ. Max.

Unit

Power supply circuit

Is0 Power supply current, during standby 570 820 950 µA
Is1 Power supply current, during leakage

detection
570 840 950 µA

Is2 Power supply current, during abnormal
voltage detection

570 810 950 µA

Is3 Power supply current, immediately after
SCR driving

9V Psav = Vcc

520 740 870 µA

Is0’ Power supply current, during standby 520 740 870 µA
Is1’ Power supply current, during leakage

detection
520 760 870 µA

Is3’ Power supply current, immediately after
SCR driving

9V Psav = GND

520 740 870 µA

– ISO ambient temperature dependence 9V Ta = –20 to 85°C — –0.07 — % / °C
Vs max Voltage at maximum current — Is = 4mA — 13.9 15 V

Leakage detection circuit 1

Vion Leakage detection DC input voltage vs.  VREF — ±7.5 — mVdc
IIH ILK1 pin input bias current VIN = VREF — 2 15 nA
Vo VREF pin output voltage — 2.7 — V
VILKI ILKI-VREF input clamping voltage IILKI = ±3mA — ±1.2 — V
VRCL VREF-GND clamping voltage

9V

IRCL = 5mA — 4.6 — V

2 ms circuit

ElOH TRC1 pin "H" output current precision o = 0V :
IOH  = –10.4µA

–20 — 20 %

VTH TRC1 pin threshold voltage — 2.4 — V
ETw1 TW1 pulse width precision C = 0.01µF :

Tw1 = 2.3ms
–15 — 15 %

– TW1 ambient temperature dependence

9V

Ta = –20 to 85°C — –0.06 — %/°C

1 ms circuit

EloH TRC2 pin "H" output current precision Vo = 0V : IOH = –
10µA

–20 – — %

VTH TRC2 pin threshold voltage – 2.4 — V
ETw2 TW2 pulse width precision C = 0.0047µF :

TW2 = 1.1ms
15 — 15 %

– TW2 ambient temperature dependence

9V

Ta = –20 to 85°C — –0.06 20 %/°C
VT Total leakage detection AC voltage 9V 60Hz — 6.5 — mVrms

Ta =25 →85°C — –4.0 — %– VT ambient temperature dependence 9V
Ta = 25 → –20°C — –4.0 — %
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Electrical Characteristics (cont.)
 (unless otherwise noted, Ta = 25°C)

Quantity RatingsSymbol
Vs

Measurement
conditions Min. Typ. Max.

Unit

Abnormal voltage detection circuit

VBLT Abnormal voltage detection voltage 9V 2.2 2.4 2.6 V
– VBLT power supply voltage dependence — — 0.01 — %/V

– VBLT ambient temperature dependence Ta = –20 to 85°C — 0.06 — %/°C

IIBLT IBLI pin input bias current VIN = VREF — 120 300 nA
VlBLC IBLI-GND clamping voltage

9V

IIN = 1mA — 7.2 — V
VTH TTDC pin "H" output current precision Vo = 0V :

IOH = –8µA
–20 — 20 %

ElOH TTDC threshold voltage 1.0µF: Tw4 = 300ms — 2.4 — V
ETw4 Delay time pulse width precision

9V

C = 0.33µF
Tw4 = 300ms

–30 — 30 %

Reset circuit

ElOH OFFC pin "H" output current precision Vo = 0V :
IOH = –10µA

–20 — 20 %

VTH OFFC threshold voltage

9V

— 2.4 — V
ETw3 Reset timer pulse width precision 9V C = 0.33 µF :

TW3 =55 ms
–30 — 30 %

SCR driver

VoL8 SCRT pin "L" output voltage 9V IOL = 200 µA — 0.1 0.2 V
lOHc Ta = –20°C –200 –260 — µA
lOHn Ta = 25°C –100 –220 — µA
lOHh

SCRT pin "H" output current 9V Vo =
0.8V

Ta = 85°C –70 –180 — µA
VSOff IOH hold power supply voltage — — 3.0 4.5 V
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Earth Leakage Detection

ILKI input

TRC1 pin

TRC2 pin

OFFC pin

SCR output

SCR output

2.4V

2.3ms

2.4V

2.4V

0.7V

55ms

55ms

*When PSEL = GND

*When PSEL = VCC

Abnormal Voltage Detection

IBLI input

OFFC pin

TTDC pin

SCR output

2.4V

55ms

300ms

2.4V

2.4V
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Precaution for Use
Important information on use of the M54128L/FP is given below. Examples of improvements are no more than single
examples; improvement should be given adequate study.

1. Regarding the VS applied voltage

 (1) The Is circuit current (clamping circuit characteristics of equivalent circuit) is as shown by the characteristic 
diagram 1 on page 13. Sufficient care should be exercised when designing a power supply circuit.
Commercial power supply

Commercial
power supply

RS
VS

VZ

IC

(2) When rectifying a commercial power supply for use

a) As Vz, a 12 V or lower Zener diode should always be used
   (the absolute maximum rating should not exceed 15 V).
b) At high temperatures, the clamping voltage is reduced and IS increases, but this is limited by RS.

(3) When using an ordinary DC power supply, VS should be from 7 to 12 V.

2. Regarding the IREF pin resistance (R = 130 kΩ)

This is the IC reference constant-current source. (Fluctuations in the power supply voltage and ambient temperature
characteristics are suppressed.)

This resistance determines the characteristics for various circuits, and so it is recommended that a high-precision
resistance (±2%) be used.

3. Regarding the printed circuit board layout

Due to the effect of external noise (or noise simulator etc.), erroneous operation is conceivable.

In order to improve noise resistance, the board layout should be such that wiring to external capacitors and resistors is
as short as possible.

Particular care should be taken in wiring to connect capacitors to the VS pin, the VCC pin, and the SCRT pin.

4. Care should be taken to ensure that the SCRT output pin does not fall to a voltage more negative than ground
level.

5. Regarding changes in sensitivity due to insulation degradation

When degradation of the insulation between the ZCT input pin and the high-voltage unit is imagined, by connecting a
resistance R = 100 kΩ or so between the VREF pin and ground, there may be improvement; this possibility should be
studied carefully.

However, the circuit current increases as I ≈ 2.7V/R, so caution should be exercised.
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6. Regarding the IBLI input pin clamping diode

As indicated in the equivalent circuit, seven stages of a series resistance of approx. 2 kΩ and a forward-direction diode
are employed.

(1) The drop in the diode VF at high temperatures may cause the input pin clamping voltage to drop, to approach the 
comparator reference potential (2.4 V), so that on the occurrence of a leakage current, the over voltage detection 
level may fluctuate somewhat. The detection circuit should be configured as shown below. Also, it is 
recommended that R1, R2 and VZ be set as indicated below.

• R1 + R2 > 200kΩ

• ΩR1 x R2

R1 + R2

IBLI pinInput
R1

R2 VZ

< 7k

(2) During excessive input, as indicated above, settings should ensure that the input pin voltage is 4.3 V or lower
(to prevent saturation operation of the comparator circuit).

VZ≈4.0 V

7. Regarding the reset time in the reset timer circuit

This circuit is a timer circuit designed for VL = 0.7 V, VH = 2.5 V, and IO = 10 µA; when SCR is turned on, the power
supply to the leakage detection circuit and abnormal voltage detection circuit is interrupted, and VL may not fall to 0.7
V, as shown in the diagram below, so that the reset time is shortened. The reset time should be set to a longer time in
advance.

T = = 55ms0.33µF x (2.4 - 0.7)
10µA

C x (VH - VL)
I

=

Note. t : time shorter than setting value

• ln the case of leakage detection :
May become 10ms (50Hz) shorter

• ln the case of abnormal voltage detection :
May become 20ms (50Hz) shorter

OFFC pin waveform

0.7V

2.4V

0V
SCRT pin waveform

55ms

t = 10 – 20ms

3.1V

•For leakage detection:  times may be shorter by 10 ms (50 Hz)
•For abnormal voltage detection:  times may be shorter by 20 ms (50 Hz)
Note: t is the time shorter than the set time
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8. Application of the leakage detection function to a time delay function

As shown below, by employing the N open function, the leakage detection function can be provided with a time delay
function (several hundred ms). However, the N open function cannot be used.

VCC PSAV IBLI TTDC

TRC1 TRC2

VCC PSAV IBLI TTDC

TRC1 TRC2

(Example 2)(Example 1)
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Characteristic Curves
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VREF Output Voltage vs. Ambient Temperature

IREF Output Voltage vs. Ambient Temperature
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TRC1,2/OFFC/IBLI/TTDC Threshold Voltage
vs. Ambient Temperature

TRC1,2 “H” Output Current vs. Ambient Temperature
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Total Leakage Detection AC Voltage
vs. Ambient Temperature
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OFFC “H” Output Current vs. Supply Voltage
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SCRT “L” Output Voltage vs. “L” Output Current
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Application Circuit Example

*An implementation example, which should be fully examined.

AC-LINE

VS VCC

PSAV

T. Coil SCR

IBLI TTDC OFFC SCRT

M54128L/FP

IREF VREF ILKI TRC1 TRC2

PSEL

GND

Z
C
T

Power supply circuit

Abnormal voltage 
detection

SCR driving

Earth leakage detection

Note
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Package Dimensions
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