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Abstract : A novel type of leakage current protector chip ,implemented in the mixed2signal 016μm CMOS process ,is

presented. This chip has the advantages of low power dissipation (10mW) ,accurate protection control based on digit2
al response delay time and integration of multi2functions such as leakage current/ over2voltage/ over2load detection

and protection ,auto switch2on and so forth. Additionally ,the chip is programmable to suit different three2level pro2
tection applications with a high anti2interference ability.
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1 　Introduction

While elect rical equip ment is so very pop ular

in our working and daily life ,it is necessary bot h to

avoid get ting elect rical shocks and to enhance safe2
ty of usage. Therefore ,leakage current p rotectors ,

which are elect ric devices t hat cut off power supply

automatically in order to p rotect human bodies and

equip ment f rom damages are widely applied.

Most of t he leakage current p rotectors today

are made of bipolar IC and need a lot of perip heral

discrete devices. In response to t he disadvantages

caused by bipolar IC , a novel type of specialized

leakage current p rotector IC chip is p resented in

t his paper . It is implemented in a mixed2signal

016μm CMOS technology and has t he advantages

of low power consumption (10mW) ,high reliabili2
ty and integration of multi2f unction suitable for dif2
ferent t hree2level p rotection ( general2protection ,

mid2protection and in2door p rotection) areas.

2 　Outl ine of protectors

The international elect ro2technical commission

( IEC) standard and China design standard of elec2
t rical equip ment in civil building J TJ / F26292 speci2
fy t he standards of leakage current p rotection in

detail [ 1 ,2 ] .

The cont rol part of leakage current p rotectors

is designed to fit t he current2mode. The protector

detect s t he leakage current t hrough a magnetic ring

of t he zero2order current mut ual inductor . Magnetic

flux ,as caused by the leakage current ,will be gen2
erated inside the magnetic ring of t he zero2order

current mutual inductor . The secondary coil t rans2
fers t he inductive voltage generated by t he magnet2
ic flux to t he cont roller in t he chip , which deter2
mines t he state of t he switch (on or off) according

to t he intensity and duration of t he leakage cur2
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rent ,as illust rated in Fig. 1.

Fig. 1 　Working principle of the current2mode leak2
age protector

Up to now ,t raditional application circuit s used

external resistors and capacitors to cont rol t he re2
sponse time[3 ,4 ] . The relationship between t he in2
tensity of the leakage signal and t he response time

of t he p rotector is a“reverse delay”mode , shown

as t he solid line in Fig. 2.

Fig. 2 　“Reverse response delay time”and“Fixed re2
sponse delay time”

The most pop ular leakage current p rotector

chip ,M54133FP/ GP , which belongs to Mit subishi

Corp is such a type[5 ] . Barring t he advantage of two

active low filters inside t hrough which t he negative

effect f rom t he high f requency noise and high2order

harmonics is avoided , t he chip has a high static

power consumption at about 200mW and needs

more t han 10 perip heral discrete resistors and ca2
pacitors to achieve t he reverse delay time as shown

in Fig. 2. This reduces t he precision and reliability

of t he p rotectors.

3 　Novel design of the chip

According to what we have analyzed above ,

t he novel type design of t he leakage current p rotec2
tor chip includes t he following advanced nat ure :

(1) The“fixed response time”concept real2
ized by the internal digital circuit is adopted and

t he t raditional“reverse time delay”approach by u2
sing external resistors and capacitors is abandoned.

As we well know ,t he properties of the perip h2
eral R/ C component s are so discrete t hat t he con2
t rol p recision of t he delay time is usually low ,

which will easily cause mistake actions among t he

t hree level applications if t he gap s among t heir re2
sponse curves are not wide enough.

Since the internal integrated digital timer is

used ,t he novel chip is able to set the response time

as“fixed delay”mode ,whose relationship between

t he intensity of t he leakage signal and the response

time is shown as t he dotted line in Fig. 2. No dis2
crete R/ C is necessary ,t herefore not only t he self2
cont rol p recision but also t he matching precision a2
mong different p rotection levels is greatly im2
proved because t heir response curves never cross in

any case.

(2) Multi2f unction integration is implemented

in t his chip . In addition to t he main leakage current

p rotection f unction , t he f unctions of over2voltage/

over2load detection and protection , auto switch2on

and so on are all integrated into t his chip .

(3) There are two programmable pins in this

chip to determine at which protection level t he chip

works (because different application levels demand

different p rotection reactions) . It p rovides conven2
ience to the customers , who only need to set t he

two inp ut pins to“0”or“1”,and keep s t he number

and parameters of the perip hery component s un2
changed.

(4) This chip reduces power dissipation dra2
matically wit h t he advantages of CMOS ICs ,which

is only about 10mW instead of the several hundred

milli2watt s needed by t he product s in t he market
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now.

(5) A checking mechanism for t he inp ut leak2
age signal is int roduced into t his chip ,which effec2
tively reduced t he protector’s mistake actions a2
gainst an interferential signal , such as a lightening

st rikes. Thus , t he stability of t he chip in elect ro2
magnetic circumstances is greatly enhanced and the

external filter in t raditional application circuit ,

which increases t he integration density ,is no lon2
ger needed.

In a word ,t he novel leakage current p rotector

can be regarded as a multi2f unctional ,p rogramma2
ble and low power consumption protector .

4 　Architecture and specif ics of the

chip[ 6～9]

　　This chip consist s of two main f unctional

part s : over2voltage/ over2load p rotection and leak2
age current p rotection. The f unction block diagram

is shown in Fig. 3.

Fig. 3 　Function block diagram

　　When an over2voltage/ over2load signal occurs ,

t he corresponding comparator outp ut s a p ulse to

t he next block ,named“delay & switch cont rol”.

When a leakage current signal occurs ,it is fir st

amplified by the leakage induction amplifier and

t hen enables t he amplit ude comparator outp ut a

p ulse to t he“delay & switch cont rol”block.

The delay & switch cont rol block in Fig. 3 is a

digital circuit shown in Fig. 4. In this block a p ulse

t rigger signal is sent to a finite states machine

( FSM) only if a leakage signal ,an over2voltage sig2
nal or an over2load signal have passed t he judgment

of continuity and durability ( so t he t ransient noise

signals and short abnormal leakage (harmless) etc.

are filt rated) . According to different sit uations ,t he

outp ut of FSM gives different enable signals in the

outp ut wave generator ,which forms suitable p ulse

signals in t he special duty cycle and f requency to

cont rol t he switch on and off .

Pin 10 and pin 11 are designed to be suitable

for different levels of p rotection : general2p rotec2
tion , mid2protection , and in2door p rotection , which

are p resented in Table 1.

Table 1

State name Pin 10/ 11 value Levels

H H11 00 In2door protection

H H12 01 Mid2protection

H H13 10 General2protection Ⅰ

H H14 11 General2protection Ⅱ

The mixed2signal design is simulated wit h t he

Cadence and Synop sys tools. The power dissipation
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Fig. 4 　Delay & switch control block

of t he whole circuit is about 10mW under 5V sup2
ply ,which benefit s f rom the low bias current in the

analog blocks and the low frequency of a 100k Hz

main clock signal in t he digital blocks.

In order to reduce the interference f rom the

digital blocks ,t he MOS t ransistors in analog blocks

are designed to operate in t he f ull swing mode. In

t he layout ,t he guard ring and a large gap between

t he analog and digital circuit s are considered.

5 　Measured results

The chip was fabricated in 016μm CMOS

mixed2signal double poly and double metal technol2
ogy. The die size was 211mm2 , including t he core

and I/ O PADs ,as shown in Fig15.

Fig. 5 　Micrograph of the chip

The total static working current value of the

chip is 1194mA wit h a 5V supply. Therefore the

power consumption is 917mW.

The measured result of digital“fixed delay”

time when the value of t he pin 10/ 11 is set to“0/

0”and t he value of the leakage current is 0103 IN is

shown in Fig. 6. Curve 1 in Fig. 6 is the detected

leakage signal , and curve 2 is t he outp ut of t he

pin9 ,which is to switch2off t he SCR. The gap be2
tween t1 and t2 is t he fixed response time value T ,

which equals 0126s. The statistic result of fixed re2
sponse time is shown in Fig. 7 ,by t he same meas2
ure method in different conditions ,which achieved

t he specification we have designed. The H H11～

H H14 are t he state name for different levels p res2
ented in Table 1. The test result s of the over volt2
age and overload signals , which also achieved t he

specification are shown in Table 2. The test result

of pin8 , which is to switch2on t he SCR , achieved

t he fixed2delay time (60s) ,60s later af ter t he pin9

is on ( the SCR is switch2off ) ,pin8 is set to switch

on the SCR ,as well .

Fig. 6 　Test result of fixed response time
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Fig. 7 　Fixed response time of different levels

Table 2

Over voltage Overload

Over value 1. 36V N 1. 64V N 1. 45 IN 3 IN

Response time/ s 5 0. 5 10 0. 5

　V N :normal voltage ; IN :normal current

6 　Conclusion

A novel low2power multi2f unctional leakage

current p rotector IC is developed. Based on mixed

signal CMOS technology , t his chip possesses the

p roperties of low2power dissipation , high anti2in2
terference ability ,and accurate cont rolled response

time. Besides t hese ,multiple f unctions are integrat2
ed , such as over2voltage/ over2load detection/ p ro2
tection ,auto switching2on af ter a p rotection switch2
off occurs ,etc. This chip is also p rogrammable for

different application usages ,meaning t hat it can be

generally used in every level of t he t hree different

p rotection states.

References

[ 1 ] 　Gao Fulin , Gao Lingyun , Zhang Liyan , et al . The selection of

leakage protection. Low Temperature Building Technology ,

2000 ,1 :40 (in Chinese) [高福林 ,高凌云 ,张利研 ,等. 漏电保

护器的选用. 低温建筑技术 ,2000 ,1 :40 ]

[ 2 ] 　Xiao Mengzhang. DZ 2 0 L E delay time mode leakage shutter .

Low Voltage Appliance ,2000 ,5 :22 (in Chinese) [肖孟章 ,等.

DZ20L E 延时型漏电断路器. 低压电器 ,2000 ,5 :22 ]

[ 3 ] 　Liu Qingping ,Cai Qun , Yang Chenglin. A research on line of

leakage breaker on sale and application. Journal of Jiangxi E2

lect ric Vocational and Technical College ,2004 ,17 (4) : 27 (in

Chinese) [刘清平 ,蔡群 ,杨成林. 关于市售漏电断路器线路的

探讨及应用. 江西电力职业技术学院学报 ,2004 ,17 (4) :27 ]

[ 4 ] 　Li Jiaxian ,Ji Xianbao. The residual current protect system

and operational management . Beijing : China Water Power

Press ,2002 (in Chinese) [李家贤 ,纪贤宝. 剩余电流保护系统

及运行管理. 北京 :中国水利水电出版社 ,2002 ]

[ 5 ] 　M54133FP/ GP datasheet

[ 6 ] 　Zhang Ming. Verilog HDL application tutorial . Chengdu : Elec2

t ronic Technology University Publishing Company , 1999 : 11

(in Chinese) [张明. Verilog HDL 实用教程. 成都 :电子科技

大学出版社 ,1999 :11 ]

[ 7 ] 　Paul R G , Robert G M. Analysis and design of analog inte2

grated circuit s. Hamilton Printing Company ,1993

[ 8 ] 　Jou S J , Chen T L . On2chip voltage down converter for L P/

LV digital system. IEEE International Symposium on Circuit s

and System ,1997 ,3 :1996

[ 9 ] 　Ooishi Tsukasa. A mixed mode voltage down converter wit h

impedance adjust ment circuit ry for low2voltage high2f requen2

cy memories. IEEE J Solid2State Circuit s ,1996 ,31 (4) :575

1451



半 　导 　体 　学 　报 第 26 卷

一种新型低功耗多功能漏电保护器芯片的设计 3

韩 　雁 　王 　泽 　俞 　宏 　谢俊杰

(浙江大学微电子技术与系统设计研究所 , 杭州　310027)

摘要 : 提出了一种新型漏电保护芯片 ,使用 016μm CMOS 工艺、数模混合信号设计. 与传统的漏电保护芯片相比 ,

该设计功耗低 (10mW) ,数字延时响应确保控制保护的精确性 ,且实现了多功能集成 (如漏电/ 过压/ 过流的检测与

保护 ,自动切换) . 此外通过可编程端 ,该芯片可以用在三级保护的不同场合 ,同时运用数字电路对输入信号的检

测 ,提高了芯片的抗干扰性.

关键词 : 漏电保护 ; 集成电路设计 ; 可编程芯片
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