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ABSTRACT REVIEW OF A CONVENTIONAL CURRENT SENSOR 

This paper p r e s e n t s a s i m p l e and economic c i r c u i t 
for implement ing a t r a n s f o r m e r i s o l a t e d DC c u r r e n t 
sensor. The s e n s o r u s e s a u n i p o l a r d r i v e s i g n a l 
t h a t may have an o p e r a t i n g f requency of 500 kHz o r 
h igher , r e s u l t i n g i n f a s t t r a n s i e n t r e s p o n s e and a 
smal l magnet ic e l e m e n t . 

INTRODUCTION 

Transformer i s o l a t e d DC c u r r e n t s e n s o r s a r e w i d e l y 
used i n power c o n v e r s i o n equipment . The t r a n s ­
former i s o l a t i o n f e a t u r e i s o f t e n v e r y h e l p f u l ^ 
p a r t i c u l a r l y when h igh c u r r e n t o r h i g h v o l t a g e s a r e 
p resen t . A g r e a t v a r i e t y of such c i r c u i t s e x i s t 
and in g e n e r a l t h e i r per formance can be v e r y good. 
There a r e however a number of drawbacks t o t h e 
p resen t c i r c u i t s . Many of them r e q u i r e t r a n s ­
formers wi th l a r g e t u r n s r a t i o s (1000 t o 5000:1) 
p a r t i c u l a r l y i f l a r g e c u r r e n t s a r e t o be measured. 
Given t h e p r a c t i c a l l i m i t a t i o n s on minimum w i r e 
s i z e , t h e h igh t u r n s r a t i o r e s u l t s i n r e l a t i v e l y 
l a r g e and e x p e n s i v e magne t i c e l e m e n t s . The l a r g e 
number of t u r n s a l s o i n t r o d u c e s a g r e a t d e a l of 
winding c a p a c i t a n c e . The winding c a p a c i t a n c e and 
inductance combine t o s e v e r e l y l i m i t t h e o p e r a t i n g 
frequency and hence t h e o b t a i n a b l e bandwi th o r 
response t ime . T y p i c a l DC c u r r e n t s e n s o r s have 
d r i v e s i g n a l f r e q u e n c i e s of a few kHz and bandwidth 
of a few hundred h e r t z . 
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F i g u r e 1 shows a c u r r e n t s e n s o r c i r c u i t which has 
been w i d e l y used f o r a t l e a s t 60 y e a r s . The c i r ­
c u i t was o r i g i n a l l y d e v e l o p e d t o measure bo th AC 
and DC on h i g h v o l t a g e power l i n e s . 

The o p e r a t i n g B-H l o o p i s g i v e n i n F i g u r e 2 and a 
compar ison of t h e f l u x e x c u r s i o n t o t h e secondary 
v o l t a g e s and c u r r e n t s i s shown i n F i g u r e 3> f o r 
squarewave e x c i t a t i o n . 
Note t h a t t h i s s e n s o r i s b i - d i r e c t i o n a l . I f I nc i s 

r e v e r s e d t h e r o l e s of T-j a n d T2 i n v e r t . 

Assuming f o r t h e moment t h a t t h e d i o d e s and wind­
i n g s a r e l o s s l e s s , t h e power r e q u i r e d t o o p e r a t e 
t h e s e n s o r i s s i m p l y : 

p s = <I s >Vo (1) 

Where < I S > i s t h e a v e r a g e v a l u e f o r t h e secondary 
c u r r e n t ( I s ) a t f u l i s c a l e and Vo i s t h e d e s i r e d 
f u l l s c a l e o u t p u t v o l t a g e . 
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Figure 1, Typical transformer isolated current 
sensor. Figure 2 , DC current sensor B-H loop 
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Figure 3 , Core flux excursion for square-wave 
drive. 

I

s can be found from t h e p r imary c u r r e n t (Ιτχ;) and 
t h e t u r n s r a t i o N s* 

I s = I D C 

N s 

For s inewave e x c i t a t i o n : 

< 3 : s > = .63 I D C 

(2) 

(3) 

N s 

And fo r squarewave e x c i t a t i o n : 

<Is> = I D C ( 4 ) 

N s 

Very f r e q u e n t l y i n i n s t r u m e n t a t i o n a p p l i c a t i o n s i t 
i s d e s i r a b l e t h a t t h e c u r r e n t s e n s o r consume a s 
l i t t l e power a s p o s s i b l e . Th i s i s p a r t i c u l a r l y 
i m p o r t a n t i f t h e i n s t r u m e n t a t i o n i s b a t t e r y 
powered. 

I t would appea r from e q u a t i o n s (1) and (2) t h a t I g 

and P s c o u l d be made a r b i t r a r i l y s m a l l by s i m p l y 
making N g l a r g e . The l i m i t s on t h i s p o s s i b i l i t y 
can be shown by a s i m p l e example : 

Suppose t h a t : 

I D C = 100A (5) 

< I S > = 10mA (6) 

Then from e q u a t i o n s (3) and (4) 

N s = 6 ,300 :1 f o r s inewave e x c i t a t i o n (7) 

N s = 1 0 , 0 0 0 : 1 fo r squarewave e x c i t a t i o n (8) 

U n f o r t u n a t e l y , such a l a r g e number of t u r n s i s no t 
u s u a l l y p r a c t i c a l u n l e s s a r e l a t i v e l y l a r g e core i s 
u s e d , which r u n s t h e c o s t up. Another problem t h a t 
a r i s e s from t h e l a r g e number of t u r n s i s t h e 
p a r a s i t i c c a p a c i t a n c e (Cn> F i g u r e 1) of t h e 
w i n d i n g s . Th i s c a p a c i t a n c e l i m i t s t h e maximum 
g e n e r a t o r f requency which l e a d s t o s m a l l bandwidths 
(o r s l o w r e s p o n s e t imes ) and pe rhaps an i n c r e a s e i n 
t h e c o r e s i z e . The f i l t e r component s i z e w i l l a l s o 
i n c r e a s e . 

With t h e a d v e n t of h i g h f requency s w i t c h i n g 
r e g u l a t o r s , p a r t i c u l a r l y t h o s e o p e r a t i n g above 100 
kHz, c u r r e n t s e n s o r s w i t h r e s p o n s e t imes of ys 
r a t h e r t h a n ms a r e needed. I f l a r g e t u r n s r a t i o s 
a r e r e q u i r e d , t h e c o n v e n t i o n a l s e n s o r s cannot 
r e spond q u i c k l y enough. Even i f f a s t r e s p o n s e i s 
n o t needed t h e l a r g e s i z e of t h e s e n s o r t r ans fo rmer 
may n o t be i n keep ing w i t h t h e reduced s i z e of t h e 
power c o n v e r t e r . 

A HIGH FREQUENCY CURRENT SENSOR 

Many of t h e p rob lems of t h e c o n v e n t i o n a l s e n s o r s a t 
h i g h f r e q u e n c i e s can be overcome by u s i n g t h e c i r ­
c u i t shown i n F i g u r e 4. The c i r c u i t shown i s u n i ­
d i r e c t i o n a l . I t can however be made b i - d i r e c t i o n a l 
i f d e s i r e d . 

Figure 4 , High frequency current sensor circuit. 

The c i r c u i t f u n c t i o n s a s f o l l o w s : 

1. The p u l s e g e n e r a t o r p r o v i d e s a t r a i n of 
nar row p u l s e s a t t h e o p e r a t i n g f requency 
w i t h a " h i g h " d u t y c y c l e of 1 t o 10%. Fo r 
example , a t 200 kHz t h e p u l s e wid th i s .1 
t o .5 μ s . 

2 . When t h e p u l s e i s "low" i S G f f , t h e 
c o r e of Ti i s h e l d i n ha rd s a t u r a t i o n by 
I n c a s i n d i c a t e d by p o i n t A i n F i g u r e 5. 
The seconda ry c u r r e n t ( I s ) i s z e r o . 
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F I G U R E 5 , O P E R A T I N G B - H L O O P . 

When the pulse switches to "high", 
turns on, applying a positive potential 
across N s as shown in Figure 4. This 
polarity of voltage pulls T-j out of 
saturation and as shown in Figure 5, the 
flux follows the path A-B-C or C \ The 
proportion of available is a design 
variable which will be discussed shortly. 

The power consumption (Ps) for the circuit will be: 

(10) p s =I2DCRtp 
N s 2 T s 

Where tp is the on pulse width and T S is the 
sampling period. 

A typical example would be: 

IDC = 20A 

N s = 100T 

tp = .25 ys 

T s = 5 ys 

V s 
= 5 V 

R = 25SI 

Ps 50 mW 

Obviously the true total power would have to 
include the power for the integrated circuits. 
Fortunately a large variety of low power 
consumption ICs are available. 
Note that N s is small and in general can be kept 
small enough to allow operation at very high 
frequencies. 

An experimental circuit operating at 200 kHz was 
built and the I D C to V s transfer function is shown 
in Figure 6 . 

4. During the transition from A to C or C , 
T-| acts as a current transformer where Is 
- Ï D C / N S . 

5 .  Th e  curren t  puls e  ( I s )  produce s  a  vol t a g e 
( v

s )  acros s  R whic h  i s  sample d  synchronous ­
l y  b y  th e  sampl e  an d  hol d  circui t  o r  i f 
preferre d  ma y  b e  simpl y  average d  b y  a n  R C 
filter . 

6 . V s  =  i D C  R ( 9 ) 

N s 

7 .  Whe n  th e  puls e  agai n  goe s  "low "  Q- j  turn s 
of f  reducin g  I S t o  zero .  Th e  cor e  flu x  i s 
a t  po i n t  C  o r  C 

8 .  A t  thi s  poin t  th e  cor e  i s  rese t  b y  I D C N P 

f r o m  p o i n t  C  o r  ba c k  t o  p o i n t  A .  Th e 
rese t  volta g e  i s  limite d  b y  th e  clam p 
diod e  (Di) «  T n e  circui t  i s  no w  read y  fo r 
anothe r  cycle . 

0 5 1 0 15 2 0 

I D C ( A ) 

Fo r  samplin g  pulse s  o f  . 1  y  s  a  samplin g  rat e  o f  1 
MH z  i s  practical .  Thi s  mean s  tha t  curren t 
transient s  a s  fas t  a s  1 0  y  s  ca n  b e  reconstructe d 
wit h  reasonabl e  fidelit y  an d  a  sudde n  curren t  o v e r ­
loa d  coul d  b e  detecte d  i n  1  t o  2  Μs. F I G U R E 6 , T Y P I C A L C U R R E N T S E N S O R R E S P O N S E . 
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Down t o abou t .05 Imax t h e l i n e a r i t y i s q u i t e good. 
Below .05 Imax t h e m a g n e t i z i n g c u r r e n t of N s b e g i n s 
t o c a u s e an e r r o r . The t e s t c i r c u i t used o n l y a 
s i m p l e RC f i l t e r r a t h e r t h a n t h e sample and h o l d . 
The sample and h o l d would improve b o t h t h e a c c u r a c y 
and t h e l i n e a r i t y . 

With R-C a v e r a g i n g t h e t r a n s i e n t r e s p o n s e i s s lowed 
marked ly and t h e c i r c u i t ha s an a c c u r a c y of +3 t o 
4%, a d e q u a t e fo r many a p p l i c a t i o n s , i f an a c c u r a c y 
of £\% o r b e t t e r i s needed t h e n t h e sample and h o l d 
c i r c u i t w i l l be needed. 

The m a g n e t i z i n g c u r r e n t (Im) adds t o t h e d e s i r e d 
c u r r e n t p u l s e c a u s i n g an e r r o r i n ν 3 · I m m a v ^ e 

minimized by u s e of a co re m a t e r i a l w i th a h igh 
p u l s e p e r m e a b i l i t y such a s mag-Inc 1/8 m i l 
p e r m a l l o y 80 o r a p u l s e f e r r i t e m a t e r i a l such a s 
TDK H5B2 o r mag-Inc J m a t e r i a l . N s s h o u l d be made 
a s l a r g e a s p o s s i b l e , c o n s i s t e n t w i th an a c c e p t a b l e 
v a l u e f o r 03· A b i t of c u t and t r y u s u a l l y 
c o n v e r g e s q u i c k l y on an a c c e p t a b l e compromise. 
However, a s shown i n F i g u r e 6 a t some low c u r r e n t 
Im w i l l b e g i n t o dominate and c r e a t e e r r o r . A 
minimum d i a m e t e r c o r e w i l l a l s o be h e l p f u l i n 
r e d u c i n g Im. 

PRACTICAL CONSIDERATIONS 

Any c i r c u i t h a s i t s l i m i t a t i o n s and i d i o s y n c r a s i e s , 
t h i s one i s c e r t a i n l y no e x c e p t i o n . 

N s w i l l h a v e a f i n i t e m a g n e t i z i n g i n d u c t a n c e (Lm) 
and p a r a s i t i c c a p a c i t a n c e (C s ) a s shown i n F i g u r e 
7A. The e f f e c t o f C s i s t o g e n e r a t e a s p i k e on t h e 
l e a d i n g edge of t h e c u r r e n t p u l s e a s shown i n 7B. 
C s may be minimized by min imiz ing N s and by wind ing 
t h e t u r n s on i n a s i n g l e p a s s w i t h a gap between 
t h e ends . The e f f e c t of t h e s p i k e can a l s o be 
minimized by d e l a y i n g t h e s a m p l i n g towards t h e 
m i d d l e of t h e p u l s e . 

(A) 

(B) (C) 

Magnitizing Current Effect 

Capacitive Pulse 

Figure 7 , Parasitic components and pulse effects. 

I n p u l s e a p p l i c a t i o n s , t h e f u l l c a t a l o g u e v a l u e fo r Δ 
6 w i l l o f t e n no t be a t t a i n a b l e . For t h i s r ea son and 
w e l l known t e m p e r a t u r e e f f e c t s , i t i s b e s t t o 
r e s t r i c t t h e f l u x e x c u r s i o n ( p o i n t s C or C ) t o 50% 
o r l e s s of t h e t h e o r e t i c a l l y a v a i l a b l e Δ ά. Th i s 
w i l l se ldom c a u s e t h e c o r e s i z e t o i n c r e a s e 
u n a c c e p t a b l y . 

The c o r e m a t e r i a l chosen s h o u l d have r e a s o n a b l y low 
l o s s e s a t t h e o p e r a t i n g f requency . The co re l o s s e s 
w i l l add a shun t r e s i s t a n c e (R g ) which can add an 
e r r o r c u r r e n t t o t h e d e s i r e d p u l s e c u r r e n t . This 
can be p a r t i c u l a r l y n o t i c e a b l e a t v e r y low or ve ry 
h i g h t e m p e r a t u r e s where t h e c o r e l o s s e s i n c r e a s e . 
T h i s i s a n o t h e r r e a s o n t o r e s t r i c t t h e f l u x excur s ion . 

I f a s i m p l e RC f i l t e r i s used on t h e o u t p u t , v a r i a ­
t i o n s i n T S ) t p and t h e r i s e and f a l l t imes of t he 
p u l s e w i l l become n o t i c e a b l e because a l l of t h e s e 
p a r a m e t e r s e f f e c t t h e a v e r a g e v a l u e of V s . i n ve ry 
h i g h f requency a p p l i c a t i o n s t h e s e p a r a m e t e r s may 
n o t be e a s i l y c o n t r o l l e d and t h e accuracy of t h e 
s e n s o r w i l l be degraded . The use of a sample and 
h o l d l a r g e l y e l i m i n a t e s t h e s e p rob l ems . 

The sample and h o l d i s however , n o i s e s e n s i t i v e . 
For t h i s r e a s o n a p r i m a r y / s e c o n d a r y s h i e l d i s 
i n d i c a t e d on Τ·| a n d i t w i l l be n e c e s s a r y t o have a 
c a r e f u l l a y o u t and good b y p a s s i n g . 

The a s y m e t r i c a l p u l s e g e n e r a t o r can be s y n t h e s i z e d 
i n many ways. I n t h i s example a d u a l monos tab le I c 

was connec ted a s an a s y m e t r i c a l o s c i l l a t o r . 

C o n c l u s i o n s 

From t h e example d i s c u s s e d , i t i s c l e a r t h a t h igh 
f r equency t r a n s f o r m e r c o u p l e d , DC c u r r e n t s e n s o r s 
can be b u i l t w i t h v e r y s i m p l e magne t i c s and 
a s s o c i a t e d c i r c u i t s . 
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