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1
 

D
ig

ita
l M

e
a
s
u

re
m

e
n

t o
f v

o
lta

g
e
s
 

re
v
 1

 
 

 P
u

rp
o

s
e
: 

D
ig

ita
l 

m
e
a
s
u
re

m
e
n
t 

o
f 

v
o
lta

g
e
s
 
u
s
in

g
 
a
 
v
o
lta

g
e
-to

-fre
q

u
e
n
c
y
 
c
o
n

v
e
rte

r, 
u
s
in

g
 
th

e
 

fre
q

u
e
n
c
y
-to

-v
o
lta

g
e
 c

o
n
v
e
rte

r, m
a
k
in

g
 a

 c
o
m

p
a
ra

to
r w

ith
 h

y
s
te

re
s
is

. 
 

S
u

m
m

a
ry

 o
f th

e
o

ry
 

 
A

 s
im

p
le

 w
a
y
 to

 d
ig

ita
lly

 m
e
a
s
u
re

 a
 v

o
lta

g
e
 is

 to
 o

b
ta

in
 a

 s
ig

n
a
l (u

s
u
a
lly

 re
c
ta

n
g

u
la

r) w
h
o
s
e
 

p
e
rio

d
 o

r fre
q
u
e
n
c
y
 is

 lin
e
a
r w

ith
 th

e
 v

o
lta

g
e
 m

e
a
s
u
re

d
. T

h
e
n
, u

s
in

g
 a

 d
ig

ita
l m

e
th

o
d
 to

 m
e
a
s
u
re

 th
e
 

tim
e
 in

te
rv

a
ls

 a
n
d
 th

e
 fre

q
u
e
n
c
ie

s
, a

 v
a
lu

e
 p

ro
p
o
rtio

n
a
l to

 th
e
 o

n
e
 o

f th
e
 m

e
a
s
u
re

d
 v

o
lta

g
e
, is

 o
b
ta

in
e
d
 

(th
e
 p

ro
p
o
rtio

n
a
lity

 fa
c
to

r is
, u

s
u
a
lly

, a
 p

o
w

e
r o

f 1
0
). 

 
T

h
e
 o

p
e
ra

tin
g

 p
rin

c
ip

le
 o

f th
e
 v

o
lta

g
e
-to

-fre
q

u
e
n

c
y
 c

o
n

v
e
rte

r 

 
T

h
e
 p

u
rp

o
s
e
 o

f th
e
 c

o
n
v
e
rte

r is
 to

 g
e
n
e
ra

te
 a

 s
ig

n
a
l w

h
o
s
e
 fre

q
u
e
n
c
y
 is

 lin
e
a
r w

ith
 its

 in
p
u
t 

v
o
lta

g
e
. A

 b
lo

c
k
 d

ia
g
ra

m
 is

 g
iv

e
n
 in

 F
ig

u
re

 1
, w

h
e
re

 a
 c

o
n
tro

lle
d
 p

u
ls

e
 g

e
n
e
ra

to
r is

 u
s
e
d
. It g

e
n
e
ra

te
s
 a

 
n
e
g

a
tiv

e
 p

u
ls

e
, w

ith
 p

e
rio

d
 T

1  a
n
d
 a

m
p
litu

d
e
 U

i , w
h
e
n
 a

 ris
in

g
 s

lo
p
e
 is

 in
p
u
tte

d
 to

 it. T
h
e
 tim

e
 re

fe
re

n
c
e
 

in
 

th
e
 

b
lo

c
k
 

d
ia

g
ra

m
 

p
e
rio

d
ic

a
lly

 
g
e
n
e
ra

te
s
 

p
u
ls

e
s
 

w
ith

 
p
e
rio

d
 

T
r . 

T
h
e
 

s
c
h
e
m

a
tic

 
a
llo

w
s
 

th
e
 

m
e
a
s
u
re

m
e
n
t o

f th
e
 p

o
s
itiv

e
 v

o
lta

g
e
s
. 

 
F

ig
. 1

 B
lo

c
k
 d

ia
g
ra

m
 o

f th
e
 v

o
lta

g
e
-to

-fre
q
u
e
n
c
y
 c

o
n
v
e
rte

r 

S
u
p
p
o
s
e
 u

(t) is
 in

itia
lly

 0
, a

n
d
 U

x
 >

0
V

. T
h
e
 v

o
lta

g
e
 u

(t) d
ro

p
s
 a

s
 s

h
o
w

n
 b

y
 th

e
 re

la
tio

n
: 

 

1

(
)

x
U

t
u

t
R

C
=

−
 

(1
) 

u
n
til 

p
V

t
u

−
=

)
(

 (F
ig

.2
). N

o
w

, u
c
o

m
p

 =
 "lo

g
ic

a
l" 1

, a
n
d
 th

e
 p

u
ls

e
 g

e
n
e
ra

to
r g

e
n
e
ra

te
s
 a

 p
u
ls

e
 w

ith
 in

v
e
rs

e
 

p
o
la

rity
 th

a
n
 th

e
 o

n
e
 o

f th
e
 m

e
a
s
u
re

d
 v

o
lta

g
e
. If h

ig
h
 e

n
o
u
g

h
, u

(t) lin
e
a
rly

 in
c
re

a
s
e
s
 d

u
rin

g
 p

e
rio

d
 T

1 . 
A

fte
r th

is
 p

u
ls

e
, u

(t) d
e
c
re

a
s
e
s
 w

ith
 th

e
 s

a
m

e
 s

lo
p
e
, a

s
 in

itia
lly

, u
n
til u

(t)=
-V

p  (a
 p

e
rio

d
 T

2 ). A
 n

e
w

 p
u
ls

e
 

is
 g

e
n
e
ra

te
d
 a

n
d
 th

e
 p

ro
c
e
s
s
 is

 re
p
e
a
te

d
. T

h
e
re

fo
re

, a
t th

e
 in

te
g
ra

to
r o

u
tp

u
t, a

 p
e
rio

d
ic

 s
e
q

u
e
n
c
e
 o

f 
tria

n
g

u
la

r p
u
ls

e
s
, a

n
d
, a

t th
e
 o

u
tp

u
t o

f th
e
 c

o
m

p
a
ra

to
r, a

 s
e
q

u
e
n
c
e
 o

f v
e
ry

 s
h
o
rt p

u
ls

e
s
, a

p
p
e
a
r. T

h
e
 

p
u
rp

o
s
e
 is

 to
 d

e
te

rm
in

e
 th

e
ir fre

q
u
e
n
c
y
 o

f o
c
c
u
rre

n
c
e
. 

 
F

ig
.2

. T
h
e
 w

a
v
e
fo

rm
s
 fo

r a
 

f
V

−
 c

o
n
v
e
rte

r 

 
O

n
 th

e
 s

e
g

m
e
n
t A

-B
 (F

ig
u
re

 2
), s

u
p
p
o
s
e
 th

a
t tA =

0
 is

 th
e
 tim

e
 o

rig
in

, th
e
 v

o
lta

g
e
 c

a
n
 b

e
 w

ritte
n
 a

s
 

fo
llo

w
s
: 
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2
 

 
p

x
x

V
T

C
R U

u
T

u
t

C
R U

u
t

u
−

=
−

=
⇒

−
=

2
1

2
1

)
0(

)
(

)
0(

)
(

 
(2

) 

fo
r th

e
 B

-C
 s

e
g
m

e
n
t: 

 
)

0(
)

(
)

(
1

)
(

)
(

2
1

2
2

1
2

u
T

T
u

T
t

C
R U

R U
T

u
t

u
i

x
=

+
⇒

−
  

  
−

−
=

 
(2

`) 

 
1

2
2

1
1

1
2

1
2

1

)
(

)
0(

1
)

0(
T

C
R U

T
T

C
R U

u
T

C
R U

R U
T

C
R U

u
i

x
i

x
x

=
+

⇒
=

  
  

−
−

−
 

(2
``) 

It re
s
u
lts

 th
a
t th

e
 p

e
rio

d
 

2
1

T
T

T
+

=
 is

 g
iv

e
n
 b

y
 th

e
 re

la
tio

n
 (3

) 

 
1

2 1
T

R R

U U
T

x i
=

 a
n
d
 

2
1

1
1

1
x

x

i

U
R

f
K

U
T

R
U

=
=

 
(3

) 

 
A

t 
th

e
 

o
u
tp

u
t 

o
f 

th
e
 

c
o
m

p
a
ra

to
r, 

a
 

s
e
q

u
e
n
c
e
 

o
f 

v
e
ry

 
s
h
o
rt 

p
u
ls

e
s
 

w
ith

 
th

e
 

fre
q

u
e
n
c
y
 

o
f 

o
c
c
u
rre

n
c
e
 p

ro
p
o
rtio

n
a
l to

 th
e
 m

e
a
s
u
re

d
 v

o
lta

g
e
 U

x , a
p
p
e
a
rs

. T
h
e
re

fo
re

, th
e
 v

o
lta

g
e
 m

e
a
s
u
re

m
e
n
t is

 
e
q

u
iv

a
le

n
t to

 th
e
 d

ig
ita

l m
e
a
s
u
re

m
e
n
t o

f th
is

 fre
q
u
e
n
c
y
.  

T
h
is

 o
p
e
ra

tio
n
 is

 d
o
n
e
 b

y
 m

e
a
n
s
 o

f th
e
 g

a
te

, tim
e
 re

fe
re

n
c
e
 g

e
n
e
ra

to
r, c

o
u
n
te

r (u
n
iv

e
rs

a
l c

o
u
n
te

r). T
h
e
 

n
u
m

b
e
r o

f p
u
ls

e
s
 c

o
u
n
te

d
 d

u
rin

g
 th

e
 g

a
te

 o
p
e
n
 tim

e
 (T

r  ) is
: 

 
2

2

1
1

x
r

r
x

i

U
T

R
T

N
K

U
T

R
T

U
=

=
=

 
(4

) 

T
h
e
 p

re
c
is

io
n
 o

f th
e
 n

u
m

b
e
r N

 is
 d

e
te

rm
in

e
d
 b

y
: 

• 
th

e
 p

u
ls

e
 a

re
a
, U

i T
1 , 

• 
th

e
 p

re
c
is

io
n
 o

f th
e
 ra

tio
 o

f th
e
 re

s
is

ta
n
c
e
s
, R

1 /R
2 , 

• 
in

a
c
c
u
ra

c
ie

s
 o

f th
e
 O

p
e
ra

tio
n
a
l A

m
p
lifie

r a
n
d
 o

f th
e
 c

o
m

p
a
ra

to
r, 

• 
th

e
 p

re
c
is

io
n
 o

f th
e
 tim

e
 re

fe
re

n
c
e
. 

In
 a

d
d
itio

n
, a

t th
e
 p

re
c
is

io
n
 o

f th
e
 d

ig
ita

l m
e
a
s
u
re

m
e
n
t o

f th
e
 v

o
lta

g
e
 U

X  (s
e
e
n
 a

s
 a

 re
la

tiv
e
 e

rro
r) a

n
 

e
rro

r o
f th

e
 ty

p
e
 1

/N
, w

h
ic

h
 is

 s
p
e
c
ific

 to
 d

ig
ita

l m
e
a
s
u
re

m
e
n
t o

f th
e
 fre

q
u
e
n
c
ie

s
 a

n
d
 tim

e
 in

te
rv

a
ls

, 
a
p
p
e
a
r. 

 
T

h
e
 o

p
e
ra

tin
g

 p
rin

c
ip

le
 o

f th
e
 fre

q
u

e
n

c
y
-to

- v
o

lta
g

e
 c

o
n

v
e
rte

r 

 
T

h
e
 

p
u
rp

o
s
e
 

o
f 

th
e
 

c
o
n
v
e
rte

r 
is

 
to

 
g

e
n
e
ra

te
 
a
 

D
C

 
v
o
lta

g
e
 

w
h
o
s
e
 

v
a
lu

e
 

is
 

lin
e
a
r 

w
ith

 
th

e
 

fre
q

u
e
n
c
y
 o

f its
 in

p
u
t s

ig
n
a
l. A

 b
lo

c
k
 d

ia
g
ra

m
 is

 g
iv

e
n
 in

 F
ig

u
re

 3
, w

h
e
re

 a
 c

o
n
tro

lle
d
 p

u
ls

e
 g

e
n
e
ra

to
r is

 
u
s
e
d
. It g

e
n
e
ra

te
s
 a

 n
e
g
a
tiv

e
 p

u
ls

e
, w

ith
 p

e
rio

d
 T

1  a
n
d
 a

m
p
litu

d
e
 U

1
 (fix

e
d
 v

a
lu

e
s
), w

h
e
n
 a

 ris
in

g
 s

lo
p
e
 is

 
in

p
u
tte

d
 to

 it. T
h
e
 re

s
u
lte

d
 w

a
v
e
fo

rm
 is

 a
p
p
lie

d
 to

 a
 m

e
a
n
 v

a
lu

e
 d

e
te

c
to

r (a
 L

P
F

 w
ith

 th
e
 fre

q
u
e
n
c
y
 f-3

d
B

 

lo
w

e
r th

a
n
 th

e
 fre

q
u
e
n
c
y
 o

f th
e
 in

p
u
t s

ig
n
a
l). 

 

 

 

F
ig

.3
. B

lo
c
k
 d

ia
g
ra

m
 o

f th
e
 fre

q
u
e
n
c
y
-to

-v
o
lta

g
e
 

c
o
n
v
e
rte

r 
F

ig
.4

. T
h
e
 w

a
v
e
fo

rm
s
 fo

r th
e
 

V
f

−
 

c
o
n
v
e
rte

r 

If 
_

m
in

_
m

ax
,

P
in

in
U

U
U

∈






 a

n
d
 T

1  <
T

x  re
la

tio
n
 (5

) is
 o

b
ta

in
e
d
 fo

r U
o
 : 
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3
 

 
1

1
o

x

x

T
U

U
K

f
T

=
=

⋅
 

(5
) 

T
h
e
 p

re
c
is

io
n
 is

 d
e
te

rm
in

e
d
 b

y
: 

• 
th

e
 p

u
ls

e
 a

re
a
, U

i T
1 , 

• 
in

a
c
c
u
ra

c
ie

s
 o

f th
e
 m

e
a
n
 v

a
lu

e
 d

e
te

c
to

r (fre
q

u
e
n
c
y
 f-3

d
B

  to
 h

ig
h
 fo

r th
e
 in

p
u
t s

ig
n
a
l), 

• 
th

e
 n

o
is

e
 s

u
p
e
rim

p
o
s
e
d
 o

n
 th

e
 in

p
u
t s

ig
n
a
l, 

• 
in

a
c
c
u
ra

c
ie

s
 o

f th
e
 c

o
m

p
a
ra

to
r. 

T
h

e
 c

o
m

p
a
ra

to
r w

ith
 h

y
s
te

re
s
is

 

 
T

h
e
 c

o
m

p
a
ra

to
r g

e
n
e
ra

te
s
 a

 v
o
lta

g
e
 th

a
t c

a
n
 o

n
ly

 h
a

v
e

 tw
o

 v
a

lu
e
s
, U

o
H  o

r U
o
L , d

e
p
e
n
d
in

g
 o

n
 th

e
 

v
a
lu

e
 o

f th
e
 in

p
u
t v

o
lta

g
e
 (if its

 h
ig

h
e
r o

r lo
w

e
r th

a
n
 a

 th
re

s
h
o
ld

 v
o
lta

g
e
, U

P ). T
h
e
 c

o
m

p
a
ra

to
r w

ith
 

h
y
s
te

re
s
is

 is
 c

h
a
ra

c
te

riz
e
d
 b

y
 th

e
 fa

c
t it h

a
s
 tw

o
 th

re
s
h
o
ld

 v
o
lta

g
e
s
 (a

s
 o

b
s
e
rv

e
d
 a

ls
o
 fro

m
 th

e
 e

x
a
m

p
le

 
g

iv
e
n
 in

 F
ig

u
re

 3
), d

e
p
e
n
d
in

g
 o

n
 th

e
 in

c
re

a
s
in

g
 o

r d
e
c
re

a
s
in

g
 e

v
o
lu

tio
n
 o

f U
in . 

 
 

F
ig

. 5
. S

c
h
e
m

a
tic

 o
f a

 c
o
m

p
a
ra

to
r w

ith
 h

y
s
te

re
s
is

 a
n
d
 its

 in
p
u
t-o

u
tp

u
t c

h
a
ra

c
te

ris
tic

 

F
o
r th

e
 c

irc
u
it in

 F
ig

u
re

 5
 : 

 
(6

) 

w
h
e
re

      

1

2
4

2
2

3
4

1

2
2

     
     

1
1

1
1

2
2

o
r

p
r

o
L

p

p
r

o
H

U
U

K
U

U
U

R
R

K
K

U
K

U
U

U
R

R
R

K
K


+

=
+


+

+
=

⇒


+
+


=

+


+
+

  if    

2
3

24

 

R
RR

K
R =


=



 
(7

) 

T
h
e
 th

re
s
h
o
ld

 v
o
lta

g
e
, U

p , a
n
d
 th

e
 trig

g
e
r w

in
d
o

w
, ∆

U
, c

a
n
 b

e
 d

e
fin

e
d
 : 

 
(

) (
)

(
)

1
2

2
1

1

2
2

2
2

2

p
p

p
r

o
H

o
L

p
p

o
H

o
L

U
U

K
U

U
U

U
K

K

K
U

U
U

U
U

K

+


=
=

+
⋅

+


+
⋅

+


∆
=

−
=

−


+

s
o
 th

a
t 

21

/2/2

p
p

p
p

U
U

U

U
U

U

=
+

∆


=
−

∆


 
(8

) 

A
n
o
th

e
r im

p
o
rta

n
t p

a
ra

m
e
te

r o
f a

 c
o
m

p
a
ra

to
r is

 S
le

w
 R

a
te

 (S
R

), w
h
ic

h
 in

d
ic

a
te

s
 th

e
 m

a
x
im

u
m

 
s
p
e
e
d
 o

f th
e
 v

a
ria

tio
n
 o

f th
e
 o

u
tp

u
t v

o
lta

g
e
 o

f th
e
 c

o
m

p
a
ra

to
r, fo

r a
ll th

e
 p

o
s
s
ib

le
 v

a
lu

e
s
 o

f th
e
 in

p
u
t 

s
ig

n
a
l : 

 
(

)
m

ax
o

d
U

t
S
R

d
t




=






 

(9
) 
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4
 

M
e
a
s
u

re
m
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Figure 12: Assembly of the system with fU −  converter, voltage divider, hysteresis comparator and Uf − converter 
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