




V
ie

w
p

o
in

t 
O

nw
ar

d
 a

nd
 U

p
w

ar
d

, B
y 

C
lif

f K
ey

s,
 E

d
ito

r-
in

-C
hi

ef
, P

S
D

E
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

4

In
d

us
tr

y 
N

ew
s

Fe
rr

az
 S

ha
w

m
ut

 T
he

rm
al

 M
an

ag
em

en
t .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.6
H

ar
tin

g 
G

ro
w

s 
– 

S
uc

ce
ss

fu
l 2

00
8 

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
..

6
IB

C
 S

O
LE

R
 a

nd
 E

ne
rc

oo
p

 B
ui

ld
 1

3.
2M

W
 S

ol
ar

 P
ow

er
 P

la
nt

 in
 S

p
ai

n 
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

6
Fi

rs
t 

R
ep

ow
er

 6
M

W
 T

ur
b

in
es

 A
ss

em
b

le
d

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

7

P
S

S
 F

ly
b

ac
k 

C
on

tr
ol

le
rs

 M
ee

t 
E

ne
rg

y 
E

ffi
ci

en
cy

 R
eg

ul
at

io
ns

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
..

8

W
ha

t 
D

oe
s 

B
ei

ng
 ‘G

re
en

’ R
ea

lly
 M

ea
n?

 B
y 

To
ny

 A
rm

st
ro

ng
, L

in
ea

r 
Te

ch
no

lo
gy

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
10

E
ne

rg
y 

C
on

ce
rn

s 
D

riv
e 

D
em

an
d

, B
y 

A
sh

 S
ha

rm
a,

 IM
S

 R
es

ea
rc

h .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.1

2

D
es

ig
n 

T
ip

s 
Fr

eq
ue

nc
y 

R
es

p
on

se
 o

f S
w

itc
hi

ng
 P

ow
er

 S
up

p
lie

s,
 B

y 
D

r. 
R

ay
 R

id
le

y,
 R

id
le

y 
E

ng
in

ee
rin

g 
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.1
4

O
n 

T
he

 R
o

ad
 

E
m

er
so

n 
N

et
w

or
k 

P
ow

er
, R

ep
or

te
d 

by
 C

lif
f K

ey
s,

 E
di

to
r-

in
-C

hi
ef

, P
S

D
E

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
..

18

P
M

O
LE

D
S

 S
av

e 
P

ow
er

 a
nd

 C
os

t,
 R

ep
or

te
d

 b
y 

C
lif

f K
ey

s,
 E

d
ito

r-
in

-C
hi

ef
, P

S
D

E
 ...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.2

0

C
o

ve
r 

S
to

ry
 

La
te

st
 G

en
er

at
io

n 
D

C
-D

C
 P

ow
er

 M
od

ul
es

, B
y 

Ta
m

ar
a 

S
ch

m
itz

, Z
ak

i M
ou

ss
ao

ui
 a

nd
 S

ar
ik

a 
A

ro
ra

, I
nt

er
si

l C
or

p
or

at
io

n 
...

...
...

...
...

...
...

...
...

...
...

...
21

S
o

la
r 

P
o

w
er

 
G

re
en

 L
ig

ht
in

g,
 B

y 
R

ag
ha

va
n 

S
am

p
at

h,
 F

re
es

ca
le

 S
em

ic
on

d
uc

to
r .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.2

6

P
o

w
er

 C
o

nv
er

si
o

n 
G

aN
-B

as
ed

 P
ow

er
 D

ec
ic

e 
P

la
tf

or
m

, B
y 

M
ic

ha
el

 A
. B

rie
re

, A
C

O
O

 E
nt

er
p

ris
es

 L
LC

, c
on

tr
ac

te
d

 t
o 

In
te

rn
at

io
na

l R
ec

tifi
er

 ..
...

...
...

...
...

...
...

...
...

...
...

28

S
p

ec
ia

l R
ep

o
rt

: E
ne

rg
y 

E
ffi

ci
en

cy
 

K
no

w
le

d
ge

 is
 P

ow
er

, B
y 

E
ric

 H
ab

er
, W

ol
fs

on
 M

ic
ro

el
ec

tr
on

ic
s .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
..

34
E

ne
rg

y 
E

ffi
ci

en
cy

 w
ith

 H
V

D
C

 T
ec

hn
ol

og
y,

 B
y 

A
nd

er
s 

G
us

ta
fs

so
n,

 M
ar

c 
Je

ro
en

se
 a

nd
 J

oh
an

 K
ar

ls
tr

an
d

, A
B

B
 P

ow
er

 S
ys

te
m

s .
...

...
...

...
...

...
...

...
37

D
es

ig
ni

ng
 fo

r 
E

ne
rg

y 
S

av
in

g,
 B

y 
G

ui
se

p
p

e 
D

i S
te

na
no

, S
TM

ic
ro

el
ec

tr
on

ic
s 

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
40

D
es

ig
ni

ng
 fo

r 
E

ne
rg

y 
E

ffi
ci

en
cy

 a
t 

th
e 

C
om

p
on

en
t 

Le
ve

l, 
B

y 
Le

n 
C

ra
ne

, C
oi

lc
ra

ft
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.4

3
Th

e 
A

ge
 o

f t
he

 1
00

%
 E

ffi
ci

en
t 

P
ow

er
 S

up
p

ly
, B

y 
La

sz
io

 B
al

og
h,

 F
ai

rc
hi

ld
 S

em
ic

on
d

uc
to

r .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

46
E

ne
rg

y 
E

ffi
ci

en
t 

C
ha

rg
er

s,
 B

y 
S

ilv
es

tr
o 

Fi
m

ia
ni

, P
ow

er
 In

te
gr

at
io

ns
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

..
50

N
ew

 P
ro

d
uc

ts
: W

eb
 E

xc
lu

si
ve

 C
o

nt
en

t 
– 

G
o

 t
o

: w
w

w
.p

o
w

er
sy

st
em

sd
es

ig
n.

co
m

O
nl

y 
tim

e 
w

ill
 t

el
l, 

R
ep

or
te

d
 b

y 
C

lif
f K

ey
s,

 E
d

ito
r-

in
-C

hi
ef

, P
S

D
E

  ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.5

6

D
ilb

er
t 

– 
56

P
o

w
er

 S
ys

te
m

s 
D

es
ig

n 
E

ur
o

p
e 

A
d

vi
so

ry
 B

o
ar

d

M
em

b
er

A
rn

ol
d

 A
ld

er
m

an
H

ei
nz

 R
üe

d
i

M
ar

io
n 

Li
m

m
er

E
ric

 L
id

ow
D

r. 
R

ei
nh

ol
d

 B
ay

er
er

D
r. 

Le
o 

Lo
re

nz
D

av
in

 L
ee

To
ny

 A
rm

st
ro

ng
H

an
s 

D
. H

ub
er

R
ep

re
se

nt
in

g
A

na
ge

ne
si

s
C

T-
C

on
ce

p
t 

Te
ch

no
lo

gy
Fa

irc
hi

ld
 S

em
ic

on
d

uc
to

r
In

d
us

tr
y 

Lu
m

in
ar

y
In

fin
eo

n 
Te

ch
no

lo
gi

es
In

fin
eo

n 
Te

ch
no

lo
gi

es
In

te
rs

il
Li

ne
ar

 T
ec

hn
ol

og
y

LE
M

M
em

b
er

A
nd

re
w

 C
ow

el
l

M
ic

he
le

 S
cl

oc
ch

i
M

ik
e 

N
oo

ne
n

K
irk

 S
ch

w
ie

b
er

t
C

hr
is

to
p

he
 B

as
so

B
al

u 
B

al
ak

ris
hn

an
P

au
l G

re
en

la
nd

U
w

e 
M

en
ge

lk
am

p
P

et
er

 S
on

th
ei

m
er

R
ep

re
se

nt
in

g
M

ic
re

l
N

at
io

na
l S

em
ic

on
d

uc
to

r
N

X
P

 S
em

ic
on

d
uc

to
rs

O
hm

ite
O

n 
S

em
ic

on
d

uc
to

r
P

ow
er

 In
te

gr
at

io
ns

S
em

te
ch

Te
xa

s 
In

st
ru

m
en

ts
Ty

co
 E

le
ct

ro
ni

cs

© 2009, National Semiconductor Corporation. National Semiconductor,    , and PowerWise are registered trademarks. All rights reserved.

na
tio
na
l.c
om
/e
as
y

D
is

co
ve

r a
 w

ea
lth

 o
f 

de
si

gn
 re

so
ur

ce
s

Ex
pl

or
e 

“h
ow

 to
” 

vi
de

os
, 

on
lin

e 
co

ur
se

s,
 a

rti
cl

es
, 

an
d 

th
e 

la
te

st
 d

es
ig

n 
te

ch
no

lo
gi

es
.

Fi
nd

 th
e 

pe
rfe

ct
 m

ix
 o

f 
pr

od
uc

ts
 fo

r y
ou

r d
es

ig
n

Us
e 

N
at

io
na

l’s
 o

nl
in

e 
pr

od
uc

t 
ca

ta
lo

g,
 d

ow
nl

oa
da

bl
e 

co
lla

te
ra

l, 
an

d 
fe

at
ur

ed
 o

nl
in

e 
si

te
s 

to
 c

om
pa

re
 a

nd
 s

el
ec

t 
pr

od
uc

ts
.

D
es

ig
n,

 b
ui

ld
 a

nd
 

va
lid

at
e 

a 
so

lu
tio

n

Sp
ee

d 
tim

e-
to

-m
ar

ke
t w

ith
 

th
e 

ne
w

 W
EB

EN
CH

®
 S

en
so

r 
De

si
gn

er
 a

nd
 e

nh
an

ce
d 

W
EB

EN
CH

 P
ow

er
 D

es
ig

ne
r.



V
IE

W
P

O
IN

T

P
ow

er
 S

ys
te

m
s 

D
es

ig
n 

   
 J

an
ua

ry
/F

eb
ru

ar
y 

20
09

4

hi
ts

 a
nd

 r
ol

l w
ith

 th
e 

pu
nc

he
s,

 b
ut

 in
 th

e 
en

d 
w

e’
ll 

co
m

e 
ou

t o
f i

t. 
 

In
 a

ll 
m

y 
ye

ar
s 

in
 th

e 
se

m
ic

on
du

ct
or

 
in

du
st

ry
, t

oo
 m

an
y 

to
 a

dm
it 

w
hi

le
 

ke
ep

in
g 

m
y 

yo
ut

hf
ul

 s
el

f-
es

te
em

, I
 h

av
e 

se
en

 m
an

y 
up

s 
an

d 
do

w
ns

. W
e’

re
 n

ow
 

ce
rt

ai
nl

y 
in

 o
ne

 o
f t

he
 d

ow
ns

, a
 b

ad
 o

ne
, 

bu
t i

t w
ill

 p
as

s.
 

M
an

y 
w

ill
 tr

y 
‘th

in
ki

ng
 o

ut
 o

f t
he

 b
ox

’, 
ot

he
rs

 w
ill

 tr
y 

‘h
id

in
g 

in
 th

e 
bo

x’
, s

om
e 

w
ill

 lo
ok

 fo
r 

‘a
no

th
er

 b
ox

’ b
ut

 m
os

t w
ill

 
su

cc
es

sf
ul

ly
 fi

nd
 a

 w
ay

 o
f m

ak
in

g 
‘th

e 
bo

x’
 a

 le
an

er
 a

nd
 m

ea
ne

r 
an

d 
m

or
e 

vi
ab

le
 v

es
se

l, 
ho

pe
fu

lly
 s

te
er

ed
 b

y 
th

os
e 

w
ho

 a
re

 m
os

t c
ap

ab
le

 o
f t

he
 ta

sk
.

S
o 

w
ho

 n
ee

ds
 p

ow
er

? 
S

tu
pi

d 
qu

es
tio

n 
fo

r 
su

re
. W

he
re

 d
o 

w
e 

go
 w

ith
 a

ll 
th

e 
gr

ea
t t

ec
hn

ol
og

ie
s 

an
d 

pr
od

uc
ts

 th
at

 w
ill

 
he

lp
 s

av
e 

ou
r 

in
du

st
ry

, o
ur

 e
nv

iro
nm

en
t 

as
 w

el
l a

s 
ou

r 
cr

ed
it 

ca
rd

s?
 W

e 
ha

ve
 

a 
go

ld
en

 o
pp

or
tu

ni
ty

. W
ith

 th
e 

en
er

gy
 

cr
is

is
 n

ow
 b

iti
ng

 a
t o

ur
 e

xt
re

m
iti

es
, w

e 
ha

ve
 to

p 
cl

as
s 

en
gi

ne
er

in
g 

on
 a

 g
lo

ba
l 

sc
al

e 
to

 g
et

 u
s 

of
f t

he
 d

ep
en

de
nc

y 
on

 
co

nv
en

tio
na

l e
ne

rg
y 

so
ur

ce
s 

an
d 

th
e 

to
xi

c 
na

tu
re

 o
f i

ts
 b

y-
pr

od
uc

ts
. T

hi
s 

se
em

s 
so

 im
po

rt
an

t a
nd

 y
et

 s
o 

ob
vi

ou
s,

 
th

at
 e

ve
n 

th
e 

po
lit

ic
ia

ns
 m

us
t s

ee
 it

, a
nd

 
m

or
e 

im
po

rt
an

tly
, t

o 
nu

rt
ur

e 
th

e 
ve

ry
 

in
du

st
ry

 th
at

 w
ill

 b
e 

th
e 

ul
tim

at
e 

sa
vi

ou
r 

of
 th

is
 m

ul
ti-

fa
ce

te
d 

pe
ril

.

I l
oo

k 
fo

rw
ar

d 
to

 s
er

vi
ng

 o
ur

 e
xt

en
de

d 
au

di
en

ce
 a

nd
 w

ou
ld

 li
ke

 to
 in

vi
te

 
fe

ed
ba

ck
 to

 e
na

bl
e 

m
e 

to
 g

iv
e 

yo
u 

w
ha

t 
yo

u 
ne

ed
 in

 th
e 

fo
rm

at
 a

nd
 s

ty
le

 th
at

 y
ou

 
w

an
t i

t. 
P

le
as

e 
ch

ec
k-

ou
t o

ur
 w

eb
si

te
 

an
d 

th
e 

on
lin

e 
co

nt
en

t, 
gi

ve
 m

e 
yo

ur
 

fe
ed

ba
ck

 a
nd

 h
av

e 
a 

lo
ok

 a
t o

ur
 fu

n-
st

rip
 

D
ilb

er
t, 

at
 th

e 
ba

ck
 o

f t
he

 m
ag

az
in

e.

A
ll 

th
e 

be
st

!

E
di

to
r-

in
-C

hi
ef

, P
S

D
E

C
lif

f.K
ey

s@
po

w
er

sy
st

em
sd

es
ig

n.
co

m

A
s 

w
e 

la
un

ch
 fo

rt
h 

in
to

 a
 n

ew
 a

nd
 

so
m

ew
ha

t b
ew

ild
er

in
g 

ye
ar

, w
e 

at
 

P
ow

er
 S

ys
te

m
s 

D
es

ig
n 

la
un

ch
 o

ur
 

m
ag

az
in

e’
s 

co
ve

ra
ge

 o
f t

he
 p

ow
er

 
co

m
m

un
ity

 in
to

 N
or

th
 A

m
er

ic
a 

w
ith

 
ou

r 
ne

w
 e

di
tio

n 
to

 th
e 

P
S

D
 fa

m
ily

, 
P

ow
er

 S
ys

te
m

s 
D

es
ig

n 
N

or
th

 A
m

er
ic

a.
 

N
ow

 w
e 

ha
ve

 a
 c

om
m

un
ity

 o
f l

ik
e-

m
in

de
d 

po
w

er
 s

pe
ci

al
is

ts
 s

pa
nn

in
g 

C
hi

na
, E

ur
op

e 
an

d 
N

or
th

 A
m

er
ic

a 
ea

ch
 

re
gi

on
 w

ith
 it

’s
 o

w
n 

lo
ca

liz
ed

 c
on

te
nt

 
pr

od
uc

tio
n 

an
d 

di
st

rib
ut

io
n.

 

W
ith

 a
 g

lo
ba

l p
ow

er
 a

ud
ie

nc
e 

of
 

ov
er

 6
1,

00
0 

w
e 

ha
ve

 n
ow

, I
 b

el
ie

ve
, 

a 
tr

em
en

do
us

 o
pp

or
tu

ni
ty

 a
nd

 a
 

va
st

 r
es

ou
rc

e 
at

 o
ur

 fi
ng

er
tip

s 
w

ith
 

te
ch

no
lo

gi
es

, p
ro

du
ct

s 
an

d 
co

m
pa

ni
es

 
th

at
 o

pe
ra

te
 o

n 
a 

lo
ca

l o
r 

gl
ob

al
 b

as
is

, 
w

e 
ca

n 
re

po
rt

 a
nd

 s
ha

re
 th

e 
ne

w
s,

 v
ie

w
s 

an
d 

te
ch

ni
ca

l e
xp

er
tis

e 
fo

r 
w

hi
ch

 o
ur

 
in

du
st

ry
 is

 r
en

ow
ne

d.

A
P

E
C

 c
om

es
 b

ut
 o

nc
e 

a 
ye

ar
. T

o 
m

an
y,

 in
cl

ud
in

g 
m

ys
el

f, 
it 

is
 th

e 
si

ng
le

 
m

os
t r

el
ev

an
t e

ve
nt

 fo
r 

th
e 

po
w

er
 

in
du

st
ry

 in
 N

or
th

 A
m

er
ic

a.
 T

hi
s 

ye
ar

 
it 

is
 h

el
d 

be
tw

ee
n 

F
eb

ru
ar

y 
15

 –
19

 in
 

W
as

hi
ng

to
n 

D
C

. I
 lo

ok
 fo

rw
ar

d 
to

 s
ee

in
g 

yo
u 

th
er

e.

T
he

 fi
na

nc
ia

l p
re

di
ca

m
en

t t
he

 w
or

ld
 

fin
ds

 it
se

lf 
in

 h
as

 it
s 

ow
n 

tu
rm

oi
l w

hi
ch

 is
 

af
fe

ct
in

g 
al

l o
f u

s 
in

 th
e 

in
du

st
ry

. I
t’s

 n
ot

 
a 

co
m

fo
rt

ab
le

 ti
m

e 
or

 p
la

ce
 to

 b
e,

 w
ith

 
th

e 
in

se
cu

rit
y 

an
d 

un
pr

ed
ic

ta
bi

lit
y 

of
 th

e 
fu

tu
re

. I
t d

oe
s 

no
t f

ee
l g

oo
d,

 I 
kn

ow
. T

he
 

go
od

 n
ew

s 
is

 th
at

 o
ur

 in
du

st
ry

 w
ill

 p
re

va
il 

an
d 

co
nt

in
ue

 to
 fl

ou
ris

h.
 W

e’
ll 

ta
ke

 th
e 

O
nw

ar
d 

an
d 

U
pw

ar
d



IN
D

U
S

T
R

Y
 N

E
W

S
IN

D
U

S
T

R
Y

 N
E

W
S

P
ow

er
 S

ys
te

m
s 

D
es

ig
n 

   
 J

an
ua

ry
/F

eb
ru

ar
y 

20
09

6
7

w
w

w
.p

ow
er

sy
st

em
sd

es
ig

n.
co

m

T
he

 H
ar

tin
g 

Te
ch

no
lo

gy
 G

ro
up

, h
ea

d-
qu

ar
te

re
d 

in
 E

sp
el

ka
m

p,
 E

as
t W

es
tp

ha
lia

, 
G

er
m

an
y,

 h
as

 a
ga

in
 c

on
cl

ud
ed

 a
 v

er
y 

su
c-

ce
ss

fu
l b

us
in

es
s 

ye
ar

 fo
r 

20
08

. T
he

 c
om

pa
ny

 
su

cc
ee

de
d 

in
 a

dv
an

ci
ng

 s
al

es
 fr

om
 E

U
R

 3
45

 
m

ill
io

n 
in

 th
e 

pr
io

r 
ye

ar
 to

 a
 to

ta
l o

f E
U

R
 3

85
 

m
ill

io
n,

 r
ep

re
se

nt
in

g 
sa

le
s 

ga
in

s 
of

 1
1.

7%
. 

D
ie

tm
ar

 H
ar

tin
g,

 p
er

so
na

lly
 li

ab
le

 p
ar

tn
er

 o
f 

th
e 

H
ar

tin
g 

Te
ch

no
lo

gy
 G

ro
up

, s
um

s 
up

 th
e 

re
su

lts
 a

s 
fo

llo
w

s:
 “

In
 a

im
in

g 
fo

r 
do

ub
le

-d
ig

it 
gr

ow
th

 w
e 

se
t s

om
e 

am
bi

tio
us

 ta
rg

et
s,

 a
nd

 
w

e 
ha

ve
 n

ot
 o

nl
y 

at
ta

in
ed

 o
ur

 g
oa

ls
, b

ut
 e

x-
ce

ed
ed

 th
em

. W
ith

 th
ei

r 
st

ro
ng

 c
om

m
itm

en
t 

an
d 

de
di

ca
tio

n,
 o

ur
 e

m
pl

oy
ee

s 
w

or
ld

w
id

e 
ha

ve
 c

on
tr

ib
ut

ed
 to

 th
is

 p
er

fo
rm

an
ce

.”
S

tr
on

g 
gr

ow
th

 in
 c

or
e 

m
ar

ke
ts

 –
 c

on
si

de
r-

ab
le

 e
xp

an
si

on
 o

f m
ar

ke
t p

os
iti

on
 in

 A
si

a 
– 

U
S

A
 r

em
ai

ns
 s

ta
bl

e 
in

 s
pi

te
 o

f d
iffi

cu
lt 

ge
ne

ra
l 

ec
on

om
ic

 c
on

di
tio

ns
. G

lo
ba

l d
em

an
d 

fo
r 

H
ar

tin
g 

pr
od

uc
ts

 h
as

 in
cr

ea
se

d 
co

ns
id

er
ab

ly
. 

T
he

 c
om

pa
ny

 is
 fi

el
di

ng
 s

ol
ut

io
ns

 th
at

 s
up

pl
y 

sy
st

em
s,

 fa
ci

lit
ie

s 
an

d 
m

ac
hi

ne
s 

in
 a

ll 
in

du
s-

tr
ia

l a
pp

lic
at

io
ns

 w
ith

 d
at

a,
 s

ig
na

ls
 a

nd
 p

ow
er

. 
A

pp
lic

at
io

n 
ar

ea
s 

in
cl

ud
e 

m
ac

hi
ne

 b
ui

ld
in

g 
an

d 
pl

an
t e

ng
in

ee
rin

g,
 a

ut
om

at
io

n 
te

ch
no

lo
gy

, 
po

w
er

 g
en

er
at

io
n 

an
d 

di
st

rib
ut

io
n,

 in
du

st
ria

l 
el

ec
tr

on
ic

s 
an

d 
te

le
co

m
m

un
ic

at
io

ns
.

H
ar

ti
n

g
 G

ro
w

s 
- 

S
u

cc
es

sf
u

l 2
00

8

w
w

w
.H

A
R

T
IN

G
.c

o
m

(fr
om

 le
ft

 to
 r

ig
ht

) P
hi

lip
 F

. W
. H

ar
tin

g,
 S

en
io

r 
Vi

ce
 P

re
si

de
nt

 C
on

ne
ct

iv
ity

 &
 N

et
w

or
ks

; 
M

ar
es

a 
W

. M
. H

ar
tin

g,
 S

en
io

r 
Vi

ce
 P

re
si

de
nt

 
of

 F
in

an
ce

, C
on

tr
ol

lin
g 

an
d 

Ta
x;

 D
ie

tm
ar

 
H

ar
tin

g,
 P

re
si

de
nt

/P
ar

tn
er

 a
nd

 M
ar

gr
it 

H
ar

t-
in

g,
 S

en
io

r 
Vi

ce
 P

re
si

de
nt

 a
nd

 P
ar

tn
er

.

em
br

ac
es

 R
-T

he
ta

’s
 h

ig
h 

pe
rf

or
m

an
ce

 a
ir 

co
ol

in
g 

so
lu

tio
ns

G
eo

gr
ap

hi
ca

l c
ov

er
ag

e 
is

 s
ig

ni
fic

an
tly

 
br

oa
de

r, 
w

ith
 a

 N
or

th
 A

m
er

ic
an

 b
as

e 
jo

in
in

g 
th

e 
E

ur
op

ea
n 

pl
an

t i
n 

La
 M

ur
e,

 F
ra

nc
e,

 a
nd

 a
 

ne
w

 o
pe

ra
tio

n 
in

 K
un

sh
an

, C
hi

na
R

ev
en

ue
 is

 e
nh

an
ce

d 
by

 R
-T

he
ta

’s
 

sa
le

s,
 e

ss
en

tia
lly

 in
 th

e 
N

or
th

 A
m

er
ic

an
 m

ar
-

ke
t. F

er
ra

z 
S

ha
w

m
ut

 T
he

rm
al

 M
an

ag
e-

m
en

t’s
 g

lo
ba

l b
us

in
es

s 
co

nt
in

ue
s 

to
 g

ro
w

 a
s 

it 
fo

llo
w

s 
th

e 
in

du
st

ry
’s

 c
on

tin
uo

us
 im

pr
ov

e-
m

en
t i

n 
th

e 
pe

rf
or

m
an

ce
s 

of
 e

le
ct

ro
ni

c 
co

m
-

po
ne

nt
s 

th
at

 r
eq

ui
re

 e
ffi

ci
en

t c
oo

lin
g 

as
 w

el
l 

as
 th

e 
in

cr
ea

si
ng

 u
se

 o
f e

le
ct

ro
ni

cs
. T

he
 c

om
-

pa
ny

’s
 g

ro
w

th
 is

 d
ue

 to
 th

e 
co

m
pa

ct
, l

ig
ht

-
w

ei
gh

t s
ol

ut
io

ns
 to

 e
xt

ra
ct

 h
ea

t e
ffi

ci
en

tly
.

• •

F
er

ra
z 

S
ha

w
m

ut
 is

 th
e 

E
le

ct
ric

al
 P

ro
te

ct
io

n 
di

vi
si

on
 o

f t
he

 in
te

rn
at

io
na

l i
nd

us
tr

ia
l g

ro
up

 
C

ar
bo

ne
 L

or
ra

in
e 

w
ho

 d
es

ig
n,

 p
ro

du
ce

 a
nd

 
se

ll 
in

no
va

tiv
e 

so
lu

tio
ns

 to
 e

nh
an

ce
 e

ne
rg

y 
ef

fic
ie

nc
y 

an
d 

sa
fe

ty
 o

f e
le

ct
ric

al
 e

qu
ip

m
en

t 
an

d 
sy

st
em

s.
T

he
 c

om
pa

ny
 e

xp
an

de
d 

in
to

 th
e 

co
ol

-
in

g 
un

it 
bu

si
ne

ss
 te

n 
ye

ar
s 

ag
o,

 n
ow

 c
al

le
d 

F
er

ra
z 

S
ha

w
m

ut
 T

he
rm

al
 M

an
ag

em
en

t a
nd

 
ha

s 
be

co
m

e 
a 

gl
ob

al
 p

ar
tn

er
 in

 in
no

va
tio

n 
fo

r 
in

du
st

ry
, o

ffe
rin

g 
cu

tti
ng

 e
dg

e 
so

lu
tio

ns
 in

 
co

ol
in

g.
B

ac
ke

d 
by

 w
or

ld
w

id
e 

or
ga

ni
za

tio
ns

 C
ar

-
bo

ne
 L

or
ra

in
e 

an
d 

its
 E

le
ct

ric
al

 P
ro

te
ct

io
n 

di
vi

si
on

, F
er

ra
z 

S
ha

w
m

ut
 T

he
rm

al
 M

an
ag

e-
m

en
t i

s 
no

w
 r

ea
dy

 to
 a

dv
is

e 
an

d 
se

rv
e 

la
rg

e 
O

E
M

 c
us

to
m

er
s 

w
he

re
ve

r 
th

ey
 m

ay
 lo

ca
te

d.
T

he
 b

us
in

es
s 

ha
s 

op
er

at
io

ns
 in

 th
e 

w
or

ld
’s

 
th

re
e 

m
aj

or
 a

re
as

 o
f e

co
no

m
ic

 a
ct

iv
ity

:
• 

E
ur

op
e:

 L
a 

M
ur

e,
 n

ea
r 

G
re

no
bl

e,
 F

ra
nc

e,
 

w
he

re
 th

e 
bu

si
ne

ss
 w

as
 fo

un
de

d
• 

N
or

th
 A

m
er

ic
a:

 T
or

on
to

, C
an

ad
a 

(s
in

ce
 

ac
qu

iri
ng

 R
-T

he
ta

 in
 2

00
8)

• 
A

si
a:

 N
ew

 p
la

nt
 in

 S
ha

ng
ha

i, 
C

hi
na

.

F
er

ra
z 

S
ha

w
m

ut
 T

he
rm

al
 M

an
ag

em
en

t’s
 

pr
ov

id
es

 g
lo

ba
l s

ol
ut

io
ns

 to
 m

ee
t t

he
 m

ar
ke

t’s
 

en
tir

e 
ra

ng
e 

of
 n

ee
ds

 fo
r 

hi
gh

-t
ec

h 
co

ol
in

g:
• 

H
ig

h-
pe

rf
or

m
an

ce
 d

es
ig

n-
to

-o
rd

er
 a

ir 
co

ol
in

g 
w

ith
 th

e 
fu

ll 
R

-T
he

ta
 r

an
ge

• 
P

ha
se

 c
ha

ng
e 

co
ol

in
g 

w
ith

 T
ra

ns
ca

l h
ea

t 
pi

pe
s

• 
W

at
er

 c
oo

lin
g 

fo
r 

m
ax

im
um

 th
er

m
al

 
pe

rf
or

m
an

ce
s,

 w
ith

 th
e 

M
ul

tic
al

 a
nd

 C
al

is
to

r 
so

lu
tio

ns
 

T
he

se
 s

ol
ut

io
ns

 c
an

 b
e 

de
ve

lo
pe

d 
in

to
 

co
m

pl
et

e 
sy

st
em

s 
co

ve
rin

g 
al

l e
le

m
en

ts
 in

 
th

e 
th

er
m

al
 lo

op
. 

A
cq

u
is

it
io

n
 o

f 
R

-T
h

et
a 

T
h

er
m

al
 

S
o

lu
ti

o
n

s 
In

c.
R

-T
he

ta
 T

he
rm

al
 S

ol
ut

io
ns

 In
c.

, a
 C

an
a-

di
an

 c
om

pa
ny

 b
as

ed
 in

 T
or

on
to

, j
oi

ne
d 

fo
rc

es
 

w
ith

 F
er

ra
z 

S
ha

w
m

ut
 T

he
rm

al
 M

an
ag

em
en

t 
in

 2
00

8.
 W

ith
 th

is
 a

cq
ui

si
tio

n,
 th

e 
sc

op
e 

of
 

F
er

ra
z 

S
ha

w
m

ut
’s

 c
oo

lin
g 

un
it 

bu
si

ne
ss

 h
as

 
gr

ow
n 

in
 th

re
e 

w
ay

s:
P

ro
du

ct
 r

an
ge

 o
f h

ig
h 

te
ch

 s
ol

ut
io

ns
 

in
 w

at
er

 a
nd

 p
ha

se
 c

ha
ng

e 
co

ol
in

g 
no

w
 

•

F
er

ra
z 

S
h

aw
m

u
t 

T
h

er
m

al
 M

an
ag

em
en

t

w
w

w
.f

er
ra

zs
ha

w
m

ut
.c

o
m

IB
C

 S
O

LA
R

, l
ea

di
ng

 p
ho

to
vo

lta
ic

 s
ys

te
m

 
in

te
gr

at
or

, h
as

 fi
ni

sh
ed

 c
on

st
ru

ct
io

n 
of

 a
 n

ew
 

so
la

r 
P

V
 p

la
nt

 to
ge

th
er

 w
ith

 th
e 

S
pa

ni
sh

 
en

er
gy

 s
up

pl
y 

co
m

pa
ny

, G
ru

po
 E

ne
rc

oo
p 

in
 

C
re

vi
lle

nt
e,

 n
ea

r A
lic

an
te

, S
pa

in
. T

he
 p

ro
je

ct
 

w
as

 c
om

pl
et

ed
 in

 th
re

e 
ph

as
es

. T
he

 fi
rs

t 
se

ct
io

n,
 w

ith
 a

n 
ou

tp
ut

 o
f 6

.2
 M

W
p 

(M
eg

a-
w

at
t p

ea
k)

 h
as

 b
ee

n 
fe

ed
in

g 
en

vi
ro

nm
en

ta
lly

 
fr

ie
nd

ly
 e

ne
rg

y 
in

to
 th

e 
S

pa
ni

sh
 p

ow
er

 g
rid

 
si

nc
e 

D
ec

em
be

r, 
20

07
. I

n 
S

ep
te

m
be

r, 
20

08
, 

th
is

 p
ow

er
 p

la
nt

 w
as

 e
xt

en
de

d 
w

ith
 tw

o 
ad

di
-

tio
na

l f
ac

ili
tie

s 
fo

r 
a 

to
ta

l p
ow

er
 r

at
in

g 
of

 1
3.

2 
M

W
p 

en
ab

lin
g 

it 
to

 s
up

pl
y 

ap
pr

ox
im

at
el

y 
4,

00
0 

IB
C

 S
O

L
A

R
 a

n
d

 E
n

er
co

o
p

 B
u

ild
 1

3.
2M

W
 S

o
la

r 
P

o
w

er
 

P
la

n
t 

in
 S

p
ai

n

w
w

w
.ib

c-
so

la
r.c

o
m

R
E

po
w

er
 S

ys
te

m
s 

ha
s 

co
m

pl
et

ed
 th

e 
as

-
se

m
bl

y 
of

 th
e 

fir
st

 th
re

e 
R

E
po

w
er

 ty
pe

 6
M

 
tu

rb
in

es
 in

 B
re

m
er

ha
ve

n.
 T

he
 w

in
d 

tu
rb

in
es

, 
w

hi
ch

 e
ac

h 
ha

ve
 a

 r
at

ed
 o

ut
pu

t o
f 6

 m
eg

a-
w

at
ts

 (
M

W
),

 a
re

 e
xp

ec
te

d 
to

 b
e 

er
ec

te
d 

at
 

th
e 

W
es

tr
e 

C
iv

ic
 W

in
d 

F
ar

m
 o

n 
th

e 
G

er
m

an
-

D
an

is
h 

bo
rd

er
. T

he
re

, t
he

y 
w

ill
 u

nd
er

go
 a

 
co

m
pr

eh
en

si
ve

 te
st

in
g 

pr
og

ra
m

 a
nd

 c
he

ck
s 

fo
r 

ce
rt

ifi
ca

tio
n 

ac
co

rd
in

g 
to

 th
e 

D
IB

T
 c

la
s-

si
fic

at
io

n.
T

he
 n

ew
 o

ffs
ho

re
 w

in
d 

tu
rb

in
e 

te
ch

no
lo

gy
 

is
 b

as
ed

 o
n 

th
e 

su
cc

es
sf

ul
 5

M
 r

an
ge

. S
in

ce
 

th
e 

di
m

en
si

on
s 

co
rr

es
po

nd
 e

xa
ct

ly
 to

 th
os

e 
of

 
th

e 
R

E
po

w
er

 5
M

, t
he

 R
E

po
w

er
 6

M
 c

an
 la

te
r 

be
 u

se
d 

in
 a

ll 
th

e 
pr

oj
ec

ts
 p

la
nn

ed
 fo

r 
th

is
 tu

r-
bi

ne
 ty

pe
. I

n 
fu

tu
re

, s
er

ie
s 

pr
od

uc
tio

n 
w

ill
 ta

ke
 

pl
ac

e 
in

 th
e 

w
in

d 
en

er
gy

 c
om

pa
ny

’s
 

ne
w

 a
ss

em
bl

y 
ha

ll 
in

 B
re

m
er

ha
ve

n,
 

w
hi

ch
 is

 d
es

ig
ne

d 
to

 p
ro

du
ce

 a
nd

 
di

re
ct

ly
 s

hi
p 

m
or

e 
th

an
 8

0 
na

ce
lle

s 
an

d 
hu

bs
 p

er
 y

ea
r. 

T
he

 h
al

l t
es

ts
 fo

r 
th

e 
th

re
e 

6M
 tu

rb
in

es
 w

er
e 

re
ce

nt
ly

 
co

m
pl

et
ed

 th
er

e 
su

cc
es

sf
ul

ly
. A

t t
he

 
be

gi
nn

in
g 

of
 2

00
9,

 th
e 

tu
rb

in
es

 a
re

 
to

 b
e 

er
ec

te
d 

at
 th

e 
W

es
tr

e 
ci

vi
c 

w
in

d 
fa

rm
, o

w
ne

d 
by

 G
re

nz
st

ro
m

 
V

in
dt

ve
d 

G
m

bH
 &

 C
o.

 K
G

, i
n 

w
hi

ch
 

20
0 

lim
ite

d 
pa

rt
ne

rs
 fr

om
 th

e 
co

m
-

m
un

iti
es

 o
f W

es
tr

e,
 E

llh
öf

t a
nd

 th
e 

D
an

is
h 

to
w

n 
of

 L
yd

er
sh

ol
m

 h
av

e 
ho

ld
in

gs
. 

S
pe

ak
in

g 
ab

ou
t t

he
 p

ro
gr

es
s 

of
 

th
e 

pr
oj

ec
t, 

th
e 

R
E

po
w

er
 C

E
O

, P
er

 
H

or
nu

ng
 P

ed
er

se
n,

 s
ai

d:
 “

W
ith

 th
e 

fir
st

 in
st

al
la

tio
n 

of
 th

e 
R

E
po

w
er

 6
M

, 
w

hi
ch

 is
 d

ue
 to

 ta
ke

 p
la

ce
 s

ho
rt

ly
, 

w
e 

ar
e 

on
ce

 a
ga

in
 p

ro
vi

ng
 o

ur
 

le
ad

in
g 

te
ch

no
lo

gi
ca

l p
os

iti
on

 in
 th

e 
fie

ld
 o

f m
ul

ti-
m

eg
aw

at
t t

ur
bi

ne
s.

 W
e 

ex
pe

ct
 th

at
 th

e 
O

ffs
ho

re
 d

iv
is

io
n 

w
ill

 c
on

tin
ue

 to
 g

ro
w

 in
 im

po
rt

an
ce

 
an

d 
th

at
 th

e 
fu

tu
re

 o
f w

in
d 

en
er

gy
 

in
 E

ur
op

e 
w

ill
 b

e 
fo

un
d 

to
 a

 la
rg

e 
ex

te
nt

 o
n 

th
e 

op
en

 s
ea

s.
” 

A
t t

he
 b

eg
in

ni
ng

 o
f n

ex
t y

ea
r, 

R
E

po
w

er
 is

 a
ls

o 
ex

pe
ct

ed
 to

 s
ig

n 
a 

fr
am

ew
or

k 
ag

re
em

en
t w

ith
 R

W
E

 
In

no
gy

 G
m

bH
, w

hi
ch

 h
as

 a
lre

ad
y 

be
en

 a
nn

ou
nc

ed
. P

ed
er

se
n 

sa
id

: “
T

he
 

ne
go

tia
tio

ns
 a

re
 a

lre
ad

y 
ve

ry
 a

dv
an

ce
d 

an
d 

w
e 

ar
e 

co
nfi

de
nt

 th
at

 w
e 

w
ill

 s
oo

n 
be

 a
bl

e 
to

 c
on

cl
ud

e 
th

e 
co

nt
ra

ct
 fo

r 
25

0 
of

fs
ho

re
 

w
in

d 
tu

rb
in

es
 o

f t
he

 5
M

 a
nd

 6
M

 ty
pe

s.
”

F
ir

st
 R

E
p

o
w

er
 6

M
W

 T
u

rb
in

es
 

A
ss

em
b

le
d

w
w

w
.r

ep
o

w
er

.d
e

S
pa

ni
sh

 h
ou

se
ho

ld
s 

w
ith

 e
le

ct
ric

ity
.

W
ith

in
 th

e 
E

ne
rc

oo
p 

pa
rt

ne
rs

hi
p 

be
gi

nn
in

g 
in

 2
00

6,
 IB

C
 S

O
LA

R
 m

an
ag

ed
 th

e 
m

od
ul

e 
pr

oc
ur

em
en

t, 
th

e 
co

ns
tr

uc
tio

n 
pr

oc
es

s,
 th

e 
m

on
ito

rin
g 

co
nc

ep
t a

nd
 e

nv
iro

nm
en

ta
l c

on
-

tr
ol

s 
fo

r 
th

e 
po

w
er

 in
ve

rt
er

 b
ui

ld
in

g.
 F

ol
lo

w
in

g 
co

m
pl

et
io

n 
of

 th
e 

pl
an

ni
ng

 s
ta

ge
, I

B
C

 S
O

LA
R

 
de

liv
er

ed
 th

e 
fir

st
 m

od
ul

es
 in

 A
pr

il,
 2

00
7 

w
hi

ch
 w

er
e 

th
en

 in
st

al
le

d 
in

 s
ev

er
al

 c
on

st
ru

c-
tio

n 
ph

as
es

. I
n 

to
ta

l, 
IB

C
 S

O
LA

R
 p

ro
vi

de
d 

27
,0

00
 h

ig
h-

qu
al

ity
, p

ol
yc

ry
st

al
lin

e 
m

od
ul

es
 

fo
r 

th
e 

fir
st

 p
ha

se
 o

f t
he

 s
ol

ar
 p

ar
k.

 T
he

 6
.2

 
M

W
p 

pl
an

t h
as

 s
up

po
rt

ed
 th

e 
S

pa
ni

sh
 p

ow
er

 
gr

id
 w

ith
 s

ol
ar

 e
ne

rg
y 

si
nc

e 
D

ec
em

be
r 

20
07

.
In

 2
00

8,
 IB

C
 S

O
LA

R
 e

xt
en

de
d 

th
e 

so
la

r 
po

w
er

 p
la

nt
 w

ith
 tw

o 
ne

w
 a

re
as

 fo
r 

a 
to

ta
l 

ou
tp

ut
 o

f 1
3.

24
 M

W
p.

 T
he

 p
la

nt
 c

an
 n

ow
 

su
pp

ly
 a

pp
ro

xi
m

at
el

y 
4,

00
0 

ho
us

eh
ol

ds
 

w
ith

 e
ne

rg
y.

 F
or

 th
e 

tw
o 

ad
di

tio
na

l p
la

nt
s,

 
ov

er
 3

1,
40

0 
IB

C
 S

O
LA

R
 P

V
 m

od
ul

es
 w

er
e 

in
st

al
le

d.
 T

he
 a

re
a 

su
rr

ou
nd

in
g 

th
e 

fa
st

-
gr

ow
in

g 
to

w
n 

of
 A

lic
an

te
 is

 e
xp

er
ie

nc
in

g 
a 

co
ns

ta
nt

 e
co

no
m

ic
 u

ps
w

in
g 

du
e 

to
 to

ur
is

m
 

an
d 

a 
su

rg
e 

in
 in

du
st

ria
l a

ct
iv

ity
. I

n 
or

de
r 

to
 

ac
co

m
m

od
at

e 
th

e 
gr

ow
in

g 
ne

ed
 fo

r 
en

er
gy

, 
th

e 
IB

C
 S

O
LA

R
 p

ow
er

 p
la

nt
 n

ow
 p

ro
vi

de
s 

en
vi

ro
nm

en
ta

lly
 fr

ie
nd

ly
 s

ol
ar

 e
ne

rg
y.



P
ow

er
 S

ys
te

m
s 

D
es

ig
n 

   
 J

an
ua

ry
/F

eb
ru

ar
y 

20
09

8

in
g 

on
e 

ex
te

rn
al

 c
om

p
o-

ne
nt

.

“C
am

S
em

i’s
 n

ew
 p

ro
d

-
uc

ts
 n

ot
 o

nl
y 

of
fe

r 
th

e 
b

es
t 

cu
rr

en
t 

re
gu

la
tio

n 
of

 a
ny

 P
S

S
 c

on
tr

ol
le

r 
on

 
th

e 
vo

lu
m

e 
m

ar
ke

t 
to

d
ay

 
b

ut
 h

av
e 

b
ee

n 
sp

ec
ifi

ca
lly

 
d

es
ig

ne
d

 t
o 

gi
ve

 m
an

uf
ac

-
tu

re
rs

 m
uc

h 
m

or
e 

fr
ee

-
d

om
 in

 o
p

tim
iz

in
g 

of
te

n 
co

nfl
ic

tin
g 

d
es

ig
n 

an
d

 
p

ro
d

uc
tio

n 
re

q
ui

re
m

en
ts

. 
O

ur
 ‘o

ne
 s

iz
e 

fit
s 

al
l’ 

ap
-

p
ro

ac
h 

m
ea

ns
 o

ne
 c

on
-

tr
ol

le
r 

ca
n 

m
ee

t 
a 

ra
ng

e 
of

 c
ab

le
 c

om
p

en
sa

tio
n 

an
d

 s
w

itc
hi

ng
 fr

eq
ue

nc
y 

re
q

ui
re

m
en

ts
 a

nd
 w

ith
ou

t 
m

an
uf

ac
tu

re
rs

 h
av

in
g 

to
 

m
ai

nt
ai

n 
in

ve
nt

or
y 

of
 m

ul
tip

le
 p

ar
ts

,”
 

sa
id

 D
av

id
 B

ai
lli

e,
 C

E
O

 o
f C

am
S

em
i.

C
am

S
em

i C
21

40
 c

on
tr

ol
le

rs
 a

re
 

d
es

ig
ne

d
 fo

r 
us

e 
w

ith
 lo

w
 c

os
t 

b
ip

ol
ar

 
tr

an
si

st
or

s 
an

d
 h

av
e 

p
ro

te
ct

io
n 

fe
at

ur
es

 
su

ch
 a

s 
ov

er
-t

em
p

er
at

ur
e,

 in
p

ut
 o

ve
r-

vo
lta

ge
 a

nd
 o

ut
p

ut
 s

ho
rt

-c
irc

ui
t 

in
cl

ud
ed

 
as

 s
ta

nd
ar

d
 t

o 
fu

rt
he

r 
si

m
p

lif
y 

d
es

ig
ns

 
an

d
 r

ed
uc

e 
sy

st
em

 c
os

ts
.

A
n 

ab
b

re
vi

at
ed

 d
at

as
he

et
 fo

r 
th

e 
C

21
40

 fa
m

ily
 is

 a
va

ila
b

le
 o

nl
in

e 
w

ith
 

m
or

e 
d

et
ai

le
d

 in
fo

rm
at

io
n 

an
d

 s
up

p
or

t 
d

ire
ct

 fr
om

 C
am

S
em

i o
r 

on
e 

of
 t

he
 c

om
-

p
an

y’
s 

d
is

tr
ib

ut
or

s.

Th
e 

co
m

p
an

y’
s 

un
iq

ue
 s

ol
ut

io
ns

 a
nd

 
ap

p
ro

ac
h 

ca
n 

he
lp

 m
an

uf
ac

tu
re

rs
 o

f 
m

ai
ns

-p
ow

er
ed

 e
le

ct
ro

ni
cs

 d
ev

el
op

 
sm

al
le

r, 
lig

ht
er

 a
nd

 m
or

e 
en

er
gy

-e
ffi

-
ci

en
t 

p
ro

d
uc

ts
 w

hi
le

 a
ls

o 
re

d
uc

in
g 

th
ei

r 
d

es
ig

n 
tim

es
ca

le
s 

an
d

 s
ys

te
m

 c
os

ts
.

ty
p

ic
al

 P
S

S
 fl

yb
ac

k 
d

es
ig

n.
 T

he
 c

on
tr

ol
-

le
rs

 u
se

 s
op

hi
st

ic
at

ed
 p

at
en

te
d

 a
lg

o-
rit

hm
s 

co
m

b
in

ed
 w

ith
 d

ig
ita

l t
ec

hn
iq

ue
s 

to
 m

or
e 

ac
cu

ra
te

ly
 m

on
ito

r 
th

e 
ou

tp
ut

 
vo

lta
ge

 a
nd

 p
ro

vi
d

e 
tig

ht
er

 c
ur

re
nt

 r
eg

u-
la

tio
n 

th
an

 h
as

 p
re

vi
ou

sl
y 

b
ee

n 
p

os
si

b
le

. 
Th

is
 n

ov
el

 a
p

p
ro

ac
h 

en
ab

le
s 

q
ua

si
 z

er
o 

vo
lta

ge
 s

w
itc

hi
ng

, w
hi

ch
 d

riv
es

 u
p

 o
p

er
-

at
in

g 
ef

fic
ie

nc
ie

s 
an

d
 d

el
iv

er
s 

im
p

ro
ve

d
 

cu
rr

en
t 

re
gu

la
tio

n 
to

 m
ai

nt
ai

n 
th

e 
op

ti-
m

um
 li

fe
tim

e 
of

 li
th

iu
m

 io
n 

b
at

te
rie

s.

Th
es

e 
d

ev
ic

es
 in

cl
ud

e 
ea

si
ly

 p
ro

-
gr

am
m

ab
le

 c
ab

le
 c

om
p

en
sa

tio
n 

of
 u

p
 

to
 1

0%
 t

o 
gi

ve
 t

ig
ht

 v
ol

ta
ge

 r
eg

ul
at

io
n 

at
 t

he
 e

nd
 o

f t
he

 c
ab

le
, w

hi
le

 h
el

p
in

g 
to

 
m

in
im

iz
e 

th
e 

co
p

p
er

 c
on

te
nt

 (a
nd

 t
he

re
-

fo
re

 c
os

t) 
of

 t
he

 c
ab

le
. T

he
 c

om
p

en
-

sa
tio

n 
is

 fu
lly

 a
d

ju
st

ab
le

 in
 t

he
 d

es
ig

n 
p

ha
se

 a
llo

w
in

g 
on

e 
st

an
d

ar
d

 d
es

ig
n 

to
 

b
e 

q
ui

ck
ly

 m
od

ifi
ed

 t
o 

ac
co

m
m

od
at

e 
d

iff
er

en
t 

ca
b

le
 le

ng
th

s 
or

 g
au

ge
s.

 T
he

 
co

nt
ro

lle
rs

 c
an

 a
ls

o 
b

e 
ea

si
ly

 a
d

ap
te

d
 t

o 
m

at
ch

 t
he

 r
eq

ui
re

d
 s

w
itc

hi
ng

 fr
eq

ue
nc

y 
of

 t
he

 e
nd

 a
p

p
lic

at
io

n 
b

y 
si

m
p

ly
 s

p
ec

ify
-

C
am

S
em

i, 
em

er
gi

ng
 

le
ad

er
 in

 p
ow

er
 

m
an

ag
em

en
t 

IC
s 

fo
r 

op
tim

iz
ed

 e
ne

rg
y-

ef
-

fic
ie

nt
 o

ffl
in

e 
p

ow
er

 c
on

-
ve

rs
io

n,
 h

as
 a

nn
ou

nc
ed

 
a 

b
re

ak
th

ro
ug

h 
in

 t
he

 
P

rim
ar

y 
S

id
e 

S
en

si
ng

 
(P

S
S

) m
ar

ke
t,

 fo
llo

w
in

g 
on

 fr
om

 t
he

 s
uc

ce
ss

 o
f i

ts
 

C
24

70
 s

er
ie

s 
of

 R
es

on
an

t 
D

is
co

nt
in

uo
us

 F
or

w
ar

d
 

C
on

ve
rt

er
 c

on
tr

ol
le

rs
. 

Th
e 

C
21

40
 s

er
ie

s 
of

fe
rs

 
‘b

es
t 

in
 c

la
ss

’ c
ur

re
nt

 
an

d
 v

ol
ta

ge
 r

eg
ul

at
io

n 
of

 +
/-

 5
%

 a
nd

 t
ar

ge
ts

 
hi

gh
 v

ol
um

e,
 u

ni
ve

rs
al

 
in

p
ut

 a
p

p
lic

at
io

ns
 r

at
ed

 
up

 t
o 

8W
. T

he
 p

ar
ts

 a
ls

o 
fe

at
ur

e 
ea

si
ly

 p
ro

gr
am

m
ab

le
 c

ab
le

 
co

m
p

en
sa

tio
n 

an
d

 s
w

itc
hi

ng
 fr

eq
ue

nc
y 

ad
ju

st
m

en
t 

to
 e

na
b

le
 g

re
at

er
 d

es
ig

n 
an

d
 

m
an

uf
ac

tu
rin

g 
fle

xi
b

ili
ty

.

Th
es

e 
no

ve
l P

S
S

 c
on

tr
ol

le
rs

 h
el

p
 

m
an

uf
ac

tu
re

rs
 o

f c
ha

rg
er

s 
fo

r 
m

ob
ile

 
p

ho
ne

s,
 B

lu
et

oo
th

 h
ea

d
se

ts
, d

ig
ita

l 
ca

m
er

as
 a

nd
 o

th
er

 h
ig

h 
vo

lu
m

e 
co

n-
su

m
er

 p
ro

d
uc

ts
 t

o 
cu

t 
co

m
p

on
en

t 
co

un
t,

 w
hi

le
 d

ev
el

op
in

g 
m

or
e 

re
lia

b
le

 
an

d
 lo

w
er

-c
os

t 
d

es
ig

ns
 t

o 
m

ee
t 

E
ne

rg
y 

S
ta

r 
2.

0,
 E

ur
op

ea
n 

co
d

e 
of

 c
on

d
uc

t 
an

d
 

ot
he

r 
w

or
ld

w
id

e 
en

er
gy

-e
ffi

ci
en

cy
 r

eg
u-

la
tio

ns
. T

he
 C

21
41

P
X

2 
an

d
 C

21
42

P
X

2 
p

ar
ts

 a
re

 r
at

ed
 a

t 
4W

 a
nd

 8
W

 r
es

p
ec

-
tiv

el
y,

 p
ac

ka
ge

d
 in

 S
O

T2
3-

6 
an

d
 a

re
 

av
ai

la
b

le
 in

 v
ol

um
e 

no
w

.

C
am

S
em

i’s
 C

21
40

 fa
m

ily
 c

om
p

le
te

ly
 

el
im

in
at

es
 t

he
 n

ee
d

 fo
r 

op
to

co
up

le
rs

 
an

d
 a

ll 
se

co
nd

ar
y-

si
d

e 
fe

ed
b

ac
k 

ci
rc

ui
t-

ry
, a

s 
w

el
l a

s 
an

y 
ad

d
iti

on
al

 c
om

p
on

en
ts

 
th

at
 d

es
ig

ne
rs

 m
ay

 n
ee

d
 t

o 
sp

ec
ify

 t
o 

im
p

ro
ve

 t
he

 c
ur

re
nt

 r
eg

ul
at

io
n 

fr
om

 a
 

w
w

w
.c

am
se

m
i.c

o
m

PS
S 

Fl
yb

ac
k 

C
on

tr
ol

le
rs

 M
ee

t E
ne

rg
y 

E
ffi

ci
en

cy
 R

eg
ul

at
io

ns



P
ow

er
 S

ys
te

m
s 

D
es

ig
n 

   
 J

an
ua

ry
/F

eb
ru

ar
y 

20
09

10

ce
nt

 c
ur

re
nt

 in
 n

or
m

al
, s

ta
nd

b
y 

an
d

 
sh

ut
d

ow
n 

m
od

es
 t

o 
m

in
im

iz
e 

p
ow

er
 

co
ns

um
p

tio
n.

 T
hi

s 
is

 p
ar

tic
ul

ar
ly

 im
p

or
-

ta
nt

 s
in

ce
 m

an
y 

sy
st

em
s 

ca
n 

sp
en

d
 t

he
 

m
aj

or
ity

 o
f t

he
ir 

tim
e 

in
 a

 s
ta

nd
b

y 
or

 lo
w

 
p

ow
er

 m
od

es
 in

 w
hi

ch
 t

he
y 

co
nt

in
uo

us
-

ly
 c

on
su

m
e 

p
ow

er
, m

ak
in

g 
co

nv
er

si
on

 
ef

fic
ie

nc
y 

at
 li

gh
t 

lo
ad

 a
 c

rit
ic

al
 fa

ct
or

. 

Th
e 

m
or

e 
ef

fic
ie

nt
 a

n 
IC

 c
an

 b
e,

 t
he

n 
th

e 
le

ss
 e

ne
rg

y 
it 

w
ill

 c
on

su
m

e 
in

 t
he

 
co

nv
er

si
on

 p
ro

ce
ss

. F
or

 e
xa

m
p

le
, c

on
-

si
d

er
 t

w
o 

se
p

ar
at

e 
IC

s 
us

ed
 in

 a
 D

C
/D

C
 

co
nv

er
te

r 
d

el
iv

er
in

g 
5A

 a
t 

5V
 (2

5W
) t

o 
an

 a
p

p
lia

nc
e 

lo
ad

. I
f t

he
 fi

rs
t 

IC
 is

 9
5%

 
ef

fic
ie

nt
 t

he
n 

w
e 

ha
ve

:

P
O

U
T/

E
ffi

ci
en

cy
 =

 P
IN

,
O

r, 
in

 t
hi

s 
in

st
an

ce
, P

IN
 =

 2
5/

0.
95

 =
 

26
.3

W

H
ow

ev
er

, i
f a

n 
al

te
rn

at
iv

e 
IC

 is
 o

nl
y 

91
%

 e
ffi

ci
en

t,
 t

he
n 

w
e 

ha
ve

:

P
IN

 =
 2

5/
0.

91
 =

 2
7.

5W

Th
e 

d
iff

er
en

ce
 in

 th
is

 e
xa

m
p

le
 is

 1
.2

W
 

of
 e

ne
rg

y.
 T

hu
s,

 in
 th

e 
se

co
nd

 in
st

an
ce

 
an

 a
d

d
iti

on
al

 1
.2

W
 m

us
t b

e 
ge

ne
ra

te
d

 
to

 p
ow

er
 th

e 
ap

p
lia

nc
e.

 T
hi

s 
no

t o
nl

y 
in

-
cr

ea
se

s 
th

e 
d

em
an

d
 fo

r 
p

ow
er

, b
ut

 a
ls

o 
p

ut
s 

ex
tr

a 
st

ra
in

 o
n 

th
e 

th
er

m
al

 d
es

ig
n 

as
p

ec
t o

f t
he

 s
ys

te
m

 s
in

ce
 th

e 
D

C
/D

C
 

co
nv

er
te

r 
m

us
t a

ls
o 

d
is

si
p

at
e 

th
is

 p
ow

er
 

lo
ss

 a
s 

he
at

. S
im

ila
rly

, i
n 

a 
lo

w
 p

ow
er

 
m

od
e,

 w
he

re
 th

e 
ou

tp
ut

 c
ur

re
nt

 m
ig

ht
 

on
ly

 b
e 

20
0m

A
, t

he
n 

th
e 

p
ow

er
 lo

ss
 is

 
50

m
W

. T
hi

s 
is

 s
til

l s
ig

ni
fic

an
t s

in
ce

 s
om

e 
sy

st
em

s 
ca

n 
b

e 
in

 lo
w

er
 p

ow
er

 m
od

e 
fo

r 
up

 to
 9

0%
 o

f t
he

ir 
to

ta
l o

p
er

at
io

na
l t

im
e.

In
 c

on
cl

us
io

n,
 w

hi
le

 s
om

e 
an

al
og

 v
en

-
d

or
s 

cl
ai

m
 t

he
ir 

p
ro

d
uc

ts
 h

an
d

le
 p

ow
er

 
co

ns
um

p
tio

n 
in

 a
 w

is
e 

m
an

ne
r, 

th
e 

us
er

 
ne

ed
s 

to
 c

on
si

d
er

 w
ha

t 
th

e 
IC

 c
an

 d
e-

liv
er

 in
 t

er
m

s 
of

 e
ffi

ci
en

cy
 o

f c
on

ve
rs

io
n 

an
d

 t
ot

al
 q

ui
es

ce
nt

 c
ur

re
nt

 c
on

su
m

ed
 t

o 
re

al
ly

 k
no

w
 a

nd
 u

nd
er

st
an

d
 w

ha
t 

b
ei

ng
 

gr
ee

n 
re

al
ly

 m
ea

ns
.

co
al

, g
as

 o
r 

oi
l, 

it 
d

oe
s 

no
t 

m
at

te
r 

- 
th

e 
ef

fe
ct

 is
 t

he
 s

am
e.

S
o 

th
e 

qu
es

tio
n 

fo
r t

he
 a

na
lo

g 
po

w
er

 
se

m
ic

on
du

ct
or

 w
or

ld
 is

: W
ha

t d
oe

s 
gr

ee
n 

re
al

ly
 m

ea
n 

fo
r a

n 
an

al
og

 p
ow

er
 IC

? 
To

 
fu

lly
 u

nd
er

st
an

d,
 w

e 
ne

ed
 to

 a
pp

re
ci

at
e 

w
ha

t a
n 

an
al

og
 p

ow
er

 IC
 n

ee
ds

 to
 d

o 
in

 
or

de
r t

o 
m

iti
ga

te
 th

e 
ef

fe
ct

s 
on

 a
n 

en
d-

sy
st

em
’s

 to
ta

l p
ow

er
 c

on
su

m
pt

io
n.

C
on

si
d

er
 t

he
 p

ow
er

 c
on

su
m

p
tio

n 
of

 
se

rv
er

s 
– 

th
os

e 
hi

gh
-p

ow
er

ed
 c

om
p

ut
-

er
s 

th
at

 r
un

 t
he

 in
te

rn
et

, d
el

iv
er

 m
il-

lio
ns

 o
f Y

ou
Tu

b
e 

vi
d

eo
s 

an
d

 k
ee

p
 t

he
 

ec
on

om
y 

ru
nn

in
g 

– 
th

ei
r 

el
ec

tr
ic

ity
 u

se
 

d
ou

b
le

d
 b

et
w

ee
n 

20
00

 a
nd

 2
00

5,
 a

nd
 

co
ul

d
 s

p
ik

e 
an

ot
he

r 
75

 p
er

ce
nt

 b
y 

20
10

. 
O

r, 
p

ut
 a

no
th

er
 w

ay
, i

n 
20

05
 it

 t
oo

k 
th

e 
eq

ui
va

le
nt

 o
f 1

4,
 1

,0
00

-m
eg

aw
at

t 
p

ow
er

 
p

la
nt

s 
to

 k
ee

p
 o

nl
in

e 
th

e 
w

or
ld

’s
 d

at
a 

ce
nt

er
s 

ow
ne

d
 b

y 
In

te
rn

et
 g

ia
nt

s 
lik

e 
G

oo
gl

e,
 M

ic
ro

so
ft

 a
nd

 Y
ah

oo
.

Fo
r 

a 
p

ow
er

 m
an

ag
em

en
t 

IC
 t

o 
b

e 
us

ed
 in

 a
n 

en
er

gy
-s

av
in

g 
D

C
/D

C
 c

on
-

ve
rt

er
 d

es
ig

n 
in

si
d

e 
a 

se
rv

er
, i

t 
m

us
t 

p
os

se
ss

 v
er

y 
hi

gh
 e

ffi
ci

en
cy

 o
f c

on
ve

r-
si

on
 p

ro
p

er
tie

s 
an

d
 a

ls
o,

 a
 lo

w
 q

ui
es

-

W
ha

t D
oe

s B
ei

ng
 ‘G

re
en

’ 
R

ea
lly

 M
ea

n?
B

y 
To

ny
 A

rm
st

ro
ng

, D
ire

ct
or

 o
f P

ro
du

ct
 M

ar
ke

tin
g,

 P
ow

er
 P

ro
du

ct
s,

 L
in

ea
r 

Te
ch

no
lo

gy
 C

or
po

ra
tio

n

A
 N

ew
 Y

ea
r 

is
 u

p
on

 u
s 

an
d

 I 
am

 
su

re
 t

ha
t 

w
e 

al
l h

op
e 

it 
is

 g
oi

ng
 

to
 b

e 
b

et
te

r 
th

an
 t

he
 o

ne
 w

e 
le

ft
 

b
eh

in
d

! N
ev

er
th

el
es

s,
 w

hi
le

 2
00

8 
w

as
 

a 
tu

rb
ul

en
t 

ye
ar

 e
co

no
m

ic
al

ly
 fo

r 
m

os
t 

of
 u

s,
 o

ne
 b

rig
ht

 s
p

ot
 w

as
 in

 t
he

 a
re

a 
of

 “
G

re
en

” 
te

ch
no

lo
gy

. V
irt

ua
lly

 e
ve

ry
-

w
he

re
, n

ew
 s

em
ic

on
d

uc
to

r 
p

ro
d

uc
ts

 
w

er
e 

in
tr

od
uc

ed
 t

ha
t 

w
er

e 
m

or
e 

en
vi

-
ro

nm
en

ta
lly

 fr
ie

nd
ly

 b
y 

vi
rt

ue
 o

f t
he

ir 
lo

w
er

 p
ow

er
 c

on
su

m
p

tio
n 

an
d

/o
r 

hi
gh

 
ef

fic
ie

nc
y 

co
nv

er
si

on
. T

he
se

 fe
at

ur
es

 
re

d
uc

e 
a 

sy
st

em
’s

 o
ve

ra
ll 

p
ow

er
 c

on
-

su
m

p
tio

n 
an

d
 o

ur
 d

ep
en

d
en

cy
 o

n 
fo

ss
il 

fu
el

s.
 T

hi
s 

is
 m

ad
e 

p
os

si
b

le
 s

in
ce

 lo
w

er
 

p
ow

er
 c

on
su

m
p

tio
n 

d
ire

ct
ly

 e
q

ua
te

s 
to

 
le

ss
 e

le
ct

ric
ity

 n
ee

d
ed

 t
o 

p
ow

er
 t

he
m

 
w

hi
ch

 m
ea

ns
 le

ss
 fo

ss
il 

fu
el

 is
 n

ee
d

ed
 

to
 g

en
er

at
e 

th
e 

el
ec

tr
ic

al
 e

ne
rg

y 
in

 t
he

 
fir

st
 p

la
ce

. C
or

re
sp

on
d

in
gl

y,
 t

hi
s 

he
lp

s 
to

 r
ed

uc
e 

th
e 

gr
ee

nh
ou

se
 g

as
es

 t
ha

t 
ha

ve
 s

uc
h 

a 
ne

ga
tiv

e 
ef

fe
ct

 o
n 

ou
r 

at
-

m
os

p
he

re
 a

nd
 c

lim
at

e.

C
on

si
d

er
 t

ha
t 

th
e 

to
ta

l e
le

ct
ric

al
 

co
ns

um
p

tio
n 

of
 t

he
 U

ni
te

d
 S

ta
te

s 
is

 a
p

-
p

ro
xi

m
at

el
y 

4 
tr

ill
io

n 
kW

 a
nn

ua
lly

. T
ha

t’
s 

a 
4 

- 
w

ith
 1

2 
ze

ro
s 

af
te

r 
it.

 T
he

 la
rg

es
t 

p
ro

d
uc

tio
n 

so
ur

ce
 fo

r 
el

ec
tr

ic
ity

 g
en

er
a-

tio
n 

is
 fo

ss
il 

fu
el

s,
 il

lu
st

ra
te

d
 in

 t
ab

le
 1

.

S
in

ce
 fo

ss
il 

fu
el

 c
on

su
m

p
tio

n 
ha

s 
a 

si
gn

ifi
ca

nt
 im

p
ac

t 
on

 t
he

 t
ot

al
 p

ro
d

uc
-

tio
n 

of
 g

re
en

ho
us

e 
ga

se
s,

 t
he

 m
or

e 
w

e 
ca

n 
d

o 
to

 r
ed

uc
e 

th
e 

ne
ed

 fo
r 

th
em

, t
he

 
b

et
te

r 
of

f t
he

 w
or

ld
 w

ill
 b

e.
 W

he
th

er
 it

 is
 

w
w

w
.n

at
io

na
l.c

o
m

Ta
b

le
 1

: E
le

ct
ric

al
 P

ro
d

uc
tio

n 
so

ur
ce

s 
fo

r 
th

e 
U

ni
te

d
 S

ta
te

s .



P
ow

er
 S

ys
te

m
s 

D
es

ig
n 

   
 J

an
ua

ry
/F

eb
ru

ar
y 

20
09

12
13

w
w

w
.p

ow
er

sy
st

em
sd

es
ig

n.
co

m

@

en
ue

 g
ro

w
th

 w
ith

 t
he

 m
ar

ke
t 

gr
ow

in
g 

to
 

$1
.5

 b
ill

io
n 

in
 2

00
8.

 T
ho

ug
h 

th
is

 s
ec

to
r 

is
 n

ot
 li

ke
ly

 t
o 

ex
p

er
ie

nc
e 

as
 p

os
iti

ve
 a

 
re

su
lt 

in
 2

00
9,

 t
he

 lo
ng

-t
er

m
 o

ut
lo

ok
 is

 
ve

ry
 fa

vo
ur

ab
le

.

A
lth

o
ug

h 
no

t 
q

ui
te

 a
s 

la
rg

e,
 a

n-
o

th
er

 a
tt

ra
ct

iv
e 

se
ct

o
r 

fo
r 

su
p

p
lie

rs
 

o
f 

IG
B

T
 m

o
d

ul
es

 (a
nd

 m
an

y 
o

th
er

 
p

o
w

er
 c

o
m

p
o

ne
nt

s)
 is

 s
o

la
r 

in
ve

rt
er

s.
 

T
he

re
’s

 b
ee

n 
an

 e
xp

lo
si

o
n 

in
 g

ro
w

th
 

o
f 

so
la

r 
in

ve
rt

er
s 

in
 t

he
 p

as
t 

th
re

e 
ye

ar
s,

 la
rg

el
y 

le
d

 b
y 

G
er

m
an

y,
 w

hi
ch

 
in

tr
o

d
uc

ed
 v

er
y 

at
tr

ac
tiv

e 
in

ce
nt

iv
es

 
to

 p
ro

m
o

te
 s

o
la

r 
te

ch
no

lo
g

ie
s.

 In
 2

00
7 

so
m

e 
2.

9G
W

 o
f 

ne
w

 s
o

la
r 

ca
p

ac
ity

 
w

as
 in

st
al

le
d

 g
lo

b
al

ly
. 

A
t 

th
e 

en
d

 o
f 

20
08

, 
th

is
 is

 li
ke

ly
 t

o
 h

av
e 

su
rg

ed
 t

o
 

E
ne

rg
y 

ef
fic

ie
nc

y 
an

d
 e

ne
rg

y 
sa

v-
in

gs
 a

ffe
ct

 a
lm

os
t 

ev
er

y 
ar

ea
 o

f 
th

e 
p

ow
er

 in
d

us
tr

y 
an

d
 t

ho
ug

h 
th

er
e 

ar
e 

to
o 

m
an

y 
to

 d
is

cu
ss

 in
d

iv
id

u-
al

ly
 in

 t
hi

s 
ar

tic
le

, s
om

e 
of

 t
he

 m
os

t 
in

te
re

st
in

g 
ex

am
p

le
s 

ar
e 

m
ot

or
 d

riv
es

, 
en

er
gy

 e
ffi

ci
en

t 
lig

ht
in

g,
 s

ol
ar

 p
ow

er
, e

f-
fic

ie
nt

 p
ow

er
 s

up
p

lie
s,

 h
yb

rid
 v

eh
ic

le
s,

 
sm

ar
t 

m
et

er
s 

an
d

 w
hi

te
 g

oo
d

s.

U
np

re
ce

d
en

te
d

 d
em

an
d

 h
as

 b
ee

n 
se

en
 o

ve
r 

th
e 

p
as

t 
tw

o 
ye

ar
s 

fo
r 

in
d

us
tr

ia
l m

ot
or

 d
riv

es
. I

n 
20

08
 s

hi
p

-
m

en
ts

 g
re

w
 b

y 
so

m
e 

10
-1

5%
 d

riv
en

 b
y 

th
e 

ne
ed

 t
o 

m
or

e 
in

te
lli

ge
nt

ly
 c

on
tr

ol
 

m
ot

or
s 

in
 o

rd
er

 t
o 

sa
ve

 e
ne

rg
y.

 S
uc

h 
st

ro
ng

 d
em

an
d

 h
as

 a
llo

w
ed

 s
up

p
lie

rs
 

of
 IG

B
T 

m
od

ul
es

 t
o 

re
co

rd
 m

as
si

ve
 r

ev
-

E
ne

rg
y 

C
on

ce
rn

s D
ri

ve
 

D
em

an
d

B
y 

A
sh

 S
ha

rm
a,

 IM
S

 R
es

ea
rc

h

Fi
rs

tly
, I

’d
 li

ke
 t

o 
sa

y 
ho

w
 p

le
as

ed
 I 

am
 t

o 
b

e 
w

rit
in

g 
ou

r 
fir

st
 M

ar
ke

tW
at

ch
 a

rt
ic

le
 fo

r 

P
S

D
 o

n 
b

eh
al

f o
f I

M
S

 R
es

ea
rc

h.
 T

he
 p

ow
er

 in
d

us
tr

y 
is

 c
ur

re
nt

ly
 a

n 
ex

ci
tin

g 
p

la
ce

 a
nd

 h
as

 b
ee

n 
a 

ke
y 

fo
cu

s 
fo

r 
IM

S
 R

es
ea

rc
h 

fo
r 

a 
co

ns
id

er
ab

le
 t

im
e.

 W
e 

p
ro

d
uc

ed
 o

ur
 fi

rs
t 

p
ow

er
 m

ar
ke

t 
st

ud
y 

in
 t

he
 e

ar
ly

 

19
90

s,
 a

nd
 n

ow
 h

av
e 

te
n 

of
 o

ur
 a

na
ly

st
s 

d
ed

ic
at

ed
 s

ol
el

y 
to

 t
hi

s 
to

p
ic

.

A
s 

ou
r 

fir
st

 c
on

tr
ib

ut
io

n,
 I 

ca
n 

th
in

k 
of

 n
o 

b
et

te
r 

to
p

ic
 t

o 
d

is
cu

ss
 t

ha
n 

en
er

gy
 e

ffi
ci

en
cy

. I
M

S
 R

es
ea

rc
h 

tr
ac

ks
 a

ll 
p

ar
ts

 o
f t

he
 p

ow
er

 in
d

us
tr

y 
an

d
 e

ne
rg

y 
ef

fic
ie

nc
y 

an
d

 e
ne

rg
y 

sa
vi

ng
s 

ar
e 

tw
o 

of
 t

he
 m

os
t 

si
gn

ifi
ca

nt
 u

nd
er

ly
in

g 
fa

ct
or

s 
d

et
er

m
in

in
g 

d
em

an
d

 fo
r 

p
ow

er
 c

om
p

on
en

ts
. T

he
se

 is
su

es
 h

av
e 

d
riv

en
 

ab
ov

e 
“a

ve
ra

ge
” 

gr
ow

th
 fo

r 
se

ve
ra

l y
ea

rs
 a

nd
, t

ho
ug

h 
th

e 
el

ec
tr

on
ic

s 
in

d
us

tr
y 

is
 c

ur
re

nt
ly

 fa
ci

ng
 a

 

gl
oo

m
y 

sh
or

t-
te

rm
 e

co
no

m
ic

 p
ic

tu
re

, t
he

y 
sh

ou
ld

 e
ns

ur
e 

ou
t-

p
er

fo
rm

an
ce

 fo
r 

m
an

y 
ye

ar
s 

to
 c

om
e.

5.
1G

W
. 

T
hi

s 
ha

s 
p

re
se

nt
ed

 h
ug

e 
o

p
p
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at
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 m
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ra
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 c
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 b
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ra
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 c
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p
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at
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en

er
g

y 
ha

s 
al

so
 

im
p

ac
te

d
 b

o
ar

d
-l

ev
el

 D
C

-D
C

 p
o

w
er

 c
o

nv
er

si
o

n.
 A

s 
in

p
ut

 
vo

lta
g

es
 h

av
e 

d
ro

p
p

ed
 a

nd
 t

he
 n

um
b

er
 o

f 
ra

ils
 h

as
 g

ro
w

n,
 

th
er

e 
ha

s 
b

ee
n 

a 
st

ea
d

y 
in

cr
ea

se
 in

 d
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 t
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 c
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 c
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 b
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 c
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at
ch

in
g 

ne
tw

or
ks

, a
nd

 o
th

er
 s

p
ec

ia
lti

es
. T

he
 

10
0k

H
z 

sw
itc

hi
ng

 p
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 c
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 d
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ra
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b
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b
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 t
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p
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cu
s 

an
d

 e
xp

er
tis

e 
in

 s
ys

te
m

 p
ow

er
 m

an
ag

em
en

t,
 D

ia
lo

g 
b

rin
gs

 d
ec

ad
es

 o
f e

xp
er

ie
nc

e 
to

 t
he

 

ra
p

id
 d

ev
el

op
m

en
t 

of
 in

te
gr

at
ed

 c
irc

ui
ts

 fo
r 

p
ow

er
 a

nd
 m

ot
or

 c
on

tr
ol

, a
ud

io
 a

nd
 d

is
p

la
y 

p
ro

ce
ss

in
g.

 

H
e 

to
ld

 m
e 

O
LE

D
s 

w
ill

 fe
at

ur
e 

he
av

ily
 in

 t
he

 n
ex

t 
ge

ne
ra

tio
n 

m
ob

ile
 p

ho
ne

s.

w
w

w
.d

ia
lo

g
-s

em
ic

o
nd

uc
to

r.c
o

m

Ja
la

l B
ag

he
rli

, C
E

O
 D

ia
lo

g 
S

em
ic

on
-

d
uc

to
r.
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w
w

.p
ow

er
sy

st
em

sd
es

ig
n.

co
m

er
 fr

eq
ue

nc
y 

d
es

ig
ns

 (a
ro

un
d

 3
00

kH
z)

 
an

d
 t

he
ir 

p
ow

er
 d

en
si

ty
 is

 n
ot

 s
te

lla
r. 

Th
us

, t
he

ir 
si

ze
 m

ak
es

 t
he

m
 a

 p
oo

r 
ch

oi
ce

 fo
r 

m
an

y 
sp

ac
e-

co
ns

tr
ai

ne
d

 a
p

-
p

lic
at

io
ns

. T
he

 n
ex

t 
ge

ne
ra

tio
n 

of
 p

ow
er

 
m

od
ul

es
 n

ee
d

ed
 t

o 
m

ak
e 

si
gn

ifi
ca

nt
 

p
ro

gr
es

s 
in

 r
ed

uc
in

g 
th

e 
fo

rm
 fa

ct
or

 t
o 

im
p

ro
ve

 d
es

ig
n 

fle
xi

b
ili

ty
.

W
ha

t 
ty

p
e 

o
f 

re
g

ul
at

o
r 

is
 t

yp
ic

al
ly

 
us

ed
 in

 p
o

in
t-

o
f-

lo
ad

 s
o

lu
ti

o
ns

?
M

os
t p

oi
nt

-o
f-

lo
ad

 c
on

ve
rt

er
s 

ar
e 

no
n-

is
ol

at
ed

 b
uc

k 
re

gu
la

to
rs

. T
he

y 
st

riv
e 

fo
r 

hi
gh

 c
on

ve
rs

io
n 

ef
fic

ie
nc

y 
b

y 
em

p
lo

y-
in

g 
sy

nc
hr

on
ou

s 
re

ct
ifi

ca
tio

n.
 S

iz
e 

is
 a

 
ce

nt
ra

l i
ss

ue
, w

hi
le

 o
p

tim
iz

in
g 

fo
r 

hi
gh

 
ef

fic
ie

nc
y 

an
d

 t
he

rm
al

 m
an

ag
em

en
t. 

 

W
hy

 is
 s

iz
e 

a 
ce

nt
ra

l i
ss

ue
?

Th
es

e 
ar

e 
p

ow
er

 m
an

ag
em

en
t 

d
e-

vi
ce

s 
ha

nd
lin

g 
si

za
b

le
 c

ur
re

nt
s.

 T
he

 e
f-

fic
ie

nc
y 

d
et

er
m

in
es

 t
he

 t
yp

e 
of

 t
he

rm
al

 
m

an
ag

em
en

t 
ne

ce
ss

ar
y.

 M
an

y 
of

 t
he

 
la

rg
er

 m
od

ul
es

 r
eq

ui
re

 h
ea

t 
si

nk
s 

an
d

 
sy

st
em

 fa
ns

. T
he

 in
cl

us
io

n 
of

 a
 fa

n 
ad

d
s 

to
 m

ai
nt

en
an

ce
 c

os
ts

, s
in

ce
 t

he
 fa

n 
ad

d
s 

gr
im

e 
to

 t
he

 s
ys

te
m

 a
nd

 c
an

 g
et

 
gu

m
m

ed
 u

p
 it

se
lf.

 R
el

ia
b

ili
ty

 a
nd

 r
ep

ai
r 

co
st

s 
ar

e 
re

d
uc

ed
 if

 t
he

 p
ow

er
 m

an
ag

e-
m

en
t 

sy
st

em
 c

an
 b

e 
d

es
ig

ne
d

 w
ith

ou
t 

ne
ed

in
g 

th
at

 d
ire

ct
 a

irfl
ow

.

W
ha

t 
ha

s 
to

 c
ha

ng
e 

in
 o

rd
er

 t
o

 r
ed

uc
e 

th
e 

si
ze

 o
f 

th
e 

p
o

w
er

 m
o

d
ul

e?

To
 a

ch
ie

ve
 th

e 
hi

gh
er

 p
ow

er
 d

en
si

ty
 

de
si

gn
er

s 
ne

ed
, p

ow
er

 m
an

ag
em

en
t 

pr
ov

id
er

s 
m

us
t p

us
h 

up
 th

e 
sw

itc
hi

ng
 fr

e-
qu

en
cy

 to
 re

du
ce

 th
e 

si
ze

 o
f t

he
 e

ne
rg

y 
st

or
ag

e 
el

em
en

ts
. H

ow
ev

er
, i

nc
re

as
in

g 
th

e 
sw

itc
hi

ng
 fr

eq
ue

nc
y 

w
ith

 s
ta

nd
ar

d 
co

m
po

ne
nt

s,
 y

ie
ld

s 
lo

w
er

 e
ffi

ci
en

cy
, 

pr
ed

om
in

an
tly

 d
ue

 to
 M

O
S

FE
T 

sw
itc

hi
ng

 
lo

ss
es

. T
hi

s 
ha

s 
dr

iv
en

 th
e 

in
du

st
ry

 to
 fi

nd
 

w
ay

s 
to

 c
os

t-
ef

fe
ct

iv
el

y 
re

du
ce

 p
ar

as
iti

c 
im

pe
da

nc
es

 in
 th

e 
dr

iv
in

g 
an

d 
po

w
er

 
pa

th
 o

f t
he

 M
O

S
FE

Ts
 in

 a
 D

C
-D

C
 m

od
-

ul
e,

 p
ro

du
ci

ng
 m

ol
de

d 
m

od
ul

es
 a

bo
ut

 th
e 

si
ze

 o
f a

 s
in

gl
e 

in
te

gr
at

ed
 c

irc
ui

t. 

H
o

w
 m

uc
h 

ca
n 

th
e 

us
e 

o
f 

he
at

 s
in

ks
 a

nd
 f

o
rc

ed
 a

ir
 im

p
ro

ve
 

p
er

fo
rm

an
ce

?
H

ea
t-

fa
tig

ue
 p

he
no

m
en

on
 in

 p
ow

er
 

m
od

ul
es

 is
 c

au
se

d
 b

y 
in

ef
fic

ie
nc

ie
s 

in
 

th
e 

p
ow

er
 c

on
ve

rs
io

n 
an

d
 t

he
 li

m
ite

d
 

av
ai

la
b

le
 s

p
ac

e 
to

 d
is

si
p

at
e 

it.
 T

hi
s 

ca
n 

ul
tim

at
el

y 
in

cr
ea

se
 t

he
 r

at
e 

of
 t

em
p

er
a-

tu
re

 r
is

e 
an

d
 c

on
se

q
ue

nt
ly

 r
ed

uc
e 

th
e 

lif
e 

of
 t

he
 p

ro
d

uc
t.

 In
 o

rd
er

 t
o 

m
in

im
iz

e 
th

e 
ef

fe
ct

 o
f t

em
p

er
at

ur
e 

on
 t

he
 M

ea
n 

Ti
m

e 
B

ef
or

e 
Fa

ilu
re

 (M
TB

F)
, t

he
 s

ys
te

m
 

d
es

ig
ne

r 
sh

ou
ld

 t
ak

e 
in

to
 c

on
si

d
er

at
io

n 
he

at
 s

in
ki

ng
, a

va
ila

b
le

 a
irfl

ow
, a

nd
 d

e-
ra

tin
g 

cu
rv

es
 b

as
ed

 u
p

on
 t

he
 p

ow
er

 
lo

ss
es

 o
f t

he
 m

od
ul

e.

W
hy

 d
o

es
 t

he
 T

o
ta

l P
o

w
er

 L
o

ss
 

cu
rv

e 
in

 F
ig

ur
e 

2 
co

ve
r 

su
ch

 a
 w

id
e 

ra
ng

e 
o

f 
te

m
p

er
at

ur
es

? 
In

 m
an

y 
ap

p
lic

at
io

ns
, p

ow
er

 m
od

ul
es

 
ar

e 
re

q
ui

re
d

 t
o 

op
er

at
e 

in
 c

ha
lle

ng
in

g 
en

vi
ro

nm
en

ts
. W

he
n 

co
m

p
ar

in
g 

th
e 

p
ow

er
 c

ap
ab

ili
ty

 o
f a

 m
od

ul
e,

 t
he

 a
na

ly
-

si
s 

of
 t

he
 e

le
ct

ric
al

 c
ap

ab
ili

ty
 s

ho
ul

d
 n

ot
 

b
e 

lim
ite

d
 t

o 
th

at
 a

t 
25

o C
, b

ut
 a

ls
o 

co
n-

si
d

er
 t

he
 s

ys
te

m
 a

m
b

ie
nt

 t
em

p
er

at
ur

e,
 

ai
rfl

ow
 a

nd
 t

he
 m

et
ho

d
 o

f h
ea

t 
tr

an
sf

er
 

aw
ay

 fr
om

 t
he

 m
od

ul
e.

 F
or

 e
xa

m
p

le
 t

he
 

Fi
gu

re
 2

: T
yp

ic
al

 D
er

at
in

g 
P

ow
er

 L
os

s 
C

ur
ve

.

Fi
gu
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 3

: I
S

L8
20

1M
 C

on
ce

p
tu

al
 P

ac
ka

ge
 D

ra
w

in
gs

.

fu
rt

he
r 

si
ze

 a
nd

 p
er

fo
rm

an
ce

 im
p

ro
ve

-
m

en
ts

 in
 d

ev
el

op
m

en
t.

W
ha

t 
ef

fi
ci

en
cy

 c
an

 I 
ex

p
ec

t 
fr

o
m

 
th

e 
IS

L8
20

1M
 D

C
-D

C
 m

o
d

ul
e?

Th
e 

IS
L8

20
1M

 a
ch

ie
ve

s 
ve

ry
 g

oo
d

 
p

er
fo

rm
an

ce
 fr

om
 a

n 
ef

fic
ie

nc
y 

p
er

-
sp

ec
tiv

e.
 G

re
at

er
 t

ha
n 

80
%

 e
ffi

ci
en

cy
 

ca
n 

b
e 

ex
p

ec
te

d
 fo

r 
lo

ad
 c

ur
re

nt
s 

la
rg

er
 

th
an

 1
.5

A
 fo

r 
a 

w
id

e 
ra

ng
e 

of
 v

ol
ta

ge
s 

(1
.2

V
 t

o 
5V

), 
se

e 
Fi

gu
re

 4
. T

he
 e

xp
ec

te
d

 
ef

fic
ie

nc
y 

in
cr

ea
se

s 
to

 9
0%

 fo
r 

vo
lta

ge
s 

at
 t

he
 h

ig
he

r 
en

d
 o

f t
he

 r
an

ge
 (3

.3
V

 t
o 

5V
) a

nd
 fo

r 
m

od
er

at
e 

lo
ad

 c
ur

re
nt

s 
w

ith
 

vo
lta

ge
s 

as
 lo

w
 a

s 
2.

5V
. O

ne
 p

oi
nt

 o
f 

in
te

re
st

 is
 in

 t
he

 t
op

 r
ig

ht
: t

he
 IS

L8
20

1M
 

ca
n 

d
el

iv
er

 1
0A

 a
t 

5V
 w

ith
 a

n 
ex

ce
ss

 
of

 9
0%

 e
ffi

ci
en

cy
. T

he
 fl

at
ne

ss
 o

f t
he

 
cu

rv
es

 a
tt

es
ts

 t
o 

th
e 

go
od

 q
ua

lit
y 

of
 

th
e 

lo
ad

 r
eg

ul
at

io
n.

 A
d

d
iti

on
al

ly
, t

he
 

ex
ce

lle
nt

 t
he

rm
al

 p
er

fo
rm

an
ce

 o
f t

he
 

Q
FN

 p
ac

ka
ge

 a
llo

w
s 

fo
r 

ve
ry

 c
om

p
ac

t 
d

es
ig

ns
 t

ha
t 

d
o 

no
t 

re
q

ui
re

 a
 h

ea
t 

si
nk

. 
Th

is
 a

llo
w

s 
th

e 
p

ar
t 

to
 a

ch
ie

ve
 a

 p
ow

er
 

d
en

si
ty

 o
f a

p
p

ro
xi

m
at

el
y 

20
0W

/in
3 , 

Q
FN

 p
ac

ka
ge

 u
se

d
 in

 t
he

 IS
L8

20
xM

 
se

rie
s 

fr
om

 In
te

rs
il 

is
 d

es
ig

ne
d

 t
o 

of
fe

r 
an

 o
p

tim
um

 h
ea

t 
tr

an
sf

er
 t

hr
ou

gh
 t

he
 

P
C

B
 s

o 
th

e 
la

rg
e 

co
p

p
er

 p
la

te
 u

nd
er

 t
he

 
m

od
ul

e 
w

ill
 im

p
ro

ve
 t

he
 o

ve
ra

ll 
p

ow
er

 
p

er
fo

rm
an

ce
.

W
ha

t 
ca

us
es

 t
em

p
er

at
ur

e 
ru

na
w

ay
?

Te
m

p
er

at
ur

e 
ru

na
w

ay
 is

 a
no

th
er

 p
he

-
no

m
en

on
 t

ha
t 

ca
us

es
 a

 m
aj

or
 fa

ilu
re

.  
It 

is
 o

ft
en

 c
au

se
d

 b
y 

a 
so

ld
er

 jo
in

t 
cr

ac
k.

 
If 

th
e 

m
od

ul
e 

is
 s

ub
je

ct
 t

o 
m

ec
ha

ni
ca

l 
vi

b
ra

tio
n 

or
 s

ev
er

al
 t

em
p

er
at

ur
e 

cy
cl

e 
sh

oc
ks

, a
 c

ra
ck

 is
 li

ke
ly

 t
o 

d
ev

el
op

 
in

 t
he

 s
ol

d
er

 jo
in

t 
w

hi
ch

 c
an

 e
ve

nt
u-

al
ly

 s
ep

ar
at

e 
th

e 
co

m
p

on
en

t 
fr

om
 t

he
 

su
b

st
ra

te
. T

hi
s 

w
ill

 c
au

se
 a

n 
in

cr
ea

se
 

in
 t

he
 e

le
ct

ric
al

 r
es

is
ta

nc
e,

 w
hi

ch
 in

 
tu

rn
 in

cr
ea

se
s 

th
e 

te
m

p
er

at
ur

e 
st

re
ss

. 
Th

es
e 

ev
en

ts
 m

ay
 r

ep
ea

t 
un

til
 t

he
 c
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le

 
re

ac
he

s 
w

ire
-s

he
ar

 m
od

e 
an

d
 r

es
ul

ts
 in

 
ca

ta
st

ro
p

hi
c 

fa
ilu

re
s.

 In
 t

he
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L8
20

1M
, 

sy
st

em
 d

es
ig

ne
rs

 r
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ei
ve

 a
n 

ex
te

ns
iv

el
y 

q
ua

lifi
ed

 a
nd

 t
es

te
d

 s
ol

ut
io

n 
fo

r 
th

e 
re

li-
ab

ili
ty

 b
en

ch
m

ar
ks

. 

A
re

 s
in

g
le

 IC
 s

o
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o
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 a

va
ila

b
le

? 
Th
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IS
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od
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e 
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te
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il 
in
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gr
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t 
of
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 c
om

p
on

en
ts

 r
e-

q
ui

re
d

 fo
r 

a 
co

m
p

le
te

 D
C

-D
C

 c
on

ve
rt

er
, 

in
cl

ud
in

g 
th

e 
P

W
M

 c
on

tr
ol

le
r, 

M
O

S
FE

Ts
, 

an
d

 in
d

uc
to

r. 
Its

 in
p

ut
 v

ol
ta

ge
 r

an
ge

 is
 

3-
20

V
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nd
 it

 h
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 1
0A

 c
ur

re
nt

 c
ap

ab
il-
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. I

t 
ac

hi
ev

es
 m

uc
h 
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gh

er
 s

w
itc

hi
ng

 
fr

eq
ue

nc
ie

s 
th

an
 t

he
 t

ra
d

iti
on

al
 S
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 D

C
-

D
C

 m
od

ul
es

 w
ith

 g
oo

d
 e

ffi
ci

en
cy

 a
nd

 
th

er
m

al
 p

er
fo

rm
an

ce
 b

y 
el

im
in

at
in

g 
th

e 
M

O
S

FE
T 

p
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ka
ge

s 
an

d
 c

o-
p

ac
ki

ng
 t

he
 

p
ar

ts
 in

 a
 c

om
p

ac
t 
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5x
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5m
m
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p
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ge
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ee
 F

ig
ur

e 
3)

. T
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20
1M

 
is

 t
he

 fi
rs

t 
in

 a
 fa

m
ily

 o
f m

od
ul

es
 w

ith
 

Fi
gu

re
 4

: I
S

L8
20

1M
 E

ffi
ci

en
cy

 C
ur

ve
s 

(V
in
 =

 1
2V

).

Fi
gu

re
 5

: T
yp

ic
al

 a
p

p
lic

at
io

n 
sc

he
m

at
ic

 (a
) f

or
 s

in
gl

e 
p

ow
er

 s
up

p
ly

 a
nd

 (b
) f

or
 

se
p

ar
at

ed
 p

ow
er

 s
up

p
ly

.
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)

(b
)
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w
w

.p
ow

er
sy

st
em

sd
es

ig
n.

co
m

in
 a

 n
om

in
al

 6
.8

m
s.

 T
he

 o
ut

p
ut

 v
ol

ta
ge

 
w

ill
 t

hu
s 

fo
llo

w
 t

he
 r

am
p

, f
ro

m
 z

er
o 

to
 

fin
al

 v
al

ue
, i

n 
th

e 
sa

m
e 

6.
8m

s.
 T

he
 r

am
p

 
is

 c
re

at
ed

 d
ig

ita
lly

, s
o 

th
er

e 
w

ill
 b

e 
64

 
sm

al
l d

is
cr

et
e 

st
ep

s.
 T

he
re

 is
 n

o 
si

m
p

le
 

w
ay

 t
o 

ch
an

ge
 t

hi
s 

ra
m

p
 r

at
e 

ex
te

rn
al

ly
.  

A
ft

er
 a

n 
in

iti
al

iz
at

io
n 

p
er

io
d

, t
he

 e
rr

or
 

am
p

lifi
er

 (C
O

M
P

/E
N

 p
in

) i
s 

en
ab

le
d

, a
nd

 
b

eg
in

s 
to

 r
eg

ul
at

e 
th

e 
co

nv
er

te
r'

s 
ou

tp
ut

 
vo

lta
ge

 d
ur

in
g 

so
ft

-s
ta

rt
. T

he
 o

sc
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le
, 
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an
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is

si
on

 s
ys

te
m

s 
ar

e 
m

or
e 

co
m

p
ac

t 
an

d
 e

ffe
ct

iv
e,
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q

ui
re

 lo
w

 m
ai

nt
en

an
ce

 
an

d
 a

re
 e

nv
iro

nm
en
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lly

 fr
ie

nd
ly

.

Th
e 

ea
rt
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s 

re
so

ur
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s 
ar

e 
b

ec
om

in
g 

m
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e 
an

d
 m

or
e 
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ite
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. B

ui
ld

in
g 

th
e 

in
fr
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tr

uc
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re
 t

o 
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ro

w
in

g 
p

op
u-
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tio

n 
d

em
an

d
s 
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ck

ly
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in
g 
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ca
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ue
. W

he
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er
 t

he
y 

lik
e 

it 
or

 
no

t,
 e

ne
rg

y,
 w

at
er
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 c
om

m
un
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a-

tio
n 
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m

p
an

ie
s 
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e 

no
w

, m
or

e 
th

an
 

ev
er

, c
om

p
el

le
d

 t
o 

fin
d

 w
ay

s 
of

 p
ro

vi
d

-
in

g 
in

cr
ea

se
d

 s
er

vi
ce

s 
us

in
g,

 in
 m

an
y 

ca
se

s,
 t

he
 s

am
e 

in
fr

as
tr

uc
tu

re
 in

 a
 m

or
e 

co
m

p
ac

t,
 e

ffe
ct

iv
e 

an
d

 e
nv

iro
nm

en
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lly
-

Li
gh

tin
g 

th
e 

fu
tu

re
 o

f p
ow

er
 

tra
ns

m
iss

io
n

U
si

ng
 H

V
D

C
 L

ig
ht

 u
nd

er
gr

ou
nd

 c
ab

le
, t

ra
ns

m
is

si
on

 s
ys

te
m

s 
ar

e 
m

or
e 

co
m

p
ac

t,
 s

af
e,

 a
nd

 e
ffe

ct
iv

e.
 

Th
ey

 r
eq

ui
re

 m
uc

h 
le

ss
 m

ai
nt

en
an

ce
, a

re
 e

nv
iro

nm
en

ta
lly

 fr
ie

nd
ly
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nd

 o
ut

 o
f s

ig
ht

.

B
y 

A
nd

er
s 

G
us

ta
fs

so
n,

 M
ar

c 
Je

ro
en

se
 a

nd
 J

oh
an

 K
ar

ls
tr

an
d,

 A
B

B
 P

ow
er

 S
ys

te
m

s,
 

R
al

ei
gh

, N
or

th
 C

ar
ol

in
a

S
p

ec
ia

l R
ep

o
rt

 –
 E

ne
rg

y 
E

ffi
ci

en
cy

Fi
gu

re
 1

: C
om

p
ar

in
g 

d
iff

er
en

t 
ca

b
le

 t
ra

ns
m

is
si

on
 s

ys
te

m
s.

b
le

 –
 a

ft
er

 a
ll,

 if
 t

he
 a

ud
io

 IC
 is

n’
t 

d
riv

in
g 

th
e 

in
te

rf
ac

e,
 t

he
n 

th
e 

co
m

p
on

en
t 

on
 t

he
 

ot
he

r 
si

d
e 

ha
s 

to
 d

o 
it,

 s
o 

th
at

 t
he

 p
ow

er
 

re
q

ui
re

m
en

t 
is

 s
im

p
ly

 s
hi

ft
ed

 a
ro

un
d

 t
he

 
sy

st
em

, r
at

he
r 

th
an

 b
ei

ng
 e

lim
in

at
ed

. A
 

fu
rt

he
r 

tip
: e

ve
n 

if 
p

ow
er

 r
eq

ui
re

m
en

ts
 

ar
e 

sp
ec

ifi
ed

 in
 m

as
te

r 
m

od
e,

 w
at

ch
 o

ut
 

fo
r 

th
e 

lo
ad

 c
ap

ac
ita

nc
e 

sp
ec

ifi
ca

tio
n,

 
as

 t
hi

s 
w

ill
 d

et
er

m
in

e 
ho

w
 m

uc
h 

ex
tr

a 
cu

rr
en

t 
w

ill
 b

e 
re

q
ui

re
d

. I
f t

he
 d

at
as

he
et

 
fig

ur
es

 a
ss

um
e 

la
rg

e,
 “

w
or

st
-c

as
e”

 lo
ad

 
ca

p
ac

ita
nc

es
, t

he
n 

th
e 

re
al

ity
 m

ay
 b

e 
b

et
te

r 
th

an
 t

he
 s

p
ec

ifi
ca

tio
n 

gi
ve

n.
 O

n 
th

e 
ot

he
r 
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nd

, v
en

d
or

s 
m

ay
 a

ls
o 

b
e 

us
-

in
g 

un
re

al
is

tic
al

ly
 lo

w
 lo

ad
 c

ap
ac

ita
nc

es
 

to
 b

rin
g 

th
e 

he
ad

lin
e 

p
ow

er
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on
su

m
p

-
tio

n 
fig

ur
es

 d
ow

n.
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om

e 
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d
io

 c
om

p
on

en
ts

 h
av

e 
sp

ec
ia

l 
cl

oc
ki

ng
 m

od
es

 t
ha

t 
w

ill
 e

lim
in

at
e 

th
e 

ne
ed

 fo
r 

a 
p

ow
er

-h
un

gr
y 

lo
w

-j
itt

er
 P

LL
 

(p
ha

se
 lo

ck
ed

 lo
op

). 
M

an
y 

W
ol

fs
on

 
au

d
io

 D
A

C
s 

an
d

 C
O

D
E

C
s,

 fo
r 

in
st

an
ce

, 
ha

ve
 a

 “
U

S
B

 m
od

e”
 in

 w
hi

ch
 a

ud
io

 
cl

oc
ks

 a
re

 g
en

er
at

ed
 d

ire
ct

ly
 fr

om
 a

 
12

M
H

z 
U

S
B

 c
lo

ck
. I

n 
th

is
 c

as
e,

 t
he

 
p

ow
er

 s
av

ed
 b

y 
in

te
gr

at
in

g 
th

e 
cl

oc
ki

ng
 

no
rm

al
ly

 fa
r 

ex
ce

ed
s 

th
e 

p
ow

er
 c

on
-

su
m

ed
 in

 t
he

 a
ud

io
 in

te
rf

ac
e.

Lo
w

 v
o

lt
ag

e 
p

o
w

er
 s

up
p

ly
A

p
ar

t 
fr

om
 t

he
 m

os
t 

b
as

ic
 IC

s,
 a

ll 
of

 
th

es
e 

ci
rc

ui
ts

 r
eq

ui
re

 m
or

e 
th

an
 o

ne
 

su
p

p
ly

 r
ai

l. 
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p
ic

al
ly

, t
he

re
 w

ill
 b

e 
at

 
le

as
t 

on
e 

an
al

og
ue

 s
up

p
ly

, a
 d

ig
ita

l I
/O

 
su

p
p

ly
 fo

r 
th

e 
au

d
io

 a
nd

 c
on

tr
ol

 in
te

r-
fa

ce
s 

an
d

 a
 s

ep
ar

at
e 

d
ig

ita
l c

or
e 

su
p

p
ly

. 
Th

e 
ov

er
al

l p
ow

er
 c

on
su

m
p

tio
n 

fo
r 

an
y 

IC
 is

 c
al

cu
la

te
d

 b
y 

ad
d

in
g 

to
ge

th
er

 t
he

 
p

ow
er

 (v
ol

ta
ge

 m
ul

tip
lie

d
 b

y 
cu

rr
en

t) 
re

q
ui

re
d

 in
 e

ac
h 

su
p

p
ly

 r
ai

l –
 w

hi
ch

 
m

ea
ns

 t
ha

t 
th

e 
m

os
t 

ob
vi

ou
s 

w
ay

 t
o 

sa
ve

 p
ow

er
 is

 t
o 

us
e 

th
e 

lo
w

es
t 

p
os

si
b

le
 

vo
lta

ge
 fo

r 
ea

ch
 s

up
p

ly
. 

In
 t

he
 c
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e 
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 D

ig
ita

l I
/O

 v
ol

ta
ge

, t
hi

s 
m

ay
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e 
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ve
n 

b
y 

th
e 

ot
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r 
sy

st
em

 c
om

-
p

on
en

ts
 w

ith
 w

hi
ch

 t
he

 a
ud

io
 IC

 n
ee

d
s 

to
 in

te
rf

ac
e.

 O
n 

th
e 

ot
he

r 
ha

nd
, i

t’s
 p

os
-

si
b

le
 t

o 
re

d
uc

e 
th

e 
d

ig
ita

l c
or

e 
vo

lta
ge

 
rig

ht
 d

ow
n 

to
 it

s 
lo

w
er

 li
m

it,
 w

hi
ch

 c
an

 
no

rm
al

ly
 b

e 
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un
d

 u
nd

er
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R
ec

om
m

en
d

-
ed

 O
p

er
at

in
g 

C
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d
iti

on
s”

 in
 d

at
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he
et

s.
 

Id
ea

lly
, d

at
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he
et

s 
w

ou
ld

 p
ro

vi
d

e 
gr

ap
hs

 o
f e

ac
h 

su
p

p
ly

 c
ur

re
nt

 v
er

su
s 

vo
lta

ge
 in

 e
ve

ry
 p
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b
le

 s
ce

na
rio
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W

he
re

 s
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h 
d
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a 
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 m
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ng
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r 
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-
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m
p

le
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t’s

 p
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b
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 t

o 
m
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e 
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m
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ed
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ed
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. F
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 in
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an

ce
, c

ur
-

w
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m

p
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 p
ea
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ng
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t 
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gn
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 le
ve
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o 
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3m

W
 in
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0 
O
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s.

 V
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y 
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m
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r 
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er
at

io
ns

 a
p

p
ly

 fo
r 

lo
ud
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ea

ke
r 
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p

lifi
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s,
 w

he
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 C
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ss
-D

 t
ec
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ol

og
y 
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no
w

 c
on

si
d

er
ed

 t
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 in
d
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tr

y 
st

an
d
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d

.
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p
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at
es

A
p

ar
t 

fr
om

 a
m
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rc
ui

ts
 in

 w
hi
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 c
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m

p
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w
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 s
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 t
ha
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s 
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at
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p
p
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 c
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er
s 

an
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m
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p
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d
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M

O
S

 c
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M

O
S
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 c
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m
p
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n 
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a 
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n 
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 fr
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e 

b
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0 
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l 
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.e
. q
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le
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s 
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p
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o 
d

el
iv
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l p
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d
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a,
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m
p
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d
 b
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p
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g 
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 d
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y 
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f d
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ed
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 c
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h 
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 p
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 s
am

p
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w
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 m
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t 
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r 
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e 
p
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p
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 d
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p
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to
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b
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p
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s 

p
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d
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 t
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m
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w
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n 
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e 
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m

p
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g 

d
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er
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d
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 D
A

C
s 
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A
D
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p
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 c
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t 
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t 
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m
e 
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m

-
p
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g 

ra
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. F
ur

th
er

 u
p

 t
he
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ig
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p

ow
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 c
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m

p
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n 
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 d
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er

s 
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b

e 
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ed
 b

y 
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e 
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d
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g 

q
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lit
y 
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ud
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 w
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d
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 t
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 b

it 
ra
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f l
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M

P
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C
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b
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 b
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r 
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, t
hi
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b

it 
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et
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m
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e 
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w
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nt
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 d
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a 
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m
. 

Th
is

 is
 p

ar
tic
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ly
 im

p
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nt
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 t
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 d

e-
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f h
ar

d
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k 

b
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m
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 d
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k 
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 c
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s 
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e 

sp
ik
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 c
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b
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 m
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d
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, b
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au
se

 in
 

“m
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 d
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e 
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e 

d
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e 
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d
 t

he
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q
ui
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 m

or
e 

cu
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en
t 
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 s

la
ve

 m
od

e.
 

It 
w

ill
 t
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re

 c
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 n
o 

su
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e 

th
at

 
p

ow
er

 c
on

su
m

p
tio

n 
is

 u
su

al
ly

 s
p

ec
ifi

ed
 

in
 s

la
ve

 m
od

e.
 

O
f c
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e,
 t
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s 
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b

e 
ta
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n 

to
 

im
p

ly
 t
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t 
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e 
m

od
e 

is
 a

lw
ay

s 
p

re
fe

ra
-

re
nt

 s
ca

le
s 

p
ro

p
or

tio
na

lly
 t

o 
vo

lta
ge

 in
 

C
M

O
S
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c.
 T

hi
s 

m
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ns
 t

ha
t 

a 
vo

lta
ge

 
re

d
uc

tio
n 

is
 d

ou
b

ly
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en
efi
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al

 –
 w

ith
 a

 
50

%
 r

ed
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tio
n 

in
 s

up
p

ly
 v

ol
ta

ge
 r

es
ul

t-
in

g 
in

 a
 r

ed
uc

tio
n 

of
 7

5%
 in

 t
he

 p
ow

er
 

us
ed

 o
n 

th
at

 r
ai

l. 
In

 a
na

lo
gu

e 
ci

rc
ui

tr
y,

 
th

in
gs

 a
re

 s
om

ew
ha

t 
m

or
e 

co
m

p
le

x,
 

si
nc

e 
an

al
og

ue
 c

irc
ui

ts
 o

ft
en

 c
on

ta
in

 
co

ns
ta

nt
-c

ur
re

nt
 s

ou
rc

es
. T

yp
ic

al
ly

, 
th

ou
gh

, a
ft

er
 h

al
vi

ng
 a

n 
an

al
og

ue
 s

up
-

p
ly

 v
ol

ta
ge

, t
he

 p
ow

er
 c

on
su

m
ed

 b
y 

th
at

 p
ar

t 
of

 t
he

 IC
 (e

xc
lu

d
in

g 
an

y 
lo

ad
) i

s 
so

m
ew

he
re

 b
et

w
ee

n 
ha

lf 
an

d
 a

 q
ua

rt
er

 
of

 it
s 

or
ig

in
al

 v
al

ue
.

C
o

nc
lu

si
o

n:
 T

he
 r

ea
l s

to
ry

 o
n 

p
o

w
er

 
co

ns
um

p
ti

o
n

S
um

m
in

g 
up

, t
es

t 
co

nd
iti

on
s 

m
us

t 
b

e 
re

al
is

tic
 a

nd
 c

on
si

st
en

t 
if 

th
e 

p
er

fo
r-

m
an

ce
 o

f d
iff

er
en

t 
IC

 u
ni

ts
 is

 g
oi

ng
 t

o 
b

e 
ac

cu
ra

te
ly

 a
nd

 m
ea

ni
ng

fu
lly

 c
om

-
p

ar
ed

. F
ac

to
rs

 t
o 

b
ea

r 
in

 m
in

d
 in

cl
ud

e 
th

e 
p

ow
er

 d
el

iv
er

ed
 t

o 
th

e 
lo

ad
, t

he
 

na
tu

re
 o

f t
he

 s
ig

na
l (

e.
g.

 “
p

in
k”

 n
oi

se
), 

sa
m

p
lin

g 
ra

te
s 

an
d

 s
up

p
ly

 v
ol

ta
ge

s.
 In

 
ad

d
iti

on
, t

he
 fu

nc
tio

ns
 b

ei
ng

 c
om

p
ar

ed
 

m
us

t 
re

fle
ct

 t
he

 d
es

ire
d

 u
se

 c
as

e:
 a

ll 
th

e 
fu

nc
tio

ns
 r

eq
ui

re
d

 m
us

t 
b

e 
en

ab
le

d
, a

nd
 

th
os

e 
no

t 
re

q
ui

re
d

 m
us

t 
b

e 
d

is
ab

le
d

 
w

he
re

 p
os

si
b

le
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Digital Audio Driver IC

Part Number VOFFSET

Sink/Source
Current

VCC Range 
(with UVLO)

Min/Max Output 
Voltage

Selectable
Deadtime

Logic
Compat. Input

IRS2092(S)PBF ±100 V 1.2 / 1.0 A 10 / 18 V 10-18 V 25/45/75/105 ns 3.3 / 5.0 V

Featured MOSFETs

Part Number Package BVDSS RDS(on) Typ. @ 10V ID @ TC = 25˚C QG Typ.

IRF6645 DirectFET SJ 100 V 28 m 25 A 14 nc

IRF6665 DirectFET SH 100 V 53 m 19 A 8.7 nc

IRF6775M DirectFET MZ 150 V 47 m 28 A 25 nc

IRF6785M DirectFET MZ 200 V 85 m 19 A 26 nc

Go to irf.com for a full listing of IR digital audio MOSFETs for applications up to 500W
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IR Class D (IRS2092 + IRF6645)

Typical Class AB

• No heatsink

• Integrated protection

• Smaller footprint

Protection
Amplifi er
Channel 1
Channel 2

Heatsink(s)

Class AB vs. IR’s Class D Audio

IR’s new IRS2092 Class D audio IC and 
digital audio MOSFETs deliver Class AB 
performance at a size you can squeeze 
into less than half the space. One chipset 
delivers a complete Class D solution with 
integrated PWM modulation and built-in 
protection. One reference design makes it 
even easier to migrate to Class D.

IRAUDAMP5 Reference Design:

• Output Power: 120W x 2 channels

• Residual Noise: 170μV, IHF-A weighted, 
 AES-17 fi lter

• Distortion: 0.005% THD+N @ 60W, 4

• Effi ciency: 96% @ 120W, 4 , single
 channel driven, Class D stage

• Multiple Protection Features 

For the latest in high performance audio 
power management, look to International 
Rectifi er – the power management leader.

IR’s Class D Chipset Drives High Performance Audio from 50W – 500W

Big Sound, Small Size

DirectFET® is a registered trademark of International Rectifi er Corporation.

Reference Design

Available

  For more information call +33 (0) 1 64 86 49 53 or +49 (0) 6102 884 311

or visit us at http://audio.irf.com  THE POWER MANAGEMENT LEADER 


