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T
he LC

 S
eries is ideally suited for volum

e use in
O

E
M

 
a

p
p

lica
tio

n
s 

su
ch

 
a

s 
re

m
o

te
 

co
n

tro
l,

security, identification, and periodic data transfer.
A

vailable in 2 styles of com
pact S

M
D

 packages,
the LC

-S
 receiver utilizes a highly optim

ized S
A

W
architecture to achieve an unm

atched blend of
perform

ance, 
size, 

efficiency 
and 

cost. 
W

hen
paired w

ith a m
atching LC

 S
eries transm

itter, a
highly reliable w

ireless link is form
ed, capable of

transferring serial data at distances in excess of
300 feet. N

o external R
F

 com
ponents, except an

antenna, are required, m
aking design integration

straightforw
ard.
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he perform

ance param
eters listed

b
e
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a
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o

n
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o
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u

le
operation 

at 
25°C

 
from

 
a 

3V
D
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.

F
igure 1 at the right illustrates the

connections 
necessary 

for 
testing

and 
operation. 

It 
is 

recom
m

ended
that all ground pads be connected to
the groundplane. T

he pads m
arked

N
C

 have no physical connection and
are designed only to add support.

Pag
e 3

Pag
e 2

1.
F

or B
E

R
 of 10

-5at 4800 baud. S
ensitivity is affected by antenna S

W
R

. S
ee F

igure 3.

2.
T

im
e to valid data output.

3.
*C

R
IT

IC
A

L* In order to operate the device over this range it is necessary for a 200
 resistor to be placed

in-line w
ith V

C
C

.

4.
W

hen operating from
 a 5 volt source it is im

portant to consider that the output w
ill sw

ing to w
ell less than

5 volts as a result of the required dropping resistor. P
lease verify that the m

inim
um

 voltage w
ill m

eet the
high threshold requirm

ent of the device to w
hich data is being sent.

5.
M

axim
um

 output voltage m
easured after in-line dropping resistor.
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P
IN

D
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N
S:

P
in

 1, 2, 3, 7, 9, 10, 11, 12, 13, 14 - N
O

 C
O

N
N

E
C

T
IO

N

A
ttach to an isolated pad to provide support for the m

odule. D
o not m

ake any electrical
connection.

P
in

 4, 15 - G
R

O
U

N
D

C
onnect to quiet ground or groundplane. It is internally connected to pin 8.

P
in

 5 - P
O

S
IT

IV
E

S
U

P
P

L
Y

(V
C

C
2.7 - 4.2 V

D
C

 *4.7 - 5.2 w
/ extern

al d
ro

p
p

in
g

 resisto
r)

T
he supply m

ust be clean (<
20m

V
pp), stable and free of high-frequency noise. A

 supply
filter is recom

m
ended unless the m

odule is operated from
 its ow

n regulated supply or
battery. P

lease note that operation from
 4.7 to 5.2 volts requires the use of an external

200
 resistor placed in series w

ith V
C

C .

P
in

 6 - P
O

W
E

R
 D

O
W

N

P
ull this line low

 to put the receiver in sleep m
ode (700 µA

). Leave floating or pull high to
enable the receiver.

P
in

 8 - D
A

T
A

 O
U

T

Internally pulled to V
C

C . O
pen collector data output w

ith internal pullup to V
C

C . R
ecovered data

is output on this pin. O
utput voltage during a high bit w

ill average V
C

C - 0.3V
.

P
in

16 - R
F

 IN

T
he receiver antenna connects to this input. It has nom

inal R
F

 im
pedance of 50

 and is
capacitively isolated from

 the internal circuitry.

P
H

Y
SIC

A
L

PA
C

K
A

G
IN

G
T

he receiver is packaged as a hybrid S
M

D
 m

odule w
ith sixteen pads spaced

0.100" on center. T
he castellated S

M
D

 package allow
s for easy prototyping or

hand assem
bly w

hile m
aintaining full com

patibility w
ith autom

ated pick-and-
place equipm

ent.  M
odules are supplied in tube packaging.
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P
R

O
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U
C

TIO
N

 G
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E

LIN
E

S
T

he LC
 m

odules are packaged in a hybrid S
M

D
 package that supports hand- or

a
u

to
m

a
te

d
-a

sse
m

b
ly 

te
ch

n
iq

u
e

s. 
S

in
ce

 
L

C
 

d
e

vice
s 

co
n

ta
in

 
d

iscre
te

com
ponents internally, the assem

bly procedures are critical to ensuring the
reliable function of the LC

 product. T
he follow

ing procedures should be review
ed

w
ith and practiced by all assem

bly personnel.

PA
D

 LA
Y

O
U

T
T

he follow
ing pad layout diagram

s are designed to facilitate both hand and
autom

ated assem
bly.

R
E

C
E

IV
E

R
 H

A
N

D
 A

SSE
M

B
LY

T
he LC

-S
 R

eceiver’s prim
ary m

ounting
surface is sixteen pads located on the
bottom

 of the m
odule. S

ince these pads
a

re
 

in
a

cce
ssib

le
 

d
u

rin
g

 
m

o
u

n
tin

g
,

castellations that run up the side of the
m

odule have been provided to facilitate
solder w

icking to the m
odule's under-

side. If the recom
m

ended pad place-
m

ent has been follow
ed, the pad on the

board w
ill extend slightly past the edge

of the m
odule. T

ouch both the P
C

B
 pad

and the m
odule castellation w

ith a fine
soldering tip. T

ack one m
odule corner

first, then w
ork around the rem

aining
attachm

ent 
points 

using 
care 

not 
to

exceed the tim
es listed below

.

C
astellations

P
C

B
 P

ads

S
oldering Iron

T
ip

S
older

A
b

so
lute M

axim
um

 So
ld

er Tim
es

H
and

-So
ld

er Tem
p

. TX
 +

2
2
5
°C

 fo
r 1

0
 Sec.

H
and

-So
ld

er Tem
p

. R
X

 +
2
2
5
°C

 fo
r 1

0
 Sec.

R
eco

m
m

end
ed

 So
ld

er M
elting

 P
o

int +
1
8
0
°C

R
eflo

w
 O

ven: +
2
2
0
° M

ax. (See ad
jo

ining
 d

iag
ram

)

A
U

TO
M

A
TE

D
 A

SSE
M

B
LY

F
or high-volum

e assem
bly m

ost users w
ill w

ant to auto-place the m
odules. T

he
receivers have been designed to m

aintain com
patibility w

ith reflow
 processing

techniques; how
ever, due to the m

odule's hybrid nature certain aspects of the
assem

bly process are far m
ore critical than for other com

ponent types. 

F
ollow

ing are brief discussions of the three prim
ary areas w

here caution m
ust be

observed.

R
eflo

w
 T

em
p

eratu
re P

ro
file

T
he single m

ost critical stage in the autom
ated assem

bly process is the reflow
process. T

he reflow
 profile below

 should be closely follow
ed since excessive

tem
peratures or transport tim

es during reflow
 w

ill irreparably dam
age the m

odules.
A

ssem
bly personnel w

ill need to pay careful attention to the oven's profile to
ensure 

that 
it 

m
eets 

the 
requirem

ents 
necessary 

to 
successfully 

reflow
 

all
com

ponents w
hile still m

eeting the lim
its m

andated by the m
odules them

selves. 

S
h

o
ck D

u
rin

g
 R

eflo
w

 T
ran

sp
o

rt

S
ince som

e internal m
odule com

ponents m
ay reflow

 along w
ith the com

ponents
placed on the board being assem

bled, it is im
perative that the m

odule not be
subjected to shock or vibration during the tim

e solder is liquidus.

W
ash

ab
ility

T
he m

odules are w
ash resistant, but are not herm

etically sealed. T
hey m

ay be
subject to a standard w

ash cycle; how
ever, a tw

enty-four-hour drying tim
e

should be allow
ed before applying electrical pow

er to the m
odules. T

his w
ill allow

any m
oisture that has m

igrated into the m
odule to evaporate, thus elim

inating the
potential for shorting during pow

er-up or testing.
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P
O

W
E

R
SU

P
P

LY
R

E
Q

U
IR

E
M

E
N

TS
T

he 
receiver 

m
odule 

requires 
a 

clean, 
w

ell-regulated
pow

er source. W
hile it is preferable to pow

er the unit from
a battery, the unit can also be operated from

 a pow
er

supply as long as noise and ‘hash’ is less than 20
m

V
. A

10
 resistor in series w

ith the supply follow
ed by a 10µF

tantalum
 capacitor from

 V
C

C
to ground w

ill help in cases
w

here the quality of supply pow
er is poor. P

lease note that
operation from

 4.7 to 5.2 volts requires the use of an
external 200

 resistor placed in series w
ith V

C
C .

TH
E

D
A

TA
O

U
TP

U
T

A
 C

M
O

S
-com

patible data output is available on pin 8. T
his output is norm

ally used to
drive directly a digital decoder IC

 or a m
icroprocessor that is perform

ing the data
decoding. T

he receiver’s output is internally qualified, m
eaning that it w

ill only
transition w

hen valid data is present. In instances w
here no carrier is present the

output w
ill rem

ain low
. S

ince a U
A

R
T

 utilizes high m
arking to indicate the absence of

data, a designer using a U
A

R
T

 m
ay w

ish to insert a logic inverter betw
een the data

output of the R
X

M
-LC

-S
 and the U

A
R

T
. 

It is im
portant to realize that the data output of the receiver m

ay be subject to som
e

pulse stretching or shortening. T
his is caused by a com

bination of oscillator start-up
tim

e on the transm
itter and ring-dow

n tim
e in the receiver’s ceram

ic filter. It is
im

portant to consider this effect w
hen planning protocol. T

o learn m
ore about protocol

considerations for the LC
series w

e suggest you read Linx applications note #00232.

R
E

C
E

IV
IN

G
D

A
TA

O
nce a reliable R

F
link has been established, the challenge becom

es how
 to

effectively transfer data across it. W
hile a properly designed R

F
 link provides

reliable data transfer under m
ost conditions, there are still distinct differences from

a 
w

ired 
link 

that 
m

ust 
be 

addressed. 
S

ince 
the 

R
X

M
-LC

-S
 

m
odules 

do 
not

incorporate internal encoding/decoding, a user has trem
endous flexibility in how

 data
is handled.

It is alw
ays im

portant to separate w
hat type of transm

issions are technically
possible from

 those that are legally allow
able in the country of intended operation.

Y
ou m

ay w
ish to review

 application notes #00125 and #00140 along w
ith P

art 15
S

ec. 231 for further details on acceptable transm
ission content. 

A
nother area of consideration is that of data structure or protocol. If unfam

iliar w
ith

the considerations for sending serial data in a w
ireless environm

ent, you w
ill w

ant
to review

 Linx application note #00232 (C
onsiderations for sending data w

ith the LC
series). 

T
hese 

issues 
should 

be 
clearly 

understood 
prior 

to 
com

m
encing 

a
significant design effort. 

If you w
ant to transfer sim

ple control or status signals such as button presses or
sw

itch closures, and your product does not have a m
icroprocessor on board your

product or you w
ish to avoid protocol developm

ent, consider using an encoder and
decoder IC

 set. T
hese chips are available from

 a w
ide range of m

anufacturers
including: M

icrochip (K
eeloq), H

oltek (available directly from
 Linx), and M

otorola.
T

hese chips take care of all encoding, error checking, and decoding functions and
generally 

provide 
a 

num
ber 

of 
data 

pins 
to 

w
hich 

sw
itches 

can 
be 

directly
connected. In addition, address bits are usually provided for security and to allow
the addressing of m

ultiple receivers independently. T
hese IC

’s are an excellent w
ay

to bring basic R
em

ote C
ontrol/S

tatus products quickly and inexpensively to m
arket.

A
dditionally, it is a sim

ple task to interface w
ith inexpensive m

icroprocessors such
as the M

icrochip P
IC

 or one of m
any IR

, rem
ote control, D

T
M

F
, and m

odem
 IC

’s.

F
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B
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F
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C
Series R

eceiver B
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iagram
 

M
O

D
U

LE
D

E
SC

R
IP

TIO
N

T
he R

X
M

-LC
-S

 is a low
-cost, high-perform

ance S
urface A

coustic W
ave (S

A
W

)
based C

arrier-P
resent C

arrier-A
bsent (C

P
C

A
) receiver, capable of receiving

serial 
data 

at 
up 

to 
5,000 

bits/second. 
Its 

exceptional 
sensitivity 

provides
outstanding range at the m

axim
um

 data rate. W
hile oriented tow

ard high-volum
e

autom
ated production, the LC

-S
’s com

pact surface-m
ount package is also

friendly to prototype and hand production. W
hen com

bined w
ith a Linx LC

 series
transm

itter, a highly reliable R
F

 link capable of transferring digital data over line-
of-sight distances in excess of 300 feet (90m

) is form
ed. 

TH
E

O
R

Y
O

F
O

P
E

R
A

TIO
N

T
he R

X
M

-LC
-S

 is designed to recover
data sent by a C

P
C

A
 transm

itter. T
his

type of A
M

 m
odulation is often referred

to by other designations including C
W

and O
O

K
. A

s the C
P

C
A

 designation
su

g
g

e
sts, 

th
is 

typ
e

 
o

f 
m

o
d

u
la

tio
n

re
p

re
se

n
ts 

a
 

lo
g

ic 
lo

w
 

‘0
’ 

b
y 

th
e

absence of a carrier and a logic high ‘1’
by 

the 
presence 

of 
a 

carrier. 
T

his
m

odulation m
ethod affords num

erous
benefits. T

w
o m

ost im
portant are: 1) C

ost-effectiveness due to design sim
plicity

and 2) H
igher output pow

er and thus greater range in countries (such as the U
S

)
w

hich average output pow
er m

easurem
ents over tim

e. P
lease refer to Linx

application 
note 

#00130 
for 

a 
further 

discussion 
of 

m
odulation 

techniques
including C

P
C

A
.

T
he LC

 series utilizes an advanced single-conversion superhet design w
hich

incorporates a S
A

W
device, high IF

frequency and m
ulti-layer ceram

ic filters.
T

he S
A

W
 device has been in use for m

ore than a decade but has only recently
begun to receive the w

idespread acclaim
 its outstanding capabilities deserve. A

S
A

W
 

device 
provides 

a 
highly 

accurate 
frequency 

source 
w

ith 
excellent

im
m

unity to frequency shift due to age or tem
perature. T

he use of S
A

W
 devices

in both the LC
 transm

itter and receiver m
odules allow

s the receiver’s pass
opening 

to 
be 

quite 
narrow

, 
thus 

increasing 
sensitivity 

and 
 

reducing
susceptibility to near-band interference. T

he quality of com
ponents and overall

architecture utilized in the LC
 series is unusual in a low

-cost product and is one
of the prim

ary reasons the LC
receivers are able to outperform

 even far m
ore

expensive products. 

D
ata

D
ata

C
arrier

C
arrier

F
igure 14: C

P
C
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1

6
 

sh
o

w
s 

a
n

exam
ple of a basic rem

ote
control receiver utilizing a
decoder chip from

 H
oltek.

W
hen a key is pressed at

the 
transm

itter, 
a 

corres-
ponding pin at the receiver
goes high. A

 schem
atic for

th
e

 
tra

n
sm

itte
r/e

n
co

d
e

r
circu

it 
m

a
y 

b
e

 
fo

u
n

d
 

in
 

the 
LC

 
transm

itter 
guide.

T
h

e
se

 
circu

its 
ca

n
 

b
e

easily m
odified and clearly

dem
onstrate 

the 
ease 

of
using the Linx LC

 m
odules

for 
rem

ote 
control 

appli-
cations.

B
asic R

em
o

te C
o

n
tro

l R
eceiver C

ircu
it

F
igure 16: B

asic R
em

ote C
ontrol R

eceiver 
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A
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If you are at all fam

iliar w
ith R

F
 devices you m

ay be
concerned 

about 
specialized 

board 
layout

requirem
ents. 

F
ortunately, 

because 
of 

the 
care

taken 
by 

Linx 
in 

designing 
the 

LC
S

eries,
integrating an LC

-S
 receiver is very straightforw

ard.
T

his ease of application is a result of the advanced
m

ulti-layer isolated construction of the m
odule. B

y
adhering to good layout principles and observing a
few

 
basic 

design 
rules 

you 
can 

enjoy 
a

straightforw
ard path to R

F
success.

1.
N

o conductive item
s should be placed w

ithin 0.15
in. of the m

odule’s top or sides. 

2.
A

 
groundplane 

should 
be 

placed 
under 

the
m

odule as show
n. In m

ost cases, it w
ill be placed

on the bottom
 layer. T

he am
ount of overall plane area is also critical for the

correct function of m
any antenna styles and is covered in the next section.

3.
K

eep 
receiver 

m
odule 

aw
ay 

from
 

interference 
sources. 

A
ny 

frequency 
of

sufficient am
plitude to enter the receiver’s front end w

ill reduce system
 range,

cause bit errors, and m
ay even prevent reception entirely. T

here are m
any

possible sources of internally generated interference. H
igh speed logic is one of

the w
orst in this respect, as fast logic edges have harm

onics w
hich extend into

the U
H

F
 band and the P

C
B

 tracks radiate these harm
onics m

ost efficiently.
M

icroprocessors w
ith external busses are generally incom

patible w
ith sensitive

radio receivers. S
ingle-chip m

icroprocessors do not generally pose a problem
.

S
w

itching 
pow

er 
supplies, 

oscillators, 
even 

relays 
can 

also 
be 

significant
sources of potential interference. H

ere again, the single best w
eapon against

such problem
s is attention to placem

ent and layout. F
ilter the supply w

ith a high-
frequency bypass capacitor as described above. P

lace adequate groundplane
under all potential sources of noise. 

G
R

O
U

N
D

P
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N
E

G
R

O
U

N
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P
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N
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O
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E
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Y

E
R

O
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W

E
R
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Y

E
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G
R

O
U

N
D

P
LA

N
E

O
N

 LO
W

E
R

 LA
Y

E
R

A
lw

ays in
co

rp
o

rate
ad

eq
u

ate g
ro

u
n

d
p

lan
e

4.
O

bserve appropriate layout practice betw
een the m

odule and its antenna. A
sim

ple trace m
ay suffice for runs of less than 0.25" but longer distances should

be covered using 50
 coax or a 50

 m
icrostrip transm

ission line. T
his is

because the trace leading to the m
odule can effectively contribute to the length

of the antenna, thus low
ering its resonant bandw

idth. In order to m
inim

ize loss
and detuning, a m

icrostrip transm
ission line is com

m
only utilized. T

he term
m

icrostrip refers to a P
C

B
 trace running over a groundplane, the w

idth of
w

hich has been calculated to serve as a 50
 transm

ission line betw
een the

m
odule and antenna. T

his effectively rem
oves the trace as a source of

detuning.T
he correct trace w

idth can be easily calculated using the inform
ation

below
.

E
ffective

D
ielectric

W
idth/H

eight
D

ielectric
C

haracteristic
C

onstant
(W

/d)
C

onstant
Im

pedance
4.8

1.8
3.59

50.0
4

2
3.07

51.0
2.55

3
2.12

48.0

F
igure 17: M

icrostrip Form
ulas (E

r =
 D

ielectric constant of pc board m
aterial)
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T

he choice of antennas is one of the m
ost critical and often overlooked design

considerations. T
he range, perform

ance, and legality of an R
F

 link is critically
dependent upon the type of antenna em

ployed. P
roper design and m

atching of
an antenna is a com

plex task requiring sophisticated test equipm
ent and a

strong background in principles of R
F

propagation. W
hile adequate antenna

perform
ance can often be obtained by trial and error m

ethods, you m
ay also

w
ant to consider utilizing a professionally designed antenna such as those

offered by Linx. O
ur low

-cost antenna line is designed to ensure m
axim

um
perform

ance and com
pliance w

ith P
art 15 attachm

ent requirem
ents.
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A
N

TE
N

N
A

C
O

N
SID

E
R

A
TIO

N
S (C

O
N

T.)
A

 receiver antenna should give its optim
um

 perform
ance at the frequency or in

the band for w
hich the receiver w

as designed, and capture as little as possible
of other off-frequency signals. T

he efficiency of the receiver’s antenna is critical
to m

axim
izing range-perform

ance. U
nlike the transm

itter antenna, w
here legal

operation m
ay m

andate a reduction in antenna efficiency or attenuation, the
receiver’s antenna should be optim

ized as m
uch as is practical. 

It is usually best to utilize a basic quarter-w
ave w

hip for your initial concept
evaluation. O

nce the prototype product is operating satisfactorily, a production
antenna should be selected to m

eet the cost, size and cosm
etic requirem

ents of
the product. T

o gain a better understanding of the considerations involved in the
design 

and 
selection 

of 
antennas, 

please 
review

 
application 

note 
#00500

“A
ntennas: D

esign, A
pplication, P

erform
ance". 

T
h

e fo
llo

w
in

g
 n

o
tes sh

o
u

ld
 h

elp
 in

 o
p

tim
izin

g
 an

ten
n

a p
erfo

rm
an

ce:
1.

P
roxim

ity to objects such as a user’s hand or body, or m
etal objects w

ill cause
an antenna to detune. F

or this reason the antenna shaft and tip should be
positioned as far aw

ay from
 such objects as possible.

2.
O

ptim
um

 perform
ance w

ill be obtained from
 a 1/4- or 1/2-w

ave straight w
hip

m
ounted at a right angle to the groundplane. In m

any cases this isn’t desirable
for practical or ergonom

ic reasons; thus, an alternative antenna style such as
a helical, loop, patch, or base-loaded w

hip m
ay be utilized.

3.
If 

an 
internal 

antenna 
is 

to 
be 

used, 
keep 

it 
aw

ay 
from

 
other 

m
etal

com
ponents, particularly large item

s like transform
ers, batteries, and P

C
B

tracks and groundplanes. In m
any cases, the space around the antenna is as

im
portant as the antenna itself. 

4.
In m

any antenna designs, particularly 1/4-w
ave w

hips, the groundplane acts
as a counterpoise, form

ing, in essence, a 1/2-w
ave dipole. F

or this reason
adequate groundplane area is essential. T

he groundplane can be a m
etal

case or ground-fill areas on a circuit board. Ideally, it should have a surface
area 

 the overall length of the 1/4-w
ave radiating elem

ent. T
his is often not

practical due to size and configuration constraints. In these instances a
designer m

ust m
ake the best use of the area available to create as m

uch
groundplane in proxim

ity to the base of the antenna as possible. W
hen the

antenna is rem
otely located or the antenna is not in close proxim

ity to a circuit
board plane or grounded m

etal case, a sm
all m

etal plate m
ay be fabricated to

m
axim

ize antenna perform
ance.

5.
R

em
ove the antenna as far as possible from

 potential interference sources.
A

ny frequency of sufficient am
plitude to enter the receiver’s front end w

ill
reduce system

 range and can even prevent reception entirely. S
w

itching
pow

er supplies, oscillators, even relays can also be significant sources of
potential interference. T

he single best w
eapon against such problem

s is
attention to placem

ent and layout. F
ilter the m

odule’s pow
er supply w

ith a
high-frequency 

bypass 
capacitor. 

P
lace 

adequate 
groundplane 

under
potential sources of noise. S

hield noisy board areas w
henever practical.

6.
In som

e applications it is advantageous to place the receiver and its antenna
aw

ay from
 the m

ain equipm
ent. T

his avoids interference problem
s and allow

s
the antenna to be oriented for optim

um
 R

F
 perform

ance. A
lw

ays use 50
coax, such as R

G
-174, for the rem

ote feed.

A
 

w
h

ip
-style

 
m

o
n

o
p

o
le

 
a

n
te

n
n

a
 

p
ro

vid
e

s 
o

u
tsta

n
d

in
g

 
o

ve
ra

ll
perform

ance and stability. A
 low

-cost w
hip can be easily fabricated from

w
ire 

or 
rod, 

but 
m

ost 
product 

designers 
opt 

for 
the 

im
proved

perform
ance and cosm

etic appeal of a professionally m
ade m

odel. T
o

m
eet this need, Linx offers a w

ide variety of straight and reduced-height
w

hip-style antennas in perm
anent and connectorized m

ounting styles. 

T
he w

avelength of the operational frequency determ
ines an antenna's

overall length. S
ince a full w

avelength is often quite long, a partial 1/4-
w

ave antenna is norm
ally em

ployed. Its size and natural radiation
resistance m

ake it w
ell m

atched to Linx m
odules. T

he proper length for
a 1/4-w

ave antenna can be easily found using the form
ula below

. It is
also possible to reduce the overall height of the antenna by using a
helical w

inding. T
his decreases the antenna's bandw

idth but is an
excellent w

ay to m
inim

ize the antenna's physical size for com
pact

applications. 

H
elical Style

W
hip

 Style

Lo
o

p
 Style

1/4-w
ave w

ire lengths
for K

H
frequencies:

315M
h

z
=

8.9"
418M

h
z

=
6.7"

433M
h

z
=

6.5"

W
here:

L
=

length in feet of quarter-w
ave length 

F
=

operating frequency in m
egahertz

C
O

M
M

O
N

 A
N

TE
N

N
A

 STY
LE

S
T

here are literally hundreds of antenna styles that can be successfully em
ployed w

ith the
K

H
 S

eries. F
ollow

ing is a brief discussion of the three styles m
ost com

m
only utilized in

com
pact R

F
 designs. A

dditional antenna inform
ation can be found in Linx application notes

#00100, 
#00126, 

#00140 
and 

#00500. 
Linx also offers a broad line of antennas and

connectors that offer outstanding perform
ance and cost-effectiveness.

A
 helical antenna is precisely form

ed from
 w

ire or rod. A
 helical antenna

is 
a 

good 
choice 

for 
low

-cost 
products 

requiring 
average 

range-
perform

ance and internal concealm
ent. A

 helical can detune badly in
proxim

ity to other objects and its bandw
idth is quite narrow

 so care m
ust

be exercised in layout and placem
ent. 

A
 loop- or trace-style antenna is norm

ally printed directly on a product's
P

C
B

. T
his m

akes it the m
ost cost-effective of antenna styles. T

here are
a variety of shapes and  layout styles that can be utilized. T

he elem
ent

can 
be 

m
ade 

self-resonant 
or 

externally 
resonated 

w
ith 

discrete
com

ponents. D
espite its cost advantages, P

C
B

 antenna styles are
generally inefficient and useful only for short-range applications. Loop-
style antennas are also very sensitive to changes in layout or substrate
dielectric, w

hich can introduce consistency issues into the production
process. In addition, printed styles initially are difficult to engineer,
requiring the use of expensive equipm

ent, including a netw
ork analyzer.

A
n im

properly designed loop w
ill have a high S

W
R

 at the desired
frequency that can introduce substantial instability in the R

F
 stages.

Linx offers a low
-cost planar antenna called the “S

P
LA

T
C

H
,” w

hich is an
excellent alternative to the som

etim
es problem

atic P
C

B
 trace style. T

his
tiny antenna m

ounts directly to a product's P
C

B
 and requires no testing

or tuning. Its design is stable even in com
pact applications and it

provides excellent perform
ance in light of its com

pact size.

L =
234

F
M

H
z
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dding an R
F

 stage brings an exciting new
 dim

ension
to any product. It also m

eans that additional effort and
com

m
itm

ent 
w

ill 
be 

needed 
to 

bring 
the 

product
successfully 

to 
m

arket. 
B

y 
utilizing 

prem
ade 

R
F

m
odules, such as the K

H
 series, the design and

approval process w
ill be greatly sim

plified. It is still
im

portant, how
ever, to have an objective view

 of the
steps 

necessary 
to 

ensure 
a 

successful 
R

F
integration. S

ince the capabilities of each custom
er

vary w
idely it is difficult to recom

m
end one particular

design path, but m
ost projects follow

 steps sim
ilar to

those show
n at the right.

In review
ing this sam

ple design path you m
ay notice

that Linx offers a variety of services, such as antenna
design, and F

C
C

 prequalification, that are unusual for
a 

high-volum
e 

com
ponent 

m
anufacturer. 

T
hese

services, along w
ith an exceptional level of technical

support, are offered because w
e recognize that R

F
is

a com
plex science requiring the highest caliber of

products 
and 

support. 
“W

ireless 
M

ade 
S

im
ple” 

is
m

ore 
than 

just 
a 

m
otto, 

it’s 
our 

com
m

itm
ent. 

B
y

choosing 
Linx 

as 
your 

R
F

 
partner 

and 
taking

advantage of the resources w
e offer, you w

ill not only
survive 

im
plem

enting 
R

F
, 

you 
m

ay 
even 

find 
the

process enjoyable.
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It is not the intention of this m

anual to address in depth m
any of the issues that

should be considered to ensure that the m
odules function correctly and deliver

the m
axim

um
 possible perform

ance. A
s you proceed w

ith your design you m
ay

w
ish to obtain one or m

ore of the follow
ing application notes, w

hich address in
depth key areas of R

F
design and application of Linx products.

00100
RF 101: Inform

ation for the RF challenged

00125
C

onsiderations for operation in the 260 M
hz to 470 M

hz band

00130
M

odulation techniques for low
-cost RF data links

00140
The FC

C
 Road: Part 15 from

 concept to approval

00150 
U

se and design of T-A
ttenuation Pads

00500
A

ntennas: D
esign, A

pplication, Perform
ance

N
O

TE
#                LIN

X
 A

P
P

LIC
A

TIO
N

N
O

TE
TITLE

LE
G

A
L

C
O

N
SID

E
R

A
TIO

N
S

W
hen w

orking w
ith R

F
, a clear distinction m

ust be m
ade betw

een w
hat is technically

possible and w
hat is legally acceptable in the country w

here operation is intended.
M

any m
anufacturers have avoided incorporating R

F
 into their products as a result of

uncertainty and even fear of the approval and certification process. H
ere at Linx our

desire is not only to expedite the design process, but also to assist you in achieving
a clear idea of w

hat is involved in obtaining the necessary approvals to m
arket your

com
pleted product legally. 

In the U
nited S

tates the approval process is actually quite straightforw
ard. T

he
regulations governing R

F
 devices and the enforcem

ent of them
 are the responsibility

of the F
ederal C

om
m

unications C
om

m
ission. T

he regulations are contained in the
C

ode of F
ederal R

egulations (C
F

R
), T

itle 47. T
itle 47 is m

ade up of num
erous

volum
es; how

ever, all regulations applicable to this m
odule are contained in volum

e
0-19. It is strongly recom

m
ended that a copy be obtained from

 the G
overnm

ent
P

rinting O
ffice in W

ashington, or from
 your local governm

ent book store. E
xcerpts of

applicable sections are included w
ith Linx evaluation kits or m

ay be obtained from
 the

Linx T
echnologies w

eb site (w
w

w
.linxtechnologies.com

). In brief, these rules require
that any device w

hich intentionally radiates R
F

 energy be approved, that is, tested,
for com

pliance and issued a unique identification num
ber. T

his is a relatively painless
process. Linx offers full E

M
C

 pre-com
pliance testing in our H

P
/E

m
co-equipped test

center. F
inal com

pliance testing is then perform
ed by one of the m

any independent
testing 

laboratories 
across 

the 
country. 

M
any 

labs 
can 

also 
provide 

other
certifications the product m

ay require at the sam
e tim

e, such as U
L, C

LA
S

S
 A

/B
, etc.

O
nce your com

pleted product has passed, you w
ill be issued an ID

 num
ber w

hich is
then clearly placed on each product m

anufactured. 

Q
uestions regarding interpretations of the P

art 2 and P
art 15 rules or m

easurem
ent

procedures used to test intentional radiators, such as the K
H

 m
odules, for com

pliance
w

ith the P
art 15 technical standards, should be addressed to:

F
ederal C

om
m

unications C
om

m
ission 

E
quipm

ent A
uthorization D

ivision 
C

ustom
er S

ervice B
ranch, M

S
 1300F

2 
7435 O

akland M
ills R

oad 
C

olum
bia, M

D
 21046 

T
el: (301) 725-1585 / F

ax: (301) 344-2050   E
-M

ail: labinfo@
fcc.gov

International 
approvals 

are 
slightly 

m
ore 

com
plex, 

although 
m

any 
m

odules 
are

designed to allow
 all international standards to be m

et. If you are considering the
export of your product abroad, you should contact Linx T

echnologies to determ
ine the

specific suitability of the m
odule to your application.

A
ll Linx m

odules are designed w
ith the approval process in m

ind and thus m
uch of

the frustration that is typically experienced w
ith a discrete design is elim

inated.
A

pproval is still dependent on m
any factors such as the choice of antennas, correct

use of the frequency selected, and physical packaging. W
hile som

e extra cost and
design effort are required to address these issues, the additional usefulness and
profitability added to a product by R

F
 m

akes the effort m
ore than w

orthw
hile.

N
O

T
E

: K
H

 Series
M

odules are designed as com
ponent devices w

hich require
external com

ponents to function. T
he m

odules are intended to allow
 for full P

art
15 com

pliance; how
ever, they are not approved by the F

C
C

 or any other agency
w

orldw
ide. T

he purchaser understands that approvals m
ay be required prior to

the sale or operation of the device, and agrees to utilize the com
ponent in keeping

w
ith all law

s governing its operation in the country of operation.



L
IN

X
 T

E
C

H
N

O
L

O
G

IE
S

, IN
C

.
1

5
9

 O
R

T
 L

A
N

E
M

E
R

L
IN

, O
R

 9
7

5
3

2

P
H

O
N

E
: (5

4
1

) 4
7

1
-6

2
5

6
F

A
X

: (5
4

1
) 4

7
1

-6
2

5
1

w
w

w
.lin

xtech
n

o
lo

g
ies.co

m

U
.S

. C
O

R
P

O
R

A
T

E
 H

E
A

D
Q

U
A

R
T

E
R

S

W
IR

E
LE

S
S

 M
A

D
E

 S
IM

P
LE

®

Linx T
echnologies is continually striving to im

prove the quality and function of its products. F
or

this reason, w
e reserve the right to m

ake changes w
ithout notice. T

he inform
ation contained in

this D
ata G

uide is believed to be accurate as of the tim
e of publication. S

pecifications are based
on representative lot sam

ples. V
alues m

ay vary from
 lot to lot and are not guaranteed. Linx

T
echnologies m

akes no guarantee, w
arranty, or representation regarding the suitability or

legality of any product for use in a specific application. N
one of these devices is intended for use

in applications of a critical nature w
here the safety of life or property is at risk. T

he user assum
es

full liability for the use of product in such applications. U
nder no conditions w

ill Linx T
echnologies

be responsible for losses arising from
 the use or failure of the device in any application, other

than the repair, replacem
ent, or refund lim

ited to the original product purchase price.
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