
H
P

3
S

E
R

IE
S

 T
R

A
N

S
M

IT
T

E
R

 M
O

D
U

L
E

 D
A

T
A

G
U

ID
E

W
IR

E
LE

S
S

 M
A

D
E

 S
IM

P
LE

®

H
IG

H
-P

E
R

FO
R

M
A

N
C

E

R
F M

O
D

U
LE

TX
M

-900-H
P

3-xxx

F
E

A
T

U
R

E
S

8 parallel, 100 serial (P
S

 V
ersions) user-

selectable channels
F

M
 / F

S
K

m
odulation for outstanding

perform
ance and noise im

m
unity

P
recision frequency synthesized
architecture

T
ransparent analog / digital interface

W
ide-range analog capability including

audio (50H
z to 28kH

z)
W

ide tem
perature range

(-30°C
 to +

85°C
)

N
o external R

F
 

com
ponents required

C
om

patible w
ith previous

H
P

 S
eries m

odules
P

ow
er-dow

n and C
T

S
functions

W
ide supply range
(2.8 to 13.0V

D
C

) 
H

igh data rate 
(up to 56kbps)

P
inned and S

M
D

 packages
N

o production tuning

A
P

P
L

IC
A

T
IO

N
S

 IN
C

L
U

D
E

W
ireless N

etw
orks / D

ata T
ransfer

W
ireless A

nalog / A
udio

H
om

e / Industrial A
utom

ation
R

em
ote A

ccess / C
ontrol 

R
em

ote M
onitoring / T

elem
etry

Long-R
ange R

F
ID

M
ID

ILinks
V

oice / M
usic / Intercom

 Links

PART
#

DESCRIPTIO
N

TXM
-900-HP3-PPO

HP3 Transm
itter (SIP 8 CH only)

TXM
-900-HP3-PPS

HP3 Transm
itter (SIP 8p / 100s CH)

TXM
-900-HP3-SPO

HP3 Transm
itter (SM

D 8 CH only)
TXM

-900-HP3-SPS
HP3 Transm

itter (SM
D 8p / 100s CH)

M
DEV-900-HP3-PPS-USB

HP3 Developm
ent Kit (SIP Pkg.)

M
DEV-900-HP3-PPS-RS232

HP3 Developm
ent Kit (SIP Pkg.)

M
DEV-900-HP3-SPS-USB

HP3 Developm
ent Kit (SM

D Pkg.)
M

DEV-900-HP3-SPS-RS232
HP3 Developm

ent Kit (SM
D Pkg.)

Transm
itters are supplied in tubes of 15 pcs.

O
R

D
E

R
IN

G
IN

F
O

R
M

A
T

IO
N

D
E

S
C

R
IP

T
IO

N
T

he H
P

3 R
F

 transm
itter m

odule is the third
generation of the popular H

P
 S

eries. Like its
predecessors, the H

P
3 is designed for the cost-

effective, high-perform
ance w

ireless transfer of
analog or digital inform

ation in the popular 902-
928M

H
z band. H

P
3 S

eries parts feature eight
parallel selectable channels, and som

e versions
also add direct serial selection of 100 channels.
T

o ensure reliable perform
ance, the transm

itter
em

ploys F
M

 / F
S

K
 m

odulation and a m
icro-

processor controlled synthesized architecture.
B

oth S
M

D
 and pinned packages are available.

W
hen paired w

ith an H
P

3 receiver, a reliable
link is created for the transfer of analog and
digital inform

ation up to 1,000 feet. A
s w

ith all Linx m
odules, the H

P
3 requires no

tuning 
or 

additional 
R

F
 

com
ponents 

(except 
an 

antenna), 
m

aking 
integration

straightforw
ard, even for engineers w

ithout prior R
F

 experience.

0.150"

0.628"
L

O
T

 10000
T

X
M

-900-H
P

3-S
P

*
H

P
 S

E
R

IE
S

 R
F TR

A
N

S
M

ITTE
R

1.260"

L
O

T
 1

0
0
0
0

TX
M

-900-H
P

3-S
P

*

H
P

 S
E

R
IE

S
 R

F TR
A

N
S

M
ITTE

R
0.680"

1.290"

0.178"

P
in S

pacing: 0.1"

S
M

D
 S

tyle

S
IP

 S
tyle

F
igure 1: P

ackage D
im

ensions

R
evised 1/28/08
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P
age 3

P
age 2

12
C

H
1
 1

.0
0
V

D
e
lta

 7
.2

0
0
m

S
2
.5

m
S

C
H

2
 2

.0
0
V

V
C

C
 / P

D
N

C
T

S

F
igure 3: P

ow
er-U

p to C
T

S

T
Y

P
IC

A
L

P
E

R
F

O
R

M
A

N
C

E
G

R
A

P
H

S

C
H

1
 2

.0
0
V

2
5
0μ

S
C

H
2
 5

0
0
m

V

IN

O
U

T

F
igure 6: S

quare W
ave M

odulation Linearity
F

igure 5: S
ine W

ave M
odulation Linearity

C
H

1
 2

.0
0
V

2
5
0

μ
S

C
H

2
 5

0
0
m

V

INO
U

T

C
H

1
 1

.0
0
V

1

D
e
lta

 7
.2

0
0
m

S
2
.5

m
S

2
C

H
2
 2

.0
0
V

V
C

C
 / P

D
N

R
X

 D
A

T
A

F
igure 4: T

X
 P

ow
erup to V

alid R
X

 D
ata

A
B

S
O

L
U

T
E

 M
A

X
IM

U
M

 R
A

T
IN

G
S

S
upply V

oltage V
C

C
-0.3

to
+

18.0
V

D
C

A
ny Input or O

utput P
in

-0.3
to

V
C

C
V

D
C

O
perating T

em
perature

-30
to

+
85

°C
S

torage T
em

perature
-45

to
+

85
°C

S
oldering T

em
perature

+
260°C

 for 10 seconds

*N
O

T
E

* E
xceed

in
g

 an
y o

f th
e lim

its o
f th

is sectio
n

 m
ay lead

 to
 p

erm
an

en
t

d
am

ag
e to

 th
e d

evice. F
u

rth
erm

o
re, exten

d
ed

 o
p

eratio
n

 at th
ese m

axim
u

m
ratin

g
s m

ay red
u

ce th
e life o

f th
is d

evice.

E
L

E
C

T
R

IC
A

L
S

P
E

C
IF

IC
A

T
IO

N
S

P
aram

eter
D

esig
n

atio
n

M
in

.
T

yp
ical

M
ax.

U
n

its
N

o
tes

P
O

W
E

R
 S

U
P

P
LY

O
perating V

oltage
V

C
C

2.8
3.0

13.0
V

D
C

–

S
upply C

urrent
IC

C
–

14.0
17.0

m
A

1

P
ow

er-D
ow

n C
urrent

IP
D

N
–

–
15.0

µA
2

T
R

A
N

S
M

IT
S

E
C

T
IO

N

T
ransm

it F
requency R

ange
F

C
902.62

–
927.62

M
H

z
3

C
enter F

requency A
ccuracy

–
-50

–
+

50
kH

z
–

A
vailable C

hannels
–

8 (P
ar.)

–
100 (S

er.)
–

4

C
hannel S

pacing
–

–
250

–
kH

z
–

O
ccupied B

andw
idth

–
–

115
140

kH
z

–

O
utput P

ow
er

P
O

-3
0

+
3

dB
m

5

S
purious E

m
issions

–
–

-45
–

dB
m

6

H
arm

onic E
m

issions
P

H
–

-60
-47

dB
m

6

D
ata R

ate
–

100
–

56,000
bps

7

A
nalog / A

udio B
andw

idth
–

50
–

28,000
H

z
7

D
ata Input:

Logic Low
–

0.0
–

0.5
V

D
C

–

Logic H
igh

–
2.8

–
5.2

V
D

C
–

D
ata Input Im

pedance
–

–
200

–
kΩ

–

F
requency D

eviation @
 3V

D
C

–
60

70
110

kH
z

8

F
requency D

eviation @
 5V

D
C

–
90

115
140

kH
z

8

A
N

T
E

N
N

A
 P

O
R

T

R
F

 O
utput Im

pedance
R

O
U

T
–

50
–

Ω
–

T
IM

IN
G

T
ransm

itter T
urn-O

n T
im

e
–

–
7.0

10.0
m

S
ec

–

C
hannel C

hange T
im

e
–

–
1.0

1.5
m

S
ec

–

E
N

V
IR

O
N

M
E

N
T

A
L

O
perating T

em
perature R

ange
–

-30
–

+
85

°C
–

1.
O

ver the entire operating voltage range.
2.

W
ith the P

D
N

 pin low
.

3. 
S

erial M
ode.

4.
100 serial channels on the P

S
 versions only.

5.
D

oes not change over the 3-13V
D

C
 supply.

6.
Into 50 ohm

s. 
7.

T
he receiver w

ill not reliably hold a D
C

 level. S
ee the H

P
3 S

eries R
eceiver M

odule D
ata G

uide for the
m

inim
um

 transition rate.
8.

T
he voltage specified is the m

odulation pin voltage.

N
o

tes

*C
A

U
TIO

N
*

T
his product incorporates num

erous static-sensitive com
ponents.

A
lw

ays w
ear an E

S
D

 w
rist strap and observe proper E

S
D

 handling
procedures w

hen w
orking w

ith this device. F
ailure to observe this

precaution m
ay result in m

odule dam
age or failure.

P
E

R
F

O
R

M
A

N
C

E
D

A
T

A
T

h
e

se
 

p
e

rfo
rm

a
n

ce
 

p
a

ra
m

e
te

rs
are based on m

odule operation at
25°C

 from
 a 5.0V

D
C

 supply unless
o

th
e

rw
ise

 
n

o
te

d
. 

F
ig

u
re

 
2

illu
stra

te
s 

th
e

 
co

n
n

e
ctio

n
s

n
e

ce
ssa

ry 
fo

r 
te

stin
g

 
a

n
d

operation. 
It 

is 
recom

m
ended 

all
ground pins be connected to the
ground plane. T

he pins m
arked N

C
have no electrical connection.

F
igure 2: T

est / B
asic A

pplication C
ircuit

G
N

D
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N
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G
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D
N

C
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C
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N
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N
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N
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N
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C
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2 / S
S

 D

N
C

C
S

0
C

S
1 / S

S
 C
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C

K

C
T

S

N
C

N
C

P
D

N
V

C
C

M
O

D
E

N
C

G
N

D
D

A
T

A

N
C

N
C

5V
D

C

P
C

P
C

P
C

P
C

T
able 1: H

P
3 S

eries T
ransm

itter S
pecifications
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P
age 5

P
in #

A
nalog G

round

50-ohm
 R

F
 O

utput

C
hannel S

elect 0

C
hannel S

elect 1 /
S

erial S
elect C

lock

C
hannel S

elect 2 /
S

erial S
elect D

ata

C
lear-to-S

end
O

utput

M
ode S

elect

V
oltage Input 2.8-13V

P
ow

er D
ow

n
(A

ctive Low
)

D
igital / A

nalog Input

G
N

D

A
N

T

C
S

0

C
S

1 /
S

S
 C

LO
C

K

C
S

2 /
S

S
 D

A
T

A

P
D

N

C
T

S

M
O

D
E

D
A

T
A

V
C

C

1, 3
13, 20

25679 811124,
14-19,
21-24

10

123457 6910 8

50Ω
R

F
O

ut

C
T

S
O

ut

P
D

N 430k

V
C

C 

SM
D

P
inned

N
C

S
M

D
 (O

nly)
N

o E
lectrical C

onnection

100k
160k

510k
20pF

N
am

e
E

quivalent C
ircuit

D
escription

C
S

0

25k

µ

C
S

1

25k

µ

C
S

2

25k

µ

M
O

D
E

25k

µ

P
age 4

P
IN

D
E

S
C

R
IP

T
IO

N
S

P
IN

A
S

S
IG

N
M

E
N

T
S

GND

ANT 

CS0

CS1 / SS CLOCK

CS 2 / SS DATA

CTS

PDN

VCC

MODE

DATA

1

2

3

4

5

6

7

8

9

10

G
N

D
A

N
T

G
N

D
N

C
N

C
G

N
D

N
C

N
C

N
C

C
S

2 / S
S

 D
A

T
A

N
C

C
S

0
C

S
1 / S

S
 C

LO
C

K

C
T

S

N
C

N
C

12345678
17 18 19 20 21 22 23 24

P
D

N
V

C
C

M
O

D
E

N
C

G
N

D
D

A
T

A

N
C

N
C

9101112
13 14 15 16

F
igure 7: H

P
3 S

eries R
eceiver P

inout

P
in

 #
N

am
e 

D
escrip

tio
n

 
S

M
D

S
IP

1
1

G
N

D
 

A
nalog G

round

2
2

A
N

T
 

50-ohm
 R

F
 O

utput

3
G

N
D

 
A

nalog G
round (S

M
D

 only)

4
N

C
N

o E
lectrical C

onnection. S
oldered for physical support

only.

5
3

C
S

0 
C

hannel S
elect 0

6 
4 

C
S

1 / S
S

C
LO

C
K

C
hannel S

elect 1 / S
erial S

elect C
lock. C

hannel S
elect 1

w
hen in parallel channel selection m

ode, clock input for
serial channel selection m

ode.

7 
5

C
S

2 / S
S

D
A

T
A

C
hannel S

elect 2 / S
erial S

elect D
ata. C

hannel S
elect 2

w
hen in parallel channel selection m

ode, data input for
serial channel selection m

ode.

8
6

C
T

S
 

C
lear-T

o-S
end. T

his line w
ill go high w

hen the transm
itter

is ready to accept data.

9
7

P
D

N
 

P
ow

er D
ow

n. P
ulling this line low

 w
ill place the receiver

into a low
-current state. T

he m
odule w

ill not be able to
receive a signal in this state.

10
8

V
C

C
S

upply V
oltage

11
9

M
O

D
E

M
ode S

elect. G
N

D
 for parallel channel selection, V

C
C

for
serial channel selection

12
10

D
A

T
A

 
D

igital / A
nalog D

ata Input. T
his line w

ill output the
dem

odulated digital data.

13, 20
G

N
D

 
A

nalog G
round (S

M
D

 only)

14-19,

21-24
N

C
N

o E
lectrical C

onnection. S
oldered for physical support

only. (S
M

D
 only)

S
urface-M

ount T
ransm

itter
P

inned T
ransm

itter

F
igure 8: P

in F
unctions and E

quivalent C
ircuits
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T
H

E
O

R
Y

 O
F

 O
P

E
R

A
T

IO
N

T
he H

P
3 S

eries transm
itter is a high-perform

ance, m
ulti-channel R

F
 transm

itter
capable of transm

itting both analog (F
M

) and digital (F
S

K
) inform

ation. F
M

 / F
S

K
m

odulation offers significant advantages over A
M

 or O
O

K
 m

odulation m
ethods,

including increased noise im
m

unity and the receiver’s ability to capture in the
presence of m

ultiple signals. T
his is especially helpful in crow

ded bands, such
as the one in w

hich the H
P

3 operates. 

A
 precision 12.00M

H
z V

oltage C
ontrolled C

rystal O
scillator (V

C
X

O
) serves as

the frequency reference for the transm
itter. Incom

ing data is filtered to lim
it the

bandw
idth, and then used to directly m

odulate the reference. D
irect reference

m
odulation inside the loop bandw

idth provides fast start-up, w
hile allow

ing a
w

ide 
m

odulation 
bandw

idth 
and 

near 
D

C
 

m
odulation 

capability. 
T

his 
also

elim
inates the need for code balancing.

T
he m

odulated 12.00M
H

z reference frequency is applied to the P
hase-Locked

Loop (P
LL). T

he P
LL, com

bined w
ith a 902 to 928M

H
z V

C
X

O
, form

s a frequency
synthesizer 

that 
can 

be 
program

m
ed 

to 
oscillate 

at 
the 

desired 
transm

it
frequency. A

n on-board m
icrocontroller m

anages the P
LL

program
m

ing and
greatly sim

plifies user interface. T
he m

icrocontroller reads the channel selection
lines and program

s the on-board synthesizer. T
his frees the designer from

com
plex program

m
ing requirem

ents and allow
s for m

anual or softw
are channel

selection. T
he m

icrocontroller also m
onitors the status of the P

LL and indicates
w

hen the transm
itter is ready to transm

it data by pulling the C
T

S
 line high.

T
he 

P
LL-locked 

carrier 
is 

am
plified 

to 
increase 

the 
output 

pow
er 

of 
the

transm
itter and to isolate the V

C
O

 from
 the antenna. T

he output of the buffer
am

plifier is connected to a filter netw
ork, w

hich suppresses harm
onic em

issions.
F

inally, the signal reaches the single-ended antenna port, w
hich is m

atched to
50 ohm

s to support com
m

only available antennas, such as those from
 Linx.

C
T

S
 O

U
T

P
U

T
T

he C
lear-T

o-S
end (C

T
S

) output goes high to indicate that the transm
itter P

LL
is locked and the m

odule is ready to accept data. In a typical application, a
m

icrocontroller w
ill raise the P

D
N

 line high and begin to m
onitor the C

T
S

 line.
W

hen the line goes high, the m
icrocontroller w

ill start sending data. It is not
necessary to use the C

T
S

output, but if not used, the circuit should w
ait a

m
inim

um
 of 10m

S
 after raising the P

D
N

 line high before transm
itting data. If data

is being sent redundantly, there is generally no need to m
onitor the C

T
S

 line or
to w

ait a fixed tim
e, though the initial bits m

ay not get through.

P
age 7

P
age 6

A
m

plifier

V
C

O
R

F
 O

U
T

B
and P

ass
F

ilter

28kH
z Low

 P
ass

F
ilter

D
A

T
A

IN

P
LL

μP
4M

H
z

Int. O
sc.

M
O

D
E

C
S

0
C

S
1

C
S

2

12M
H

z
C

rystal

M
odulator

F
igure 9: H

P
-3 S

eries T
ransm

itter B
lock D

iagram
 

P
O

W
E

R
-U

P
 S

E
Q

U
E

N
C

E
T

he H
P

3 transm
itter is controlled by an

on-board m
icroprocessor. W

hen pow
er is

applied, a start-up sequence is initiated.
A

t the end of the start-up sequence, the
transm

itter is ready to transm
it data.

T
he adjacent figure show

s the start-up
sequence. It is executed w

hen pow
er is

applied to the V
C

C
line or w

hen the P
D

N
line is taken high. 

O
n pow

er-up, the m
icroprocessor reads

the external channel-selection lines and
sets 

the 
frequency 

synthesizer 
to 

the
appropriate channel. W

hen the frequency
synthesizer has locked on to the proper
channel frequency, the circuit is ready to
accept data. T

his is acknow
ledged by the

C
T

S
 line transitioning high. T

he m
odule

w
ill then transm

it data from
 the user’s

circuit.

P
O

W
E

R
 S

U
P

P
L

Y
T

h
e

 
H

P
3

 
in

co
rp

o
ra

te
s 

a
 

p
re

cisio
n

, 
lo

w
-d

ro
p

o
u

t
regulator on-board, w

hich allow
s operation over an

input voltage range of 2.8 to 13 volts D
C

. D
espite this

regulator, it is still im
portant to provide a supply that is

free of noise. P
ow

er supply noise can significantly
affect the transm

itter m
odulation; therefore, providing

a clean pow
er supply for the m

odule should be a high
priority during design.

A
 10Ω

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. T

his filter should be placed close to the m
odule’s supply

lines. T
hese values m

ay need to be adjusted depending on the noise present on
the supply line.

U
S

IN
G

 T
H

E
 P

D
N

 P
IN

T
he P

ow
er D

ow
n (P

D
N

) line can be used to pow
er dow

n the transm
itter w

ithout
the need for an external sw

itch.  T
his line has an internal pull-up, so w

hen it is
held high or sim

ply left floating, the m
odule w

ill be active. 

W
hen the P

D
N

 line is pulled to ground, the transm
itter w

ill enter into a low
-

current (<
15µA

) pow
er-dow

n m
ode. D

uring this tim
e, the transm

itter is off and
cannot perform

 any function.

T
he 

P
D

N
 

line 
allow

s 
easy 

control 
of 

the 
transm

itter 
state 

from
 

external
com

ponents, such as a m
icrocontroller. B

y periodically activating the transm
itter,

se
n

d
in

g
 

d
a

ta
, 

th
e

n
 

p
o

w
e

rin
g

 
d

o
w

n
, 

th
e

 
tra

n
sm

itte
r’s 

a
ve

ra
g

e
 

cu
rre

n
t

consum
ption 

can 
be 

greatly 
reduced, 

saving 
pow

er 
in 

battery-operated
applications.

P
O

W
E

R
 O

N

D
eterm

in
e M

o
d

e

R
ead

 C
h

an
n

el-
S

electio
n

 In
p

u
ts

P
ro

g
ram

 F
req

. S
yn

th
T

o
 D

efau
lt C

H
. 50

P
ro

g
ram

 F
req

u
en

cy
S

yn
th

esizer

C
rystal O

scillato
r

B
eg

in
s to

 O
p

erate

C
rystal O

scillato
r

B
eg

in
s to

 O
p

erate

R
ead

y fo
r

S
erial D

ata In
p

u
t

P
ro

g
ram

 F
req

u
en

cy
S

yn
th

esizer

D
eterm

in
e S

tate o
f

C
T

S
 O

u
tp

u
t L

in
e

C
ycle H

ere U
ntil M

ore
D

ata Input, M
ode C

hange,
 or PLL Loses Lock

D
eterm

in
e S

tate o
f

C
T

S
 O

u
tp

u
t L

in
e

C
ycle H

ere U
n

til 
C

h
an

n
el 

o
r M

o
d

e C
h

an
g

e

S
erial M

o
d

e
P

arallel M
o

d
e

F
igure 10: S

tart-up S
equence

+

10Ω

10μF

V
cc IN

V
cc T

O
M

O
D

U
LE

F
igure 11: S

upply F
ilter
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P
age 9

P
age 8

A
D

JU
S

T
IN

G
 T

H
E

 O
U

T
P

U
T

 P
O

W
E

R
D

epending 
on 

the 
type 

of 
antenna 

being 
used, 

the 
output 

pow
er 

of 
the

transm
itter m

ay be higher than F
C

C
regulations allow

. It is intentionally set high
to com

pensate for losses resulting from
 inefficient antennas. S

ince attenuation is
often required, it is generally w

ise to provide for its im
plem

entation so that the
F

C
C

 test lab can easily attenuate the transm
itter to the m

axim
um

 legal lim
it.

A
 T

-pad is a netw
ork of three

resistors that allow
s for variable

attenuation w
hile m

aintaining the
correct m

atch to the antenna. A
n

exam
ple  layout is show

n in the
adjacent figure. F

or m
ore details

on 
T

-pad 
attenuators, 

please
see A

pplication N
ote A

N
-00150.

IN
P

U
T

T
IN

G
D

IG
IT

A
L

D
A

T
A

T
he D

A
T

A
 line m

ay be directly connected to virtually any digital peripheral,
including m

icrocontrollers, encoders, and U
A

R
T

s. It has an im
pedance of 200kΩ

and can be used w
ith any data that transitions from

 0V
 to a 3 to 5V

peak
am

plitude w
ithin the specified data rate of the m

odule. W
hile it is possible to send

data at higher rates, the internal filter w
ill cause severe roll off and attenuation. 

M
any R

F
products require a fixed data rate or place tight constraints on the m

ark
/ space ratio of the data being sent. T

he H
P

3 transm
itter architecture elim

inates
such considerations and allow

s virtually any signal, including P
W

M
, M

anchester,
and N

R
Z

 data, to be sent at rates from
 100bps to 56kbps.

T
he 

H
P

3 
does 

not 
encode 

or 
packetize 

the 
data 

in 
any 

m
anner. 

T
his

transparency 
gives 

the 
designer 

great 
freedom

 
in 

softw
are 

and 
protocol

developm
ent. A

 designer m
ay also find creative w

ays to utilize the ability of the
transm

itter to accept both digital and analog signals. F
or exam

ple, an application
m

ight transm
it voice, then send out a digital control com

m
and. S

uch m
ixed m

ode
system

s can greatly enhance the function and versatility of m
any products.

IN
P

U
T

T
IN

G
A

N
A

L
O

G
S

IG
N

A
L

S
A

nalog 
signals 

from
 

50H
z 

to 
28kH

z 
m

ay 
be 

connected 
directly 

to 
the

transm
itter’s D

A
T

A
 line. T

he H
P

3 is a single supply device and, as such, is not
capable of operating in the negative voltage range. A

nalog sources should be
w

ithin 0 to 5V
P

-P
and should, in m

ost cases, be A
C

-coupled into the D
A

T
A

 line
to achieve the best perform

ance. T
he size of the coupling capacitor should be

large enough to ensure the passage of all desired frequencies and sm
all enough

to allow
 the start-up tim

e desired. S
ince the m

odulation voltage applied to the
D

A
T

A
 line determ

ines the carrier deviation, distortion can occur if the D
A

T
A

 line
is over-driven. T

he actual level of the input w
aveform

 should be adjusted to
achieve optim

um
 in-circuit results for your application.

T
he H

P
3 is capable of providing audio quality com

parable to a radio or intercom
.

In applications w
here higher quality audio is required, a com

pandor m
ay be

em
ployed to increase dynam

ic range and reduce noise. If true high-fidelity audio
is required, the H

P
3 is probably not the best choice, as it is optim

ized for data.

T
IM

IN
G

 C
O

N
S

ID
E

R
A

T
IO

N
S

T
im

ing plays a key role in link reliability, especially w
hen the m

odules are being
rapidly turned on and off or hopping channels. U

nlike a w
ire, allow

ance m
ust be

m
ade 

for 
the 

program
m

ing 
and 

settling 
tim

es 
of 

both 
the 

transm
itter 

and
receiver, or portions of the signal w

ill be lost. T
here are tw

o m
ajor tim

ing
considerations the engineer m

ust consider w
hen designing w

ith the H
P

3 S
eries

transm
itter. T

hese are show
n in the table below

. T
he stated tim

ing param
eters

assum
e a stable supply of 2.8 volts or greater. T

hey do not include the charging
tim

es of external capacitance on the m
odule’s supply lines, the overhead of

external softw
are execution, or pow

er supply rise tim
es. 

T
1 is the m

axim
um

 tim
e required for the transm

itter to pow
er-up and lock on-

channel. T
his tim

e is m
easured from

 the application of V
C

C
to the C

T
S

line
transitioning high.

T
2 is the w

orst-case tim
e needed for a pow

ered-up m
odule to sw

itch betw
een

channels after a valid channel selection. T
his tim

e does not include external
overhead for loading a desired channel in S

erial C
hannel S

elect M
ode.

N
orm

ally, the transm
itter w

ill be turned off after each transm
ission. T

his is
courteous use of the airw

aves and reduces pow
er consum

ption. T
he transm

itter
m

ay be shut dow
n by sw

itching its supply or the P
D

N
 line. W

hen the transm
itter

is again pow
ered up, allow

ance m
ust be m

ade for the requirem
ents above. 

In m
any cases, the transm

itter w
ill lock m

ore quickly than the tim
es indicated.

W
hen turn-around tim

e or pow
er consum

ption are critical, the C
T

S
 line can be

m
onitored so data m

ay be sent im
m

ediately upon transm
itter readiness.

T
R

A
N

S
M

IT
T

IN
G

D
A

T
A

O
nce an 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 m
odules do not incorporate internal encoding

or decoding, the user has trem
endous flexibility in how

 data is handled. 

It is im
portant to separate the types of transm

issions that are technically possible
from

 those that are legally allow
ed in the country of operation. A

pplication N
otes

A
N

-00126, A
N

-00140 and P
art 15, S

ection 249 of the F
C

C
 rules should be

review
ed for details on acceptable transm

ission content in the U
.S

. 

If you w
ant to transfer sim

ple control or status signals (such as button presses)
and your product does not have a m

icroprocessor or you w
ish to avoid protocol

developm
ent, consider using an encoder / decoder IC

 set. T
hese chips are

available from
 several m

anufacturers, including Linx. T
hey take care of all

encoding and decoding functions and provide a num
ber of data lines to w

hich
sw

itches 
can 

be 
directly 

connected. 
A

ddress 
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 rem
ote control products to m

arket quickly
and 

inexpensively. 
It 

is 
also 

a 
sim

ple 
task 

to 
interface 

w
ith 

inexpensive
m

icroprocessors or one of m
any IR

, rem
ote control, D

T
M

F
, or m

odem
 IC

s.

P
aram

eter
D

escrip
tio

n
 

M
ax. 

T
1

T
ransm

itter turn-on tim
e 

10.0m
S

T
2

C
hannel change tim

e (tim
e to valid data)

1.5m
S

G
R

O
U

N
D

 P
LA

N
E

O
N

 LO
W

E
R

 LA
Y

E
R

A
N

T
E

N
N

A
R

F
M

O
D

U
LE

R
1

R
1

R
2

G
R

O
U

N
D

F
igure 12: T

-P
ad A

ttenuator E
xam

ple Layout
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P
age 11

P
age 10

C
H

A
N

N
E

L
 S

E
L

E
C

T
IO

N
P

arallel S
electio

n

A
ll 

H
P

3 
transm

itter 
m

odels 
feature

eight 
parallel 

selectable 
channels.

P
a

ra
lle

l 
M

o
d

e
 

is 
se

le
cte

d
 

b
y

grounding 
the 

M
O

D
E

 
line. 

In 
this

m
ode, 

channel 
selection 

is 
deter-

m
ined by the logic states of pins C

S
0,

C
S

1, and C
S

2, as show
n in the table.

A
 ‘0’ represents ground and a ‘1’ the supply. T

he on-board m
icroprocessor

perform
s 

all 
P

LL 
loading 

functions, 
elim

inating 
external 

program
m

ing 
and

allow
ing channel selection via D

IP
 sw

itches or a product’s processor. 

S
erial S

electio
n

In addition to the P
arallel M

ode, P
S

 versions of the H
P

3 also feature 100 serially
selectable channels. T

he S
erial M

ode is entered w
hen the M

O
D

E
 line is left open

or held high. In this condition, C
S

1 and C
S

2 becom
e a synchronous serial port,

w
ith C

S
1 serving as the clock line and C

S
2 as the data line. T

he m
odule is easily

program
m

ed by sending and latching the binary num
ber (0 to 100) of the desired

channel (see the adjacent S
erial C

hannel S
election T

able). W
ith no additional

effort, the m
odule’s m

icroprocessor handles the com
plex P

LL loading functions. 

T
h

e
 

S
e

ria
l 

M
o

d
e

 
is

straightforw
ard; 

how
ever,

m
inim

um
 

tim
ings 

and 
bit

order 
m

ust 
be 

follow
ed.

L
o

a
d

in
g

 
is 

in
itia

te
d

 
b

y
taking the clock line high
and the data line low

 as
sh

o
w

n
. 

T
h

e
 

e
ig

h
t-b

it
channel 

num
ber 

is 
then

clo
cke

d
-in

 
o

n
e

 
b

it 
a

t 
a

tim
e, w

ith the LS
B

 first.

T
here is no m

axim
um

 tim
e for this process, only the m

inim
um

 tim
es that m

ust be
observed. A

fter the eighth bit, both the clock and data lines should be taken high
to trigger the autom

atic data latch. A
 typical softw

are routine can com
plete the

loading sequence in under 200μS
. S

am
ple code is available on the Linx w

ebsite.

N
O

T
E

: W
hen the m

odule is pow
ered up in the S

erial M
ode, it w

ill default to channel 50 until changed
by user softw

are. T
his allow

s testing apart from
 external program

m
ing and prevents out-of-band

operation. W
hen program

m
ed properly, the dw

ell tim
e on this default channel can be less than 200μS

.
C

hannel 50 is not counted as a usable channel since data errors m
ay occur as transm

itters also default
to channel 50 on startup. If a loading error occurs, such as a channel num

ber >100 or a tim
ing problem

,
the receiver w

ill default to serial channel 0. T
his is useful for debugging as it verifies serial port activity. 

T
able 2: P

arallel C
hannel S

election T
able

V
ariable D

ata

N
ote 3

N
ote 2

N
ote 1

1
2

3
4

5
6

7
8

T
1

25µs

T
2

   5µs T
3

8µs
T

4
5µs

D
ata

C
lock

T
0

1m
s

(T
0)

T
im

e b
etw

een
 p

ackets o
r p

rio
r to

 d
ata startu

p
................................1m

S
 m

in
.

(T
1)

D
ata-L

O
 / C

lo
ck-H

I to
 D

ata-L
O

 / C
lo

ck-L
O

.......................................25µ
S

 m
in

.
(T

2)
C

lo
ck-L

O
 to

 C
lo

ck-H
I...........................................................................5µ

S
 m

in
.

(T
3)

C
lo

ck-H
I to

 C
lo

ck-L
O

...........................................................................8 µ
S

 m
in

.
(T

4)
D

ata-H
I / C

lo
ck-H

I.................................................................................5µ
S

 m
in

.
T

o
tal P

acket T
im

e
......................................................................................157µ

S
 m

in
.

1) Loading begins w
hen clock line is high and data line is taken low

2) E
nsure that edge is fully risen prior to high-clock transition

3) B
oth lines high triggers autom

atic latch

F
igure 13: P

LL S
erial D

ata T
im

ing

C
S

2
C

S
1

C
S

0
C

h
an

n
el 

F
req

u
en

cy
0

0
0

0
903.37

0
0

1
1

906.37
0

1
0

2
907.87

0
1

1
3

909.37
1

0
0

4
912.37

1
0

1
5

915.37
1

1
0

6
919.87

1
1

1
7

921.37

*S
ee N

O
T

E
 on previous page.

S
E

R
IA

L
 C

H
A

N
N

E
L

 S
E

L
E

C
T

IO
N

 T
A

B
L

E
C

H
A

N
N

E
L

T
X

 F
R

E
Q

U
E

N
C

Y
R

X
 L

O
C

H
A

N
N

E
L

T
X

 F
R

E
Q

U
E

N
C

Y
R

X
 L

O
0

902.62
867.92

51
915.37

880.67
1

902.87
868.17

52
915.62

880.92
2

903.12
868.42

53
915.87

881.17
3

903.37
868.67

54
916.12

881.42
4

903.62
868.92

55
916.37

881.67
5

903.87
869.17

56
916.62

881.92
6

904.12
869.42

57
916.87

882.17
7

904.37
869.67

58
917.12

882.42
8

904.62
869.92

59
917.37

882.67
9

904.87
870.17

60
917.62

882.92
10

905.12
870.42

61
917.87

883.17
11

905.37
870.67

62
918.12

883.42
12

905.62
870.92

63
918.37

883.67
13

905.87
871.17

64
918.62

883.92
14

906.12
871.42

65
918.87

884.17
15

906.37
871.67

66
919.12

884.42
16

906.62
871.92

67
919.37

884.67
17

906.87
872.17

68
919.62

884.92
18

907.12
872.42

69
919.87

885.17
19

907.37
872.67

70
920.12

885.42
20

907.62
872.92

71
920.37

885.67
21

907.87
873.17

72
920.62

885.92
22

908.12
873.42

73
920.87

886.17
23

908.37
873.67

74
921.12

886.42
24

908.62
873.92

75
921.37

886.67
25

908.87
874.17

76
921.62

886.92
26

909.12
874.42

77
921.87

887.17
27

909.37
874.67

78
922.12

887.42
28

909.62
874.92

79
922.37

887.67
29

909.87
875.17

80
922.62

887.92
30

910.12
875.42

81
922.87

888.17
31

910.37
875.67

82
923.12

888.42
32

910.62
875.92

83
923.37

888.67
33

910.87
876.17

84
923.62

888.92
34

911.12
876.42

85
923.87

889.17
35

911.37
876.67

86
924.12

889.42
36

911.62
876.92

87
924.37

889.67
37

911.87
877.17

88
924.62

889.92
38

912.12
877.42

89
924.87

890.17
39

912.37
877.67

90
925.12

890.42
40

912.62
877.92

91
925.37

890.67
41

912.87
878.17

92
925.62

890.92
42

913.12
878.42

93
925.87

891.17
43

913.37
878.67

94
926.12

891.42
44

913.62
878.92

95
926.37

891.67
45

913.87
879.17

96
926.62

891.92
46

914.12
879.42

97
926.87

892.17
47

914.37
879.67

98
927.12

892.42
48

914.62
879.92

99
927.37

892.67
49

914.87
880.17

100
927.62

892.92
50*

915.12
880.42

=
 A

lso available in P
arallel M

ode
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P
age 12

P
R

O
T

O
C

O
L

 G
U

ID
E

L
IN

E
S

W
hile m

any R
F

solutions im
pose data form

atting and balancing requirem
ents,

Linx R
F

 m
odules do not encode or packetize the signal content in any m

anner.
T

he received signal w
ill be affected by such factors as noise, edge jitter, and

interference, but it is not purposefully m
anipulated or altered by the m

odules.
T

his gives the designer trem
endous flexibility for protocol design and interface.

D
espite this transparency and ease of use, it m

ust be recognized that there are
distinct differences betw

een a w
ired and a w

ireless environm
ent. Issues such as

interference and contention m
ust be understood and allow

ed for in the design
process. T

o learn m
ore about protocol considerations, w

e suggest you read Linx
A

pplication N
ote A

N
-00160.

E
rrors from

 interference or changing signal conditions can cause corruption of
the data packet, so it is generally w

ise to structure the data being sent into sm
all

packets. T
his allow

s errors to be m
anaged w

ithout affecting large am
ounts of

data. A
 sim

ple checksum
 or C

R
C

 could be used for basic error detection. O
nce

an error is detected, the protocol designer m
ay w

ish to sim
ply discard the corrupt

data or im
plem

ent a m
ore sophisticated schem

e to correct it.

IN
T

E
R

F
E

R
E

N
C

E
C

O
N

S
ID

E
R

A
T

IO
N

S
T

he R
F

 spectrum
 is crow

ded and the potential for conflict w
ith other unw

anted
sources of R

F
 is very real. W

hile all R
F

 products are at risk from
 interference, its

effects can be m
inim

ized by better understanding its characteristics.

Interference m
ay com

e from
 internal or external sources. T

he first step is to
elim

inate interference from
 noise sources on the board. T

his m
eans paying

careful 
attention 

to 
layout, 

grounding, 
filtering, 

and 
bypassing 

in 
order 

to
elim

inate all radiated and conducted interference paths. F
or m

any products, this
is straightforw

ard; how
ever, products containing com

ponents such as sw
itching

pow
er supplies, m

otors, crystals, and other potential sources of noise m
ust be

approached w
ith care. C

om
paring your ow

n design w
ith a Linx evaluation board

can help to determ
ine if and at w

hat level design-specific interference is present. 

E
xternal 

interference 
can 

m
anifest 

itself 
in 

a 
variety 

of 
w

ays. 
Low

-level
interference w

ill produce noise and hashing on the output and reduce the link’s
overall range.

H
igh-level 

interference 
is 

caused 
by 

nearby 
products 

sharing 
the 

sam
e

frequency or from
 near-band high-pow

er devices. It can even com
e from

 your
ow

n products if m
ore than one transm

itter is active in the sam
e area. It is

im
portant 

to 
rem

em
ber 

that 
only 

one 
transm

itter 
at 

a 
tim

e 
can 

occupy 
a

frequency, regardless of the coding of the transm
itted signal. T

his type of
interference is less com

m
on than those m

entioned previously, but in severe
cases it can prevent all useful function of the affected device. 

A
lthough 

technically 
it 

is 
not 

interference, 
m

ultipath 
is 

also 
a 

factor 
to 

be
understood. M

ultipath is a term
 used to refer to the signal cancellation effects

that occur w
hen R

F
 w

aves arrive at the receiver in different phase relationships.
T

his effect is a particularly significant factor in interior environm
ents w

here
objects provide m

any different signal reflection paths. M
ultipath cancellation

results in low
ered signal levels at the receiver and, thus, shorter useful distances

for the link.

T
Y

P
IC

A
L

 A
P

P
L

IC
A

T
IO

N
S

T
he figure below

 show
s a typical R

S
-232 circuit using the H

P
3 S

eries transm
itter

and a M
axim

 M
A

X
232. T

he M
A

X
232 converts R

S
-232 com

pliant signals to a
serial 

data 
stream

, 
w

hich 
the 

transm
itter 

then 
sends. 

T
he 

M
O

D
E

 
line 

is
grounded, so the channels are selected by the D

IP
 sw

itches.

T
he figure below

 show
s a circuit using the Q

S
 S

eries U
S

B
 m

odule. T
he Q

S
converts U

S
B

 com
pliant signals from

 a P
C

 to serial data to be sent to the
transm

itter. T
he M

O
D

E
 line is high, so the m

odule is in S
erial C

hannel S
elect

M
ode. T

he R
T

S
 and D

T
R

 lines are used to load the channels. A
pplication N

ote
A

N
-00155 show

s sam
ple source code that can be adapted to use on a P

C
. T

he
Q

S
 S

eries D
ata G

uide and A
pplication N

ote A
N

-00200 discuss the hardw
are

and softw
are set-up required for Q

S
 S

eries m
odules.

T
he transm

itter can also be connected to a m
icrocontroller, w

hich w
ill generate

the data based on specific actions. A
 U

A
R

T
 m

ay be em
ployed or an I / O

 line
m

ay be “bit banged” to send the data to the transm
itter. T

he transm
itter m

ay be
connected 

directly 
to 

the 
m

icrocontroller 
w

ithout 
the 

need 
for 

buffering 
or

am
plification.
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B
O

A
R

D
L

A
Y

O
U

T
 G

U
ID

E
L

IN
E

S
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 m

odules, integrating them
 is very straightforw

ard. D
espite

this ease of application, it is still necessary to m
aintain respect for the R

F
 stage

and exercise appropriate care in layout and application in order to m
axim

ize
perform

ance and ensure reliable operation. T
he antenna can also be influenced

by layout choices. P
lease review

 this data guide in its entirety prior to beginning
your design. B

y adhering to good layout principles and observing som
e basic

design rules, you w
ill be on the path to R

F
success.

T
he 

adjacent 
figure 

show
s 

the 
suggested

P
C

B
 footprint for the m

odule. T
he actual pad

dim
ensions 

are 
show

n 
in 

the 
P

ad 
Layout

section of this m
anual. A

 ground plane (as
large 

as 
possible) 

should 
be 

placed 
on 

a
low

er layer of your P
C

 board opposite the
m

odule. T
his ground plane can also be critical

to the perform
ance of your antenna, w

hich w
ill

be discussed later. T
here should not be any

ground or traces under the m
odule on the

sam
e layer as the m

odule, just bare P
C

B
.

D
uring prototyping, the m

odule should be soldered to a properly laid-out circuit
board. T

he use of prototyping or “perf” boards w
ill result in horrible perform

ance
and is strongly discouraged. 

N
o conductive item

s should be placed w
ithin 0.15in of the m

odule’s top or sides. 

D
o not route P

C
B

 traces directly under the m
odule. T

he underside of the m
odule

has num
erous signal-bearing traces and vias that could short or couple to traces

on the product’s circuit board.

T
he m

odule’s ground lines should each have their ow
n via to the ground plane

and be as short as possible.

A
M

 / O
O

K
 receivers are particularly subject to noise. T

he m
odule should, as

m
uch as reasonably possible, be isolated from

 other com
ponents on your P

C
B

,
especially high-frequency circuitry such as crystal oscillators, sw

itching pow
er

supplies, and high-speed bus lines. M
ake sure internal w

iring is routed aw
ay

from
 the m

odule and antenna, and is secured to prevent displacem
ent.

T
he pow

er supply filter should be placed close to the m
odule’s V

C
C

line.

In som
e instances, a designer m

ay w
ish to encapsulate or “pot” the product.

M
any Linx custom

ers have done this successfully; how
ever, there are a w

ide
variety of potting com

pounds w
ith varying dielectric properties. S

ince such
com

pounds can considerably im
pact R

F
 perform

ance, it is the responsibility of
the designer to carefully evaluate and qualify the im

pact and suitability of such
m

aterials.

T
he trace from

 the m
odule to the antenna should be kept as short as possible.

A
 

sim
ple 

trace 
is 

suitable 
for 

runs 
up 

to 
1/8-inch 

for 
antennas 

w
ith 

w
ide

bandw
idth characteristics. F

or longer runs or to avoid detuning narrow
 bandw

idth
antennas, 

such 
as 

a 
helical, 

use 
a 

50-ohm
 

coax 
or 

50-ohm
 

m
icrostrip

transm
ission line as described in the follow

ing section.
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F
igure 16: S

uggested P
C

B
 Layout
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F
igure 17: M

icrostrip F
orm

ulas

M
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R
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S
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R
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T
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S

A
 transm

ission line is a m
edium

 w
hereby R

F
 energy is transferred from

 one
place to another w

ith m
inim

al loss. T
his is a critical factor, especially in high-

frequency products like Linx R
F

 m
odules, because the trace leading to the

m
odule’s 

antenna 
can 

effectively 
contribute 

to 
the 

length 
of 

the 
antenna,

changing its resonant bandw
idth. In order to m

inim
ize loss and detuning, som

e
form

 of transm
ission line betw

een the antenna and the m
odule should be used,

unless the antenna can be placed very close (<
1/8in.) to the m

odule. O
ne

com
m

on form
 of transm

ission line is a coax cable, another is the m
icrostrip. T

his
term

 refers to a P
C

B
 trace running over a ground plane that is designed to serve

as a transm
ission line betw

een the m
odule and the antenna. T

he w
idth is based

on the desired characteristic im
pedance of the line, the thickness of the P

C
B

,
and the dielectric constant of the board m

aterial. F
or standard 0.062in thick F

R
-

4 board m
aterial, the trace w

idth w
ould be 111 m

ils. T
he correct trace w

idth can
be calculated for other w

idths and m
aterials using the inform

ation below
. H

andy
softw

are for calculating m
icrostrip lines is also available on the Linx w

ebsite,
w

w
w

.linxtechnologies.com
.
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P
A

D
L

A
Y

O
U

T
T

he 
follow

ing 
pad 

layout 
diagram

 
is 

designed 
to 

facilitate 
both 

hand 
and

autom
ated assem

bly.

P
R

O
D

U
C

T
IO

N
 G

U
ID

E
L

IN
E

S
T

he m
odules are housed 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

 
th

e
 

m
o

d
u

le
s 

co
n

ta
in

 
d

iscre
te

com
ponents internally, the assem

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

odules. T
he follow

ing procedures should be review
ed

w
ith and practiced by all assem

bly personnel.

H
A

N
D

 A
S

S
E

M
B

L
Y

P
ads located on the bottom

 of the
m

odule are the prim
ary m

ounting
su

rfa
ce

. 
S

in
ce

 
th

e
se

 
p

a
d

s 
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
fa

cilita
te

 
so

ld
e

r 
w

ickin
g

 
to

 
th

e
m

odule’s underside. T
his allow

s for
ve

ry 
q

u
ick 

h
a

n
d

 
so

ld
e

rin
g

 
fo

r
p

ro
to

typ
in

g
 

a
n

d
 

sm
a

ll 
vo

lu
m

e
production.  

If the recom
m

ended pad guidelines have been follow
ed, the pads w

ill protrude
slightly past the edge of the m

odule. U
se a fine soldering tip to heat the board

pad and the castellation, then introduce solder to the pad at the m
odule’s edge.

T
he solder w

ill w
ick underneath the m

odule, providing reliable attachm
ent. T

ack
one m

odule corner first and then w
ork around the device, taking care not to

exceed the tim
es listed below

. 

C
astellations

P
C

B
 P

ads

S
oldering Iron

T
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S
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A
b

so
lu

te M
axim

u
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H
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d
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o
ld

er T
em

p
. T

X
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 fo
r 10 S

eco
n

d
s

H
an

d
-S

o
ld

er T
em

p
. R

X
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 fo
r 10 S

eco
n

d
s

R
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m
m

en
d
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 S

o
ld
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g
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o
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R
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 M
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ee ad
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g

 d
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F
igure 19: S

oldering T
echnique

F
igure 18: R

ecom
m
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C

B
 Layout
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E
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B
L

Y
F

or high-volum
e assem

bly, m
ost users w

ill w
ant to auto-place the m

odules. T
he

m
odules have been designed to m

aintain com
patibility w

ith reflow
 processing

techniques; how
ever, due to the their 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
stage. 

T
he 

reflow
 

profile 
below

 
should 

not 
be 

exceeded, 
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 rem
aining w

ithin the lim
its m

andated by the m
odules.

T
he figure below

 show
s the recom

m
ended reflow

 oven profile for the m
odules.

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

odules not be
subjected to shock or vibration during the tim

e solder is liquid. S
hould a shock

be applied, som
e internal com

ponents could be lifted from
 their pads, causing

the m
odule to not function properly.

W
ash

ab
ility

T
he 

m
odules 

are 
w

ash 
resistant, 

but 
are 

not 
herm

etically 
sealed. 

Linx
recom

m
ends w

ash-free m
anufacturing; how

ever, the m
odules can be subjected

to a w
ash cycle provided that a drying tim

e is allow
ed prior to applying electrical

pow
er to the m

odules. T
he drying tim

e should be sufficient to allow
 any m

oisture
that m

ay have m
igrated into the m

odule to evaporate, thus elim
inating the

potential for shorting dam
age during pow

er-up or testing.  If the w
ash contains

contam
inants, the perform

ance m
ay be adversely affected, even after drying.
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A
N

T
E

N
N

A
C

O
N

S
ID

E
R

A
T

IO
N

S
T

he choice of antennas is a critical
a

n
d

 
o

fte
n

 
o

ve
rlo

o
ke

d
 

d
e

sig
n

co
n

sid
e

ra
tio

n
. 

T
h

e
 

ra
n

g
e

,
perform

ance, and legality of an R
F

 link
a

re
 

critica
lly 

d
e

p
e

n
d

e
n

t 
u

p
o

n
 

th
e

a
n

te
n

n
a

. 
W

h
ile

 
a

d
e

q
u

a
te

 
a

n
te

n
n

a
perform

ance can often be obtained by
tria

l 
a

n
d

 
e

rro
r 

m
e

th
o

d
s, 

a
n

te
n

n
a

design 
and 

m
atching 

is 
a 

com
plex

ta
sk. 

A
 

p
ro

fe
ssio

n
a

lly 
d

e
sig

n
e

d
antenna, such as those from

 Linx, w
ill

help ensure m
axim

um
 perform

ance and F
C

C
 com

pliance.

Linx transm
itter m

odules typically have an output pow
er that is slightly higher

than the legal lim
its. T

his allow
s the designer to use an inefficient antenna, such

as a loop trace or helical, to m
eet size, cost, or cosm

etic requirem
ents and still

achieve full legal output pow
er for m

axim
um

 range. If an efficient antenna is
used, then som

e attenuation of the output pow
er w

ill likely be needed. T
his can

easily be accom
plished by using the LA

D
J line or a T

-pad attenuator. F
or m

ore
details on T

-pad attenuator design, please see A
pplication N

ote A
N

-00150.

A
 receiver antenna should be optim

ized for the frequency or band in w
hich the

receiver operates and to m
inim

ize the reception of 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 attenuation

or a reduction in antenna efficiency, 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 until your prototype product
is operating satisfactorily. O

ther antennas can then be evaluated based on the
cost, size, and cosm

etic requirem
ents of the product. Y

ou m
ay w

ish to review
A

pplication N
ote A

N
-00500 “A

ntennas: D
esign, A

pplication, P
erform

ance”

A
N

T
E

N
N

A
 S

H
A

R
IN

G
In cases w

here a transm
itter and receiver

m
odule are com

bined to form
 a transceiver,

it is often advantageous to share a single
antenna. T

o accom
plish this, an antenna

sw
itch m

ust be used to provide isolation
b

e
tw

e
e

n
 

th
e

 
m

o
d

u
le

s 
so

 
th

a
t 

th
e

 
fu

ll
transm

itter output pow
er is not put on the

sensitive front end of the receiver. T
here

are a w
ide variety of antenna sw

itches that
are cost-effective and easy to use. A

m
ong

the m
ost popular are sw

itches from
 M

acom
 and N

E
C

. Look for an antenna
sw

itch that has high isolation and low
 loss at the desired frequency of operation.

G
enerally, the T

x or R
x status of a sw

itch w
ill be controlled by a product’s

m
icroprocessor, but the user m

ay also m
ake the selection m

anually. In som
e

cases, w
here the characteristics of the T

x and R
x antennas need to be different

or antenna sw
itch losses are unacceptable, it m

ay be m
ore appropriate to utilize

tw
o discrete antennas.

F
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he follow
ing general rules should help in m

axim
izing antenna perform

ance.

1.
P

roxim
ity to objects such as a user’s hand, 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 ground
plane. In m

any cases, this isn’t desirable
for practical or ergonom

ic reasons, thus,
an alternative antenna style such as a
helical, loop, or patch m

ay be utilized
and the corresponding sacrifice in perform

ance accepted.

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, P
C

B
 tracks, and ground

planes. In m
any cases, the space around the antenna is as im

portant as the
antenna itself. O

bjects in close proxim
ity to the antenna can cause direct

detuning, w
hile those farther aw

ay w
ill alter the antenna’s sym

m
etry.

4.
In 

m
any 

antenna 
designs, 

particularly 
1/4-w

ave
w

hips, the ground plane acts as a counterpoise,
form

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

or this
reason, adequate ground plane area is essential.
T

he ground plane 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

 
a

n
d

 
co

n
fig

u
ra

tio
n

 
co

n
stra

in
ts. 

In
 

th
e

se
instances, a designer m

ust m
ake the best use of the

area available to create as m
uch ground plane as

possible in proxim
ity to the base of the antenna. In cases w

here the antenna is
rem

otely located or the antenna is not in close proxim
ity to a circuit board,

ground plane, or grounded m
etal case, a m

etal plate m
ay be used to m

axim
ize

the antenna’s 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, or 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 ground plane under potential sources of noise
to shunt noise to ground and prevent it from

 coupling to the R
F

 stage. S
hield

noisy board areas w
henever practical.

6.
In som

e applications, it is advantageous to
place the m

odule and antenna aw
ay from

 the
m

ain equipm
ent. T

his can avoid interference
p

ro
b

le
m

s 
a

n
d

 
a

llo
w

s 
th

e
 

a
n

te
n

n
a

 
to

 
b

e
oriented for optim

um
 perform

ance. A
lw

ays use
50Ω

coax, like R
G

-174, for the rem
ote feed.
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A
 w

hip-style antenna provides outstanding overall perform
ance

and stability. A
 low

-cost w
hip is can be easily fabricated from

 a
w

ire
 

o
r 

ro
d

, 
b

u
t 

m
o

st 
d

e
sig

n
e

rs 
o

p
t 

fo
r 

th
e

 
co

n
siste

n
t

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 1/2- or 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 straight 1/4-w

ave can be
easily determ

ined using the adjacent form
ula. It is also possible

to reduce the overall height of the antenna by using a helical
w

inding.  T
his reduces the antenna’s bandw

idth, but is a great
w

ay 
to 

m
inim

ize 
the 

antenna’s 
physical 

size 
for 

com
pact

applications. T
his also m

eans that the physical appearance is
not alw

ays an indicator of the antenna’s frequency. 

Linx offers a w
ide variety of specialized antenna styles.

M
any of these styles utilize helical elem

ents to reduce the
o

ve
ra

ll 
a

n
te

n
n

a
 

size
 

w
h

ile
 

m
a

in
ta

in
in

g
 

re
a

so
n

a
b

le
perform

ance. A
 helical antenna’s bandw

idth is often quite
narrow

 and the antenna can detune in proxim
ity to other

objects, so care m
ust be exercised in layout and placem

ent. 

W
h

ip
 S

tyle

L
o

o
p

 S
tyle

L =
234

F
M

H
z

W
here:

L 
=

 
length 

in 
feet 

of
quarter-w

ave length 
F

 = operating frequency
in m

egahertz

S
p

ecialty S
tyles

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

he 
elem

ent 
can 

be 
m

ade 
self-resonant 

or 
externally

resonated 
w

ith 
discrete 

com
ponents, 

but 
its 

actual 
layout 

is
usually product specific. D

espite the cost advantages, loop-style
antennas are generally inefficient and useful only for short-range
applications. T

hey are also very sensitive to changes in layout and
P

C
B

 
dielectric, 

w
hich 

can 
cause 

consistency 
issues 

during
production. In addition, printed styles 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, w

hich can cause instability in the R
F

 stage.

Linx offers low
-cost planar and chip antennas that m

ount directly
to a product’s P

C
B

. T
hese tiny antennas do not require testing and

provide excellent perform
ance in light of their sm

all size. T
hey

offer a preferable alternative to the often-problem
atic “printed”

antenna.

C
O

M
M

O
N

A
N

T
E

N
N

A
S

T
Y

L
E

S
T

here 
are 

literally 
hundreds 

of 
antenna 

styles 
and 

variations 
that 

can 
be

em
ployed w

ith Linx R
F

 m
odules. F

ollow
ing is a brief discussion of the styles

m
ost com

m
only utilized. A

dditional antenna inform
ation can be found in Linx

A
pplication N

otes A
N

-00100, A
N

-00140, and A
N

-00500. Linx antennas and
connectors offer outstanding perform

ance at a low
 price.

O
N

L
IN

E
 R

E
S

O
U

R
C

E
S

• L
atest N

ew
s

• D
ata G

u
id

es

• A
p

p
licatio

n
 N

o
tes

• K
n

o
w

led
g

eb
ase

• S
o

ftw
are U

p
d

ates
If you have questions regarding any Linx product and have Internet access,
m

ake w
w

w
.linxtechnologies.com

 your first stop. O
ur w

ebsite is organized in an
intuitive form

at to im
m

ediately give you the answ
ers you need. D

ay or night, the
Linx w

ebsite gives you instant access to the latest inform
ation regarding the

products and services of Linx. It’s all here: m
anual and softw

are updates,
application notes, a com

prehensive know
ledgebase, F

C
C

 inform
ation, and m

uch
m

ore.  B
e sure to visit often!

w
w

w
.an

ten
n

afacto
r.co

m

T
he A

ntenna F
actor division of Linx offers

a diverse array of antenna styles, m
any of

w
hich are optim

ized for use w
ith our R

F
m

odules. 
F

rom
 

innovative 
em

beddable
antennas 

to 
low

-cost 
w

hips, 
dom

es 
to

Y
agis, and even G

P
S

, A
ntenna F

actor
likely 

has 
an 

antenna 
for 

you, 
or 

can
design one to m

eet your requirem
ents. 

w
w

w
.co

n
n

ecto
rcity.co

m

T
hrough its C

onnector C
ity division, Linx offers a w

ide
selection of high-quality R

F
 connectors, including F

C
C

-
com

pliant types such as R
P

-S
M

A
s that are an ideal

m
atch for our m

odules and antennas. C
onnector C

ity
focuses 

on 
high-volum

e 
O

E
M

 
requirem

ents, 
w

hich
allow

s standard and custom
 R

F
 connectors to be offered

at a rem
arkably low

 cost. 

®

w
w

w
.lin

xtech
n

o
lo

g
ies.co

m
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A
C

H
IE

V
IN

G
 A

 S
U

C
C

E
S

S
F

U
L

R
F

IM
P

L
E

M
E

N
T

A
T

IO
N

A
d

d
in

g
 

a
n

 
R

F
 

sta
g

e
 

b
rin

g
s 

a
n

 
e

xcitin
g

 
n

e
w

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 LR
 S

eries, the
design and approval process is 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
va

ry 
w

id
e

ly, 
it 

is 
d

ifficu
lt 

to
 

re
co

m
m

e
n

d
 

o
n

e
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
p

le
” 

is 
m

o
re

 
th

a
n

 
ju

st 
a

 
m

o
tto

, 
it’s 

o
u

r
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.

H
E

L
P

F
U

L
A

P
P

L
IC

A
T

IO
N

N
O

T
E

S
F

R
O

M
L

IN
X

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. 

T
hese

applications 
notes 

are 
available 

online 
at 

w
w

w
.linxtechnologies.com

 
or 

by
contacting the Linx literature departm

ent.
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R
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R
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N
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P
R
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R
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R
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L
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T
yp

icalS
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R
F

A
N

-00100
R

F 101: Inform
ation for the R

F C
hallenged

A
N

-00126
C

onsiderations For O
peration W

ithin The 902-928M
H

z B
and

A
N

-00130
M

odulation Techniques For Low
-C

ost R
F D

ata Links

A
N

-00140
The FC

C
 R

oad: P
art 15 From

 C
oncept To A

pproval

A
N

-00155 
S

erial Loading Techniques for the H
P

 S
eries 3

A
N

-00160
C

onsiderations For S
ending D

ata O
ver a W

ireless Link

A
N

-00500
A

ntennas: D
esign, A

pplication, P
erform

ance

N
O

T
E

A
P

P
L

IC
A

T
IO

N
N

O
T

E
T

IT
L

E

L
E

G
A

L
C

O
N

S
ID

E
R

A
T

IO
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 legally m
arket your

com
pleted product. 

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 (F
C

C
). T

he regulations are contained in T
itle

47 of the C
ode of F

ederal R
egulations (C

F
R

). T
itle 47 is m

ade up of num
erous volum

es;
how

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

olum
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 bookstore. E

xcerpts of applicable sections are
included w

ith Linx evaluation kits or m
ay be obtained from

 the Linx T
echnologies w

ebsite,
w

w
w

.linxtechnologies.com
. In brief, these rules require that any device that 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 F
C

C
 pre-

screening, 
and 

final 
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 that the product m
ay require at the sam

e tim
e, such as U

L, C
lass A

 / B
, etc.

O
nce your com

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

 num
ber that is to be

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 Linx R
F

 m
odules, for com

pliance
w

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

F
ederal C

om
m

unications C
om

m
ission

O
ffice of E

ngineering and T
echnology Laboratory D

ivision
7435 O

akland M
ills R

oad
C

olum
bia, M

D
 21046-1609

P
hone: (301) 362-3000  F

ax: (301) 362-3290   E
-M

ail: labinfo@
fcc.gov

International approvals are slightly m
ore com

plex, although Linx 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

:
Linx 

R
F

 
m

odules 
are 

designed 
as 

com
ponent 

devices 
that 

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 use in the country of operation.
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Linx Technologies is continually striving to im
prove the quality and function of its products.  For this reason,

w
e reserve the right to m

ake changes to our products w
ithout notice. The inform

ation contained in this
Overview

 Guide is believed to be accurate as of the tim
e of publication. Specifications are based on

representative lot sam
ples. Values m

ay vary from
 lot-to-lot and are not guaranteed. "Typical" param

eters can
and do vary over lots and application. Linx Technologies m

akes no guarantee, w
arranty, or representation

regarding the suitability of any product for use in any specific application. It is the custom
er's responsibility

to verify the suitability of the part for the intended application. NO LINX PRODUCT IS INTENDED FOR USE
IN ANY APPLICATION W

HERE THE SAFETY OF LIFE OR PROPERTY IS AT RISK.

Linx 
Technologies 

D
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N

O
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FO
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AN
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F
CUSTOM

ER'S INCIDENTAL OR CONSEQUENTIAL DAM
AGES ARISING IN ANY W

AY FROM
 ANY DEFECTIVE

O
R

 
N

O
N

-CO
N
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R

M
IN
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PR
O

D
U

CTS 
O

R
 

FO
R

 
AN

Y 
O

TH
ER
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EACH
 

O
F 

CO
N

TR
ACT 

BY 
LIN

X
TECHNOLOGIES. The lim

itations on Linx Technologies' liability are applicable to any and all claim
s or

theories of recovery asserted by Custom
er, including, w

ithout lim
itation, breach of contract, breach of

w
arranty, strict liability, or negligence. Custom

er assum
es all liability (including, w

ithout lim
itation, liability

for injury to person or property, econom
ic loss, or business interruption) for all claim

s, including claim
s

from
 third parties, arising from

 the use of the Products. The Custom
er w

ill indem
nify, defend, protect, and

hold harm
less Linx Technologies and its officers, em

ployees, subsidiaries, affiliates, distributors, and
representatives from

 and against all claim
s, dam

ages, actions, suits, proceedings, dem
ands, assessm

ents,
adjustm

ents, costs, and expenses incurred by Linx Technologies as a result of or arising from
 any Products

sold by Linx Technologies to Custom
er. Under no conditions w

ill Linx Technologies 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
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