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1. Introduction
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This report is a description of how to develop a Finally, a complete remote control receiver is
cost-saving superhet receiver for radio fre- introduced, optionallyncluding the signal de-
guency based remote control systems in the coder that iddesigned with a low-current mi-
UHF range. It should be seen as a completion crocontroller(uC) ofthe M 43 C 20Gamily.

of the application report no. 12titled

The suggested circuittave been tested in

"Components for Radio Frequency based Re- practice and demoboards for SMD components

mote Control Systems" [1].

The complete receiver consists tfe front
end, the IF part and thmicrocontroller. It is
based on the IF receivéCs ofthe U 431x B
family of TELEFUNKEN Semiconductors.
Circuit configurations for either law standby
current of 1 mA or dow supply voltage of
3.3V arepossible. The main goal tifie front
end development was tesign an assembly
that meets practical requirememnsth a re-
duced number of components aaldgnments,
while achieving excellent sensitivity and a

wide dynamic range. In a production line, only component.

were developed. These boaraie not ready
for series production but only for
demonstration of the system features. They are
suited for different operation frequencies,
either for amplitude or frequency modulation
and for awide range of supply voltages. Four
different versions have been completely
specified andthe partists for them are
included inthe appendixAll measurement
results in thispaper were taken on these
demoboards. In th&JHF range, the printed
circuit board must be regarded as a RF
The layout co-determines the

low-cost measurement equipment is necessaryperformance.

for testing and tuning.

First, the principle circuit arrangement ius-
trated with different configurations to make
either a low-voltage or a low-current receiver.
Next, a circuit proposal fothe front end is
shown, using high performance transistors
S852T of TELEFUNKEN Semiconductors.

As a development is always done under differ-
ent guidelines, the circuits introduced here may
only be used as a basis tbe customer's own
developments. It will be necessary to adapt the
circuits to the requirements aferies
production.

2. Circuit arrangement of a complete receiver

The receiver is based on a modutamcept,
such that there are differenfptions for the
interconnection of theubcircuits front end, IF
part andsignaldecoder (e.guC). The choice
of one of these circuit arrangementdl be

determined by the requirements fsupply

voltage, supplcurrent andsensitivity. Circuit

configurations and their featuresusing
different integrated circuitsare given in
table 1.

Figure 1 represents the low-currentersion
with a standbycurrent of 1 mA and an active
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mode current of 3.BA, excludingthe current
consumption othe microcontroller. The Zener
diode is used tomit the front endsupply volt-
age with increasing receiver supply voltage.
The optional resistanight benecessary, if the
receiver ICwill be switched between active
and passive mode and the front end is designed
exactly for 1 mA of current consumption. In
the passive modé¢he supply current of the IF
part isalso 1 mA, so without an additional
resistor no currenvould be left forthe Zener
diode. An exception is the U 4314 Bith a
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total current consumption of A. As the
current is constant, th@iode andthe resistor
can be left outThe supply voltage range of
this setup is 7V to 16 V. For low-voltage ap-

plications, the setup shown in figure 2 is useful.

In order to limit the

current 9 V can be achieved.

Figure 1 DC stacking of the front end and IF part

IC-TYPE

consumption,the supply voltage should be
stabilized - otherwise it is restricted to values
between 3.3 V and 4.7 V. If fatabilization a
4.7-V Zener diode is used in series with a

kQ resistor, a supply voltage range of 4.5 V to

+
<:>VS Front end

IF part

Micro-
controller

Figure 2 Front end and IF part in parallel

U 4311 B/U 4313 B

Wake up or polling concept

U4314 B

Continuously active,
without data filter

According According According According

to fig. 2 to fig. 1 to fig. 2 to fig. 1
Minimum supply voltage 33V v 3.3V 7V
Supply current standby
(incl. regulation, excl. DPU) 2mA 1 mA
S_upply current permanent active 45 mA 35 mA 2 mA 1mA
(incl. regulation, excl. DPU)
Sensitivity (m = 80 %,
resp. FM deviation 22.5 kHz),
Wake up threshold - 80 dBm - 80 dBm
Permanent or controller activated - 105 dBm - 105 dBn
Modulation system FM  AM FM  AM AM AM
Relative system transmission rate with
single stage transmitter High low High low Low Low

Table 1 Characteristics of remote control receivers with different ICs and different circuit arrangements

Issue: 09.96
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3. Front end for UHF remote control system

For the front end, two PCBs have been de-

The front end iglesigned for a supply voltage

signed. The circuit diagram shown in figure 3 is of 3.3V and a current consumption of ap-

identical for both versions. The layout shown
in figure 4 and figure 5 is suited for
combination withthe IF/ uC particcording to
figure 15 and figure 16 orthe IF part as
presented in [1]. The secorfdCB given in
figure 17andfigure 18 already includebe IF
part.

The tuner is suited for either a parallel circuit
with the IF part or for DGtacking with it, as
shown in figure 2and figure 1. Inthe latter
configurationthe ground planes othe front

proximately 1 mA. The supply voltage may be
increased to 4.7 V so that a Zed@de D 101
of this voltagecan be used fatabilization if
the supply voltage isnhot stabilized byother
means. With increasing supply voltage, the
supply current also increases. Therefore at
least the emitteresistors (R 104 and R 109)
have to be changed if the front end ismork
with a different supply voltagand a 1 mA
supply current. Circuit variations fds-V- and
3-V supply voltage have been testadhieving

end and the IF part are not on the same voltagethe same sensitivity. To characteritee front

level, C 100 must be used fitre antenna con-
nector to avoid a DC short circuit if tishield-
ing of the antenna cable ggsounded. Its value
is not critical, 1 nF is proposed.

end, it was combined with an IF part according
to [1, fig. 40]. Test results and measurement
conditions are discussed athe end othis
paper.

3.1 Circuit and alignment description

The front end consists of the prestagsigned
with a T 101and T 102 in a cascode circuit -
the local oscillator with T 103and themixer
with T 104. A complete characterization for
433.92-MHz and 303.85-MHz operation fre-
guency has been done. TREB layout and
the component placement arshown in
figure 4andfigure 5. Thecascode circuit was
chosen to decouple tHecal oscillator of the

antenna input in order to suppress radiation of of the front endcombined withthe

of the transistors, inay be necessary to con-
nect C104 to theground plane athe opposite
side ofthe PCB in order tavoid oscillations
(see arrow irfigure 5). Forthe same purpose,
R 110 may be inserted, btite PCBshown in
figure 5 isnot prepared for theseodifica-
tions. The position wherthe printed conduc-
tor has to be cut up for thesertion of R 110

is marked with an asterisk in figure 5. The PCB
IF part

the local oscillator. Measurements on several (figure 18) already includeall modifications.

modules -based on a 5@ system - showed
that thelevel of the local oscillator at the
antenna input is approximately -65 to
-70 dBm.

The low supplycurrent of 300 pA to 600 pA
effects alow-noise figure ofthe preamplifier.
The input filter (C 101 to 103, L 101 and
L 102) provideshe far-off selectivity. As the
3-dB bandwidth of thenput filter is approxi-
mately 30 MHz, no tuning ahe coils should

The amplified RFsignal isfed to the base of
the mixer transistor, T 104. If no wide trans-
missionrange is requiredthe value of C 107
may be increasedhile decreasing C 10@his
will improvethe strong signabehaviourwhile
decreasing the receiver's sensitivity.

The developed front end requiresly one or
two alignments. The prestagmin has to be
maximized bythe tuning of L 103. A maxi-
mum ofthe AM outputvoltage ofthe receiver

be necessary. Due to the high transit frequency IC indicates the correct adjustmeifor the
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alignment ofthe prestage, thecal oscillator,

of course, must be locked on its operatia:
quency.

The local oscillator is a Colpittgpe in a com-
mon base circuit.Normally, the coil (L 104)
must be tuned so that tlescillator locks on its
operation frequency, which is determined by
the SAW resonator. For this adjustment, the
AM output of the receiver IC can also be used.
If the oscillator is not lockedh, no signaiwill

be detected at the AM output. ddbmponents
with small manufacturing tolerances - 2% to

improvement of 2 dB irthe receiver's total
sensitivity. This is anexperimental result, the
theoretical reduction of noise would be 4 dB.
The outputsignal ofthe local oscillator is fed
via C 111 tothe emitter of thenixer transistor
(T 104). At thecollector of this transistor, the
intermediate frequency of 10MHz can be
picked up. C 112 and L 105 work as a notch
filter on 10.7 MHz to avoid IFeedback and to
improve the mixer gain. The parallalesonant
circuit C 113/ L 106 is also matched to
10.7 MHz. Its impedance is approximately

5% - are used for C 108, C 109 and C 111, a 300 Q, so the subsequent ceraniiefilter of

fixed SMD inductance might be used for

L 104, as shown on the second layprdgposal

in figure 17andfigure 18. ThePCB shown in
figure 4 and figure 5 isot prepared for the use
of a chip inductor. The frequency tife SAW
resonator must be 10MHz above orbelow
the transmission frequency. The local oscillator
works both with one-and with two-port

the IF part can be connectelitectly to the
collector of T 104. C 113 also suppresses the
oscillator signal taeduceback-mixingeffects

on the collector.

The PCB layoutgiven in figure 4 is single-
sided but with a ground plane one side. It is
designed fothe use oSMD resistors of 1206

or 0805 size. In figure @nd figure 18 the

resonators. To ensure stable oscillation of the placement of a two-porBAW isshown with

423.22-MHz version with a one-pdstpe and
a 3.3-V supply voltage, it may becessary to
increase C 108 to 6.8 pFevertually C 109

the two inputs connected to each other. If a
one-port resonator is used, it has to be turned
with an angle of 90 degrees in a clockwise

also has to be enlarged. Tests on several SAWdirection (looking atthe PCBfrom the SMD

resonators and oscillator circuits revealkdt
one-port resonators work on an operation
frequency which is approximately 3MHz to
100 kHz highethan two-port resonatoralso
the oscillator desigrhas arinfluence on the
operation frequency. Therefore, it is important

side). The SAW and C 1Hie mounted on the
other side, which iscovered by theground
plane. On the PCBhown in figure 5, C 116
should be soldered on bothe SMD and the
ground side. One further connectibetween
the two groundareasshould be done with a

to use the same type of resonator and oscillatorshort wire close to C 107 / C 114 as ipi®-

circuit for the transmitter asvell as for the
receiver's local oscillator. To achieve
maximum operation range fothe complete
remote con-trol systen§AW resonators with
small manufacturing tolerancghould be used
in order tolimit the required IF bandwidth. A
reduction of the IF bandwidth from 450 kHz to
180 kHz, for example,will lead to an

pared on the PCB. If the antenna connector is
not mounted, two of the pads$ould also be
used for theground interconnection. It is ad-
vantageous to insert a short wirette ground
plane close to C 104All thesepositions are
marked with arrows in figure 5. The PCB
shown in figure 18 includes connec-tions to the
ground planeand does not require any
modifications.
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3.2 Circuit diagram, PCB layout and component placement

Vre C115
C1l16 I (D101) l C114
T R105 craz W08 o
R101 [] L103 c107 I _
[] ﬂ ||‘T [] " 1+~ T104
(R110) C106
c104 ] C112 L105 R108
| 7102 H = C111
RFin [| R102 rios [| €10
C101 L102 C103 (107, L104 .
oo T101 L c109
(C100) R103 | R104 T— sAw i T103
1

T L1 T c102 i T ci05  Ri07 Elo zmog lcms

Figure 3 Front end for UHF remote control system

GND

IF out

V RF

U RF

GND

Figure 4 PCB layout, view: side of SMD components Figure 5 Component placement, view: side of SMD
(original size: 47 x 30 mA) components
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3.3 Components for operation on 433.92 MHz

All resistors have a manufacturing tolerance of 5% and are size 0805 or alternatively 1206.
All capacitors not otherwise specified have a 20% tolerance and are size 0805.

C 101
C 102
C 103
C 104
C 105
C 106
C 107
C 108

C 109
C 110
C111
C 112
C 113
C 114
C 115
C 116
R 101
R 102
R 103
R 104
R 105
R 106

6.8 pF, 10%
1.5 pF, 10%
100 pF

1nF

100 pF

6.8 pF

33 pF

4.7 pF, 5% (6.8 pF with one-port
SAW resonator)
3.3 pF, 5%
100 pF

3.9 pF, 5%
470 pF

470 pF

100 pF

1nF

10 pF, 10V
22 I

33K

33

110

10

22 I

R 107
R 108
R 109

(R 110

T 101

T 102

T 103

T 104
SAW 101

L 101
L 102

L 103

L 104

L 105
L 106

47 I

2200

110

=470Q)

S852T

S852T

S852T

S852T

R2531 (423.22 MHz),
Siemens Matsushita

air loop] 2.5 mm, wirel] 0.4 mm
air coil 3 turngl] 2.5 mm,

wire [J 0.4 mm, length 2.5 mm
air coil 3 turngl] 2.5 mm,

wire J 0.4 mm, to be tuned
air coil 3 turngl] 2.5 mm,

wire [J 0.4 mm or

22-nH inductance

TOKO LL 2012-F 22 NK

(PCB not prepared, see text)
SMD fixed inductance 0.47 uH
SMD fixed inductance 0.47 pH
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3.4 Components for operation on 303.85 MHz

All resistors have manufacturing tolerance of 5% and are size 0805 or alternatively 1206.
All capacitors not otherwise specified have a 20% tolerance and are size 0805.

c101
C 102
C 103
C 104
C 105
C 106
C 107
C 108
C 109
C 110
C111
C112
C 113
C114
C 115
C 116
R 101
R 102
R 103
R 104
R 105
R 106
R 107

Issue: 09.96

6.8 pF, 10%
3.3 pF, 10%
100 pF
1nF

100 pF

10 pF

33 pF

6.8 pF, 5%
4.7 pF, 5%
100 pF

4.7 pF, 5%
470 pF

470 pF

100 pF

100 pF

10 uF, 10V
22 K

33K

33K

1K

22 K

22 K

47 K

R 108
R 109
(R 110
T 101
T 102
T 103
T 104

SAW 101

L 101

L 102

L 103

L 104

L 105
L 106

2200

110

= 470Q)

S852T

S852T

S852T

S852T
R640 (314.5 MHz),
Siemens Matsushita,
1-port resonator,
different mounting to figure 5
and figure 18!

air coil 2 turngl 2.5 mm,
wire] 0.4 mm, length 1.5 mm
air coil 4 turng] 2.5 mm,
wire] 0.4 mm, length 2.5 mm
air coil 5 turngl 2.5 mm,
wired 0.4 mm, to be tuned
air coil 5 turngl 2.5 mm,
wired 0.4 mm, to be tuned
SMD fixed inductance 0.47 uH
SMD fixed inductance 0.47 pH
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4. Front end measurement results

The following measurements provide basic figure 4 and figure 5, matched with an IF board
characteristics of the front enlhe measure- according to [1, figure 40] or the IF patiown
ments were taken ahe tuner boarghown in in figure 15 and figure 16 of this paper.

Signal generator Power supply

RF output50 Q 12V

GND

IF / uC board

RF input IF output || IF input

50 Q 1MQ 24 pF 1MQ 2.4 pF 50 Q
RF meter Active probe Active probe RF meter

50 Q 50 Q

Figure 6 Setup for front end voltage / prestage power gain measurement

The voltage gain othe complete front end tenna input andhe input of the IF-filter. The
shown in figure 8and the conversiogain of mixer conversion gain is measured between the
the mixer given in figure Qare both measured base and the collector of T 104.

with the IF partremaining inthe activemode. A level of 0 dBuV atthe 50Q antennanput
This meansthat the quiescent current of the corresponds to -107 dBm, which is approx-
front end is in the range of 2.5 mA. The supply imately the achievablgensitivity ofthe com-
voltage is approximately 4.5V. The IF-filter plete receiver.

remains in the circuit in order to achieve a cor-
rect termination ofthe mixer. The measure-
ment setup for the front erghinmeasurement

is given in figure 6. Figure 7 showiise setup
for the mixer conversion gain measurement.

For the measurement of thwltage level the 20
use of a high-resistive probe is absolutedyg- % 50 %0 50 20
essary tominimize the influence of theneas- RF-nput Level / dBuV
urement equipment on the circuithe front
end voltagegain ismeasured between the an-

120
100
80
60
40

IF-Output Level / dBuV

100

Figure 8 Front end voltage gain

8 Issue: 09.96
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Power supply

12v

[l

Vie
Frontend board

]

Signal generator | RFinput —[| IF input IF / uC board
RF output 50 ©
- 100 pF
Active probe RF meter
50Q
Figure 7 Measurement setup for mixer conversion gain
> 100 actual characterization, RF input level may de-
T o L viate between @Bm and -105dBm for \§ =
© .
5 P 4.5 V. On the contrary, the poweggrin mea-
g H surement of the prestagbown in figure 10 is
S 40
2 referred to 5@, as it is quite usual. The
3 % measurement setup $milar to figure 6, but
& 0 . -
20 20 . 20 100 the local oscﬂla@or andthe mixer are not
RE-Input Level / dBuLV mounted, R 105 is replaced by Q0

Figure 9 Conversion gain of the mixer

Thus according to figure &8he usabldinear é OTTVif =45 v, I quiescent - S20UBHEETT [
operation range othe front end is 60 dB, S 20 prses

which fits well tothe linearange ofthe AM g -40 prsse EEEL | quiescent = 32041
demodulator implemented in the receiver IC. If 3 -60 {51

the receiver works outside ofthe linear 3 -80 /’/

operation range, amplitude errongll occur, & 100 .
leading to bit errors cgven to inverted data if -100 -80 60 -40 20 0 20

AM is used. Frequency modulation does not RF-nputLevel /dBm

require a linear amplitude transfeherefore Figure 10 Power gain of the prestage in dependence of
the dynamic range ofhe FM receiverersion the quiescent current, referred to&0

is larger, reaching more than 100 dB. With the

Issue: 09.96 9
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Signal ge nerator Power suppy

RFouput50 Q 12V

: |

VR:
Front end board

<

GND Ve

GND

—] RF input

IF output IF input IF/ uC board

500 1MQ, 24 pF

RF meter Active probe

50 Q

Figure 11 Measurement setup for the front end frequency response

Especially for this RF measurement,vary measurement. It can be selsfam a compa-
short connection between the front egrdund rison of figure 12andfigure 13,that the front
and the shielding of the probe is essential. With end provideghe far-off selectivitywhile the
the actual characterization the prestage powermain part of themuch better totalselectivity
gain isapproximately 10 dB with 3.3-V supply proceeds fronthe IF-filter. The measurement

voltage and 15 dB with 4.5 V. setup is shown in figure 11. Due to the toleran-
0 0
5 o N } // ™,
N 10 v \
o -10 B N om 20 /
D -15 < S v \
= ,/ N = _ /1
% -20 v N % -30 v
9 25 A ™ 9 / \
@ 30 % NL x -40 / N
35 vd N -50 N
-40 -60
427,92 429,92 431,92 433,92 435,92 437,92 439,92 433,42 433,62 433,82 434,02 434,22 434,42
RF Input Frequency / MHz RF Input Frequency / MHz

Figure 12 Overall frequency response with the IF-filter ~ Figure 13 Overall frequency response including the IF-
replaced by C = 10 nF, RF input level -70 dBm filter, RF input level -70 dBm

Figure 12shows the selectivity of the front end ce of thelocal oscillator'sSAW resonator, the
with R 110 inserted. The y-axis represents the IF is not exactly 10.MHz. Therefore, the fre-
ReceivedSignal Strength on thd ntermediate quency response curve figure 13 is asym-
frequency(RSSI). The measurement setup is metric. In a production line, the typicaldevi-
according to figure 11but the Hilter is ation from 10.™Hz is known, the center fre-
replaced by a capacitor (C = 10 nF) fibis quency of the IF-filter should be matched.

10 Issue: 09.96
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5. SMD demoboard with IF part and microcontroller

Forthe purpose oflemonstratinghe perform-
ance andestingthe receivetCs in an actual
remote control system, small printed circuit
board forSMD components, containintpe IF
part and themicrocontroller, was developed.
The size of this board is the sameles of the
front end. The external connectioare fitting
together. The two PCBare also suited for
sandwich mounting,then the totalsize is
47 x 30 x 16 mn3. If the circuit arrangement
shown in figure 1 is usedhe two different
ground planes othe RF and IF parts have to
be coupled by capacitors of approximately
100 pF and 100 nF (sdigure 14). Remember
that inthis case, theshielding ofthe antenna
and the negative pole tie supply voltage are
not identical; therefore the antenshielding
and ground must be AC-coupled with a
capacitor (C 100) of approximately 1 nF.

The IF part isdesigned either for FM or AM
operation with a quasi DC-couplethtafilter
according to [1, figure 34nd figure 40]. R 9
and R 10 are left out, C 11 is replaced by the
IF-filter. The circuit diagram of the FM version
is given in figure 14. Thé?CB layout and
component placement can be seefigare 15
and figure 16. For AM operation, wire BR 1
and C 10a have to be mounteBor FM
operation, BR 2 and C 10b are mounted. R 5a
and R 5b are differentversions ofthe data
filter, only one of them is used. The use of
R 5b provides a decreased rise timéhef data
filter for FM operation ifthe discriminator is
not tuned exactly to the actual operation
frequency, for example, if th&rans-mission
frequency deviatesrom the correct value.
Whenusingthe R 5b, C 4 can be increased to
150 nF in order to obtain a low-end, cut-off
frequency below 16iz. R8a/b and R 13a/b

Issue: 09.96

determine, whether the wake up output and the
data output are referred to the reference
voltage V, (‘a'-resistors) or tahe IFsupply
voltage \ (b'-resistors). If the micro-
controller on board is used, R 13 has to be left
out. R 8 is only required the wake up output

Is needed, R 3 and C 5 can be left out, if the
internal wake wup circuit of U4311B/
U 4313 B is not used.

The only difference between U 4311 B-C
and U 4313 B is thepolarity of the data

output. Soall types of microcontrollers can

be used without insertion of an inverter
stage.

The signaldecoder is equippedith a TELE-
FUNKEN Semiconductors low-current micro-
controller C 2001 AMThis IC belongs to the
M 43 C200 family and it wasdesigned for
demonstration of the RF remote contsyls-
tem. It provides 65536 different address codes
and transmission or reception of 4 data bits. By
settingthe 'program'connector taground for a
short time, the microcontroller turns to the
learn mode. If a correaflata telegram is re-
ceived, the addressvil be stored in the
EEPROM, e 6210 (TEMICEUROSIL). The
supply voltage Y is stabilized to a value of
45 V to 55V by D 202. A suitable type of
diode must be tested - the value in the psig

iIs only a proposal. A transmitteysing the
same microcontroller, is under development.
The microcontrollers othe M 43 C200series
can becustom designed to meet special re-
guirements such as cotiepping or agreater
number of addresses, for example.

For further information concerning the
microcontroller andthe EEPROM, please
consult the data sheets.

11
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V cc
thg osuz V dig Program  Valid data
000 o] o) o
R204 6 R202 T
1 T202
R206l—|z +
C201
R207 I; T 1 LI o4
T201 IRZOSH [I]: o
R203 | D202
1 = Ic201 [ [“ |Q201
IC 202
45 bt B
m— R209 —
I —12 13 1=
R201
C202
- * ~ i Discriminator filter
L1
Vref — I I C I I ;
(D102, not C7 CB8 (R13b)
G\D |ncluded on PCB \%
frontend | —o- T T ) + <I>F
ClOb
IFout [ T ©
) 315‘3 &1'4 C9 = =F R8a IFin
Front — | — R =
ond 8b)[|! IF filter
— O
| - Wake up
R1 (R5b) [ 16 9
I D IC1
R6 []cs rsa | & 8
T R2|
e 4 B R11
T (] Ic4
C12
aQ
(R7, Wake up) R4 Serial data out
(R13a) I
I Rsé C5 ce| [c13
T b T —O Vref

* = coupling capacitors between the ground planes

Figure 14 Circuit diagram of the IF part for FM with microcontroller, DC stacked with front end

12
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IF in

HWakeUp
Uref

V IF

EMIC 431X IF/DATA

Valid Data 1

4
Vcc

Progr amm P

U dig

Serial Data OUT

2 Data OUT
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E E a WeCILDISCR |
[ R1]

0
5A

£

Figure 15 Layout of IF and digital part (original size: Figure 16 Component placement of ifdital part, view:

47 x 30 mm), view: SMD component side

6. SMD demoboard of receiver,

Aiming atimproved reproducibility and easier
handling, an additionaleceiver demoboard
was developedysingfixed chip inductors and
containing RF and Ipart on asingle double-
sided PCB. The circuit diagram is similar to the
circuits that were describegreviously. The
configuration, whethethe RF and IF part are
in parallel or seriesonnected, can be chosen
by different componentassembling. The
supply voltage range fahe serial version is
7V to 16V, for theparallel version it is 4.5V
to9 V.

The pins for supply voltage, groungference
voltage, seriadata out and wake up out are
available atthe border of the PCBlhe RF
input is fed to a SMB or SMC connector. If the
circuit is configured according figure 1, the
components withhe extension 'Rhustnot be
used. Forthe arrangemershown in figure 2,
the componentsiith 'S'mustnot be mounted.

Issue: 09.96

SMD component side

RF and IF part

Usuallythe components €5Sand C16S are
not required, their use depends on the external
voltage supply circuitry. The printed circuit
board and the component placement are shown
in figure 17 and figure 18.

The 433.92-MHz version haseen character-
ized and the component values are - afpam

the following exceptions - identical with the
part lists inthe appendixexcludingthe num-
bers 2xx of themicrocontroller part. For the
input filter andthe oscillator coil, fixed chip
inductors are used. For L 103, a tuneable, non-
shielded molded coil washosen. For more
miniaturized layoutsthe fixed inductors are
available in 0603%ize (TOKO LL 1608), for

L 103 a typewith reduced height like the
TOKO MC 131 might be used. In thtmse, the
quality factor Q is reduced. The following parts
are different from the subsequent part lists:

13
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BR 4P/S 0 Q, size 1206 L 102 27 nH, TOKO LL 2012-F27NK
BR 5P/S 0Q, size 1206 L 103 TOKO MC 119 type,
R17P 1 kQ, tolerance 10%, size 1206 S14/, (space wound)
C 14S 100 pF, tolerance 50%, Part No. E 525 HN 100039
size 0805 L 104 22 nH, TOKO LL 2012-F22NK
(C15S 1 nF, tolerance 50%, size 1206)
optional
(C 16S 10 uF, 10 V) optional For R 110, a value between 1Q0and 4700

can be used. If thescillator does not work

C101 1.0 pF, tolerance 10%, properly atlow supply voltages, tan be im-
size 0805 proved by insertion of L 107 in series with the

C 102 1.5 pF, tolerance 10%, SAW resonator. ThéCB is prepared for the
size 0805 use of a chip inductor of 080&ze - values

C 106 4.7 pF, tolerance 10%, between 10 nH and 47 nH aseitable. If no
size 0805 inductor is necessary, the paasist be short-

L 101 8.2 nH, TOKO LL 2012-F8N2K  ened.

Figure 17 Layout of RF/ IF demoboard (original size: 58 x 28)mriew: SMD component side
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Figure 18 Component placement of RF/ IF demoboard, view: SMD component side

7. Receiver measurement results

The following measurementgive the achiev- 120

able performance of a complete remote con- %,
trol receiver. They were taken dhe front £ g0 A
end matchedwith the FM IF/ data board S 60
according to figure 1%nd figure 16 of this R
(@]

paper. The board was operated in the 207
permanent active mode. The measurement 0
conditions correspond to those tfie IF 130 A0 90 0 50 80 A0
measurements presented in thpplication RE-nputLevel fdBm

report (of coursewith exception of the Figure 19 AM demodulator characteristic versus input
operation frequency). level

Figure 19 showsthe characteristic of the of the demodulator ialsoexceeded anthis

logarithmic AM demodulator. Theperation behaviour may lead to incorrect pulse widths
range of the demodulator covers 60 dB, which of the received data or even to inverted data.
corresponds to theapability ofthe front end If an increased dynamic range of 100 dB is
that was shown in figure 8. required, frequency modulatianust becho-
If the front end is operated outside of fire sen. By principle this modulatiotype is in-

ear range, amplitude errorwill decrease a sensitive to amplitude errors.
modulation depth of even 100% to values For the bit error measurement®seudoRan-

below 50%. In this case, the operation range dom SequencgPRS) of 2-1 with a transmis-
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Figure 20 Bit error rate for akBit/s PRS of length
25-1, FM, deviation 22.5 kHz
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Figure 21 RF sensitivity for BER < £0

0
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-10 AN
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-30 N

-40
.50 \\\ |\|I
-60 !

-125-115-105 -95 -85 -75 -65 -55 -45 -35

RF-Input Level / dBm

Vn [dB]

FM Output Voltage Vs+n /

Figure 22 Signal to noise ratio for FM without data
filter, deviation = 22.5 kHz

sionrate of 2 kBaudvas used. The curve in
figure 21 represents the required RiRput
level to achieve a bit erraate below 103 in
dependence of the FM deviatioifthe data
filer was quasi DC coupled according to
version b) for both measurements.

Figure 22 showghe (S+N)/N characteristic
without use of the data filter. For the (S+N)/N

16

E 0 N S+N
s I\

- c

3~ 40 J

3 50 NN
=  -60

-125-115-105 -95 -85 -75 -65 -55 -45 -35
RF-Input Level / dBm

Figure 23 Signal to noise ratio for FM with data filter
version b), C 4 = 150 nF, deviation 22.5 kHz

measurement shown in figure 23, version b) of
the datafilter was used as described previ-
ously. The 'edges' ithe diagram at 0 dB and
-80 dB result fronthe limited dynamic range
of the quasi DC-coupledatafilter. The value

of C4 was changed to 150nF and the
frequency response dahis filter is shown in
figure 24. The noise floor dhe measurement
setup is approximately at -60 dB; therefore
the curve is flattened at the high end.

0
__-10 -
3 20 AY
% -30
£ -40
E 50 \

-60 =

-70

0,01 0,1 1 10 100

Frequency [kHZ]

Figure 24 Frequency response of the data filter version
b), C 4 =150 nF

Important note:

These application examples have r@en
examined for series use or reliabilignd no
worst case scenarios have been developed.
Customers wh@adapt any of thesproposals
mustcarry out their owrtesting and be con-
vinced that nonegative consequence arise
from the proposals.
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8. Appendix

8.1 Components for complete receiver on 433.92 MHz, FM

Circuit arrangement is according to figure 1, quasi DC-coupled data filter.
All resistors have a manufacturing tolerance of 5% and are size 1206 (No. 1xx also 0805 possible).
All capacitors not otherwise specified have a tolerance of 20% and are size 0805.

BR 2 00 R 206 470 KQ

BR 3 0Q R 207 220 kQ

BR 201 00 R 208 10 kQ

R1 22 kQ R 209 10 kQ wired

R2 100 kQ Cc1 15 nF

(R3 220 KQ) optional C3 330 pF

RS2 10040 (see texy &5  IsonFsme1sne T
R 5b 22 kQ (see text) C7 10 pF 16V

R6 1 MQ cs 100 nF, size 1206
R7 22 kQ Co 10 WF, 6 V

(R8 100 kQ) optional C 10b 22 pF

R11 18 kQ Cc12 150 nF, size 1206
R 12 330 KQ C 13 100 nF, size 1206
(R 13 22 KQ) 0ptiona| Cc 101 6.8 pF, 10%

R 14 29 kO C102  15pF, 10%

C 104 1nF

R101 2210 C105 100 pF

R102 33k C106  6.8pF

R103 33k C 107 33 pF

R104  1kQ C108 4.7 pF, 5%
R105 10k C 109 3.3 pF, 5%
R106 22k C 110 100 pF
R107 47k C 111 3.9 pF, 5%
R109 110 C113 470 pF
(R110  100Q to 4700) L
R201  100Q C 116 10 pF, 10 V
R202  100Q C 201 10 nF

R203  100Q C 202 10 WF, 10 V
R204  100Q L101  airloopd 2.5 mm,
R205  100Q wire 0 0.4 mm
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L 102 air coil 3 turngd 2.5 mm, wire T 201 BC 848
(0 0.4 mm, length 2.5 mm T 202 BC 848
L 103 air coil 3 turngd 2.5 mm, wire Q 201 4 MHz
U 0.4 mm,tobe tuned SAW 101 R 2531 (423.22 MHz),
L 104 air coil 3 turngJ 2.5 mm, wire Siemens Matsushita
U 0.4 mm, length 2.5 mm IC1 U 4313 B-FL, U 4311 B-C-FL
L 105 SMD fixed inductance 0.47 pH
L 106 SMD fixed inductance 0.47 pH IC 201 C 2001 AM
D 101 Zener diode 4.7V IC 202 EEPROM e 6210 (EUROSIL)
(e.9. TZM C 4V7) Discrimi- TOKO 614BG-0073GW
D 201 LL 4148 nator - (incl. 100 pF)
D 202 Zener diode 6.0V filter

T 101 S852T
T 102 S852T
T 103 S852T
T 104 S852T

IF - filter 10.7 MHz with low insertion
loss,
e.g. TOKO SK 107 M1-A0-10X

8.2 Components for complete receiver on 433.92 MHz, AM

Circuit arrangement is according to figure 1, quasi DC-coupled data filter.
All resistors have a manufacturing tolerance of 5% and are size 1206 (No. 1xx also 0805 possible).
All capacitors not otherwise specified have a tolerance of 20% and are size 0805.

BR 1 00Q R105 10k

BR 3 00 R106  22kQ

BR201 0Q R 107 47 kKQ

R1 22 kQ R 108 2200

R?2 680 kQ R 109 1 kQ

(R3 220 kQ) optional (R110  470Q)

R4 330 K R 201 100Q

R 5a 100 kQ (see text) R 202 1000

R 5b 22 kQ (see text) R 203 1000

R6 1 MQ R 204 100Q

R7 22 kQ R 205 1000

(R8 100 kQ) optional R 206 470 kO

R11 18 kQ R 207 220 kQ

R 12 330 kQ R208 10k

(R13 22 kQ) optional R209 10 kQ wired

R 16 100 kQ c1 4.7 nF

R 101 22 kQ C3 82 pF

R 102 33 kO C4 150 nF, s!ze 1206 _
R 103 33 kQ (C5 150 nF, size 1206) optional
R 104 1 kO Cb6 150 nF, size 1206

18 Issue: 09.96



Cc7
C8
C9

C 10a
C12
C13
C 101
C 102
C 103
C 104
C 105
C 106
C 107
C 108
C 109
C 110
clin
C112
C 113
C114
C 115
C 116
C 201
C 202
L 101

L 102
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10 pF, 16 V

100 nF, size 1206
10 uF, 6 V

10 nF

150 nF, size 1206
100 nF, size 1206
6.8 pF, 10%

1.5 pF, 10%

100 pF

1nF

100 pF

6.8 pF

33 pF

4.7 pF, 5%

3.3 pF, 5%

100 pF

3.9 pF, 5%

470 pF

470 pF

100 pF

1nF

10 pF, 10V

10 nF

10 pyF, 10V

air loopd 2.5 mm, wire]

0.4 mm

air coil 3 turnd] 2.5 mm, wire
[0 0.4 mm, length 2.5 mm

L 103
L 104

L 105
L 106
D101

D 201
D 202
T 101
T 102
T 103
T 104
T 201
T 202
Q 201
SAW 101

IC1

IC 201
IC 202
IF - filter

TEMIC
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air coil 3 turndd 2.5 mm, wire
0 0.4 mm, to be tuned

air coil 3 turndd 2.5 mm, wire
00 0.4 mm, length 2.5 mm
SMD fixed inductance 0.47 pH
SMD fixed inductance 0.47 pH
Zener diode 4.7V

(e.g. TZM C 4V7)

LL 4148

Zener diode 6.0V

S852T

S852T

S852T

S852T

BC 848

BC 848

4 MHz

R 2531 (423.22 MHz),
Siemens Matsushita

U 4313 B-FL, U 4311 B-C-FL
C 2001 AM

EEPROM e 6210 (EUROSIL)
10.7 MHz with low insertion
loss,

e.g. TOKO SK 107 M1-A0-10X
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8.3 Components for complete receiver on 303.85 MHz, FM

Circuit arrangement is according to figure 1, quasi DC-coupled data filter.
All resistors have a manufacturing tolerance of 5% and are size 1206 (No. 1xx also 0805 possible).
All capacitors not otherwise specified have a tolerance of 20% and are size 0805.

BR 2 00 R 209 10 kQ wired
BR 3 0Q Ci 15 nF
BR201 00Q C3 330 pF
R1 22 kO C4 47 nF, size 1206 .
R 2 100 1O (C5h 150 nF, size 1206) optional
R3 . C6 150 nF, size 1206
( 220 kQ) optional
=4 c7 10 UF, 16 V

330 K2 C8 100 nF, size 1206
R 5a 100 KQ (see text) C9 10 pF, 6 V
R 5b 22 kQ (see text) C 10b 22 pF
R6 1 MQ C12 150 nF, size 1206
R7 22 kQ C13 100 nF, size 1206
(R8 100 kQ) optional C 101 6.8 pF, 10%
R 11 18 kO C 102 3.3 pF, 10%

. C 104 1nF

(R13 22 kQ) optional G 105 100 pF
R 14 22k C106 10 pF
R 15 22 kQ C 107 33 pF
R101  22kQ C 108 6.8 pF, 5%
R 102 33 kQ C 109 4.7 pF, 5%
R 103 33 kQ C 110 100 pF
R 104 1 kO Clia 4.7 pF, 5%
R105  10kO C112  470pF

C 114 100 pF

R107 471Q C115 100 pF

R108 2200 C 116 10 pF, 10 V

R 109 1kQ C 201 10 nF

(R110  470Q) C 202 10 pF, 10 V

R 201 100Q L 101 air coil 2 turnd] 2.5 mm, wire
R 202 100Q 0 0.4 mm, length 1.5 mm

R 203 100Q L 102 air coil 4 turndl 2.5 mm, wire
R 204 100Q 0 0.4 mm, length 2.5 mm

R 205 100Q L 103 air coil 4 turndl 2.5 mm, wire
R 206 470 kKQ 0 0.4 mm, to be tuned

R 207 220 kQ L 104 air coil 4 turnd] 2.5 mm, wire
R 208 10 kQ 0 0.4 mm, to be tuned
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L 105
L 106
D101

D 201
D 202
T 101
T 102
T 103
T104
T 201
T 202

SMD fixed inductance 0.47 pH
SMD fixed inductance 0.47 pH
Zener diode 4.7V

(e.g. TZM C 4V7)

LL 4148

Zener diode 6.0V

S852T

S852T

S852T

S852T

BC 848

BC 848
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Q 201 4 MHz
SAW 101 R 640 (314.5 MHz),
Siemens Matsushita

IC 1 U 4313 B-FL, U 4311 B-C-FL
IC201  C 2001 AM
IC202  EEPROM e 6210 (EUROSIL)

Discrimi- TOKO 614BG-0073GW
nator filter (incl. 100 pF)
IF - filter 10.7 MHz with low insertion
loss,
e.g.
TOKO SK 107 M1-A0-10X

8.4 Components for complete receiver on 303.85 MHz, AM

Circuit arrangement is according to figure 1, quasi DC-coupled data filter.

All resistors have a manufacturing tolerance of 5% and are size 1206 (No. 1xx also 0805 possible).

All capacitors not otherwise specified have a tolerance of 20% and are size 0805.

BR 1
BR 3
BR 201
R1

R 2
(R 3
R4

R 5a
R 5b
R6
R7
(R8
R 11
R 12
(R 13
R 16
R 101
R 102
R 103
R 104
R 105
R 106
R 107

Issue: 09.96

0Q

0Q

0Q

22 kQ

680 kQ

220 kQ) optional
330 kQ

100 KQ (see text)
22 KQ (see text)
1 MQ

22 kQ

100 KQ) optional
18 kQ

330 K

22 KQ) optional
100 kQ

22 kQ

33 kQ

33 kKQ

1 kQ

10 kQ

22 kQ

47 kQ

R 108 220Q

R 109 1 kQ

(R110  470Q)

R 201 100Q

R 202 100Q

R 203 100Q

R 204 100Q

R 205 100Q

R 206 470 kKQ

R 207 220 kQ

R 208 10 kQ

R 209 10 kQ wired

Ci 4.7 nF

C3 82 pF

c4 150 nF, size 1206
(C5 150 nF, size 1206) optional
C6 150 nF, size 1206
Cc7 10 pF, 16 V

CS8 100 nF, size 1206
C9 10 uF, 6V

C 10a 10 nF

Cc12 150 nF, size 1206
Cc13 100 nF, size 1206
Cc101 6.8 pF, 10%
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C 102 3.3 pF, 10%

C 103 100 pF

C 104 1nF

C 105 100 pF

C 106 10 pF

C 107 33 pF

C 108 6.8 pF, 5%

C 109 4.7 pF, 5%

C 110 100 pF

C111 4.7 pF, 5%

C 112 470 pF

C 113 470 pF

C 114 100 pF

C 115 100 pF

C 116 10 uF, 10V

C 201 10 nF

C 202 10 pF, 10 V

L 101 air coil 2 turndd 2.5 mm, wire
00 0.4 mm, length 1.5 mm

L 102 air coil 4 turndd 2.5 mm, wire
00 0.4 mm, length 2.5 mm

L 103 air coil 4 turndd 2.5 mm, wire
0 0.4 mm, to be tuned

22

L 104

L 105
L 106
D101

D 201
D 202
T 101
T 102
T 103
T 104
T 201
T 202
Q 201
SAW 101

IC1

IC 201
IC 202
IF - Filter

air coil 4 turnd] 2.5 mm,

wire 0 0.4 mm, to be tuned
SMD fixed inductance 0.47 pH
SMD fixed inductance 0.47 pH
Zener diode 4.7 V

(e.g. TZM C 4V7)

LL 4148

Zener diode 6.0V

S852T

S852T

S852T

S852T

BC 848

BC 848

4 MHz

R 640 (314.5 MHz),

Siemens Matsushita

U 4313 B-FL, U 4311 B-C-FL
C 2001 AM

EEPROM e 6210 (EUROSIL)
10.7 MHz with low insertion
loss, e.g.

TOKO SK 107 M1-A0-10X
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