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Introduction

Wireless communication is the challenge for the presecbnnection to a standard RS232C serial interface but
and the next century. It promises a new kind of mobilitynay be easily adapted to other interfaces. If connected
convenience, flexibility and versatility. In addition toto the RS232C interface, no additional power supply is
that, wireless communication helps to save costs ireeded because the low-power concept of the trans-
many applications. ceiver allows the use of signal line voltages for its

To ensure data integrity and to improve safety, duplesquply'

radio links are becoming more and more indispensablEhe SAW-based FM transceiver provides high-speed
Numerous applications can take advantage of TEMICjserformance up to 38.4 kbps. The maximum operating
technology, which has proven successful in the field onge is 100 m. In practice, the operation range depends
remote control and keyless entry systems: on the environment. In a typical office with walls and

. Wireless data transfer systems ceilings, distances up to 30 m can usually be reached.

(e.g., peer to peer and small networks, terminallhe described transceiver fulfills the ETSI and even the

printer, keyboard, mouse, bar code reader andGerman FTZ regulation, which is the toughest in the

other peripheral links) world. In tests through a temperature range from -25°C
to +55°C, the transceiver has performed well.

* Alarm and security systems ' The transceiver was designed for low-cost high-volume
(for home and office to warn of burglary, fire

and flood) applications. To simplify production, the number of
alignments has been reduced. Now, only two alignment
points remain — one in the receiver and one in the

* Domestic installation fransmitter section.

(e.g., lighting, heating, air-conditioning and

telemetering) This application note begins with some basic informa-

tion on legal regulations and the RS232 serial interface.

« Home intercommunication systems Next, the transceiver concept is introduced, followed by

(exchanging data such as consumption, a closer look at each section. Finally, a PCB layout and
temperature, humidity, brightness etc.) some measurement results are presented.

This application note is a guide for designing a low-costhis application note is a guide which can be used as a
half-duplex radio link in the UHF range, as it wadasis for the customer's own development. The customer
already announced in ANT012 "Components for radioust adapt the circuits to his production requirements.
frequency based remote control systems” [1]. It can B¥ease note that our examples have not been tested for
characterized as a continuation of ANTO013 "UHReliability and no worst case scenarios have been done.
remote control systems: receiver front end and complefaistomers who adapt any of our proposals must carry
receiver design hints" [2]. out their own testing and be convinced that no negative
The transceiver described here was developed for direcinsequences will arise from the proposals.
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Basics
Legal Regulations transmitter must be fixed. The standard gives a guideline
for the use of a spectrum analyzer:
The following information on the regulations refers to i
the situation in spring 1995. It is expected that in Start frequency: 432.05 MHz
Germany the national 17TR2100 standard will be Stop frequency: 435.79 MHz
replaced by the I-ETS 300220 within the next few Resolution bandwidth: 100 Hz
months.
e Scan speed: slowest
Germany The following countries have accepted without

. . restriction the I-ETS 300 220:
At the present time, the regulations of Federal Germéﬁ'enrl‘na:rk ltaly, Norway, Spain and Sweden

Post_Ministry_ (BMPT) Ordinance 17_TR2100_must bef the United Kingdom, 433.92 MHz is restricted for
considered in Germany. The guideline is calle utomotive use only. There is a similar situation in

"Technische Richtlinie fir Fernwirkfunkanlagen kleinerFrance, though several applicants received their certifi-

LgistLIJ_ng 3de_s|_ nichtbffentI:chent Bml()jilen Ltatr;]dfuglg ates successfully for non-automotive related products.
(nomL)" [3]. ype approval must be doneé at e B2 trpa gther European countries are likely to adopt stan-
(Bundesamt fur Zulassungen in der Telekommunlkqjgrds similar to I-ETS 300 220

tion). After type approval, the transceivers can be use
by the customers without paying license fees or needi
any further approval. The ISM frequency band (i.eﬁ8232 Interface

industrial-, scientific- and medical applications) withi he RS232 interface was developed for serial data

the UHF range is between 433.05MHz an transmission between computers and modems. Today, it
0 . '

14'?1::.7212Axli_r{r?ur(ncernatgiratggqug3vg ;33&?3 '\t/:;}rﬁ,é@ar ihas been established as a standard serial port for all IBM
P ompatible PCs. This port is used for all kinds of data

limited to 25 mW. Harmonics and spurious radiation % ansmission between computers, printers, modems and

t3hoe;@nggs\'l\éirnquéhbze;ﬁzigl%nle n'\l'/\rlweus%too%/vgrl-:izmeig er peripheral equipment. Numerous signal lines are
: P efined. With regards to simple port-to-port connection,

are valid dgrmg normal operation and during r.ece'vq{owever, a set of three signal lines is sufficient for bi-
and transmitter set up. Tests have to be done in a telr o ctional transmission-

perature range from -10°C to +55°C. The antenna of the

transmitter must be fixed. TxD: Transmit data line
RxD: Receive data line
Europe GND: Ground

In 1992, the ETSI Kuropean Telecommunications Usually the data is transmitted in a half-duplex mode by
Standardi nstitute) proposed the Interim European Teledsing a XX protocol. The RTSRequestto Send)
communication Standard I-ETS 300 220 [4]. and DTR DPata Terminal Ready) handshake lines are

Basically, this standard is similar to the FTZ standar'aOt needed in this transfer mode. These I|_nes can_be
but less stringent on several points. -ETS 300 Zzﬂ)sed to control the data transceiver (transmit or receive

distinguishes between different classes of transceive _ode_) ar_ld to deliver the necessary pO\,N?r. supply for it.
The relevant class for our transceiver is 1la, whic on5|de;r|ng a handshake line, a logic 0" is represented
allows a maximum radiated power of 10 mW ER Dy a ‘dlrlven voltage of between -5V and -15V and a
Harmonics and spurious radiation of the transceivé?g'C 1" of between +5 Vand +15 V.

must be less than 4 nW up to 1 GHz angWl above Some typical curves (handshake line output voltage
1 GHz. Between 230 MHz and 470 MHz as well asersus current) are shown in figure 1 (logic '1").
between 862 MHz and 1 GHz, the limit of maximumConsidering the worst case, it can be said that the
radiation is 250 nW. Tests have to be done in a temperaplitage will not fall below 5V when drawing 4 mA of
ture range from -25°C to +55°C. The antenna of theurrent out of the handshake line.
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At RxD (receiving), a voltage of between -3V and
-15 V represents '1', and a voltage of between +3 V and
+15V represents '0'. That means, that voltages of
between -3V and +3 V are undefined. In practice, most
interfaces recognize voltages of between -3V and
+1~2V as logic '1', while voltages higher than 2V
mostly represent '0'. These facts are important in order
to understand the transceiver’s concept within the inter-
face section.

As an RF-based data link is more sensitive to RF
interference than a wired link, correct transmission must
be guaranteed by using a special protocol. The protocol
must recognize and correct all errors that appear. The
handling may be solved by software within the PC or
with the help of a microcontroller. Be aware that micro-

Figure 1. Handshake line output voltage versus currebntrollers can generate additional RF interference.
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Circuit Description

RS232C /’/
<4— | Interface sectiorff— Transmitter
Antenna
A
Py
~
° 433.92 MHz
10.7 MHz
IF&ba§eband 2 Front end
section =

Figure 2. Transceiver block diagram

The transceiver can be divided into four main blocks afemodulated, filtered in the baseband and regenerated
shown in figure 2. by using a clamping comparator. The IF and baseband

. . . ection is also active during transmit mode to shorten
1. The interface section connects the transceiver to tﬁﬁ/itching time. Additionally, the reference voltage

RS232C port and manages the power supply of the (.)trbeerlivered from the IF integrated circuit U4311B-C is
three blocks. Furthermore, it switches the transmnt%reeoled in the interface section

and it is responsible for the level conversion from

RS232C level to TTL and vice versa. Interf S ti
2. The two-stage, SAW-stabilized transmitter is directlyn erface seclion

FM-modulated at the operating frequency ofnhile the RxD, TxD and DCD signal lines are used to
433.92 MHz by the asynchronous data stream of theansfer information, the RTS and DTR handshake lines
TxD signal line. The RF signal is fed into the antennmust be set as shown in table 1. Due to the low-power
via a SAW filter, which is used in the transmit path t@oncept of the transceiver, the RS232 handshake output
suppress harmonics. In the receive path, the same filigitage can be used for the power supply of the total
is used for image rejection, LO suppression and to inransceiver. The circuit diagram shown in figure 3 can
prove the selectivity. be divided into five functional sections.

3. The front end converts the signal from the operatingable 1. Transceiver modes
frequency at 433.92 MHz to the intermediate frequencg
at 10.7 MHz. The front end is switched off duringl TRX Mode RTS DTR

transmission to save energy. Transmit +12V +12 V

g?eceive -12V +12 'V

4. After passing the ceramic filter, the signal is firs
amplified in the IF and baseband section. Then it

R27

R22 l :l 5
V.
Ry D1 Ro1 R28 >
D2 T3

Ll
Pt
R16 ]Tl R17

R23

—J
DCD

RxD

TxD

0‘ '0‘ 'I D. ’0‘/

=

DTR|

GND

EIA-232
DB9S

R19 12

R18

TX data

R20

V

ref

Bl

N D102 L
Vee | RX data Vie

Wake up

Figure 3. Interface section for UHF transceiver
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1. The supply voltage for the IF and baseband sectiondperating range, a two-stage transmitter is used here.
rectified by D1 and D2. As more current is needed in thgesides the output power increased by the second stage,
transmit mode, both handshake lines are set to +12 V.Hand effects (frequency drift because of load change),
receive mode, the use of these lines is also optimizashich are a typical problem of single-stage SAW-based
The front end is dc stacked by connecting its positivieansmitters, are eliminated. D202 limits the supply
supply rail to dc ground. The front end's negative rail igoltage to about 5 V. The oscillator is built around T201
connected via D102 to RTS (-12V in receive modegand is stabilized at 433.92 MHz with a SAW resonator
Therefore the front end is switched off in transmit modéSAW?201). One-port and two-port resonators can be
(+12 V in transmit mode). used for the oscillator. In the circuit diagram, a configu-
. . . . ration with a two-port resonator is shown. In contrast to
%s;r%eaz\év'g;}cgzgewﬂigcmg Jgi?rsorlrl]géengffsrr?gg b%\ one-port resonator, both ports are connected together
' " when using a two-port resonator. The data stream
3. T4 together with R24 to R26 is necessary to converoming from the computer goes through a low-pass
the bipolar RS232 levels of the TxD signal. For thifilter (R25 and C209) before it is fed to the varactor
operation, Vet of the IF and baseband section is usediode D201 (BB804 of Telefunken Semiconductors)
(2.4 V). This reference voltage ensures that the transmithich modulates the frequency of the oscillator in the
ter's modulating voltage is stable within the total rang@nk circuit. The low-pass filtering helps to limit the
of possible RS232 voltages#3V to 15V ). This transmitter's occupied bandwidth. Since the power of the

always guarantees a constant deviation. RF signal produced by the oscillator is too low, it is
amplified by T202. Both transistors within the transmit-

4. To convert the TTL levels back to RS232 levels, Tgy gre 58527 transistors of Telefunken Semiconductors.
and R21 to R23 are utlized. The wake-up signal

indicates if an RF signal is present. It is low (0 V) wherfhe signal is coupled to the amplifier via C208, which
there is an RF signal. In this case, T3 is switched on ah@s to be adjusted. C208 influences the frequency of the
the DCD input is set to high level. When there is no RNk circuit as well as the coupling of the oscillator and
signal (wake up is high), T3 is off and the DCD input i¢he amplifier. If it is aligned properly, the RF level at the

low, because it's connected via R22/R23 to RTS. output of T202 is approximately 1 mW. To fulfill the
regulations, the RF signal must be filtered to suppress

5. In the same way the RX data delivered from the Ifpe harmonics. Usually, LC low-pass filters are used to
and baseband section is converted by T2 and R18 dg; the proper harmonic suppression. The first harmonic
R20 to the bipolar RxD signal. T1 and R16/R17 help tg; gg8 MHz must be suppressed more than 40 dB. A

save current during transmit mode, as T1 switches qffoq choice instead of an LC filter is a SAW filter. It

the level converter. can be used in low-power transmitters and needs no
. adjustment at all. L101, L102, C212 and C102 are fixed
Transmitter chip devices and form the matching circuit for
SAW102.

In figure 4, the SAW-based FM transmitter circuit is

shown. If using a single-stage transmitter without addifhe impedance at the antenna output is abo@.Feor
tional filtering, the maximum output level is limited tooptimum operation we recommend the use afdaan-
approximately -20dBm [1]. To get the requiredenna.

_ C213 R204  C201R201  C202 €203
Vo, LL L [I] L L
X RX
-T—I I I R207(] L t
C214 D202 L20 C208
T208 T . L202 Antenna
20 ‘ﬂ_ b T C206 | D201 c211 SAW102
SA R202] 505 207 R205 I
201 [] == 1 T202 L102 | L101
R R203 [[r25L R20 C210== C102
TX data -|?:209 R208[l] R209 T T C212 -|-

Figure 4. Transmitter circuit diagram
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Receiver excess sensitivity leads to some problems. The noise
floor near computers is high, so the IF IC's wake-up
The receiver is a superheterodyne type with a 10.7 MHircuit will always detect that an RF signal is present.
IF. In between the IF/baseband and the front erfdor good operation of the carrier detecting, a wake-up
sections, the ceramic IF filter fulfills two functions:level of approximately -85 dBm is desirable. A fixed
concerning RF it couples and concerning dc inductor with a lower Q is sufficient for L103. To

decouples. reduce component cost, a printed coil was chosen in this
case (see figure 9). This type of coil can be used without
Front End additional cost if there is enough PCB space available.

A PCB coil should not be used within the oscillator —
The front end referred to here was introduced in TEMIG@nwanted radiation may occur.

ANTO13 [2]. Only the input filter and the inductor typeFor more details about the front end or alternative

have been changed to improve selectivity and to redu & ;

. : i : quencies to 433.92 MHz (e.g. 303.85 MHz), consult
?"Q”me_”‘ points (flgu_re 5)- SAW102 is a low-loss SA ANTO13 [2]. For convenience, a rough circuit descrip-
filter which was specially designed as a front end fIItetrion is given here: The pre-stage formed by T101 and
for super-het receivers. With this type of filter, a muclc]- 02 is arranged in a cascode circuit. This pre-stage

better image rejection and LO suppression — compar& vides enough amplification of the RF signal and

to fixed inductors — is possible. A similar characteristi olates the LO from the antenna input. T104 serves as a
can only be reached by using high-Q adjustable coils ffaster excited mixer and the oscillator is built around

helix filters. The SAW filter and its maiching circuit T103. Both transistors are dc cascaded to reduce current

needs no adjustment. The only remaining allgnme%nsumption. All transistors within the front end are

point of the fro_n"c _end 1103 was also remO.VEd' To 9Lg52T of Telefunken Semiconductors, as they are well-
maximum sensitivity of the receiver, this coil had t0 b§ ioq for low-current operation

adjustable. But in a typical computer environment,

Cl117 C114 C115
- -LT_% T L(l:olsl‘i'L cus -
IF out D_1;|: CllgT |——||—|
‘—E}_: e I [Jr105
T104
C107=F
R108 ™
Clll: Antenna
|rR106
C109] €103 SAW102
T il -
c108 C105 R104 | R103 J_ L102
R107
.y  D102Ri11 !l] T T c212
FE—»—q—— + l

L
T c1o

Figure 5. Front end section
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IF and Baseband Section The needed bandwidth B is calculated below [5]:
1

The IF and baseband section shown in figure 6 is bas&f™ > fsit (1+1) = 0.5B84 kHzL(1+ 0.5) = 28.8 kHz
upon the TEMIC IC U4311B-C, which was specially Vi
_designed for super-het receivers. The integrated circuit o7 e
includes the following functions: —H

« IF amplifier Vier | c8 Il

e Logarithmic AM demodulator —H _T

* FM demodulator

e Wake-up circuit with mono-flop R15 a4 -

«  Operational amplifier =1 == e Wake up

e Data comparator (non-inverting type) = H

«  Voltage regulator : lé_'n IF in
Beside the U4311B-C there is the U4313B (same IC ted o bbb he
except comparator is of inverting type) and the U4314B [re RS p IC1
(only for AM without baseband processing). For morgg | |, - ]
detailed information concerning TEMIC IF ICs, [=F t— L RSSI
ANTO12 [1] or data sheets should be consulted. At [re IC“ :[ ﬂ' R11
After the IF signal is filtered by the ceramic filter, it is - A1 o

fed into the IF amplifier (pin 9).

Since the IC is used in FM mode, the AM demodulatoR* 92t
output (pin 8) can be used aRaceivedSignal Strength R3l] T ral] T
Indicator (RSSI).

To complete the quadrature FM detector, the tuneable Figure 6. IF and baseband section

tank circuit LC, C10 and R14/R15 are added eXterna”FOf a data rate of 38.4 kbprlg, the h|ghe5t possib|e
With the tuneable LC tank, which is the only remainingundamental frequency in the case of a 0-1-0-1 sequence
alignment point of the receiver section, manufacturingould be 19.2 kHz. Assuming an ideal low-pass filter,
tolerances of the SAW resonators can be compensaifg necessary minimum bandwidth is 19.2 kHz. In the
to some extent. case of the real low-pass filter, a roll-off factor of r = 0.5

The wake-up circuit helps save current by switching th¥as taken in’to consideration [5]. This guarantees that
parts which are not needed to detect a relevant sigh3f receiver's performance will not drop at the

= C6

into standby mode. maximum data rate. »
R3 and C5 determine the delay and hold time of the ‘ —
mono-flop: Input (from e
ty = C5[0.75kQ = 100nFO0 75Q = 75us demodulator)  R1 'ca
(e} — 14
t, =150R3C5= 157100k 010F= 15ns RS ——0
Output

ca (to comparator)

The delay time of 7hs prevents the IF and baseband ¢l
section switching into active mode through the occur- I
rence of short time interferences. If the delay time is
extended, the suppression of interferences may be
better. The probability of collisions when using severalhe output of the data filter is connected directly to the
transceivers, however, will rise and the effective dataon-inverting data comparator. This comparator has a
rate drops. If a smaller RX/TX switching time is neededevel-dependent hysteresis and works as a data regenera-
the hold time may be reduced by changing R3. The levelr. It clamps the reference voltage to the middle of the
at pin 10 indicates the actual operating mode and can dignal's minimum and maximum peaks. The time con-
used for carrier detection. The level in standby mode $ants are determined by R4/C6 (max. peak) and R12/
high and switches to low in active mode. C12 (min. peak). The time constant is large compared to

: the data rate in order to suppress hum and noise.
For optimum system performance, a second-order, low-

pass filter is built with the help of the internal highThe band gap voltage of 2.4 V is available at pin 13. In
performance operational amplifier. To get a minimuncase this pin is not externally loaded, the supply current
cut-off frequency at the low end, a quasi dc-coupledf the IF and baseband section is 1 mA in standby mode
data filter is used (see figure 7). and 3 mA in active mode.

Figure 7. Quasi dc-coupled data filter
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PCB Layout of Transceiver

A printed circuit board has been developed whiciithe loop antenna can be connected instead of a
includes all sections of the complete transceiver and)\# antenna if a smaller operating range is adequate. A
loop antenna. detailed consideration of the loop antenna is given in the
rﬁa_ppendix. The PCB has been prepared to mount extra

The PCB is double-sided (figures 8 and 9). Most co gﬁ{elding at the transmitter section. The measurements

onents are placed on the upper side (SMD side), exc ) . . ) .
Fhe SAW devFi)ces and the talgtgl capaci(tors. Addit)ionall esc“b?d in the chapte_:r Transmltter section hz_ive been
ne without extra shielding. The demo circuit board

the PCB is prepared for filter capacitors at the RS2 . . S
lines. The PCB coil is also placed on the lower side. fts info a standard plastic case which is shown on the
report's cover.

Figure 9. PCB layout, discrete component side
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Measurement Results
Receiver Section

Some measurements have been done to characterizeThe frequency response of the data filter (circuit
overall performance of the data receiver. The measumtiagram see figure 7) was measured at an RF input level
ment configuration is described more detailed inof-42 dBm. In figure 12, the active second-order Bessel
ANTO12 [1] and ANTO13 [2]. type low-pass filter response can be seen.

The AM demodulator voltage at pin 8 was measuredvmax/ds
versus the RF input level. The resulting curve shown in
figure 10 illustrates the dynamic characteristic of the
receiver.

-10
RSSI-Output / V

1 -30
/
0.8 v 4 0.01 0.1 1 10 100

0.4 Frequency / kHz

0 Figure 12. Frequency response of the data filter

-120  -100 -80 60  -40  -20 0 20 The 3 dB cut-off frequency is approximately 23 kHz
RF-Input Level / dBm which fits to the_ calculations done in the chapter ‘IF and
Baseband Section’.
Figure 10. RSSI voltage versus input level One important consideration relating the legal regula-
The linear range of the AM demodulator is 60 dB. Th#ons is the emission from the local oscillator at the
voltage at pin 8 may be used as an RSSI. The totmitenna output. The level measured at 423.23 MHz is
dynamic range of the FM receiver is more than 100 diawer than -65 dBm. According to the FTZ regulations,
The front end can handle input levels higher thaa maximum of -60 dBm is allowed, and under the ETSI
+10 dBm. The maximum input level is limited becauseegulations, -57 dBm are allowed.
.?_fhéhg/ prirg:z)l(lvr\?:g -Spc))\ll\glrelleigip?)rsﬁr\;vag};r—é:sagBsrtnan,g dditionally, the transceiver must work well in a tem-
lower input levels the IF and baseband section swit-ch gratgre range from_ '250(.: o +.55°C‘ The receiver
into standby mode. At an input level of -85 dBm, the bi Xhibits stable_opera_tlon within this temperature range
error rate is below 18 For the BER curve shown in nd the LO radiation is nearly constant.
figure 11, the IF and baseband section was forced As far as selectivity, the far-off and in-band selectivity
stay in active mode via the mode control input (pin 3). Anust be distinguished. The far-off selectivity is deter-
PseudoRandomSequence (PRS) of52l with a trans- mined by the SAW filter in the front end. The highest
mission rate of 10 kbps was used to modulate the sigrsansitivity regarding interfering signals in a super-het

generator. FM deviation was set to 22.5 kHz. receiver is at the image frequency. At 412.52 MHz, no
strong interference signal is expected. At the image
BER frequency 21.4 MHz below the operating frequency, the
- suppression is more than 40 dB. All other spurs below
o1 ™. (e.g. subharmonics) are rejected more than 90 dB. For a
good receiver performance, the rejection close to the
0.01 operating frequency is an important requirement.

0,001 For this measurement, the linear dynamic_ range of the
' \ AM demodulator was used. The curve in figure 13
. shows the overall frequency response including the
0.0001 . . g
110 -108 -106 -104 -102 -100 -98 96 -94 -92 -90 -88 cg;adrgc IF filter. The RF input level was set to
- m.

RF Input Level / dBm

; ; ; Both the 3 dB bandwidth of 300 kHz and the 20 dB
F 11. B f 10 k PR
gure iterror rate for a 10 kbit/s PRS bandwidth of approximately 600 kHz are determined by

Issue: 04.95 9
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RSSI/dB RL 0.88 dBm MKR #1 FRQ 433.927 5 MHz
0 - ATTEN 10 gB -4.5d dBn

10 T 16.06 d8/01U f
i z\
: i
\ \

|

[
o /
0 / U\Vt\
e T N

A
-80

432.05 433.05 434.05 435.05 436.05 W

RF Input Frequency / MHz |1

i

Figure 13. Overall response, RF input level -34 dBm

g . . CENTER 433.920 @ TH: SPAN 300.0 KAz
the ceramic filter. The ripple around 434.6 MHz is alsO  «gg 3.30 kHz VB 3.00 ki: ST 101.7 nsec

caused by the ceramic filter. Due to their bandwidth
(typically 600 to 950 kHz depending on manufacturer), Figure 14. Unmodulated carrier
the SAW filters provide additional suppression approxi-
mately 1 MHz away from the center frequency. The AL 2.88 dBn MKR #1 FRQ 433.327 5 MHz
. ATTEN 10 B -4.37 dBm
total suppression reaches more than 70 dB. 10.08 dg/div N A
For values higher than -74 dB, the curve is dotted to /\ \
indicate the AM demodulator's linear range end. How- / \
ever, the suppression is much better than 74 dB at the \
dotted curve. Many other low-cost, low-current receiver /|
solutions for UHF, e.g. AM systems, have problems at
this point because suppression attf MHz is only ] ]
approximately 20 dB.

Transmitter Section

To give an impression of the transmitter's performance,
some diagrams were produced with a spectrum analyzer,

CENTER 433.920 B MHz SPAN 3008.8 kHz
connected to the antenna output. B R AL Ve e ke

Figure 14 shows the unmodulated carrier. The output _
power is - 4.5dBm at 433.928 MHz. This power is Figure 15. Modulated spectrum

enough for the desired operating range.
RL .88 dBm MKR #1 FRQ 433.925 MHz

Though the output power can vary by some dB due to |ATTEN 12 d8 -4.57 dBn
; 10.08 dB/01V

components tolerances, there is no danger that the I

power exceeds +10dBm, which is the maximum

allowed radiated power according to the ETSI regula- [

tion. F' \\

Another important parameter of a transmitter is the w\ﬁ %’W

deviation. The deviation of SAW-based transmitters is
limited due to the given modulation capability. The I
deviation of the measured transmittertis2 kHz (see Jf m%
figure 15, data rate = 2400 bps). VTR BYSRN WSS A L TYIRN PSR

Next, the transmitter was modulated, using the maxi-
mum transferable data rate of 38.4 kbps. The modulated
spectrum was measured using the start and stop |

frequency recommended by the ETSI specification. ,Sm@.ﬁ@m DEQM Lz STOZquTé?me!EE

The response is shown in figure 16. Figure 16. Modulated spectrum (38.4 kbps)
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The spectrum meets the FTZ- and ETSI regulations. A85°C to +55°C. The transmitter operation is stable
no channels must be considered when using low-leweithin this temperature range. The frequency change
transmitters, the bandwidth is only limited by the ISMversus the temperature is shown in figure 18.

band. dF / kHz
The maximum allowed power at the harmonics is shown — ®
in table 2. 0 e
. . N
Table 2. Maximum allowed power of harmonics -5 \
-10 ™
Frequency FTZ ETSI s / =
867.8 MHz .60 dBm -36 dBm »l I/
1301.8 MHz -45 dBm -30 dBm 25 ,/
1735.7 MHz -45 dBm -30 dBm -30
-30 -10 10 30 50
The harmonics measured are below the much stricter Ambient Temperature / °C

FTZ regulation (17TR2100). The spectrum up to the
third harmonic is shown in figure 17. The maximum
allowed power is indicated by the dotted lines. The curve shows the typical characteristic of a SAW-
based resonator. The maximum change of frequency is
25 kHz. Due to the wide band receiver concept, this
RL 0.080 dBm MKR #1 FRQ 434 MHz change can be neglected. The wide band concept is
ETE ég/E?u ~1.59 dbn necessary not only because of the temperature drift, but
' also because of the manufacturing tolerances of the
SAW devices.
The output power of the SAW transmitter depends on
the ambient temperature as shown in figure 19.

Figure 18. Frequency change versus temperature

_LETSLL L

Relative output power / dB
| FTZ | 1

- = /’
| 0 e
n 1 -

Leepbgrstgftiimbapalimthy o AWW.MM PPTIPIAIVWRTY W Ne RATH Y N I

START 418 MHz STOP 2.000 GHz -30 -10 10 30 50

*RB 10.0 kHz UB 108.0 kHz ST 47.70 sec
Ambient Temperature / °C

Figure 17. Harmonic radiation Figure 19. Output level versus temperature

According to the I[-ETS 300 220 regulation [4], theThe variation across the temperature range is less than
transmitters must work well in a temperature range fros dB.
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Conclusion

This application note introduced a complete UHF wiredata rate is also limited by the time the computer needs
less data transceiver based upon the integrated cirdaitprocess the transmitted data (e.g. error recognition).

U4311B-C, the UHF transistors S852T and the varactqrhe transceiver circuit has been tested on the presented

diode BB804. PCB layout as first samples in the laboratory and
Beside the U4311B-C there is the U4313B (same I®orked well. Due to the reduction of alignments,

except comparator is of inverting type) and the U4314Bspects of high-volume production were also taken into
(only for AM without baseband processing). For mor€onsideration.

detailed information concerning TEMIC IF ICs, 5ome measurement results have been shown to charac-
ANTO12 [1] or data sheets should be consulted. terize the transceiver's performance. The total dynamic

These devices provided by Telefunken Semiconductoi@nge is more than 100 dB and the receiver is tough
for RF-based communication make it possible to fin@gainst interference.

cost-saving solutions for a great variety of applications aggitionally, measured parameters according to FTZ-

Because of the low-power and low-cost concept, sol@’d ETSI regulations have been presented. The
tions are now possible which were restricted to wireiansceiver fulfills both within the stipulated tempe-
communication in the past. When comparing the cost Fture range. Two different types of antenna can be

wiring with those of wireless technology, a reduction o¥Sed. For short range application, the loop antenna is
the total system price can be expected. sufficient, while the\/4 antenna guarantees an operating

. range up to 100 m under optimum conditions.
Due to the European efforts towards unifying regula- .
tions for short range radio equipment, it will not belhe tolerances and temperature drift of the SAW

necessary to develop new transceivers for each countr{gsonators cause no problems due to the wide IF band-
_ . _ width. For an improvement of the system's performance,
The system described here (using an RS232 interfacetfia IF bandwidth has to be smaller and, therefore,
supply a transceiver unit) is flexible. That means that thgequency tolerances must be reduced. The best solution
customer can adapt the circuit for special requirementsis to use TEMIC's RF transmitter IC, which uses a

The transceiver was optimized for data rates up gystal for it's frequency reference. Not only is the
38.4 kbps. The data rate may be increased, but be aw&fguency tolerance smaller when using this PLL-based

that the performance level will drop and the eﬁectivgansmitger, but the modulation capability is also
improved.
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Appendix

Comparison between LOOp and and the operating wave length,[6]. For the realized
loop antenna, Ris calculated in (2).
A4 Antenna

2
In some cases, the use ofA& antenna may not be Rg =31171Q [(%)Z = 31171[(3((;3%)2 Q=116mQ
possible, such as when the usable space is rare. In this m 2
case a loop antenna may be used, since it's main advan- (2)
tage is it's small size. In this chapter, the theoreticZhe radiation resistance of a loop antenna is much
background of the loop antenna is described so as dmaller: therefore, the loss resistance can not be
understand the specific problems which occur whemeglected. At 433 MHz, the skin effect determines the

using it. loss resistance. A sectional view of the PCBs copper
The loop antenna is coupled to the output of the SAV\'/-ne is shown in figure 22.
matching circuit via C101 (figure 20). Together with the P 1.5 mm -
inductance of the loop, the capacitors C101/C102 are - -
resonant at 433 MHz.
SAW102 101
— |- )
L102 | L101 Tin
-— C212 =—= C102
T 35um| | Copper
Figure 20. Loop antenna coupling

When different antenna types are compared, the iso- ) ) ) )
tropic antenna is used as reference antenna with an Figure 22. Sectional view copper line
antenna gain of O dB.

+5.6 dB +1.76 dB As 1.5 mm is large compared to @&, only the upper
and lower side have been considered.

The PCB is tin-plated on the upper side. So the
conducting surface height must be calculated twice [7]:

o[um| =64k, / /f[MHz] (3)

O7in (k1= 2.7) = 8.3um 3b
Figure 21. Antenna gain in (kg ) A (30)
It can be seen that the antenna gain oifdeantenna is Based on the conducting surface height, the loss resis-
3.4 dB higher than the gain of the loop antenna [6]. Agnce of the lower side (copper) and the top side (tin)
3.4 dB can not explain the reduction of the operating@n be calculated (4a/b).
range, the antenna efficiency must also be taken into p 0
. . - . _ MCooper _
consideration. The efficiency,, can be calculated with Rcopper = o .
the radiation resistancegRand the loss resistancg R O Copper (4a)
D). 0.0175Q mm? / mO72mm

n= Rgr 100% ) 32um5mm
Rr +RL

=0.2625Q

in @ _ 011Q mm?/ m72mm
Rg of a M4 antenna is 36.8. Therefore, R can be Rrin = PTin - =0.636Q (4b)

neglected. R of a loop antenna depends on the area, A, Oin tW 8.3um[1.5mm
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where p = resistivity increased. There is a limit for the inductance, because a
manageable capacitor must be found to fit the resonance

| = loop length condition at 433 MHz. For the loop used in the PCB

w = copper line width layout shown in figure 8, a parallel capacitance of

approximately 2 pF is needed. When a smaller capaci-
RcopperlR Tin _ 0.263Q (10 6360 tance is needed, it will be difficult to manage the ratio of

R = = = 0186Q (5 i -
L Reopper® R Tin 0.2630+ 0 636 (5)  c101/C102 for impedance matching.

) o ~ What else can be done to improve the efficiency rate?
It can be seen that the loss resistance is sixteen tingmparing Ropper (42) and Ry (4b), it seems that it
higher than the radiation resistance. This will cause @jight be better not to use tin on the top side of the PCB.

very low efficiency rate (6). The efficiency rate will rise to 8.2% (i.e. loss of
R 116mO 5 10.9 dB). But also consider that the copper can oxidize.
=———[100% = =5.9% i i ibili
n R+ R b= T Temo+ 01860 6 (6) Inthis case, the loss will be 13.7 dB. Another possibility

might be to use silver (-10.7 dB), but the improvement

An efficiency rate of 5.9% means a loss of 12.3 dg® only 1.6 dB.
Together with the antenna gain, the difference betwe&®o it can be seen that whatever is done, there will
aM4 and a loop antenna is 15.7 dB. always be a significant difference in efficiency rate

What can be done to improve the loop antenna? ORgtween /4 and a printed loop antenna.

approach is to increase the radiation resistance. This CHife difference might become smaller if using a silver or
only be done by increasing the area of the loop antenmgld plated wire, but in either case mechanical problems
But in the same step the inductance of the loop will bgill appear.
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i i i computer occurs. For better suppression of interference
CII’CUI'F and A“gnment use ferrite pearls on the RS232 line wires at the
DeSCI'IptIOI’] transceiver side.

In the circuit diagram shown in figure 23, the oscillatoFor the placement of the diodes, the cathode rings are
within the transmitter and the front end is equipped witfdicated in figure 24.

a two-port resonator. Please notice that the same typ‘l}ogome extra TX shielding is required, the board has

resonator fpr the transmitter as well as for the front en Sen prepared to mount sheet metal at the transmitter
local oscillator should be wused for optimum

section.
performance.
The PCB shown in figure 8 is prepared for both ond=101 is only needed if the loop antenna is used.
port and two-port resonators. As they have to )
mounted in a different way, there are four holes. Tw b"IZ"estmg and tuning can be done easily. First, the trans

port resonators must be fixed so that their cases étter must be frequency-locked by tuning C 208 until
oriented in the same way the SAW filter is placed (Ioo? viation and RF output power is properly set. Next, the

at figure 24 for the non-filed squares). One-por C tank circuit of the receiver needs to be adjusted until

A he data can be demodulated.
resonators must be turned with an angle of 90° in
clockwise direction when looking at the PCB from theFor testing and tuning, standard measurement equipment
SMD side (in figure 24 look for the filled squares).can be used. Alternatively, it is possible to use only a
Besides the SAW resonators and SAW filter, only theomputer and an oscilloscope and test the transceiver in
tantal capacitors have to be placed on the ground sideaof "RF loop back mode". In this case, the front end
the PCB. The ceramic IF filter may be placed on theeeds to be powered externally during transmission
upper or lower side. Additional filter capacitors can béremove D102). Then the transceiver should receive its
placed close to the RS232 lines if interference from thmwvn transmitted data without problems.

Component Placement

g |cios R10S
o 1| =TS Eios
pand N
1065 || 2
RTS[51]] [ pi
DTR D2| 1 SPW101
RxD 218 .E
R104
DCD -2 (e8] ool Erogo =
R22 x =
TxD Rz [cs] 1ol
. H 202 2 . N E ﬁ
R203 [c204 4&!
czo7l : ll

Figure 24. Component placement of transceiver, view: SMD component side
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Component List

Circuit arrangement according to figure 23, placement as shown in figure 24. All chip components are of size 0805
(100 nF capacitor are of size 1206). Resistors have a manufacturing tolerance of 5%. All capacitors, if not otherwise
specified, have a tolerance of 20%.

R1 5.6 K C3 150 pF
R2 3310 C4 4.7 nF
R3 100 I C5 100 nF
R4 290 10 C6 10 nF
RS 22 10 o oot
§$ é g'Q c9 10pF, 6 V
RS 100 IQ 10 47 pF
o
R12 220 (C101 2.7 pF, 5%)
R14 22K C102 8.2 pF, 5%
R15 2210 C103 100 pF
R16 100 1© C104 1nF
R17 100 C105 100 pF
R18 100 I© C106 5.6 pF, 5%
R19 10i0 G108 6.8 oF. 5%
. , 9%
R20 1k C109 3.3 pF, 5%
R21 100 i© C110 100 pF
P
R22 1010 c111 3.9 pF, 5%
R23 110 C112 470 pF
R24 47 10 C113 470 pF
R25 15 IQ C114 100 pF
R26 10 1Q C115 1nF
R27 47 10 C116 1yF, 10 V
R28 47 10 Cc117 100 pF
R101 2210 C118 100 pF
R102 3310 C119 100 pF
R103 3310 Cc201 10 nF
R104 110 C202 100 pF
105 10 C203 100 pF
C204 39 pF
R106 2210 C205 8.2 pF, 5%
R107 47K C206 3.3 pF, 5%
R108 220Q C207 15 pF, 5%
R109 110 C208 1.4 pF to 3 pF, e.g.,
R110 100Q TZBX4Z030BA110, Murata
R111 470Q C209 100 pF
R201 15 IO C210 10 nF
R202 47 c211 1 pF, 5%
R203 2900 c212 2.7 pF, 5%
Cc213 100 nF
R204 1000Q
R205 Lo C214 1UF, 16 V
L101 B82412-A3620-J, S+M
R206 110 L102 B82412-A3620-J, S+M
R207 2210 L103 PCB coil
R208 47K L104 LL2012-F22NK, TOKO
R209 2200 L105 SMD-fixed coil 470 nH
c1 820 pF L106 SMD-fixed coil 470 nH
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L107
L201
L202
D1
D2
D101
D102
D201
D202
T1-T5
T6

LL2012-F39NK, TOKO T201+T202 S852T, TEMIC
LL2012-F22NK, TOKO IC1 U4311B-CFL, TEMIC
LL2012-F39NK, TOKO CF1 SK107 M0-A0-10X, TOKO
LS4148, TEMIC or SFE10.7MA20-A, Murata
LS4148, TEMIC LC 614BG-0073GW, TOKO
DTZ 5.1A, Rohm SAW101 R2531 (423.22 MHz), S+M
LS4148, TEMIC or RO2065, RFM

BB804, TEMIC SAW102 B3530 (433.92 MHz), S+M
DTZ 5.1A, Rohm or RF1172 , RFM

BC857 SAW?201 R2632 (433.92 MHz), S+M
BC847 or RO2023, RFM

T101-T104 S852T, TEMIC
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