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315/433MHz FSK/ASK/FM Transmitter

Description

Features

Applications

Block Diagram with
External Compo-
nents

The TH7107 FSK/ASK/FM transmitter
IC is designed for applications in the
European 433MHz industrial-science-
medical (ISM) band, according to the
EN 300 220 telecommunications stan-
dard. It can also be used for any other
system with carrier frequencies ranging
from 315 to 470 MHz (e.g. for applica-
tions in the US 315MHz ISM band).

q fully integrated, PLL-stabilized
VCO

q FSK through crystal pulling allows
modulation from DC to 20 kbit/s

g high deviation possible for
wideband data transmission

g ASK achieved by on/off keying of in-
ternal power amplifier

q FM possible with external varactor

q wide power supply range from 2.1
to5.5V

Microelectronic Integrated Systems

The transmitter's carrier frequency f. is
determined by the frequency of the
reference crystal f, that is used. The
integrated PLL synthesizer ensures
that each RF value, ranging from 315
to 470 MHz, can be achieved by using
a crystal with reference frequency ac-
cording to: fies = f/N, where N = 32 is
the PLL feedback divider ratio

q adjustable output power range
from -12 to +3 dBm

q adjustable current consumption
from 4.8 to 11.5 mA

q deviation and center frequency

independently adjustable

very low standby current

differential output well-suited for

loop antenna

q external clock available for pC
drive, down to 1.9 V supply

o O

q flexible frequency range from 315 q "clock only” mode

to 470 MHz q conforms to EN 300 220 standard
g high over-all frequency accuracy
q keyless car security and central q general digital data transmission

locking g general analog audio signal trans-
q low power telemetry mission
q alarm systems

Fig. 1: TH7107 block diagram
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Theory of Opera-
tion
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FSK Modulation

A Colpitts crystal oscillator (XOSC) is used
as the reference oscillator of a phase-
locked loop (PLL) synthesizer. FSK modu-
lation is achieved by pulling the crystal
(XTAL) through the data. So a CMOS-
compatible data stream applied at input
DATA digitally modulates the XOSC. Two
external pulling capacitors Cy and Cy
allow the FSK deviation and center fre-
guency to be adjusted independently. At
DATA = LOW Cy, is connected in parallel
to Cx leading to the low-frequency compo-
nent of the FSK spectrum (fmin); While at
DATA = HIGH Cy; is deactivated and the
XOSC is set to its high frequency, leading
to fmax.

An external reference signal can be directly
AC-coupled to pin RO1. Then the TH7107
is used without an XTAL. The reference
signal has to contain the FSK (or FM) and
sets the carrier frequency.

ASK Modulation

The TH7107 can be ASK-modulated by
applying data directly at pin PS. This turns
the PA on and off and therefore leads to an
ASK signal at the output.

Frequency Modulation (FM)

For FM operation an external varactor is
required. It simply acts as a pulling ca-
pacitor connected in series to the crystal.
Then the analog modulation signal, applied
through a series resistor, directly modu-
lates the XOSC.

General

Other parts of the TH7107 transmitter are
the fully integrated voltage-controlled os-
cillator (VCO), the divide-by-32 divider
(div32), the phase-frequency detector
(PFD) and the charge pump. An external
loop filter between pins LF1 and LF2 de-
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termines the dynamic behaviour of the PLL
and suppresses reference spurious signals.
The VCO’s output signal feeds the power
amplifier (PA). RF signal power P, can be
adjusted in six steps from P, = -12 to +3
dBm either by changing the value of re-
sistor Rps or by varying the voltage Vps at
pin PS. The open-collector differential
output (OUT1, OUT2) can be used to either
directly drive a loop antenna or to be con-
verted to a single-ended impedance by
means of a balanced-to-unbalanced (ba-
lun) transformer. For maximum available
output power, the differential output should
be matched to a load of approx. 2 to 3 kW.

Bandgap biasing ensures stable operation
of the IC at a power supply range of 2.1 to
5.5 V. The mode control logic allows four
different modes of operation as listed in the
following table. The mode control pins
ENCK and ENTX are internally terminated
to pull-down and pull-up resistors, respec-
tively. This guarantees that the whole cir-
cuit is shut down if these pins are left
floating.

ENCK | ENTX [ Mode Description
0 0 all OFF|whole circuit in
standby

0 1 X TX functionality only,
only  [no clock available

1 0 clock [TXin standby and
only |clock available
1 1 all ON [TX functional and

clock available

The clock output CKOUT can be used to
drive a uC. This output can be activated by
the ENCK pin as required for any specific
application. Clock frequency is 1/4 of the
reference crystal frequency.
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Electrical
Characteristics

Absolute Maximum
Ratings

Operating Conditions

DC Characteristics

Ta =-40to +85 °C,
Vee=2.1t05.5V,

typical values at T, =23 °C
and Ve =3V
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Parameter Symbol Condition Min Max Unit
supply voltage Vee -0.3 7.0 \%
input voltage Vin @ DATA, ENCK, ENTX -0.3 VCC+0.3 |V
input current lin @ DATA, ENCK, ENTX -1.0 1.0 mA
storage temperature Tstr -40 150 °C

Parameter Symbol Min Max Unit
supply voltage Vee 2.1 5.5 \%
ambient temperature Ta -40 85 °C
VCO frequency fe 312 475 MHz
XOSC frequency fref 9.5 15 MHz
clock frequency feik 2.4 3.8 MHz

Parameter Symbol Condition Min Typ Max Unit
standby current Istb ENCK=0, ENTX=0 <0.1 0.1 pHA
clock only cur- leik ENCK=1, ENTX=0 0.7 0.9 1.1 mA
rent
operating current lec ENCK=1, ENTX=1, 7 9 10 mA

Rps=47KW
input HIGH volt- Vuen | @ DATA, ENCK, 0.7*V¢c Vect0.3 \%
age ENTX
input LOW volt- Viow | @ DATA, ENCK, -0.3 0.3*V¢c \%
age ENTX
input current @ lin @ DATA, ENCK, -10 10 HA
Viow<Vin <VHigH ENTX
Preliminary Datasheet 3
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AC Characteristics (ENCK =1 ENTX =1, Rys=56 kW, f. = 433.6 MHz, test circuit shown in Fig. 2)

Ta = -40 to +85 °C, Parameter Symbol Condition Min Typ Max Unit
Vee=2.1105.5V,

typical values at Ta = 23 °C output power Po DATA = HIGH 0 dBm
and Vec =3V max. data rate at Resk 20 kbit/s
FSK
FSK deviation Dfesk adjustable with +50 kHz
Cx, Cxo, ref. to
Fig. 2
max. data rate at Rask DATA = LOW 40 kbit/s
ASK
max. modulation fmod DATA = HIGH 15 kHz
frequency at FM
FM deviation Dfem adjustable with +6 kHz
varactor and Vem
reference spurs Pres @ fe * fref -44 dBm
clock spurs Peik @ fe * fox -44 dBm
harmonic content Pharm -40 dBm
phase noise L DATA = HIGH -87 dBc/Hz
@ f.+ 500kHz
VCO gain kvco 200 MHz/V/
charge pump lcp +260 MA
current
clock volt. swing Vekout | Cioad = 5pF 2 Vep
start-up time ton from "all OFF” to 0.8 ms

any other mode

Output Power Selec-

tiO_I’l (ENCK =1, ENTX =1, f. = 433.6 MHz, test circuit shown in Fig. 2, C2 and C3 to adjust for P, and Ppam)
typical values at T, =23 °C Rps / kKW 3 68 56 47 39 27 15
and Vee =3 V, Vos 1 V s 2 12 0.9 0.7 05 03
lec / MA 115 8.6 7.3 6.2 5.3 4.8
P, / dBm 3.0 0.5 -1.0 -4.0 -8.0 -12.0
Pharm/dBm £-36 £-40 £-40 £-45 £-45 £-50
C2/pF TBD 1.8 TBD TBD TBD TBD
C3/pF TBD 3.9 TBD TBD TBD TBD
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Pin Description

LF2
VCC
VEE
OuUT1
TH7107
ouT2
VEE
VCC
PS
Pin # Pin Name Description
1 LF1 charge pump output, input to loopfilter
2 SUB negative power supply, substrate connection
3 DATA FSK data input, CMOS-compatible
4 RO2 XOSC FSK pulling pin, switch to GND or OPEN
5 RO1 XOSC connection to XTAL, base of bipolar transistor
6 ENTX mode control input, CMOS-compatible with internal pull-up res.
7 ENCK mode control input, CMOS-compatible with internal pull-down res.
8 CKOuUT clock output
9 PS power-select and ASK input, high-impedance comparator logic
10 |vCC positive power supply
11 |VEE negative power supply
12 ouT2 differential power amp output, open collector
13 |OUT1 differential power amp output, open collector
14 | VEE negative power supply
15 |vCC positive power supply
16 |LF2 VCO tuning input, output from loopfilter
Package Information TARAAARR T
S L El|E
Shrink Small Outline Pack
H H H H H H H H X rn m&(lssgl::r)]e ackage
123
D
|
[noooogal_ pals I R\
e e L J
SSOP 16 150 mil Dimension : mm
D El E A Al e b L Copl a
min 480 | 3.81 | 5,79 | 1.35 | 0.10 | 0.635| 0.20 | 0.41 0°
max 5.00 | 3.99 | 6.20 | 1.75 | 0.25 0.30 | 1.27 | 0.10 8°
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Test Circuit Fig. 2: test circuit for FSK, ASK and FM; with 50W matching network
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test circuit component list
Part Size Value Tolerance Description
CF1 0603 10 nF +10% loopfilter capacitor
CF2 0603 12 pF +10% loopfilter capacitor
CX1 0603 12 pF +5% XOSC capacitor, for FSK only
CX2 0603 100 pF +5% XOSC capacitor, for FSK only
CX3 0603 1nF +10% XOSC capacitor, for FM only
Cc1 0603 2.7 pF 5% impedance matching capacitor
c2 0805 1.8 pF 5% impedance matching capacitor
Cc3 0805 3.9 pF +5% impedance matching capacitor
C4 0603 150 pF 5% impedance matching capacitor
C5 0603 330 pF +10% blocking capacitor
C6 0603 330 pF +10% blocking capacitor
c7 1206 220 nF +20% blocking capacitor
L1 0603 22 nH +5% impedance matching inductor
L2 0603 22 nH +5% impedance matching inductor
L3 0805 33nH +5% impedance matching inductor
RF1 0805 2 kw +10% loopfilter resistor
RF2 0805 4.3 kW +10% loopfilter resistor
RPS 0805 56 kW +10% power-select resistor
R1 0805 470 kW +10% optional pull-up resistor
R2 0805 30 kw +10% varactor bias resistor, for FM only
R3 0805 ow +10% ASK jumper, for ASK only
V1 SOD323 BB535 varactor diode, for FM only
XTAL HC49/S 13.55 MHz +30ppm calibration | crystal, Cioad = 10pF, Comax = 4pF, Cm = 20fF, Rn= 10 - 20W
fundamental wave +30ppm temp.
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Spectrum Plots

All plots depict TH7107's typical performance at V¢ = 3.0 V and T, = 23 °C, derived with the test circuit shown Fig. 2.

Fig. 3: RF output signal and spurious emissions, CW mode (DATA = HIGH)
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Fig. 4. Single-sideband phase noise at 500 kHz offset, CW mode (DATA = HIGH)
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Fig. 5: FSK modulation with Resk = 6.6 kbit/s
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Res . Bw 10.0 kHz [3dBI Vid.Bw 3 kHz
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Fig. 6: ASK modulation with Rask = 4 kbit/s, DATA = HIGH
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Fig. 7: FM with fmed = 2 kHz, FM input signal with 1 Vy, around 1.5 Vpc, DATA = HIGH
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