TEAB000

FM/IF SYSTEM
AND MICROCOMPUTER-BASED TUNING INTERFACE

GENERAL DESCRIPTION

The TEA6000 is an FM/IF system circuit intended for microcomputer controlled radio receivers. The
circuit includes an AM/FM-IF counter and an analogue-to-digital interface. The i.f. counter generates
AM/FM precision tuning and accurate stop information.

Features

— 3-stage |F limiter for driving a ratio detector

— 2-stage level detector with current output

— operational amplifier for active filtering (e.g. multipath detector)

— high resolution frequency counter for FM and AM [F-signalis

— time base reference from crystat oscillator or external source (SAA1057)
— serial two wire bidirectional computer interface (I2C-bus)

— multiplexed 3 bit A/D converter for two input signals

— software controlled sensitivity for both ADC inputs

QUICK REFERENCE DATA

Supply voltages (Vpq and Vpo) Vp typ. 84V
Supply current; {Ipq1 + Ip2) Ip typ. 36 mA
FM/IF sensitivity '

at —3 dB before limiting Vi typ. 150 uV
Signal to noise ratio for Vi =10 mV S/N typ. 80 dB
Audio output voltage

Af =225 kHz; Vij=1mV Vo typ. 170 mV

Af=75kHz; Vi=1mV Vo typ. 520 mV
AM suppression at Vi = 10 mV AMS typ. 58 dB
Frequency counter sensitivity -

AM (pin 18) Vi(am) typ. 60 uV

FM (pin 16) Vi(fm}  typ. 80 uVv
Resolution frequency counter

AM fs(am) typ. *250 Hz

FM fs(fm) typ. 6,4 kHz
Power dissipation Peot max. 1300 mW
Storage temperature Tetg —~55to + 150 °C
Operating ambient temperature Tamb —30to +85 °C

PACKAGE OQUTLINE
18-lead DIL; plastic (SOT102).
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FM/IF system and microcomputer-based tuning interface TEA6000

FUNCTIONAL DESCRIPTION

The IF SECTION consists of three balanced differential stages with separated FM and AM inputs,
directly coupled by emitter followers. The last stage also has separated outputs, which are intended
for driving a ratio detector and the frequency measuring system respectively.

The last two stages are coupled via low-value capacitors to two LEVEL DETECTORS which generate
a signal-dependent d.c. current for controlling channel separation and frequency response of a stereo
decoder, multipath detector circuitry, AGG and the internal ADC,

The IF MUTING circuit has been incorporated to decrease the interstation noise by about 15 dB.

The 3-bit A/D CONVERTER has two inputs, which are selected via two multiplexed analogue switches.
One of these switches is internally connected to the level detector output but can also serve as an
external input, as the level detector output can be switched off. The outputs of the ADC are converted
to a Gray code, latched and reconverted to a binary code to obtain glitch-free output data. The
sensitivity of both inputs can be selected independently via software on two levels.

The reference for the ADC is derived from a BAND-GAP STABILIZER circuit. Multipath distortion
on FM will generate an AM modulation on the d.c. voltage from the level detectors. This AM modu--
lation can be filtered and rectified to obtain a multipath-dependent d.c. voltage. This voltage can be

applied to the other input of the ADC.

To facilitate filtering an OPERATIONAL AMPLIFIER {OPA)} is incorporated on the chip. The typical
circuit diagram for a muitipath filter is given in Fig. 4.

The FREQUENCY COUNTER is preceded by a 7-stage prescaler for FM, and FM/AM selector stage
and a divider by 1 or 2. The actual counter is a presetable and resetable 8-stage counter with a 3-stage
data disable overflow counter, which can be switched off. The eight significant output bits are situated
symmetrically around 10,7 MHz and 460 kHz, when the external timebase source is used {e.g.
SAA1057). See Table 1.

The reference for the TIMEBASE is primarily thought to be the SAA1057. This circuit generates from
its 4 MHz crystal oscillator a 32 or 40 kHz signal. This signal is buffered and applied to the timebase
circuitry (mode 1). The circuit diagram for this mode | is given in Fig. ba.

In the timebase, the selection is made for reference frequency (32 to 40 kHz), FM or AM mode and
the width of the measuring window, all under software control. Accuracy + % bit when the window is
set to wide (see Fig. 2) and 1 bit when set to narrow. A special feature is the synchronization of the
measuring cycle with the input DATA of the 12C-bus, meaning the measuring cycle starts immediately
after a “WRITE” instruction via the 12C-bus.

For those who do not use the SAA1057 as reference, a 2'5 Hz crystal {32 768 Hz) can be connected to
the reference inputs directly, obtaining a quartz-oscillator reference. See Fig. 5b for the circuit diagram
for this mode II.

When the circuit is used in mode 11 a correction has to be made to the values of window width and
resolution as the cheap watch crystals differ by about 2,4% from the frequency generated by the
SAA1057 {32 768 and 32 000 kHz respectively) See Table 2.

Communication between MUST | and the microcomputer is accomplished via the two-wire bidirectional
12C-bus (slave transceiver version); the SDA (serial data) and SCL {serial clock)}.

To prevent crosstalk between the digital and analogue parts of the circuit the power supply lines are
fully isolated.
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SCL

FUNCTION START | AUODRESS | I I INPUT DATA l I STOP

WRITE ACKN ACKN

Fig. 2 Input data format waveforms,

input bits
bit function o i reference
to Fig. 2
1 reference frequency 32 kHz 40 kHz A
2 sensitivity ADC2 LOW HIGH B
3 sensitivity ADC1 LOW HIGH Cc
4 level detector output off on D
5 AM/FM AM FM E
6 overflow counter off on F
7 measuring window narrow wide G
8 test mode off on H
LEVEL
" DETECTOR MULTIPATH FREQUENCY COUNTER
1 DD CYRD DD D DD D,
START ] ADDRESS | J | OUTPUT DATABYTE 1 | | OUTPUT DATABYTE 2 | | STOP
7Z87378 READ ACKN ACKN ACKN

Fig. 3 Output data format waveforms.

output e 4
level detector
- I 1 300
T 47 10nF {a) TEABROO | 2)'(51 H (32768 Hz)
Vi k$2 30 ; TEA6000
l k2 3
4 6 22pF
2,2nF
300kQ 7
100 pF
7
==10nF 4
300
BA317 GD BA317 TEAE000 kQ
(b) 100k§ external source
muttipath ” 3 {SAA1057)
level 5 33pF
1 — 50 mv
+ 102V
4,7 uF 150kQ
l 787376 7z 7287375
7 . . - .
§ Fig. 5 Oscillator/buffer circuits.

Fig. 4 Multipath detector circuit. X1 = 2% Hz (32 768 Hz).
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FM/IF system and microcomputer-based tuning interface

TEAG6000

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Supply voltage

pin 2 Vpq max. 132 V
pin 12 Vp2 max. 13,2V
Power dissipation Piot max. 1300 mw
Storage temperature Tstq —55 to + 150 OC
Operating ambient temperature Tamb —30to +85 °C

THERMAL RESISTANCE

From crystal to ambient Rthea = 50 K/W

D.C. CHARACTERISTICS
~Vp1=Vpy=84V;Tynp = 25 °C, unless otherwise specified.

parameter symbol min. typ. max. unit
Supply voltage
{pin 2) Vpq 7,6 8,4 9,2 A
(pin 12) Vp2 7,6 8,4 9,2 Y
Supply current AM mode
pin 2 Ipq - 18,5 - mA
pin 12 Ip2 - 17,4 - mA
Supply current FM mode
pin 2 Ipq - 19,2 - mA
pin 12 lp2 - 16,4 - mA
Power dissipation Piot - 350 - mW

A.C. CHARACTERISTICS (see Fig. 6}

Vp1=Vp2=8,4V;Vig.10=1mV; =107 MHz; Af = 22,6 kHz; fr, = 1 kHz; unless otherwise

specified.
parameter symbol min. typ. max. unit
Sensitivity
at —3 dB before limiting VI(EM) - 150 - uv
Signal-to-noise ratio, FM input
Vi= 20uVv S/N 40 46 - dB
Vj=150 uV S/N - 64 - dB
Vi= 1mV S/N - 76 - dB
Vi= 10mV S/N - 80 - dB
Noise output voltage
V; = 0 V; with muting, switch S1 on Vno - 55 - uv
V; = 0 V; without muting, S1 off Vho - 420 - uv
Audio output voltage
Af =225 kHz Vo - 170 - mV
Af=75 kHz Vo - 520 - mV
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TEA6000

A.C. CHARACTERISTICS (continued)

parameter symbol min. typ. max. unit
AM suppression

ratio of the AM output signal referred

to the FM signal (m = 0,3)

V=150 uVv AMS - 46 - dB

Vi= 1mV AMS - 62 - dB

Vi= 10mV AMS - 58 - dB

V=100 mV AMS - 60 - dB
Level detector output volitage (Fig. 4)

R13.-10=4,7 k&; Vi =10 mV, FM mode VL - 6,2 - Vv
Level detector output voltage slope

R13.10 adjusted in FM mode for

VL =55VatVi=10mV;f=10,7 MHz

Vi= 0V (pin 16) VLFM) | — 130 - mV

Vi =140 pV VL(FM) - 1,3 - \

Vi= 1mV VLIFM) - 2,7 - \

Vi= 3mV VL(FM) - 44 - \

R13.1p adjusted in FM mode (see above)

Vj= 0V, f=460 kHz (pin 18) Viamy | — 200 - mV

Vi= 1mV, f=460 kHz (pin 18) VL(AM) - 1,4 - \

Vi;=10mV, f = 460 kHz (pin 18) VL(AM) - 2,7 - \%
Freguency counter sensitivity

AM input voltage {pin 18) Vi(AM) - 60 - uVv

FM input voltage {pin 16) VI{FM) — 80 - uv

AM input impedance i — 30 - k2
BUS inputs

SDA and SCL (pins 9 and 8)

input voltage HIGH ViH 3,0 - Vpq \

input voltage LOW ViL -0,3 — 1,5 v

input current HIGH HH - - 10 HA

input current LOW hL — - 10 HA

acknowledge sink current lack - - 2 mA

maximum input frequency i max 100 - - kHz
Output voltage SDA

HIGH;4k2t0 8,4V Vou 8,0 - - \Y%

LOW; =2 mA VoL - — 0,4 \'
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FM/IF system and microcomputer-based tuning interface TEA6000

parameter symbol min. | typ. max. unit
A/D converter {pin 5 and 13)

input resistance R; t.b.f. k&

input capacitance C; t.b.f. pF
Trip levels, sensitivity bit HIGH

level 1 VT - 0,6 — \'

level 2 VT - 1,06 - \

level 3 VT - 1,38 - \Y

level 4 VT - 1,84 - \Y

level 5 VT - 2,14 - \Y

level 6 VT — 2,55 - \

level 7 VT - 2,97 - \
Trip levels, sensitivity bit LOW

level 1 VT - 0,96 — A

level 2 VT — 1,78 — \Y)

level 3 VT - 2,44 - \

level 4 VT - 3,26 - \

level 5 VT - 3,92 - \

level 6 VT - 4,63 - Y

level 7 vt - 5,38 - A
Crystal oscillator {see Fig. b)

reference frequency fref 32 32,768 | 40 kHz

temperature coefficient TC t.b.f. 10

input resistance R;j t.b.f. k2

input capacitance G t.b.f. pF
Operational amplifier {pins 6 and 7)

voltage gain Gy - 10* -

input bias current Ibias - 30 100 nA

output sink current at Vg =1V lo - 0,2 — mA

output source currentat Vo = 7,4V lo 55 10 - mA

output voltage swing V7{p-p) - 5,5 - \Y
Frequency measuring system (see pages 8 and 9)

measuring windows; fpof = 32 or 40 kHz

AM

window ‘0" (LOW) tgate - 4 - ms

window “1” {HIGH) tgate - 8 - ms

FM

window “0" (LOW}) tgate - 20 - ms

window 1"’ (HIGH) tgate - 40 - ms

resolution frequency counter

AM fs(am) - 250 - Hz

Fm fs(fm) - 6,4 - kHz

tgate has to be multiplied by 32 000/32 768 for a fyef of 2'% Hz.
fg has to be multiplied by 32 768/32 000 for a fef of 2'° Hz.
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FM/IF system and microcomputer-based tuning interface
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TEA6000
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Fig. 6 MUSTI test and application circuit.
Germanium diodes AA119 are required in the test circuit only.
In a complete FM channel (inclusive FM front end) the silicon diodes BA281 are recommended.

S open = without muting

S closed = with muting } for measuring purpose only.
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FM/IF system and microcomputer-based tuning interface TEAG6000

7287380

7287379
Fig. 8 Component side of printed-circuit board.
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Fig. 9 Level detector output as a function of input voltage.
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Fig. 10 Signal-to-noise ratio as a function of FM input voltage.
f; = 10,7 MHz; Af =225 kHz; f,og = 1 kHz; 0 dB = 245 mV.
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