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Tone Detector
Preliminary Data Sheet

Description

The Tone Detector (MSDET) is a monolithic
CMOS integrated circuit for processing analog sig-
nals before microcontroller operations. The MSDET
contains an I and Q detector driven by a
Voltage controlled oscillator. The center frequency
of the tone detection is one-half of the VCO
oscillating frequency. Center frequencies from 1
Hz to 100 kHz can be detected, and FSK
decoded. The MSDET is an analog PLL with
improved noise immunity when compared to a
digital design.

By using the MSDET to demodulate and detect
FSK or tones a slower, lower cost microcontroller
can be used. This reduction in microcontroller
clock rate also reduces the problems with RF
emissions for FCC and CE approvals. The
MSDET operates with a single supply voltage
from 2.7 VDC to 5.5 VDC

The MSDET is superior to industry standard tone
decoders in that control of chatter and bandwidth
can be adjusted with external resistors or capaci-
tors

The MSDET is available in a 16-pin SOIC (150
mil wide). Industrial temperature range (-40 to

+86°C) is available.

Features

‘Low Power Consumption:

Typically less than 2.0 mW at 2.7V

‘Analog PLL: Better noise immunity over simple
DSP counter techniques

Applications

- Satellite radio communications

- Standard and non-standard tone detection

- Standard and non-standard FSK demodulation

- Caller ID demodulation

- Bell 103, 202 or ITU V.21, V.23 demodulation

Absolute Maximum Ratings

+6V
-60° to +150° C
-40° to +85° C

Power Supply Voltage
Storage Temperature Range

Operating Temperature Range
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Figure 1 Block Diagram
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Electrical Characteristics
(VDD = 5.0V, T = 25° ()

PARAMETER SYMBOL CONDITIONS MIN TYP | MAX| UNITS

DC Specifications

Operating Voltage VDD 2.7 5.b \

Supply Current IDD 0.2 0.8 2.0 mA
Digital Output Low level VOL 0.5 vDC
Digital Output High level VOH 0.5 VDC
Internal Voltage Reference VREF VDD-0.5 VDC

AC Specifications

Input Tone Voltage 10 50 1000 mVp-p
FSK Input Impedance 10 24 kohms
VCO Minimum Frequency R=100 kohm C=22 uF 1 Hz

VCO Maximum Frequency R=10 kohms C= 470 pf 90 kHz

\VCO Loop Gain R=100 kohms C=1.6 nF 8 Radians/Sec/V
Phase Comparator Gain 2 V/Radians
VCO Temperature Coefficient R=1 Mohm C=47pF 15 ppm/°C
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Pin Description.

1 VREF Internal Reference Voltage 1/2 9 VN VCO Input \./olta.ge; Filtgred.DC
VDD: Connect 1 uF to VSS from LOUT is tled. to this pin
10. R Resistor:  For setting VCO fre-

from this pin. ) -
quency along with C (Pin 8)

2. QOuTt Quadrature phase comparator .
Output; used for carrier lock and _VlN (P_m 9)
detect 11. IN Received Signal Input:
3. Lout Phase comparator Output; used Unknown signal to be locked

to the VCO for data or audio
recovery

12. LPOUT Loop Detect Comparator Output:
When output is high, coherent

to lock VCO to received signal
and decode information (FM or
FSK) on carrier

4, NC No Internal Connection o
5. NC No Internal Connection carrier is detected _

6. NC No Internal Connection 13. LPIN Lock Detect Input: Flltereq .
7. VDD Positive Power Supply. Quadratur.e Output (QOUT) is tied
Typically 5.0 VDC to this pin

8. C Capacitor; for setting VCO fre— 14. DIN Data Input: Filtered Phase

Comparator Output (LOUT) is

quency, along with R (Pin 10) - S
tied to this pin

and VIN (Pin 9)

15. DOUT Data Output: Recovered FSK
data
16. VSS Negative Supply: Typically O VDC
Pin Configuration
VREF | 16 | VSS
QOUT | 2 15 | pouT
LOUT | 3 14 | DIN
NC | 4 13 | LPIN
NC | s 12 | LPOUT
NC | 6 1]
VDD | 7 10| R
c |3 9| VIN
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Typical Center Frequency Drift vs Temperature

0.01
N
0.008
\\
0.006 %
= 4\ N N
= 0.004 >~
S = '\\\\
4\ 2 e g |
> —aA—R3=
2 0002 —~ ~ R3=10k
3 ~ N —e—R3-15k
g oA —— R3=100k
i —— ¢— — =% R3=200k
3 —8 R3-500k
@ .0.002 -~
= T AN ——R3-1M
N ~N
g 0.004 \\\\
Q - X
m 0.006
E -0.008
001
40 20 0 20 40 60 80

Temperature (deg C)
Figure 2 Graph of Temperature Coefficient with Different VCO Resistors
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Figure 3 Schematic of circuit used for VCO Temperature Measurements
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Principles of Operation

The MSDET is a phase lock loop with both
Loop and Quadrature Type 2 phase detectors
Type 2 phase detectors apply a limited or satu-
rated signal to the phase comparators. This
allows both FSK/FM demodulation of signals on
the received carrier as well as coherent carrier
detection. Coherent carrier detection is superior
to Received Signal Strength Indicators (RSSI)
which can provide false detection in high noise
receive conditions.

Type 2 Phase detectors are sensitive to ampli-
tude and duty cycle of the received signal.
Reduced amplitude and duty cycles different than
50% will cause a reduction in the Phase detect
gain, causing tracking and lock problems for the
VCO. The input of the phase comparators (IN
pin 11) has greater than 60 dB of gain for bet-
ter sensitivity to received signals. For most FM
and FSK demodulation applications, the received
carrier is symmetrical (50% duty cycle). If the
application of the MSDET is to lock from a
clock source that is not 50%, it is best to
divide the input signal by 2 and reduce the
VCO frequency so lock is detected at the lower
symmetrical frequency

The VCO in the MSDET oscillates at twice the
detected frequency. The formula used to set the
VCO frequency is:

fvco= 1/(3.35'R3'C4)
Component references are from Figure 4.

Flip-flops internal to the MSDET generate the
quadrature clock needed for both FSK detection
and coherent carrier detect. This is internally
fed to two phase comparators. The center fre-
quency of the tone detection is half the VCO
oscillating frequency. The LOUT of the MSDET
is filtered and tied to VIN to close the loop
and allow the phase error to control the VCO
frequency.

With all analog PLL there is a tendency to lock
to third-harmonic of the desired tone. By using

“Myi

Web Site “www.mix-sig.com”

external filters and coupling capacitors, this charac-
teristic can be minimized. Figure 4 is a typical
schematic for the MSDET in FSK mode. A low-
value input coupling capacitor is used to apply
received signals to the input gain stage. This
reduces VCO sub-harmonic lock, where the VCO
is locked at 1/3 the frequency of the third har-
monic.

Unlike other PLLs on the market, the MSDET has
a true Voltage controlled oscillator, not a Current
Controlled oscillator (CCL). A VCO allows a larger
range of resistors for tracking adjustment.

Selection of Fifter Components

The MSDET provides maximum flexibility in setting
the VCO frequency, speed of carrier lock detect,
Loop damping, tracking range, capture range, and
reduction in possible chatter on the Data and
Lock outputs. Unlike other PLLs the output com-
parators, lock detect and VCO are completely iso-
lated The MSDET permits the adjustment of the
external resistor and capacitors at QOUT, LOUT
and VIN.

1IdSW

The outputs QOUT and LOUT are at CMOS levels.
QOUT is the exclusive-or of the input and the
Quadrature phase of the VCO frequency (divided
by 2). LOUT is the exclusive-or of the input and
the VCO frequency (divided by 2). The outputs
are filtered and compared with VREF voltage, in
order to detect carrier and determine if a logic O
or 1 frequency is received (LOUT) or a coherent
carrier is detected (QOUT).

For optimum performance under high noise condi-
tions, the loop bandwidth should be as narrow as
possible. However, for preventing FSK errors due
to tracking, the loop should be as wide as possi-
ble. SInce it is not possible to achieve both
with the same components, a compromise must
be made. [If the application is a tone detector,
then making the tracking bandwidth narrow will
improve signal-to-noise performance.

© 2003 Mixed Signal Integration 5
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If the received signal is frequency shift keying
(FSK), then the bandwidth must be adjusted
wider to allow tracking of the two tones as
well as possible frequency error of the transmit-
ter, carrier offset caused by changes in media
(eg: copper to radio wave) and mis-setting of
the MSDET VCO.

As Figure 4 is studied, more than one filter can
be seen connected to LOUT. The tracking filter
is achieved with R1 and C6 (Figure 4 refer-
ences). The filter for reducing data chatter is
controlled by R2 and C3. The data filter is set
at a much lower frequency than the data rate,
since the comparator can detect small changes
in voltage.

The lock detect filter is separate from the track-
ing filter.  Typically one delays the Lock Detect
output in order to prevent capturing data that is
incorrect.  This delay is controlled by R10, R11
and C7 (Figure 4).

FSK Example Calculation:

For a radio link with a frequency bandwidth of
less than 50 kHz, the maximum data rate using
the MSDET in FSK mode is 50 kbps.

In order to have enough cycles of the carrier

frequency for detection select a Mark (logic high
or 1) frequency of 78 kHz and a space (Logic
low or 0) frequency of 50 kHz. The VCO is

set for 64 kHz (center frequency between the

mark (logic high or 1) and space (logic low or
0) frequency). Using the formula:

fvco= 1/(3.35'R3'C4)
And referencing the effect of R3 value to TCO
(Figure 2)

64kHz= 1/(3.35-100k'Cy)
Ca=47 pF

Since there is no additional encoding (1 bit/baud
or symbol) the bandwidth needed for data is 50
kHz.  But, with the higher input gain of the

Web Site “www.mix-sig.com”

MSDET, placing the corner frequency at 5kHz
provides better performance than setting the low-
pass filter corner frequency equal to the data
rate. Using the first order filter formula:

fc=1/(2-t"R1-C6)

The voltage to the VCO is adjusted with R8 and
R4. The VCO conversion gain allows for the
VCO to lock to frequencies from 32 to 96 kHz
This could cause data errors by locking to noise
on the line. Since only 28 kHz is needed for
tracking, the phase detector tracking range is
reduced to 50kHz.

fTRACK=Afvco' R4/(R4+R8)

This allows tracking of the 28 kHz frequency
change of the data rate as well as the initial
capture of the incoming signal.

The data filter is set to attenuate the carrier as
much as possible (as well as the error voltage
which contains the data information) in order to
eliminate chatter.

fDATA= 1 /(21'C R2C3)
fDATA=2kHZ

By setting the corner at approximately 1/10 the
equivalent data rate (50 kbps “U” (ASCIl Hex
Oxbb) pattern is a 25 kHz square wave), chatter
on the comparator output is eliminated but the
data is recovered.

Lock Detect should be set to delay output until
enough cycles are received to be detected.

t=R10-C7

The amount of delay is dependent upon the
data received. If the data has 50 ms preamble
of ASCIl character “U” (hexadecimal 0x55), then
the lock detect time delay can be up to 50
ms. |f data starts immediately, then the shortest
time is set, and data is qualified by a micro-
processor.

© 2003 Mixed Signal Integration 6
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Mixed Signal Integration Corporation reserves the right to change any product or specification without notice at any time. Mixed
Signal Integration products are not designed or authorized for use in life support systems. Mixed Signal Integration assumes no
responsibility for errors in this document.
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STANDARD PRODUCTS
MSGEQ5A

MSGEQ7

MSHFS1-6

MSFS1-6

MSCAHF

MSU1F1-4, MSU2F1
MSU1THF1-4, MSU2HF1
MSELP

MSNBLP
MSLE/B/C5L/M
MS2LFS

MSHN1-6

MSRAAF

MSRAHF

MSDET

MS2CAP

MSDET

Mixed Signal Integration
2157F O'Toole Avenue

San Jose, California 95131-1332
Phone: (408)-434-6305
Fax: (408)-434-6417

Five Band Graphic Equalizer

Seven Band Graphic Equalizer

Selectable High Frequency LP/BP Filter

Selectable Lowpass/Bandpass Filter

Selectable High Frequency Active Lowpass/Bandpass Filter
Resistor Programmable Universal Active Filter

High Frequency Resistor Programmable Universal Active Filter
Switched Capacitor Elliptic Lowpass Filter with Op Amps
Switched Capacitor Butterworth Lowpass Filter

Switched Capacitor General Purpose Lowpass Filter

Dual Selectable Low Voltage Lowpass/Bandpass Filter
Selectable High Pass/Notch Filter

Resistor Programmable Active Audio Filter

Resistor Programmable Active High Frequency Filter

Tone Decoder

Two Channel Audio Processor

In Mississippi, Alabama, Georgia
South Carolina, North Carolina, and
Tennessee contact:

Adeptronics

9694 Madison Boulevard Suite A-14
Madison, Alabama 35758
Telephone: 256-772-1922
Facsimile: 256-772-0323

In Taiwan contact:

mms

In Arizona, Utah, Colorado, Montana,
Wyoming, Idaho, and southern Nevada
contact:

Nelco Electronix

6970 S. Holly Circle

Englewood, CO 80112

Telephone: 720-493-9630

Facsimile: 720-493-9631

In Hong Kong and the People's
Republic of China contact:

Alphatron

2L, Cooke Street/F

G/F, Hung Hom

Kowloon Bay, Hong Kong

Telephone: 852-2303-1290
Facsimile: 852-2900-3616

In India contact:

WPI International (1) Pvt. Ltd.
405, Gateway Plaza
Hiranandani Gardens

Powai, Mumbai, 400 076
Telephone: 0091 22 570 5093
Facsimile: 0091 22 570 0594

i Web Site
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In the San Francisco Bay Area contact:

CP Sales

P. O. Box 944

Soquel, California 95073

Telephone: 831-684-2464
Facsimile: 831-688-2629

In Korea contact:

H. B. Corp.

#1409, Seocho World Officetel,
1355-3, Seocho-Dong, Seocho-Ku,
Seoul, Korea 137-070

Telephone: (02)3472-3450
Facsimile:  (02)3472-3458

In Israel contact:

Phoenix Technologies Ltd.
3 Gavish St.

Kfar-Saba, 44424

Israel

Telephone: 09-764-4800
Facsimile: 09-764-4801

Maxtek Technology Co., Ltd.
5F, No. 13-20, Sec. 6
Min-Chian E. Road

Nei_Hu, Taipei, 114, R.O.C
Telephone: 886 (22) 794 6565
Facsimile: 886-2-879-8922

In Singapore, Indonesia and
Malaysia contact:

EXER Technologies (S) PTE LTD
45 Kaki Bukit Industrial Terrace
Singapore 416125

Telephone: (65)-6-747-9669
Facsimile: (65)-6-749-9669

In the United Kingdom contact:

Electronics 2000 Ltd.

Unit 4, Falcon Business Park
lvanhoe Road, Finchampstead
Wokingham, Berks, RG40 4QQ
Telephone: 44-7074-432000
Facsimile: 44-7074-432329
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