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ABSTRACT
In this project , A sound-lab system with used frequency division multiplex technique is presented. It

is also designed to be able communicated between control booth and sub-booth. A amplitude modulation is

used to be shift spectrum of information for FDM technique.
Moreover sub-booth can select data signal from control booth. The system is controlled by computer

that can show status of sub-booth when they want to communicate with control booth . So control booth can

choose to response.
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¥
i

» #include <stdio.b>
, #include <dos.h>
#include <bios.h>
#include <conio.h>

{

W wem W e @ Y am

}

-

int main(void) -

int DTMF1,DTMF2,key = 0;
unsigned char a,b;
clrscr();
outport (0X2F3,92);
while {(key = bioskey(1l)) == 0)
{ b = inportb(0X2F1l);
a = inportb(0X2F0);
DTMF1 = (int)b;
DTMF2 = (int)a;
printf (“Number of requesting booth
while (DIMF1l = 1)
{ if ((key = bioskey(1)) == 0)
{ b = inportb(0X2F1);
DIMF1 = (int)b;
a = inportb(0X2F0);
DTMF2 = (int)a;
} else break;

if}((key = biogkey(l)) == 0)
{

printf("%d",DIMF2);
DTMF1 =0;
delay (200);
} else;
while  (DTMF1 l=1)
{ if ((key = bioskey(1l)) == 0)
{ b = inportb(0X2F1l);
DTMF1 = (int)b;
a = inportb(0X2F0);
DIMP2 = (int)a;
} else break;

}
if ((key = bioskey(1l)) == 0)
{
printf("%d",DTMF2);
printf(®\n*);
delay(200);

} else ;
key++; key--;

return 0;

d .
317 330 uama Tusunsunmissudeya
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MT8870D/MT8870D-1
Integrated DTMF Receiver

i
‘ 1SO2-CMOS

LRI T AT,
- 4 - ")%?.M.."'_.L.'?

RIS T,
St Sk A R AR R D e

Features ISSUE 6 March 1907
y Complete DTMF Receiver Ordering Information
: Low power consumption MT8870DE/DE-1 18 Pin Plastic DIP
§ internal gain setting amplifier MT8870DS/DS-1 18 Pin SOIC
. Adjustable guard time MT8870DN/DN-1 20 Pin SSOP
" -40 °C to +85 °C
. Central offica quality
® Power-down mode
* Inhibit mode
‘s  Backward compatible with Description

MT8870C/MT8870C-1
T The MT8870D/MT8870D-1 is a complete DTMF
:Applications receiver integrating both the bandsplit filter and

e Receiver system for British Telecom (BT) or digital decoder functions. The filter section uses
CEPT Spec (MT8870D-1) switched capacitor - techniques for high and low

f  Paging systems group. fiters; the decoder uses digital counting
‘e R ter systems/mobile radi techniques to detect and decode all 16 DTMF tone-
epeater systems/mobile racio palrs into a 4-bit code. External component count is

» Credit card systems minimized by on chip provision of a differential input
‘'« Remote control amplifier, clock oscillator and latched three-state bus

I » Personal computers interface.

+ Telephone answering machine

High Group
Filter

Zero Crossing
Detectors

Low Group
Filter _[]—

St Steering
GT Logic
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—
—
—

C

 E5 I | | D | O | 0 | A {

1
2
3
4
5
6
7
8
9

[0 [ [
SOOND BN

60§ O A O O 0

388z32ip22

;

Pin Description
Pind
18 250 Name Description
1 IN+ |Non-Inverting Op-Amp (Input).
2 2 IN- |inverting Op-Amp (Input).
3 GS |Galn Select. Gives access to output of front end differential amplifier for connection of
! feedback resistor.
414 Vret |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
i and Fig. 10).
515 INH |inhibit (Input). Logic high Inhibits the detection of tones representing characters A, B, C
' and D. This pin input is internally pulled down.
6 |'6 | PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
i pin input is internally pulied down.
+8 | OSCt1 [Clock (input).
: 9 0SC2 |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
, completes the internal oscillator circuit.

9 10 Vgs |Ground (Input). OV typical.

10 | 11 TOE |Three State Output Enabie (Input). Logic high enables the outputs Q1-Q4. This pin is
pulied up internally.

11-112-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the

14|15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high

; impedance.

15117 StD |Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registeréd and the output latch updated; returns to logic low when the voltage on SY/GT falls
below Vgt

16 | 18 ESt |Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone palr (signal condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

17119 | SVGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vrg, frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

1é 20 Vpp |Positive power supply (Input). +5V typical.

7, NC  |No Connection.
16
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ISO2-CMOS MT8870D/MT8870D-1

Functional Description
k

¥

The MT8870D/MT8870D-1 monolithic DTMF
rbceiver offers small size, low power consumption
a}nd high performance. Its architecture consists of a
handsplit filter section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
¢ode to the outpit bus.

]

Filter Section

ISeparation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also
incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 3). Each
‘filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
; prevent detection of unwanted low-level signals. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF

i signals.
14

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

I

R

e
L

MT88700/

tara=(RC)IN(V, o)
MT8870D-1 tg%(ﬁcglnﬂ/g%’go' Vrsdl

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause EStto
assume an inactive state (see “Steering Circuit’).

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to
as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes V. (see Figure 4) to
rise as the capacitor discharges. Provided signal

PRECISE

DIAL TONES

X=350 Hz

Y=440 Hz

DTMF TONES

A=697 Hz
B=770 Hz

ATTENUATION
(dB)

C=852 Hz
D=941 Hz

E=1209 Hz
F=1336 Hz

G=1477 Hz
H=1633 Hz

et

T
I

XY

AB C D

t trkHz t

E F a

FREQUENCY (Hz)

ter Response

4-13
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conditidn is maintained (ESt remains high) for the
vafidation period (tgrp), V¢ reaches the threshold
(V7o) of the steering logic to register the tone pair,
latching its corresponding 4-bit code {see Table 1)
into the output latch. At this point the GT output is
activated and drives v to Vpp. GT continues to drive
high as Jong as ESt remains high. Finally, after a
short delay to allow the output latch to settle, the
delayeg steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are
made available on the 4-bit output bus by raising the
three state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the
imerdigit pause between signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signal interruptions (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
time éonstants externally, allows the designer to
tailor performance to meet a wide variety of system
r'equ‘u'E ments.

£
Guard Time Adjustment

In mdny situations not requiring selection of tone
durahfon and interdigital pause, the simple steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:

b
trec=tprtiare

X tip=tpattom

The value of tpp is a device parameter (see Figure

11) and tggc is the minimum signal duration to be

recognized by the receiver. A value forC of 0.1 uF is
3

¥

tare=(AeC Voo Voo Visd]

O I tara=(RCHin(Voo/Vrsy

Gy Rp=(R,AMAA)

a) decreasing tg7p; (laTP<taTa)

tare=(RC Voo Voo Vrsd]

Voo O_-c_l tg1a=(ReC)In(Vpp/Vrs)

t ! Rp=(AAMR+Ry)

. Digit | TOE INH | ESt Q, Q, Q; Qq

ANY L X H ¥4 Z Z Z
1 H X H 0 -0 0 1
2 H X H 0 0 1 0
3 H X H 0 0 1 1
4 H X H 0 1 0 0
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H 0 1 1 1
8 H X H 1 0 0 0
9 H X H 1 0 0 1
0 H X H 1 0 1 0
* H X H 1 0 1 1
# H X H 1 1 0 o]
A H L H 1 1 0 1
B H L H 1 1 1 0
Cc H L H 1 1 1 1
D H L H 0 0 0 0
A H H L
B H H L undetected, the output code

will remain the same as the
c H H L |previous detected code
D H H L
Table 1. Funct onal Decode Table

L=LOGIC LOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DON'T CARE

recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independently the guard times for tone
present (tgTp) and tone absent (tgra). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing tgec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tgec With
a long tpo would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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1

Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) will power down
the device to minimize the power consumption in a
dtandby mode. It stops the oscillator and the

functions of the filters.
F

[nhibit mode is enabled by a logic high input to the
{)in 5 (INH). 1t inhibits the detection of tones
spresenting characters A, B, C, and D. The output
code will remain the same as the previous detected

code (see Table 1).

'Differential Input Configuration

b
The Input arrangement of the MT8870D/MT8870D-1

’provides a differential-input operational amplifier as
well as a bias source (Vger) Which is used to bias the
*inputs at mid-rail. Provision is made for connection of
:a feedback resistor to the op-amp output (GS) for
. adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
I with the op-amp connected for unity gain and Vget
biasing the input at '/;Vpp Figure 6 shows the
differential  configuration, which permits the
' adjustment of gain with the feedback resistor Rs.

x

¥
¥

Crystal Oscillator

3

The internal clock circuit is completed with the
‘addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible to
configure several MT8870D/MT8870D-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capagcitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
* arrangement shown, i.e., precision  balancing
capacitors are not required.

e wade o -

Tt 2w

v v

giflg:;%a:]glpm Amplifier
1

R,=R=Re=100 kQ
R A7 5 40
RoRg

Az+Rs

VOLTAGE GAIN (A, diff)= .:li
1

All resistors are +1% tolerance.
All capacitors are +5% tolerance.

Rg=

INPUT IMPEDANCE

1 \2
Znore) =24/ R+ (‘E’c’)

To OSCH1 of next
T88700/MT8870D-1

el

\/
0sc2

0OSCt

C=30 pr
X-1al=3.579545 MHz

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF 4.984
Cco pF 37.915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2[1fR1CH.

4-15
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I
Applic?tjons

P
RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC P?R 1151

The circuit shown in Fig. 9 illustrates the use of
MT8870D-1 device in a typical receiver system. BT
Spec delines the input signals less than -34 dBm as
the non-?perate level. This condition can be attained
by chogsing a suitable values of Ry and Ry to
provide 3 dB attenuation, such that -34 dBm input
gignal will correspond to -37 dBm at the gain setting
pin GS 0f MT8870D-1. As shown in the diagram, the
component values of Ry and C; are the guard time
requirements when the total component tolerance is
6%. For better performance, it is recommended to
use the,non-symmetric guard time circuit in Fig. 8.

. —

MT88700-1

Ne . Voo
IN- SYGT
GS ESt
Vet StD
INH Q4
PWDN Qs
0SC 1 Q2
Qsc2 1
Vss TOE

tare=(ReCInVoo/(Voo-Vrsdl

tara=(RCIIn(Vpo/Vrs)

Re=(RAMR+AD)

Notes:

Ry=368KQ+ 1%
2MQ + 1%

C4=100nF + 5%

NQTES:

Ry = 102KQ+ 1%
Ry=71.5KQ% 1%

Ry = 390KQ +1 %

C,.Cp = 100 AF £ 5%

X, = 3.679545 MHz £ 0.1%
Voo =5.0VE5%
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ISO2-CMOS MT8870D/MT8870D-1

i

Absolute Maximum Ratings’

! Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Vop 7 A
2 | Vvoltage on any pin Y/ Ves-03 | Vpp+03 Y
3 | Current at any pin (other than supply) I 10 mA
4 | Storage temperature Tsta -65 +150 °C
5 | Package power dissipation Pp 500 mwW

e T30 at 16 mW ) °C. permanen damage, Fuionaloperaon under hess condiions fsnctmplec

Recommended Operating Conditions - Vottages are with respect to ground (Vsg) uniess otherwise stated.

Parameter Sym | Min Typt Max | Units Test Conditions
1 | DC Power Supply Voltage Vpp | 475 5.0 5.25 Vv
1 2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freg.Tolerance Afc 0.1 %
+ Typical figures are at 25°C and are for design aid only: not guarantesd and not subject to production testing.

S - Vpp=5.0vL 5%, Veg=0V, -40°C < T < +85°C, unless otherwise stated.

Characteristics Sym Min Typ* Max Units Test Conditions

1 3 Standby supply current lbpa 10 25 pA  |PWDN=Vpp

p |Operating supply current {op 3.0 9.0 mA »

t Power consumption Po 15 mw |fc=3.579545 MHz

Y
4 High level input Vi 3.5 V  |Vpp=5.0V
5 Low level input voitage Vi 1.5 V  |Vpp=5.0V
6 | , |Input leakage current e 0.1 pA  |Vin=VssorVpp
7 g Pull up (source) current Iso 7.5 20 pA 1,'0E (pin 10)=0,

U DD=5.0V
8 g Pull down (sink) current Is) 15 45 pA  {INH=5.0V, PWDN=5.0V,

Vpp=5.0V
9. Input impedance (IN+, IN-) Rin 10 MQ |@ 1KkHZ
10 Steering threshold voltage Vrst 22 24 25 V  |Vpp=5.0V
1 Low level output voltage VoL Vgg+0.03{ V [No load
12 8 High level output voltage Vou |Vpp0.03 V  |Noload
13 ; Output low {sink) current loL 1.0 25 mA |Vour=0.4V
14 | u | Output high (source) current -| lon 0.4 0.8 mA |Vour=4.6V
15 ; Vget OUtpUL VOItage VRet 23 25 27 v |Noioad, Vpp = 5.0V
-lg- - VRE'_ output resistance Ror 1 kQ
uction testing.

1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to prod

4-17




MT8870D/MT8870D-1 1SO*-CMOS

Operating Characteristics - vpp=5.0vi5%, Vss=0V, 40°C £ T§ < +85°C ,unless otherwise stated.
Gain Setting Amplifier

Characteristics Sym | Min Typ* | Max | Units Test Conditions
1 | Input leakage current Iin 100 nA | Vgg< V,N <Vpp
2 | Input resistance Rin 10 MQ
3 Iz}put offsat voltage Vos 25 mv
4 | Power supply rejection PSRR | 50 dB | 1kHz
5 | Common mode rejection CMRR | 40 dB | 0.75V<Vy<4.25V biased
' at Vpes=2.5V
6 | DC open loop voltage gain AvoL 32 dB
7 | Unity gain bandwidth 0.30 MHz
8 | Qutput voltage swing Vo | 40 Vg | Load 2100kQto Vss @ GS |
9 A'/Iaximurn capacitive load (GS) 100 pF
10 | Resistive load (GS) ' 50 | ko
11 | Common mode range Vem 25 Vg | No Load

5

MT8870D AC Electrical Characteristics - Vp5=5.0V £5%, Vsg=0V, -40°C < To £ +85°C , using Test Circut shown in

4 Figure 10.

, Characteristics Sym Min Typ* | Max { Units Notes*
t | oot s e Er

27.5 869 | mVpus | 12,3569

2 P?egative twist accept d8 2,3,6,9,12
3 | Positive twist accept dB 2,3,6,9,12
4 érequency deviation accept +1.5% 2 Hz 23,59
5 i’requency deviation reject +3.5% 2,3,59
6 | Third tone tolerance -16 dB 2,3,4,59,10
7 | Noise tolerance -12 dB |234579,10
8 bial tone tolerance +22 dB 2,3,4,5,8,9,11

*

1. dBeg= decibels above or below a reference power ot 1 mW into a 600 ohm load.

2. sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Siphal condition consists of nominal DTMF frequencies.
5. tones in composite signal have an equal amplitude.

6. Tonk pair is deviated by +1.5 %t 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian
8. The precise dial tone frequencies are

noise.
{350 Hz and 440 Hz) 2 %.

9. FéF af éfrot raté of better than 1 in 10,000.
10. Referenced 1o lowest levet frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.
12. Guaranteed by design and characterization.

{

§

L3
L3

a1 |

£ Typica! figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
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MT8870D-1 AC Electrical Characteristics - vpo=5.0V5%, Vss=0V, 40°C < To < +85°C,, using Test Circuit shown

in Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*
; | Validinput signal levels (each -3 + dBm | TestedatVpp=5.0V
tone of composite signal) 218 869 | MVaus 1,2,356.9
-37 dBm | TestedatVpp=5.0V
2 | Input Signal Level Reject 1,2,35,6,9
10.9 mVRMS
] 3 | Negative twist accept 8 dB 2,3,69,13
4 | Positive twist accept dB 2,3,6,9,13
| 5 | Frequency deviation accept 41.5%+ 2 Hz 2,359
6 | Frequency deviation reject +3.5% 23,589
- 7 | Third zone tolerance -18.5 dB 2,3,459,12
8 | Noise tolerance -12 dB 2,3,4,5,79,10
Lﬂ Dial tone tolerance +22 dB 2,3,45,8,9,11
¢ % Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.

! *NOTES
! 1. dBm= decibels above or below a reference power of 1 mW into a 800 ohm load.
2. Digit sequence consists of all DTMF tones. §
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.
* §. Tone pair is deviated by £1.5 %t 2 Hz.
1 7. Bandwidth fimited (3 kHz ) Gaussian noise.
. 8. The precise dial tone frequencies are (350 Hz and 440 Hz) +2%.
¢ 9. For an error rate of better than 1 in 10,000.
10. Referenced o lowest leve! frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.
12. Referenced to Fig. 10 input DTMF tone level at
{ 13. Guaranteed by design and characterization.

k

3

mE o ey T G

T vm Y Newweam e e

L=

]

-25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.
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f
AC Electrical CharacteristiCs - vpo=5.0vi5%, Vss=0% 40°C £ To < +85°C , using Test Circuit shown in Figure 10.

Characteristics Sym | Min | Typ* | Max | Units | Conditions
1 Tone present detect time top 5 1 14 ms |Note 1
2 | T |Tone absent detect time oA 05 4 8.5 ms {Note1
3 ,:‘,s Tone duration accept trec 40 ms |Note2
4 ,!‘x Tone duration reject e | 20 ms |Note2
! .
5 | G |Interdigit pause accept o 40 ms |Note2
6 Interdigit pause reject oo 20 ms |Note?2
7 | | |Propagation delay (Stto Q) . trq 8 11 us |TOE=Vpp
8 | o |Propagation delay (Stto StD) tesn 12 16 pus {TOE=Vpp
9 ‘{j Output data set up (Q to StD) tasio 34 ps |TOE=Vpp
10 f}. Propagation delay (TOE to Q ENABLE) | tp1e 50 ns |load of 10k,
7 50 pF
11| S [Propagation delay (TOE to Q DISABLE)| terp 300 ns  |icad of 10k,
, : 50 pF
12 | # |Power-up time tey 30 ms |Note 3
13 \3 Power-down time teD 20 ms
14 Crystal/clock frequency fc |3.5759 | 3.5795 | 3.5831 MHz
15 S Clock input rise time L HOL 110 ns |Ext. clock
16 g Clock input fall time tHLoL 110 ns |Ext. clock
17 | K |Clock input duty cycle DCeL i 40 50 60 % |Ext. clock
L1_§ Capacitive load (OSC2) Cio 30 pF
t Typical figures are &t 25°C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES:!
1. gged for guard-time calculation purposes only.
2. ese, user adjustable parameters, are not device specifications. The adjustable settings of these minimums and maximums
are recommendations based upon network requirements.
3. With vaiid tone present at input, tpy equals time from PDWN going low until ESt going high.

IN+ VDU
IN- SYGT
GS ESt
VRet S0
INH Q4

PDWN (o <]
0sC 1 NOTES:

R;,Ro=100KQ % 1%
Ry=300KQ + 1%
C,Co=100 nF £ 5%
X-1al=3.579545 MHz £ 0.1%
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EXPLANATION OF EVENTS (
A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.

B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS

c) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID

" TONE.
D) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.
; E) TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).
F) ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, QUTPUTS REMAIN LATCHED.
' G) END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

EXPLANATION OF SYMBOLS

Vin DTMF COMPOSITE INPUT SIGNAL.

ESt  EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

SUGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

Q,-Q, 4-BIT DECODED TONE QUTPUT.

SiD . DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TOE  TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q;-Q, TO ITS HIGH IMPEDANCE STATE.

toez  MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

o MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

too MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

top TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

toa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

tap  GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.

tRec
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Balanced Modulators/
Demodulators

These devices were designed for use where the output voltage is a
product of an input voltage (signal) and a switching function (carrier). Typical
appﬁcatlons include suppressed carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, and chopper
applications. See Motorola Application Note AN531 for additional design
information.

e Excellent Carrier Suppression —65 dB typ @ 0.5 MHz
-50 dB typ @ 10 MHz

e Adjustable Gain and Signal Handling
o Balanced Inputs and Outputs
e High Common Mode Rejection -85 dB typical

This device contains 8 active transistors.
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_:lc =500 kHZ, g = 1.0 kHz

iﬂ

. Figure 1. Suppressed
Carrier Output

Waveform

Figure 2. Suppressed
Carrier Spectrum
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BALANCED
MODULATORS/DEMODULATORS

SEMICONDUCTOR
TECHNICAL DATA

, D SUFFIX

\ PLASTIC PACKAGE
1 CASE 751A

™ (SO-14)

P SUFFIX
PLASTIC PACKAGE 14
CASE 646

1

PIN CONNECTIONS
Signal input [1—_ 0 Y= E VEE
Gain Adjust [ 2] 13 e
Gain Adjust E E Output
Signal lnputE E NC
Bias E :@ Carrier Input
Output [ 6] B
NIC E _T_‘ Input Carrier
ORDERING INFORMATION
Operating
Device Temperature Range Package
MC1496D SO-14
o | ATUCIHOC Toagicor
MC1496BP | Ta =—40°C to +125°C| Plastic DIP

EiFi?i

"mv;;‘ W e st
"-"l‘ “ 'g‘" Waveform

500 kHz
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Figure 4. Amplitude-Modulation Spectrum
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MA}(!MUM RATINGS (T = 25°C, unless otherwise noted.)

' Rating Symboi valié Unit
Applied Voltage AV 30 Vde
(V6 V8, V10 - V1, Vi2-Vg, V12-V10,V8 -V4,
V8- V1, V10 - V4, V6 - V10, V2 - V5, V3 - V5)
Differential Input Signal V8 -V10 +5.0 Vde
4 V4-V1 | #5+I5Rg)
Maximum Bias Current I 10 mA
Thermal Resistance, Junction—to—Air Raja 100 °C/wW
Plastic Dual in-Line Package
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg -65to +150 °C

NOTE: ESD data available upon request.

-~

3
ELECTRICAL CHARACTERISTICS (Vec = 12 Vde, VEE = -8.0 Vdc, 15 = 1.0 mAdc, R = 3.9kQ, Rg = 1.0kQ, T = Tigw to Thigh
all ipput and output characteristics are single—ended, unless otherwise noted.)

! Characteristic Fig. | Note Symbol Min | Typ | Max Unit
Carier Feedthrough 5 1 VCFT puvrms
: V¢ = 60 mVims sine wave and fc=10kHz = 40 -
offset adjusted to zero fc =10 MHz - 140 -
,Vc =300 mVpp square wave: mVrms
offset adjusted to zero fc =1.0kHz - 004 | 04
; offset not adjusted fc=1.0kHz - 20 200
Carrier Suppression 5 2 ves dB
¢ fg =10 kHz, 300 mVrms
fc = 500 kHz, 60 mVrms sine wave 40 65 -
fc = 10 MHz, 60 mVrms sine wave = 50 - k
Transadmittance Bandwidth (Magnitude) (R_ =50 Q) 8 8 BW34B MHz
Carrier Input Port, V¢ = 60 mVrms sine wave - 300 -
¢ fg=1.0kHz, 300 mVrms sine wave
, Signal Input Port, Vg = 300 mVrms sine wave = 80 -
Wl =0.5Vde
Signal Gain (Vg = 100 mVrms, f = 1.0 kHz; IVgl= 0.5 Vdc) 10 3 Ays 2.5 35 - VIV
Single—Ended Input Impedance, Signal Port, f = 5.0 MHz 6 -
Parallel Input Resistance . Tip - 200 - kQ
+ Parallel Input Capacitance Cip - 2.0 - pF
Singte—Ended Output Impedance, f= 10 MHz 6 -
, Paraliel Output Resistance fop - 40 - kQ
Parallel Output Capacitance Coo - 5.0 - pF
input Bias Current 7 - uA
| - 12 30
£ 11+ 14, 18 + 110 bS
bs="72 hbc=" 3 IhG - 12 ] 3
'Input Offset Current 7 - A
liog = 1-14; ligc =18-110 llios | - 07 | 70
. lioG | - 0.7 7.0
bAverage Temperature Coefficient of Input Offset Current 7 - ITClio | - 2.0 - nAFC
(Ta = —55°C to +125°C) g
Output Offset Current (16—19) 7 - Hloo! - 14 80 HA
; Average Temperature Coefficient of Output Offset Current 7 - [TCloo | - 90 - nArC
(Ta = —-55°G to +125°C)
, Gommon-Mode Input Swing. Signal Port, fg = 1.0 kHz 9 4 CMV - 5.0 - Vpp
Common-Mode Gain, Signal Port, fg = 1.0 kHz, IVGl= 0.5 Vdc 9 - ACM - -85 - dB
E Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 - Vout - 8.0 - Vpp
. Differential Output Voltage Swing Capability 10 - Vout - 8.0 - Vpp
* Power Supply Current 16 +112 7 6 I - 20 | 40 mAdc
, 114 IEE - 3.0 5.0
DC Power Dissipation I 7 5 Pp - 3 | - mw

2 MOTOROLA ANALOG IC DEVICE DATA
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E GENERAL OPERATING INFORMATION

Carrier Feedthrough

Chrrier feedthrough is defined as the output voltage at
carrier frequency with only the carrier applied (signal
voltage = 0).

Clarrier null is achieved by balancing the currents in the
differential amplifier by means of a bias trim potentiometer
(R1'f Figure 5).

Carf?ier Suppression

Carrier suppression is defined as the ratio of each
sideband output to carrier output for the carrier and signal
voltage levels specified.

.arrier suppression is very dependent on carrier input
leve!, as shown in Figure 22. A low value of the carrier does
not fully switch the upper switching devices, and results in
lowér signal gain, hence lower carrier suppression. A higher
lha? optimum carrier level results in unnecessary device and
circuit carrier feedthrough, which again degenerates the
suppression figure. The MC1496 has been characterized
with a 60 mVrms sinewave carrier input signal. This level
provides optimum carrier suppression at carrier frequencies
in the vicinity of 500 kHz, and is generally recommended for
balhnced modulator applications.

Carrier feedthrough is independent of signal level, Vs.
Thus carrier suppression can be maximized by operating
witf'n large signal levels. However, a linear operating mode
must be maintained in the signal-input transistor pair — or
harmonics of the modulating signal will be generated and
apﬁear in the device output as spurious sidebands of the
suépressed carrier. This requirement places an upper limit on
input-signal amplitude (see Figure 20). Note also that an
optimum carrier level is recommended in Figure 22 for good
carrier suppression and minimum spurious sideband
generation.

At higher frequencies circuit layout is very important in
order to minimize carrier feedthrough. Shielding may be
necessary in order to prevent capacitive coupling between
thé carrier input leads and the output leads.

Signal Gain and Maximum Input Level

Signal gain (single—ended) at low frequencies is defined
ag the voltage gain,

' Vo Ry

A = =2 = _ 26 mV
VS Vg  Ret2rg

where rg = ESTm_A)

A'constant dc potential is applied to the carrier input terminals
tni fully switch two of the upper transistors “on” and two
transistors “off” (V¢ = 0.5 Vdc). This in effect forms a cascode
differential amplifier.

_ Linear operation requires that the signal input be below a
critical value determined by Rg and the bias current I5.

Vg = I5 RE (Volts peak)

Note that in the test circuit of Figure 10, Vg corresponds to a
maximum value of 1.0 V peak.

(éommon Mode Swing

The common-mode swing is the voltage which may be
applied to both bases of the signal differential amplifier,
without saturating the current sources or without saturating
tpe differential amplifier itself by swinging it into the upper

A

switéhiig devices. This swing is variable depending on the
particular circuit and biasing conditions chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit package
should be calculated as the summation of the voltage—current
products at each port, i.e. assuming V12 = V6, 15 = 16 =12
and ignoring base current, Pp = 2 15 (V6 — V14) + 15)
V5 — V14 where subscripts refer to pin numbers.

Design Equations

The following is a partial list of design equations needed to
operate the circuit with other supply voltages and input
conditions.
A. Operating Current

The internal bias currents are set by the conditions at Pin 5.
Assume:

I15=16 =112,
Ig < < I for all transistors
then :
V-—¢ where: R5 is the resistor between
RE=—pz— —500 Q Pin 5 and ground

0=0.75atTp = +25°C
The MC1496 has been characterized for the condition
I5 = 1.0 mA and is the generally recommended value.

B. Common-Mode Quiescent Output Voltage
V6=V12=V+-15RL
Biasing
The MC1496 requires three dc bias voltage levels which
must be set externally. Guidelines for setting up these three
levels include maintaining at least 2.0 V collector-base bias
on all transistors while not exceeding the voltages given in
the absolute maximum rating table;
30 Vde = [(V6, V12) - (V8, V10)] = 2 Vdc
30 Vdc = [(V8, V10) = (V1,V4)] = 2.7 Vdc
30 Vde = {(V1, V4) - (V5)] = 2.7 Vdc
The foregoing conditions are based on the following
approximations:
V6 =V12,V8 =V10, Vi =V4
Bias currents flowing into Pins 1, 4, 8 and 10 are transistor

base currents and can normally be neglected if external bias
dividers are designed to carry 1.0 mA or more.

Transadmittance Bandwidth
Carrier transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:
_ g (each sideband)
¥21C = 7 vg (signal)
Signal transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:

_ o (signal)
¥21S 7 vg (signal)

Vo =0

Vg = 0.5 Vdc, Vo =0

MOTOROLA ANALOG IC DEVICE DATA



MC1496, B

3
Coupling and Bypass Capacitors
Capacitors C1 and C2 (Figure 5) should be selected fora
reactance of less than 5.0 Q at the carrier frequency.

Output Signal
The output signal is taken from Pins 6 and 12 either

balaficed or single—ended. Figure 11 shows the output levels
of each of the two output sidebands resulting from variations
in both the carrier and modulating signal inputs with a
single—ended output connection.
Negative Supply

VEE should be dc only. The insertion of an RF choke in
seri?s with VEE can enhance the stability of the internal
current sources.

t

Signal Port Stability

Under certain values of driving source impedance,
oscilldtién may occur. In this event, an RC suppression
network should be connected directly to each input using
short leads. This will reduce the Q of the source-tuned

circuits that cause the oscillation.

Signal Input

(Pins 1and 4) 510

:I: 10 pF

An alternate method for low—frequency applications is to
insert a 1.0 kQ resistor in series with the input (Pins 1, 4). In
this case input current drift may cause serious degradation of
carrier suppression.

: TEST CIRCUITS

{
Figure 5. Carrier Rejection and Suppression
Vee
12Vde
1.0k 1.0k °
LW 7 :
= Re
E st |, J— 1.0k 3R9Lk 3FLLk
; 07} 01uF T Vel <)L s
Carrier = 4 b3
Input 0.1 pF ---—————o--10
N °1] Mciage |6 W
* Vg e— 4-"7 o0 -V,
Medulating | +—0— 12
Saralltpdt qoi 10kt %51 A
t 50k
0 L by0'5 3 68K
R 4 r
f Carier Null ¢ ]
-8.0 Vde
VEE

Figure 7. Bias and Offset Currents

Figure 6. Input-Output Impedance

Re=1.0k
2 3
05V, 8
#7210 P NRTA
= 1| mc1496 |6 - Zout
Zin .—.—__0-4—. 12 _VO
14 5
6.8k
80Vde

NOTE: Shielding of input and output leads may be needed
to properly perform these tests.

Figure 8. Transconductance Bandwidth

E Vce Vee
’ 12 Vde 10k 1.0k » 12Vde
b Re=1.0k 5 _A‘g.\_ J_ (ﬁi} $2.0k _L
0.1 pF 1.0k 0.01
3 e Carrier T . 2 3 $s03s0 T HF
3 6 b3 2.0 Input 0.1 }J.F ______01_6 SOV - _:v
: 1.0k mciass |6 1] Ve i 7| mciags |6 ® o
: . 9 Vg o— —O— o——b— -V
s o Modulating o] 12 °
i > < <t
v L3 Sgnalloput 4o 2 10k3 351 351 o1 o5
50k 1
f {110 68k L 6.8k
L ! ‘V— -
v < Carrier Null
3 -8.0Vde -8.0 vde
¢ VEE VEE
F
i
3
i
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Figure 9. Common Mode Gain
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Figure 10. Signal Gain and Output Swing
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TYPICAL CHARACTERISTICS

Typical characteristics were obtained with circuit shown in Figure 5, fo = 500 kHz (sine wave),
Vg = 60 mVrms, fg = 1.0 kHz, Vg = 300 mVrms, TA = 25°C, unless otherwise noted.

Figure 11. Sideband Output versus

Carrier Levels

Figure 12. Signal-Port Parallel-Equivalent

Input Resistance versus Frequency

o
E
2
220 1.0M X
3 g 50 =
a: = T X
5 16 o ip~] \
& 2 = \ A
=5 Signal Input = 600 mV = 100 —
1.2 t 7 Y
w: « N
a - 400 mV n <
208 = - : 2 N
z, ) i 300 my Z 4 -
Z L 200 mV S AGG ~
5,04 —— AL
2 - 100 mV < N
al — | g "
O 0 S 10
g o0 50 100 150 200 1.0 5.0 10 50 100
V¢, CARRIER LEVEL (mVrms) f, FREQUENCY (MHz)
;
3 Figure 13. Signal-Port Parallel-Equivalent Figure 14. Single-Ended Output Impedance
Input Capacitance versus Frequency versus Frequency
a 50 140 145
g £ 120 122
40 3! £
§ = 100 108
3 43 S
S 30 P g 0 \ fop 80
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1«73
§ 20 L~ g 60 Cop 6.0%
- 5 il S
g o 40 = \ 405
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i g 2 AN 208
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TYPICAL CHARACTERISTICS (continued)

Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),

e

* Vg = 60 mVrms, fg = 1.0 kHz, Vg =300 mVrms, Ta & 25°C, unless otherwise noted.
. Figure 15. Sideband and Signal Port Figure 16. Carrier Suppression
¥ Transadmittances versus Frequency versus Temperature
_ 1.0 il Uﬁu 0
E 0.9 Signal Port \\ g 10
E 0-b N Z
8 o7 ol 3 2
z N +
g 0§ Side Band £ 5 [ MC14%6 —+!
= 05 LL111| Sideband Transadmittance \, 2 (70°C)
1.+ (Each Sideban o«
% 04 ) y21 = _O_Ut(_______ﬂ V..,.=0 I w 40
< . V. (Signal) out \ < ~J
& 03 P < S
e | 11 g rasmitdnce | 1111 3% =
< 02 ignal Port Transadmittance & -
= lout © 60 -
di v21 == | Vo =0 Vgl = 05 Vae
‘0 AR RERIT] Lty it o1 70 :
0.1 1.0 10 100 1000 75 -50 -25 0 25 50 75 100 125 150 175
{ fc, CARRIER FREQUENCY (MHz) T, AMBIENT TEMPERATURE
, (C)
?
E Figure 18. Carrier Suppression
i Figure 17. Signal-Port Frequency Response versus Frequency
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‘2 ? Vgl =0.5 Vde Re=1.0k \\ 55 50 f »” 7
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¥
i Figure 19. Carrier Feedthrough Figure 20. Sideband Harmonic Suppression
versus Frequency versus Input Signal Level
Zi 10 2 0
= Z
E! £ 10
W -
3! & 2
5 - 3=
o 10 “a p
=" = gg
o> <o /
a w V.
o ne o 50
w01 o //r
ot S« 60 — fc+2fg ——
Z()E a0 /
i @ 70 ——
% &
¥ 001 A S g
0.05 01 05 10 50 10 50 w 0 200 400 600 800
. fc, CARRIER FREQUENCY (MHz) Vg, INPUT SIGNAL AMPLITUDE (mVrms)

.6 MOTOROLA ANALOG IC DEVICE DATA



e T e 3

-

Figure 21. Suppression of Carrier Harmonic
Sidebands versus Carrier Frequency
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Figure 22. Carrier Suppression versus
Carrier Input Level
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OPERATIONS INFORMATION

The MC1496, a monolithic balanced modulator circuit, is
shown in Figure 23.

“This circuit consists of an upper quad dlfferentlal amplifier
driven by a standard differential amplifier with dual current
sources. The output collectors are cross—coupled so that
full-wave balanced multiplication of the two input voltages
occurs. That is, the output signal is a constant times the
product of the two input signals.

Mathematical analysis of linear ac signal multiplication
indicates that the output spectrum will consist of only the sum
and difference of the two input frequencies. Thus, the device
may be used as a balanced modulator, doubly balanced mixer,
product detector, frequency doubler, and other applications
requiring these particular output signal characteristics.

The lower differential amplifier has its emitters connected
to the package pins so that an external emitter resistance
may be used. Also, external load resistors are employed at
the device output.

Signal Levels
The upper quad differential amplifier may be operated
either in a linear or a saturated mode. The lower differential
amplifier is operated in a finear mode for most applications.
For low-level operation at both input ports, the output
signal will contain sum and difference frequency components

and have an amplitude which is a function of the product of
the input signal amplitudes.

For high—level operation at the carrier input port and linear
operation at the modutating signal port, the output signal will
contain sum and difference frequency components of the
modulating signal frequency and the fundamental and odd
harmonics of the carrier frequency. The output amplitude will
be a constant times the modulating signal amplitude. Any
amplitude variations in the carrier signal will not appear in the
output.

The linear signal handling capabilities of a differential
amplifier are well defined. With no emitter degeneration, the
maximum input voltage for linear operation is approximately
25 mV peak. Since the upper differential amplifier has its
emitters internally connected, this voltage applies to the
carrier input port for all conditions.

Since the lower differential amplifier has provisions for an
external emitter resistance, its linear signal handling range
may be adjusted by the user. The maximum input voltage for
linear operation may be approximated from the following
expression:

V = (I5) (RE) volts peak.

This expression may be used to compute the minimum

value of R for a given input voltage amplitude.

¢ Figure 23. Circuit Schematic Figure 24. Typical Modulator Circuit
‘ [ —3 V% 10k 1.0k ¢ 12Vdc
s O Torwr
—AAM— TR Ry AL
20 Ry 1.0k Q3
10 ¢ 51 T 39kg $3.9%
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SRR ( ) Camervc- 3t ol 6 °
,j l Input ,, ___ol] MC1496
4
S;g”ﬁ: S1 ( +) —— 2 Gan Modulating' —1-2-0—L0 Yo
P S Adjust Signal  10k3 10k $ $51 351
L L Input 14 T 5
Bias 5 © 50k
’\} (Pin numbers ) L 5 2 6.8k
¢ w0 500 per G package) Carrier Nul & -8.0Vde
I vEE14° VEE
]
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f Figure 25. Voltage Gain and Output Frequencies
Carrier Input Signal {V¢) Approximate Voltage Gain Output Signat Frequency(s)
b
' Low-level dc PLle
2R + 2re) (KT ™
; E "\
'
i Rp
] High—evel dc _— M
: RE + 2rg
: Low-level RL VC("“S) fotf
ow—level ac : +
KT CTM
2/2 (—q—) (Rg + 2r¢)
f _ ' 0637 R,
; High-level ac _— fctim Sfc v Sfctfum, - - -
! RE + 2rg
t NOTES: 1. Low-level Modulating Signal, Vi, assumed in all cases. Vg is Carrier Input Voltage.
2. When the output signal contains multiple frequencies, the gain expression given is for the output amplitude of
sach of the two desired outputs, fc + fjg and fc - fm
i 3. All gain expressions are fora single—ended output. For a differential output connection, multiply each
v expression by two. b
4.Ry_=Loadresistance.
5. Rg = Emitter resistance between Pins 2 and 3.
I 6. g = Transistor dynamic emitter resistance, at 25°C;
§ =5 mA)
; 7. K = Boltzmann’s Constant, T = temperature in degrees Kelvin, q = the chargs on an electron.
} J % = 26 mV at room temperature
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The gain from the modulating signal input port to the
output is the MC1496 gain parameter which is most often of
interest to the designer. This gain has significance only when
the lower differential amplifier is operated in a linear mode,
but tjwis includes most applications of the device.

As previously mentioned, the upper quad differential
amplifier may be operated either in a linear or a saturated
mode. Approximate gain expressions have been developed
for the MC1496 for a low-level modulating signat input and
the t;ollowing carrier input conditions:

1) Low-level dc
2) High-level dc
3) Low-level ac
4? High—level ac

These gains are summarized in Figure 25, along with the
frequency components contained in the output signal.

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation is the
basic application of the MC1496. The suggested circuit for
this application is shown on the front page of this data sheet.

Ih some applications, it may be necessary to operate the
MC1496 with a single dc supply voltage instead of dual
supplies. Figure 26 shows a balanced modulator designed
for Qperation with a single 12 Vdc supply. Performance of this
circuit is similar to that of the dual supply modulator.

AM Modulator
fhe circuit shown in Figure 27 may be used as an
amPlitude modulator with a minor modification.

All that is required to shift from suppressed carrier to AM
operation is to adjust the carrier null potentiometer for the
proper amount of carrier insertion in the output signal.

However, the suppressed carrier null circuitry as shown in
Figure 27 does not have sufficient adjustment range.
Therefore, the modulator may be modified for AM operation
by changing two resistor values in the null circuit as shown in

Figure 28.

Product Detector

The MC1496 makes an excellent SSB product detector
(see Figure 29).

This product detector has a sensitivity of 3.0 microvolts
and a dynamic range of 90 dB when operating at an
intermediate frequency of 9.0 MHz.

The detector is broadband for the entire high frequency
range. For operation at very low intermediate frequencies
down to 50 kHz the 0.1 pF capacitors on Pins 8 and 10
should be increased to 1.0 pF. Also, the output filter at Pin 12
can be tailored to a specific intermediate frequency and audio
amplifier input impedance.

As in all applications of the MC1496, the emitter resistance
between Pins 2 and 3 may be increased or decreased to
adjust circuit gain, sensitivity, and dynamic range.

This circuit may also be used as an AM detector by
introducing carrier signal at the carrier input and an AM signal
at the SSB input.

The carrier signal may be derived from the intermediate
frequency signal or generated locally. The carrier signal may
be introduced with or without modutation, provided its level is
sufficiently high to saturate the upper quad differential

R
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ampfifier. If the carrier signal is modulated, a 300 mVrms
input level is recommended.

Doubly Balanced Mixer
The MC1496 may be used as a doubly balanced mixer
with gither broadband or tuned narrow band input and output

networks.
THe local oscillator signal is introduced at the carrier input

port with a recommended amplitude of 100 mVrms.

Figure 30 shows a mixer with a broadband input and a
tuned output.
Frequency Doubler

The MC1496 will operate as a frequency doubler by
introducing the same frequency at bath input ports.

k
§
3
P
f

Figure 26. Balanced Modulator
(12 Vdc Single Supply)

MC1496, B

Figures 31 and 32 show a broadband frequency doubler
and a tuned output very high frequency (VHF) doubler,
respectively.

Phase Detection and FM Detection

The MC1496 will function as a phase detector. High—level
input signals are introduced at both inputs. When both inputs
are at the same frequency the MC1496 will deliver an output
which is a function of the phase difference between the two

, input signals.

An FM detector may be constructed by using the phase
detector principle. A tuned circuit is added at one of the inputs
to cause the two input signals to vary in phase as a function
of frequency. The MC1496 will then provide an output which
is a function of the input signal frequency.

TYPICAL APPLICATIONS

Figure 27. Balanced Modulator-Demodulator
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Figure 29. Product Detector
\ g
Figure 28. AM Modulator Circuit 12 Vdc Single Supply
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Figure 30. Doubly Balanced Mixer
(Broadband Inputs, 9.0 MHz Tuned Output)

Figure 31. Low-Frequency Doubler
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OUTLINE DIMENSIONS
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D SUFFIX
PLASTIC PACKAGE
CASE 751A-03
(SO-14)
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SEATING
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PLANE
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NOTES: .
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982,
CONTROLLING DIMENSION: MILLIMETER.

. DIMENSIONS A AND B DO NOT INCLUDE

MOLD PROTRUSION,

. MAXIMUM MOLD PROTRUSION 0.15 {0.006)

PER SIDE,

DMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
N EXCESS OF THE O DIMENSION AT
MAXIMUM MATERIAL CONDITION.

MILLIMETERS INCHES
MIN | MAX | MIN | MAX
855 | 875 ] 0337 | 0344
380 | 400} 0.150 | 0157
135 175 } 0054 | 0.068
035 | 049 | 0014 | 0019
040 | 125 ] 0016 | 0.049
1.27BSC 0.050 BSC
019 ! 025] 0008 | 0009 |
0to | 025 | 0004 | 0.009
0° 7° 0° 7°
580 | 620} 0228 § 0244
025 | 050 | 0010 | 0.018

:v:xl—:)muhm»lg

AANNANAA
14 8

P SUFFIX
PLASTIC PACKAGE
CASE 646-06
ISSUEL

SEATING L
PLANE K

L

_’.H

NOTES:
1. LEADS WITHIN 0.13 {0.005) RADIUS OF TRUE

POSITION AT SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DYMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

3 DMB‘JSION 8 DOES NOT INCLUDE MOLD

4, RGINDED CORNERS OPTIONAL.

INCHES MILLIMETERS
MIN | MAX | MIN

0715 [ 0770 ; 18.16 | 19.56
0.240 | 0260 | 6.10
0.145 | 0185 | 369
0015 | 0021 | 038
0040 | 0070 § 102

0.1008SC 2.54 BSC

0.052 ‘ 0095 | 132 | 241
0.008

0015 | 020 | 038
0.115 0‘135 292 | 343
0.300 BS 1.6285C
0° |0° 0° 10°

z:r-a«-:n-nonm»lg

0015 | 0039 | 039 1.0t
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TECHNICAL DATA
MC145412

MC145413

Advance Information
MC145512

Pulse/Tone Repertory Dialer

Low Power Silicon-Gate CMOS

CMOS integrated circuits

The MC145412/13 and MC145512 are silicon gate, monoiithic
ts. They are packaged in a

which convert keyboard inputs into sither pulse or DTMF outu
standard 18 pin (0.3 widel plastic DIP.
@ 3x4 or 4 x 4 Keyboard Compatibility Which Allows the Use of 2-of-7, 2-of-8, or

Form A Type Keyboards

@ MC145413 Adds Keyboard Selecable Pause Switch Function
MCIE X XXX

@ Singie Pin Switchable Betwsen DTMF, 10 pps and 20 pps

® 500 Hz Tone Signal Output in the Pulse Dialing Mode
@ Memory Storage for Ten 18 Digit Numbers, Including Last Number Redial

® Uses 3.579545 MHz Colorburst Crystal
@ Telephone Line Powered

Otdering Information

L P Plastc

4 40/60 M/8 Ratio
5 32/68 M/8 Ratio

e Silicon Gate CMOS Technology for 1.7-5.5 V Low Power Operation

@ Stand Alone DTMF Disler/Stand Alone Pulse Dialer

® Mute Output Used to Isolate Receiver from Dialing Output
e Memory Programming Options by Keyboard Configurauon PIN ASSIGNMENT
vgol1 @ 18 []DTMF OUT
w2 ERI[8
=03 16 RIWT
sl 15 [JAOW 2
Tl s 14 [JAGW 3
vs3i 8 13 QROW 4
1s0f7 12 o4
0sCi, (] 2 n M
BLOCK DIAGRAM m‘“t 3 10 [IMs
N7 TEEoORCE T MK
7Sy = l COUNTER o TONE ZEN | !
oA s
a2 TMF OUT
s 10 CONVERSION l a
A & MIXING -
2 30w {
i | e |
TONE BN | g
e : <\/L | -——.__"'m
— A BTl A !
37 " wre0ue m ('___' | nuse | -1
3 F-I INTERFECE — v. AND MUTE =
SRS ] SuTPYT 1o
W i—'i-l GECa0E L06IC pr—_"
g | UM J
B ::]13 ___I’ TONTAL ] e - '___‘__
Sow 4 06 ﬁ LATCN _)
g 12 I . T ¥
Vop-2 1
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—— e,
COUNTER CUUNj Vgg-7m §

e B ——— — !
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e
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MC145412, MC145413, MC145512

ABSOLUTE MAXIMUM RATINGS (Vgs =0 V} .
Psrameter Symbol Rating Unit
DC Suoply Voliage VoD -051tw +80 \
Operating Ternperature Ta -0t - °C
Storage Temperature Tet -85t -150 °C B
DC Current Drain Per Pin 1 10 mA
Msaximumn Voitage v
On Any Pin Relative to VSS Viat -08
On Any Pin Relative to VDD Vin2 «0.5
ELECTRICAL CHARACTERISTICS (Tpo= -3 10 60°C, Vpp =25 V. Vgg=0 V. Unless Otherwise Noted)
Charscteristics Symbol Min Tyo Max Unit
DC Supply Voltage Puise Mode | VDD 2.0 - 55 v
DTMF Mode 2.5 - 5.5
Operating Current Puise Mode (MS =VpD) oo’ - 0.25 0.7 mA
DTMF Moce [MS =Vss) - 1.0 2.0
Memory Retention Voitage Vgtby 1.7 - - v
Memory Retention Current (Vop=17V) lgthy - 1.0 20 A
Vpp=25V) - 1.2 25
Input Voltage, Row/Cotumn/ OH 0" Levet viL - - 0.2Vpp v
1" Lovel ViH 0.8 Vpp - -
Row/Cotumn input impedance Yo VOO Zin - 100 - L1
To Vs - 2 -
OH Puii-Up Resistance R - - 2]
Input Capacitance (Al Inputsi Cin - 10 - pf
MS Pin Input impedance Zin 50 200 - k3
Output Sink Current Vpp=25VITSO Pin | loL 05 0.7 - mA
MO Pin 1.0 2.0 -
BPL Pin 1.0 2.0 -
Vpp =4.0 Vi MO Pin 3.0 - -
BPL Pin 45 2 -
TSO Output Source Current WVout = 20wy iOH 0.5 0.7 - mA
Output Leakage Current ™0, OPL Pins [ - - 1.0 A
DTMF Output Level Referenced t0 Vpo/2 Row Tone Vout 260 30 370 myv AMS
Vpp=251040V. AL =600 & 1o Vpp! Column Tone 330 20 450
DTMF Qutput Tone Leakage (Vpp = 3.5, AL =600 0, 300 to 4000 Kz} - - -80 dBm
DTMF Outout Tone Distortion (Vpp=3.5. RL =600 0. 300 %0 £000 Hz) | - - 5 3
Pre-Emohasis | 1 2 2.5 a8
DTMF Output Leaxage Current While Not Digling Tones Vop=2.5V! | - - 1.0 A
DTMF Output Siné Current While Diaiing Tones | , 20 - - 4A
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SWITCHING CHARACTERISTICS (Ta=25°C, Vpp =25V, Osc. Freq. =3.579585 MHz, Uniess Otherwise Noted)
Charactaristics ! Symbol Min T ! Max Unit
Row/Column Scan Frequency t - 250 - Hz
Kev Debouncs Time D8 16 - 0 ms
OTMF Tone Durstion for Kevpad Disling twl ] 8 - ms
DTMF Tone Duration for Memory Dialing w2 0 02 110 ms
inter-Digit Pause Time DTMF (Memory Dialing! 40 90 98 10 ms
R Pulse 10 pps 0.8 1.0 12 s
20 ops 0.4 0.5 06
MS Pin Scan Adte g |~ 1 - kHz
Make/Break Ratio MC145412/13 MBR - 40/60 - %
{MS = Open or Vpp! MC1e5512 - /68 -
Outpulsing Rate MS=0Open | foPL - 10 - pps
MS=Vpp - 20 -
MUTE Output (MO} Overtap Time MO - 2 - ms
TSO Output Frequency t #rso - 500 - Hz
TSO Output Duration TS0 35 - 40 ms
OTMF Cycle Time {Memory Diating) - S - tones/s
{Keypad Disling} - 10 -
DTMF Frequency Deviation } - - -1.0 %
Predigit Muta MC145412/13 Putse 10 pps ¢ - 40 - ms
20 oos - 2 -
MC145312 Puise 10 pos - 2 -
20 pos - 16 -
DTMF - 1 -
PIN DESCRIPTIONS TSO-TONE SIGNAL QUTPUT (PINT7)
TS0 emits 300 Hz tone signals after valid key inputs are
acceotea providing audio feedback for key depressions, excedt
VDoO- vgs—POWER SUPPLY (PIN 1, PIN 61 when DTMF tones are generatsd. This pin aiso outputs a tone
Guring on-hook programming.

part on these two pins, with

DC power is supplied to the
re from 1.7

Vpp being the most positive. Permissible ranges &
w55V.

MS—MODE SELECT (PIN 101
The MS pin is 3 three state
DTMF, 10 pps, and 20 pps dialing modes. Mode selection is
done during the first key entry debounce period after the dialer
has completed a dialing sequence of has just come off hook.
When this pin is not scanned it is high impedance.
Thispinis & combination input anc weak outout. The input
circuitry has the capability 10 determine each of these three
s:ates. When the pin is open the weak driver will be able 10
clock the pin at 1 kHz. The relationship between pin input
voltage and operating mode is shown in Table 1 below.

input for switching between

Table 1. Mode Select Options

MS Dialing Mode
Voo 20 pps Puise Dialing
Open 10 pps Putse Disling
vss DTMF Dialing

OH-ON-HOOK (PIN 12)

Connecting the OH pin to VpD. of aliowing it <o float sets
the device in the on-hook mode. Connecaing this pin to VSS
seiects the off-hook mode. When in the on-hook mode, reo-
ertory memory can be programmed without a diating output.

DTMF OUT—DUAL TONE MULTIFREQUENCY
OUTPUT (PIN 18)

When the MS pin is set to VSs the DTMF OUT pin cutputs
tones commesponding 10 the row and column of the key de-
pressed. Simuitaneously depressing two of more keys in 8
single row lor column) will generate the comesponding row
{or columni tone on 4 x 4 keypad moae only.

In pulse dialing mode (MS = Vpp of float) and during on-
hook programming this pin is high impecance. While output-
tng tones, this pin has a dc bias at {Vpp - Vs§)/2. OTMF
OUT is an open drain output requiring an external pull-up t0
Vpo. This putl-up resistor must satisfy the instantaneous cur-
rent requirements of the internal feedback network in addition

10 the load applied to the pin.

GPL—OUTPULSING (PIN 17)

This pin outputs pulses at 10 pps {MS is open) or 20 pps
{MS =Vpp). The MC145412/13 have a make/break ratio of
40780, while the MC145512 has a maka/break ratio of 32/68.
In tne DTMF dialing mode {MS =Vgg), this output i3 high
impedance. During on-hook programming this gin will not
outpuise. This pin is an open drain N-channel output which

puils iow to break the loop current.

WO—MUTE OUTPUT (PIN 11

The Mute Output is an open drain N-channel outout that
sufls to Vgg during OPL outpulsing and curing ot-hook key
deoressions and memory diating in DTMF moce.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2445



- ]

R

- =

"

W M T

ML145412, MC145413, MC145512

KEYBOARD INPUTS —(PINS 2, 3. 4, 5, 13, 14, 15, 16)

The keyboard inputs allow either @ single contact {Class A)
keyboard, or a standard 2-0f-8 or 2-of-7 kevboard with V§s
tied 1o common. A valid key antry occurs when either 2 single
row s tied to a single columa, or 3 single row and column are
simuhaneously connected to V5s. Connecting pin 2, COL 4,
to VDO sets the pant to 3 x 4 keyboard mode. Keyboard mode
selection is performed during appiication of power.

Typical keyboard configurations are shown in Figure 1.

0SCin. OSCoyy (PIN &, PIN 8}

A 1579545 MHz crystal is required as the frequency ref-
erence for the on-chip oscilator. Crystal biasing is accom-
plished by an intarmal resistor and capacitors.

CLASS A 5PSTY STANDARD 2.0F-7 OPST)
i m

{L——O0 O—— AW
¥ss

O——ROW
STANDARD 2.0F-7 OPST) Yoo ——-‘_—'——-m
Ygg = — — —
o
Vog AOw
Veg = — = - - -

Figure 1. Keyboard Configurations

GENERAL DEVICE DESCRIPTION

The MC145412/MC 145512 and the MC145413 provide users
with switchable pulse and DTMF dialing functions. The
MC 145412/ MC145512 change dialing modes via the MS pin.
The MC145413 alows users 1o switch dialing modes via the
keyboard in addition to the MS pin. All devices have 10 mem-
ories, LNR {last number redial) inclusive, each 18 digits long.

On application of power, there is a 64 ms initiglization period
during which the oscillator is snabled and the keyboard inputs
are disabled. During initialization COL 4 is scanned to set the
keyboard moda. If the COL & input is high {(Vpp! the digler is
set 10 the 3 x 4 keypad mode, otherwise the 4 x 4 keypad mode
is selected. Changing modes is not possible after this initiali-
2ation period.

During normal dialing, the oscillator starts when a key is
depressed. The key input is debounced for 32 ms. During this
debouncs period the RAM and dialing circuits are disabled,
the mode select pin is scanned to determine the dialing mode

{either 10 pps. 20 pps. or DTMF). Afer debounces, the keypad
entry is checked and the input is fatched into LNR memory
followed by a stop code. This process continues until 18 digits
have been entered. if a 19th digit is entered, it will over-write
the first digit and will be followed by a stop code. When dialing,
the device fetches data from memory untk a stop code is
encoumered or 18 digits have been dialed.

During manual DTMF dialing, a minimum tone duration of
60 ms DTMF is output and will continuously output in 32 ms
increments as long as the key is depressed. The DTMF OUT
pin is designed to drive an external PNP transistor which can
be used to modulate tip and ring vohage at the DTMF
{requencies.

It the first key is for redial or recall, the device will respond
accordingly, either redialing the last number entered, or re-
calling and dialing the number selected by a subsequent key
depression. Responses to dialing sequencss for 4x 4 key-
boards are shown in Figure 2, and 3 x 4 keyboard responses
are shown in Figure 3.

The MC145412 series can be configured with an extarmnal
battery to provide memory retention power and allow on-hook
programming of the repertory memory. it the part is in the
on-hook mode and a key is depressed, the oscliator will start
and the key entry will be stored in the last number redial
memory. Dialing outputs will not be activated while the device
is in the on-hook condition. Dialing inputs will be stored in
last number redial memory, as during off-hook operation. Atter
the number has been entered in the on-hook mode, it can be
stored in repertory memory. For the 4 x 4 keyboard, pressing
the STORE key (* for 3x 4 keyboard), followed by 3 digit (1
through 9) will store the number in the repertory memory
location specified by the digit.

The RECALL key for the 4 x 4 keypad is used to recall and
dial numbers stored in the repertary memory. The digit im-
mediately following the RECALL key designates the memory
tocation of the number to bs auto-dialed. For the 4x4
keyboard, a last number redial can be accompiished if the
RED/P key {COL 4, ROW 1) is the first key depressed after
an on-hook to off-hook transition. Otherwise. the
RED/P key will effact a 4 second pause. If the puise mode ]
seieczad. redial can be accomplished if the first key depressed
on 8 transition to off-hook is #. For the 3 x 4 keyboard, recial
occurs i the first key depressed is ©.0.

The PAUSE key (COL 4, ROW 2) for the MC145412/
MC145512 will csusa 8 4 second pause. The PAUSE/S key
{COL 4, ROW 2) is a featurs offered on the MC145413. De-
pressing this key will cause 8 4 second delay, and will switch
dialing modes. PAUSE (and PAUSE/S) is stored in memory
for pauses {and mode switching) during auto~dialing.
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MC145412, MC145413, MC145512

1. MAEUM TAUNC-OFF-HOCK PULSE OF DTMF MODE}

o QR # WL DUAL OUT THE OTMF SIGNAL K TONE MOOE DMLY,

mmmmmunmmmmustmmmum. PRESSING

2 MABUAL DALING WITN AUTD ACCESS PAUSE-OFF-KOOK

@@ NC1AS41204C145512 OMY

mmu:tssnuszmmmwnmummumumm nsmlmmmmasuumumn.

PULSE OR DTIF MOOE)

1. STORING SUMBERS WITC MEMORY—-OR-HOOK/CFF-NOOK  {PUASE OA OTMF MODE)

[ (o] () (] s s o
GISTER TO AN ADDRESS SPACE SPECIFIED BY "A™. CUALING CUTPUTS ARE

1S OPERATION TRANSFERS THE DIGITS 01 70 ON FROM THE LAST NUMBER REDIAL RE
mm-mmmmmums.

2, MEMORY SEDIAL-OFF-HOOK PULSE O OTMF MOCE)

E@ E] A=1-9  MEMORY ADDRESS

€ LAST WEMBEA REDIAL-OFF-HOOK {PLLSE OR DTMF MODE)

oa
[t s omn

RMMWWIT‘BMWVEWEUNWWUSTUMWNM
tmutnnn:moumw—m-um PULSE OR OTMF MOOE}
e i S

7. CASCADED OIALIBG-OFF-NOOK  (PULSE OA OTMF MODE}
CASCADE MANUAL DIALING WITH RECALL

E].....@'////A E £ 1-0 MEMORY AGOMESS
] CASCAQE MEMOAY RECALS
@ E]”’”’ EE] A1, A2 = 1-§ MEMORY ACORESSES

CASCADE LAST MUMBER REDL WITH MEMORY RECALL

[ oeem) () st w
S ARE MADE.

Va4 vmmnmmmuuuswumwmmmummmnms

£ SIGEAUNG ® ARD § TOSES-OFF-NCOK (DTMF MOCE ONLY)

[ s - voe

E] QUTPUTS # TONE

%4 KEY MATRIX
g1 cm2  CW3 4
EN| NN ton
E:H:BE] @ ROW2  MCIAS413 PAUSES KEY FOR PAUSE 8
6] G e ™ o
COACI ] [ e

Figure 2. 4 x4 Keyboard Dialing Sequences
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MC145412, MC145413, MC145512

1. MANUAL DIAURG—OFF-HOOK [PULSE OF TTNF MODE)

ALL KEY ENTRIES, EXCEPT
mms&sunm'm:umnmmcﬁ .

2. MARUAL DIAUNG WITN AUTO ACCESS PAUSE-OFF.HOOR  (PULSE OR OTMF MOTE]

EEE PULSE MOOE QALY

mmnuctssnus:mmmmmummsmnmunoe.nmmvnmmoumauuummu.

3. STOAING NUMSERS (NTD MEMORT-ORHOOK PULSE OR DTMF MODE)

EE [I] K=1-3  MEMORY ADDRESS

THIS GPEAATION TRANSFERS THE DIGITS D1 T0 ON FROW THE LAST NUMBEA REDIAL REGISTER TG AN ADDRESS SPACE SPECIRED 8Y “A™.

& MEMORY REDIAL-OFF-HOOK  (PULSE OR OTMF MOOE!

E B Am1-9 WEMORY ADORESS

5. LAST NUMBER REDIAL—CFF-HO0K  (PIESE OR OTMF MOCE)
THIS GPERATION REDIALS THE LAST NUMBER ENTERED OFFHOOK AND RETRIEVES DATA FAGM MEMORY ADORESS 0.

& PULSE-TO-TORE ABD TORETO-PULSE SWITCRNG-OFFHOOK  PULSE OR DTMF MODE)

..‘.. .“..E

MODE SELECT MS) PIN HAS T 8E MANUALLY SWITCHED 10 DETE
WNTO THE LAST NUMBER REDIAL MEMORY.

7. CASCADED BIAUDG—OFF-NGOK  PULSE OR OTME MODE
CASCADE MANUAL DIALING WITH RECALL

EE‘E A= 1-§ MEMORY ADDRESS

CASCADE MEMORY RECALLS

E E”///AE E] A1, A2 = 1-8 MEMOAY ADDRESSES

CASCADE LAST NUMBER REDUL WITH MEMORY RECALL

I Cwm ] s

27747/, WAT GRTIL PREVIOUS REDIAL OR RECALL SIGRALS HAVE BEEN SENT SEFORE SUBSEQUENT ENTRIES ARE MAGE

. SIGRALING ® AND § YONES-OFF-HOOK OTMF MODE ONLT

3x & KEY MATRIX
cot 2 = &)
oW §

EN|ENIER

COG]fe]

ERJERIERR.
(][] o

Figurs 3. 3x 4 Keyboard Dialing Sequences

'mo.musrmnmn:unmus:nnsnmumm’mtmmmnmmmrs:smmm

RMINE THE DIALING MODE. DIALIES MODE SELECTION WITH MANUAL SWITCH IS NOT PROGRAMMED
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Figure 4. Timing Disgram
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