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Telephone Call Restrictor 
Computerized device prevents outgoing calls to 1 -900 
and 976 toll numbers 

By Steve Sokolowski 

Sorne ten years ago, the tele- 
phone company introduced a 
new type of service that, for a 

predetermined price per minute, let 
callers dial numbers to listen to 
60- second comedy skits. This dial -it 
service is now thriving. Now there are 
a horde of phone services prefaced by 
"1 -900" for dating, sports and what 
have you, as well as 976 horoscope 
and tarot -cart reading services and 
credit -card applications services. 
Prices for using these services, which 
appear on your monthly telephone 
bill, range from 75 cents to a whop- 
ping $30 for a call that can last as 

short as 2 minutes. 
If you are fed up with high month- 

ly telephone bills resulting from the 
abuse of dial -it services by, say, your 
children, fight back with our Tele- 
phone Call Restrictor. When this 
computerized device senses any out- 
going call beginning with 1900 or 
976, it disconnects the telephone in- 
strument from the line. In addition, 
it also detects when the 0 button on 
the instrument's keypad is pressed to 
prevent operator- assisted connec- 
tions to these services. 

The Call Restrictor installs be- 
tween any line to which telephone in- 
struments are connected and the tele- 
phone line. It does not interfere with 
normal calling. You can easily re- 
coup its modest cost in just a month 
or two of lowered phone bills. 

Project Overview 

The Call Restrictor makes use of an 
inexpensive 8031 controller chip. 

This chip is basically a computer 
squeezed into a 40 -pin package 
whose pinouts are detailed in Fig. 1. 

The 8031 must be told what to do. In 
the case of the Call Restrictor, the 
8031 must monitor the telephone line 
to detect dialing. If the number being 
dialed starts with 1900, 976 or 0, the 
8031 must immediately disconnect 
the telephone line for about 2 sec- 
onds and then reconnect it again to 
wait for the next dialing sequence. 

The sequence of required events are 
permanently stored in an EPROM. 
Upon power -up, the EPROM pro- 
gram is read into a 6264 memory 
chip. Once this program is read, the 
8031 executes each step in the re- 
quired sequence. Once the restricted 
numbers are sensed, the program 
tells the 8031 to deenergize a relay 
whose contacts are in series with the 
telephone line. 

When the contacts of the relay are 
open, the relay acts much like a tele- 
phone hookswitch. It electrically re- 
moves the telephone instrument 
from across the line, simulating put- 
ting the handset back in its cradle. 

After the 2- second off period has 
timed out, the 8031 re- energizes the 
relay. This action closes the contacts 
and re- establishes connection of the 
instrument to the phone line. At this 
time, a dialtone is once again re- 
stored. At the conclusion of these 
predetermined events, the 8031 re- 
arms itself. 

The Call Restrictor is designed to 
be placed on a line that uses only 
tone -dial -type instruments. The 8031 

responds to the dual -tone multi -fre- 
quency, abbreviated DTMF (see 
Dual -Tone Multi- Frequency box 
elsewhere in this article) signals gen- 
erated when a number is punched in- 

PORTI (1.0) 40 Vdd 
PORT' (1.1) 2 11=' 39 ADDRESS /DATA 0 

PORTI (1.2) 3 l? NM 38 ADDRESS /DATA 1 

PORTI (1.3) 4 r 37 ADDRESS /DATA 2 

PORTI (1.4) 5 MO 36 ADDRESS /DATA 3 

PORTI (1.5) 6 35 ADDRESS /DATA 4 

PORTI (1.6) 7 111 34 ADDRESS /DATA 5 

PORTI (1.7) 8 33 ADDRESS /DATA 6 

RESET 9 32 ADDRESS /DATA 7 

SERIAL IN 10 31 + 5V 

SERIAL OUT 11 30 ADDRESS LATCH ENABLE 

INTERRUPT O 12 ism 29 PROGRAM STORE ENABLE 
INTERRUPT 1 13 IMO 28 ADDRESS 15 

TIMER /COUNTER 0 14 27 ADDRESS 14 

TIMER /COUNTER 1 15 27 ADDRESS 13 

WRITE 16 NM 25 ADDRESS 12 

READ 14 24 ADDRESS II 
CRYSTAL 1 18 23 ADDRESS 10 

CRYSTAL 2 19 El 22 ADDRESS 9 

GROUND 20 IP 21 ADDRESS 8 

Fig. 1. Pinouts for the 8031 microcontroller used in this project. 
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to the instrument's keypad. By de- 
tecting and acting upon these tones, 
the 8031 is capable of tapping into 
the line via an output signal sent to 
the relay circuitry. 

The G8870 receiver chip in the Call 
Restrictor is a very complicated de- 
vice. Older DTMF receivers required 
large, bulky audio filters. The G8870, 
on the other hand, incorporates all 
the needed filtering inside an 18 -pin 
IC. Unlike other receivers of this 
type, the G8870 does not need addi- 
tional circuitry that would allow it to 
be connected directly across the tele- 
phone line. 

On -board the G8870 is an opera- 
tional amplifier that can be wired as a 

differential amplifier. Details for the 
internal circuitry, pinouts and pin 
functions of this chip are shown in 
Fig. 2. Note that the telephone line 
wires across pins 1 (IN +) and 2 (IN -) 
through a series of resistors and ca- 
pacitors that are wired to form the 
differential -amplifier arrangement. 
Internal circuitry of the G8870 di- 
vides the input dialing tones into 
their high and low groups, processes 
them and converts them into the bi- 
nary table shown in the box. 

Note that the G8870 chip requires 
a 3.58 -MHz crystal for operation, 
while the 8031 requires a crystal that 
is three times higher in frequency. 

About the Circuit 

The Call Restrictor is a fairly com- 
plex electronic device. Because of 
this, the overall schematic diagram is 

broken into five sections, as shown in 
Fig. 3 (A) through (E). Section (A) il- 
lustrates the wiring required for 8031 

controller IC1, 8K memory 1C3 and 
3 -to -8 -line decoder 1C4 that is used to 
enable 1C3, EPROM 105 in section 
(B), and DTMF receiver chip 106 in 

section (C). 
Also shown in Fig. 3(C) is the tran- 

sistor- driven relay (R YI) that inter- 
rupts and restores the telephone -line 
connection. Figure 3(D) shows the 
wiring for a second relay, R Y2, used 
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Pin Functions for the G8870 DTMF Receiver /Decoder Chip 

Pin Name Function 

1 IN+ Noninverting Input 
2 IN - Inverting Input 
3 GS Gain Select -provides access to output of front -end differential 

amplifier for connection of feedback resistor 
4 Vref Reference Voltage (nominally Vdd /2) -can be used to bias inputs 

to mid -rail 
5 IC Internal Connection 
6 IC Internal Connection 
7 OSC1 Clock Input- 3.58 -MHz crystal connects between pins 7 and 8 

completes internal oscillator 
8 OSC2 Clock Output -see pin 7 above 
9 Vss Negative power- supply voltage (normally grounded) 

10 TOE Three -state Output Enable Input -logic high enables outputs DO 

through D3; internal pull -up provided on -chip 
11 DO Three -state Data Outputs -(with pins 12, 13, 14) when enabled by 

TOE, provide code corresponding to last tone 
12 D1 See pin 11 above 
13 D2 See pin 11 above 
14 D3 See pin 11 above 
15 StD Delayed Steering Output -presents logic 1 when received tone pair 

has been registered and output latch is updated; returns to logic 0 
when voltage on St /GT falls to less than Vtst 

16 ESt Early Steering Output -presents logic 1 immediately when digit 
algorithm detects recognizable tone pair; any momentary loss of 
signal causes ESt to return to logic 0 

17 St/GT Bidirectional Steering Input /Output Time Output -voltage great- 
er than detected at St causes device to register detected tone 
pair and update output latch; voltage less than frees device to 
accept new tone pair; GT output resets external steering time con- 
stant, its state a function of ESt and voltage on St 

18 Vdd Positive power connection 

Fig. 2. Details for G8870DTMFreceiverchipusedinthisproject: (A) Block dia- 
gram of internal circuitry and (B) pin functions. 

in the Call Restrictor. By placing 
R Y2, a line -sense relay, in series with 
both the red- and green -insulated tel- 
ephone -line conductors, the 8031 can 
intelligently detect whether or not the 
handset of the telephone instrument 
is on -hook. This is accomplished by 
monitoring pin 2 of ICI for the pres- 
ence of a ground voltage. 

Figure 3(E) shows the circuit de- 
tails for the ac- operated power sup- 
ply for the project. This is a classic 
full -wave bridge- rectifier arrange- 
ment with capacitive filtering and 
regulation to a tight + 5 volts via IC8. 

When the Call Restrictor is in op- 
eration, the internal oscillator of IC) 
runs at 11.059200 MHz, the frequen- 
cy controlled by crystal XTALI. By 
making use of address lines AO through 

Al2, ICI can grab needed informa- 
tion anywhere within a range of 
8,000 bits; hence, the use of 6264 -15 
RAM chip IC3 in the section (A) cir- 
cuitry. Although the full 8K memory 
locations are not used in the Call Re- 
strictor, cost of the 6264 RAM chip is 
so low that no other smaller RAM 
need be considered. 

Address lines A13, A14 and A15 are 
decoded into chip- enabling ground 
pulses with the aid of IC4. Binary 
codes generated by ICI at pins 26, 27 
and 28 are converted into single 
ground control signals. By applying 
grounding pulses at the appropriate 
times with a running program, any 
one of eight peripheral chips can be 
activated simply by calling its special 
address. Without enabling pulses to 

turn on the various chips, data con- 
flicts would occur, due to the fact 
that all peripheral chips are wired in 
parallel to the common eight -bit data 
bus to which pins 32 through 39 of 
ICI connect. 

The Call Restrictor requires three 
enabling pulses. The first, at address 
0 hex (OH), is used to enable program 
device IC5. With every ground pulse, 
ICI reads the program information 
from IC5. The second address is at 
0E000 hex (0E000H), where the same 
grounding pulses are used to enable 
IC6 every time you want this chip to 
sense the DTMF tones across the 
line. Because IC6 requires a positive 
voltage to enable its output, one 
stage of hex inverter IC7 is used to 
convert the ground pulses from IC4 
into the positive pulses needed by IC6. 

The final address, at 8000 hex 
(8000H), uses the ground pulses to 
enable memory chip IC3. Along with 
the proper read and write ground 
pulses, IC4 allows ICI to place infor- 
mation in and extract data from 
memory chip IC3. 

Also required is the data bus over 
which eight -bit words are read from 
or written to memory. This also in- 
cludes reading of program material 
from IC5. Intel uses the multiplexing 
technique to use pins 32 through 39 
of ICI for both the low -order address 
bus and eight -bit data bus. 

To extract the required address or 
data information at the correct time, 
octal D -type latch IC2 is used. Here, 
pulses from -ALE pin 30 of ICI is 

used to "pulse" IC2. Pulsing allows 
the low -order address information to 
pass through on pins 2, 5, 6, 9, 12, 15, 

16 and 19 of IC2 while data informa- 
tion is stopped. Along with the en- 
abling pulses from IC4 and the read 
or write signal from ICI, separate ad- 
dress and data bus information is de- 
livered to their appropriate chips at 
the proper times. 

Examining sections (A) and (B) of 
Fig. 3, you can readily see that all ad- 
dress and data lines are wired in par- 
allel with IC3. If not for the enabling 

Say You Saw It In Modern Electronics March 1991 / MODERN ELECTRONICS / 21 



+5V 4 

Port 1.8 
_ - - - - - - 

A15 
1 

2 

3 

4 

5 

6 

7 

8 

18 

19 

31 

29 

17 

48 

IC1 

8831 

16 

28 

27 

26 

25 

24 

23 

22 

21 

32 

33 

34 

35 

36 

3? 

38 

39 

38 

28 

A14 

A13 

Al2 
All 
A18 

A9 

A8 

AD? 

)(TALI 

T 
C1 

B 3Opf 

0 

__J21 

MOM 

B 

B 

C2 

AD6 

AD5 

AM 
AD3 

AD2 0- 
7 

AD1 

ADO 

ALE PSEN 

+ 

Reset 

- C3 

2.2uf 

+ +5V 

Fig. 3. Complete schematic diagram 
of Call Restrictor is shown here in 

five parts, labeled (A) through (E). 
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Fig. 3(B) 

pulses created by IC4, data and ad- 
dress conflicts would occur between 
IC4 and 105. Pull -up resistors RI 
through R8 in Fig 3(B) apply a con- 
stant + 5 volts to the eight address/ 
data lines. 

Section (C) of Fig. 3 shows the in- 
terfacing required for the Call Re- 
strictor. Points C and D connect di- 
rectly across the incoming telephone 
line, as shown in section (D). Because 
of the characteristics of the differen- 
tial amplifier at pins 1 and 2 of IC6, 
the direct connection between the 
two causes no ill effects to the tele- 
phone line. The differential amplifier 
also provides the FCC -mandated 
line -to- equipment isolation. 

Note that 106 wires across the tele- 

phone line through Cl, C2, R9 and 
R10. Only tones generated by the tel- 
ephone instrument are permitted to 
enter 106. After processing by inter- 
nal filters and converters, 106 out- 
puts at DO through D3 pins 11 through 
14 the binary equivalent of the input 
tones. This is the data ICI reads and 
acts upon when the need arises. 

Because of the way 106 is wired, 
data information is always at the da- 
ta output of this chip, even when no 
button on the keypad of the tele- 
phone instrument is pressed. To sur- 
mount this, 106 is equipped with a 
STROBE line at pin 10, which is at log- 
ic 1 only when a valid tone pair are in- 
troduced at the input of this chip. 
Hence, ICI is programmed to accept 

the output from 106 only when pin 
10 of IC6 is high. 

The 8031 has eight specially adapt- 
able pins identified as PORT1 at pins 1 

through 8 of IC1. Using this port, 
through program control, informa- 
tion can be read from and written to 
these pins. Operation is like the case 
with the data bus but with an excep- 
tion: no enabling pulses are needed to 
turn on any specific chips. 

By telling ICI to output a decimal 
number between 0 and 255, you can 
place any combination of Os and 1s 

on the port pins. Also, under pro- 
gram control, the 8031 can be di- 
rected to read the binary code applied 
to these pins. Note that STROBE pin 
10 of 106 is connected to PORT1 pin 1 

(PORT1.1). In the Call Restrictor, the 
program in IC5 tells IC1 that a valid 
tone has been detected by IC6 only 
when pin 1 of ICl is at logic 1. In con- 
trast, if pin 1 of IC1 is at logic 0, the 
8031 refuses to acknowledge as us- 
able information the binary data on 
the data bus. 

Another section of the project that 
uses PORTI is the base circuit of Ql. 
On initial start -up, pin 3 of 1C3 is at 
logic 1, This voltage is applied to the 
base of QI through R15. At this time, 
RYI is energized and its contacts are 
closed. These now -closed contacts 
can be used as a telephone hook - 
switch. By wiring the contacts in se- 
ries with the red -insulated telephone - 
line conductor, as shown in Fig. 
3(D), any telephone instrument con- 
nected to the line is under control of 
ICI -not the caller. 

If ICI senses that 1900, 976 or 0 are 
the first digits dialed when a call is be- 
ing placed, the EPROM program in- 
structs the 8031 to ground pin 3. This 
cuts off Q1 and deenergizes RYI. 
When the relay contacts open, the 
telephone -line connection is auto- 
matically broken. After 2 seconds, 
IC1 re- applies a logic 1 to pin 3 to re- 
activate the relay and restore dialtone. 

Any number dialed to make an 
outgoing call that the project will 
permit is stored in memory in the Call 
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Restrictor. When you hang up, a 
means must be found to have IC1 
erase the current number before you 
can dial another number to avoid 
conflict. This is accomplished by Tel - 
tone line -sense relay RY2 shown in 
Fig. 3(D) whose internal contacts 
close every time a telephone instru- 
ment is lifted off -hook. 

By connecting one side of RY2 to 
ground and the other side to PORTI 

pin 2 of IC1, the 8031 can act upon 
the hang -up signal. If PORTI senses a 
ground condition at pin 2, IC1 is in- 
structed to erase the current number 
from memory. 

Operation of RY2 is straightfor- 
ward. This relay senses the current 
flow when the contacts of RY1 are 
closed and the handset of the tele- 
phone instrument is taken off -hook. 
When both sets of contacts are closed, 
a conductive path is created for the 
dc voltage coming from the tele- 
phone line to flow. This causes RY2 
to energize and close its contacts just 
before a new number is dialed. 

The Call Restrictor requires a 
5 -volt, 100 -mA dc supply for opera- 
tion. Circuit details for an ac -oper- 
ated supply that meets these require- 
ments are shown in Fig. 3(E). The 
power transformer for this supply 
circuit should be a plug -in wall -type 
unit to provide isolation between the 
117 -volt ac line and low- voltage cir- 
cuits in the Call Restrictor. 

In operation, the low- voltage ac 
output from the secondary side of T1 

is rectified to pulsating dc by the 
bridge rectifier made up of Dl through 
D4. The pulsating dc is then filtered 
to pure dc by C8, after which it is reg- 
ulated to + 5 volts by 1C8 and further 
filtered by C9 for delivery to the re- 
maining circuits in the Call Restrictor. 

Construction 
As you can see from the multiple -sec- 

tion schematic diagram in Fig. 3, this 
is a fairly complex project. However, 
bear in mind that a lot of the circuitry 
shown represents repetitious wiring. 

To Point C 

To Point D 

C5 R9 

.81 188K 

- L1 R-LNAAR 

R L 

+5V 

C6 R18 L 

.81 188E 
T T R13 

R11 R12 1'''1( 
471( 471( 

To 1C4 Pin 7 4 

Red 
4 

To Telephone 
Line 
(J1) 

To IC1 

Pin 3 

B B 

4 

5 

6 

9 

8 

IC6 

G8878 

18 

17 

16 

14 
13 
12 

11 

15 

18 

7 

C? 

.1 

L R 

D3 

D2 

Dl 

D8 

L R- 
R14 

228E 

Strobe 

Enable 

To IC1 Pin 36 

To IC1 Pin 37 

To 1C1 Pin 38 

To IC1 Pin 39 

To IC1 Pin 1 

XTAL2 

+5V 

14 

+5V 

IC7 

4869 

s----- To Point A 

To Point B 

DISCONNECT 

QI RELAY 

2N2222 

RY2 

Line Sense To RY1 Relay Contacts 

Green 

v 

- A B 

To IC1 Pin 2 

Point C 

Red 

To Restricted 
Telephones 

(J2) 

Cre 

Point D 

24 / MODERN ELECTRONICS / March 1991 Say You Saw It In Modern Electronics 



117VAC 

Ti 

Nall 

Transformer 

Fig. 3(E) 

K 

D1 
A 

DltoD4 
1N4001 

A I D2 
K + IN 

A K 

D3 TD4 
K A 

--e-- 
C8 

330uf 

I C8 

7805 

CND 

OUT 

1 +5V 

C9 e C10 

330uf ,1 

GND 

PARTS LIST 

Semiconductors 
D1 thru D4- 1N4001 silicon rectifier 

diode 
ICI -8031 microcontroller 
IC2- 74LS373 octal D -type latch 
IC3- 6264 -15 SRAM memory 
IC4- 74LS138 3 -to -8 -line decoder 
IC5- Programmed 2764 EPROM (see 

Note below) 
IC6 -G8870 DTMF decoder (see Note 

below) 
IC7- CD4066 hex inverter 
IC8 -7805 fixed + 5-volt regulator 
Q1- 2N2222 or similar general - 

purpose silicon transistor 

Capacitors 
C1,C2 -30 -pF ceramic disc 
C3- 2.2 -µF, 16 -volt electrolytic 
C4,C7,C10- 0.1 -µF ceramic disc 
C5,C6- 0.01 -µF ceramic disc 
C8,C9- 330 -µF, 16 -volt electrolytic 

Resistors (` /, -watt, 10% tolerance) 
R1 thru R8,R15- 10,000 ohms 
R9,R10,R13- 100,000 ohms 
R11,R12- 47,000 ohms 
R 14- 220,000 ohms 

Miscellaneous 
RY1 -5 -volt dc spst reed relay 
RY2- Teltone line -sense relay (see 

Note below) 
T1- 12.6 -volt, 150 -mA plug -in wall - 

type transformer 
XTAL 1- 11.059200 -MHz crystal 

XTAL2- 3.58 -MHz crystal 
Perforated board with holes on 0.1- 
inch centers and suitable Wire Wrap 
or soldering hardware (see text); 
sockets for all DIP ICs; suitable en- 
closure; machine hardware; hookup 
wire; solder; etc. 

Note: The following items are available from 
Suncoast Technologies, P.O. Box 5835, 
Spring Hill, FL 34606: G8870, $10; Tel - 
tone line -sense relay, $5.75; programmed 
2764 EPROM, $7; six -conductor tele- 
phone cord, $1.25; 11.059200 -MHz crys- 
tal, $1.75. Add $2.50 ($3.50 in Canada) 
S &H per order. Florida residents, please 
add 63/4 state sales tax. 

PARTS SUPPLIERS 

B.G. Micro 
P.O. Box 28209 
Dallas, TX 75228 
214 -271 -5546 

Digi -Key Corp. 
701 Brooks Ave. S. 
Thief River Falls, MN 56701 -0677 
1 -800- 344 -4539 

JDR Microdevices 
2233 Branham Lane 
San Jose, CA 95124 
1- 800 -538 -5001 

If you have any experience at all in 
building circuits, you should fairly 
easily build the Call Restrictor. 

You can mount the components on 
perforated board that has holes on 
0.1 -inch centers, preferably with 
copper rings around each hole, and 
point -to -point wire them together 
with Wire Wrap or soldered connec- 
tions. Your first step is to photocopy 
the schematic diagram sections so 
that you can strike off each wire run 
as you make it according to the Mas- 
ter Wiring List. 

Begin construction by mounting 
the sockets for the various DIP ICs 
on the circuit board. If copper rings 
surround the holes on your board, 
solder only the four end pins into 
place. Use solder sparingly to avoid 
getting it on all but about % inch of 
the pin lengths. If your board does 
not have copper rings around each 
hole and the socket pins do not pro- 
vide a friction fit, bend the four end 
pins slightly outward to hold each 
socket mechanically in place. Do not 
plug the ICs into the sockets until af- 
ter preliminary voltage checks have 
been made and you are satisfied that 
your wiring is correct. 

After mounting the IC sockets, 
mount the various components on 
the board. If you are using the Wire 
Wrap technique to wire the circuit, 
use Wire Wrap posts to hold these 
components (except the relays, which 
mount via their own pins) in place, 
soldering the component leads to the 
posts on the top of the board. 

Once the components are in place, 
refer to the Master Wiring List and 
begin with the ICI socket to make 
your interconnections. As you make 
each wire run, trace its path on your 
photocopy of the schematic in a con- 
trasting pencil or pen color. As you 
go, properly polarize your connec- 
tions to the socket pins, electrolytic 
capacitors, relays and diodes. 

Make sure your connections to the 
pins of Q1 and 1C2 are correct. Note 
that the latter is the only IC that 
should be mounted on the board at 

(Continued on page 71) 
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Telephone Call Restrictor (from page 25) 

Master Wiring List 

From To From To 

ICI pin 1 IC6(15) IC3 pin 2 IC5(2) 
2 RY2(R) 3 IC5(3) 
3 R15(L) 4 IC5(4) 
9 C3(-) 5 IC5(5) 

16 IC3(27) 6 IC5(6) 
17 IC3(22) 7 IC5(7) 
18 C I (T),XTAL I (T) 8 IC5(8) 
19 C2(T),XTAL1(B) 9 IC5(9) 
20 ICI (31),C 1(B),C2(B), 10 IC5(10) 

R42(L),GND 11 IC5(11),R8(B) 
21 IC3(25) 12 IC5(12),R7(B) 
22 IC3(24) 13 IC5(13),R6(B) 
23 IC3(21) 14 GND 
24 IC3(23) 15 IC5(15),R5(B) 
25 IC3(2) 16 IC5(16),R4(B) 
26 IC4(1) 17 IC5(17),R3(B) 
27 IC4(2) 18 IC5(18),R2(B) 
28 IC4(3) 19 IC5(17),R1(B) 
29 IC5(22) 20 IC4(11) 
30 IC2(11) 21 IC5(21) 
32 IC2(18),IC3(19) 23 IC5(23) 
33 IC2(17),IC3(18) 24 IC5(24) 
34 IC2(14),IC3(17) 25 IC5(25) 
35 IC2(13),IC3(16) 26 IC3(28), + 5v 
36 IC2(8), IC 3 (15), I C6(14) 
37 IC2(7),IC3(13),IC6(13) IC4 pin 4 IC4(5,8),GND 
38 I C2(4) , I C 3(12), I C 6(12) 6 IC4(16), + 5V 
39 IC2(3),IC3(11),IC6(11) 7 IC 1(7) 
40 C3+,+5V 15 IC5(20) 

IC2 pin 1 IC2(10),C4(B),GND IC5 pin 1 R1 thru R8(T),IC5(27, 
2 IC3(10) 28), + 5V 
5 IC3(9) 14 GND 
6 IC3(8) 
9 IC3(7) 

12 IC3(6) IC6 pin 1 R9(R),R11(T) 
15 IC3(5) 2 R10(R),R12(T),R13(L) 
16 IC3(4) 3 R13(R) 
19 IC3(3) 4 R11(B),R12(B) 
20 C4(T), + 5V 5 IC6(6,9),GND 

From 

7 
8 

10 

16 

17 
18 

IC7 pin 7 

14 

IC8 IN 
COM 

OUT 

Q1 Collector 
Base 

Emitter 

RY1 coil(T) 
contact 1 

contact 2 

RY2 
coil(T + ) 

coil(B -) 
coil(B + ) 

contact 1 

C5 
C6 R 10(L) 

To 

XTAL2(R) 
XTAL2(L) 
IC7(2) 
R 14(L) 
R14(R),C7(R) 
C7(L), + 5V 

GND 
+5V 

C8 + ,D2(K),D4(K) 
C8 - ,C9 - ,C 10(B), 
D l (A),D3(A),GND 
bus 
C9 + ,C 10(T), + bus 

RY1 coil(B) 
RI 5(R) 
GND 

+5v 
RY2 coil(T - ) 
C5(L),red instrument 
line 

Red telephone line 
Green telephone line 
C6(L), green instrument 
line 
GND 

R9(L) 

Note: Numbers in parentheses are pin designa- 
tions for IC specified, and letters in parentheses 
indicate: A -anode (diodes only), K- cathode 
(diodes only), L -left, R -right, T -top and 
B- bottom. IC pins to which no connections are 
made are not listed. 

this time. Include on the circuit - 
board assembly six extra solder -posts 
for wiring the telephone line, the line 
to the telephone instrument(s) to be 
monitored and the cord from the 
power transformer. 

When you finish wiring the circuit - 
board assembly, including making 
connections to the six extra solder 
posts, carefully go over all your wir- 
ing, checking off the runs on the 
Master Wiring List. (Note: mark the 

function and polarity of the six extra 
solder posts on the board for refer- 
ence later.) If you made any wiring 
errors, correct them now. 

House the circuit -board assembly 
inside any enclosure that accommo- 
dates it. The enclosure can be metal, 
all plastic or metal and plastic. Ma- 
chine the enclosure for mounting the 
circuit -board assembly. Then drill an 
entry hole for the cable the wall - 
mount transformer cable through 

one end panel and a pair of entry 
holes through opposite ends of the 
enclosure for the telephone line and 
the cable that goes to the telephone 
instrument(s) to be monitored. Final- 
ly, drill a small hole near the tele- 
phone -line and instrument cable en- 
try holes. If you drilled any holes 
through metal, deburr them to re- 
move sharp edges, and line the entry/ 
exit holes with rubber grommets. 

Mount the circuit -board assembly 
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Dual -Tone Multi- Frequency 

Tone -dial telephones produce a special 
kind of DTMF -an acronym for Dual - 
Tone Multi -Frequency -signal devel- 
oped by Bell Laboratories more than 25 
years ago. DTMF uses pairs of eight 
specially selected audio tones that are 
generated by the telephone instrument. 
These tones are further divided into 
groups of four low tones and four high 
tones. A DTMF tone is the algebraic 
sum of one low -tone and one high -tone 
frequency. 

An example of the basic tones and the 
combined tone is shown in Fig. A. The 
top waveform is the row 3 825 -Hz 
DTMF tone, the center waveform the 
column 2 1,336 -Hz DTMF signal, and 
the bottom waveform the combined 
row 3 and column 2 waveform as it is 
transmitted over the telephone line. 
Rows and columns refer to the conven- 
tional Touch Tone keypad layout. 
Rows are numbered horizontally in 
consecutive order from top to bottom, 
while columns are numbered consecu- 
tively from left to right, as illustrated in 
Fig. B. Note that for special communi- 
cation functions, tone dials can include 
additional keys labeled with the letters 
A through D and the symbols * and #. 

Each keypad key occupies a unique 

Fig. A. DTMF tone pairs generated 
when button 8 on a Touch Tone keypad 
is pressed include a row 3 852 -Hz low - 
group (top), column 2 1,336 -Hz high - 
group (center) and algebraically com- 

bined (bottom) tones. 

position in a 4 x 4 matrix. With this ar- 
rangement, the 5 button is located at the 
juncture of row 2 and column 5 in the 
matrix, the 7 button at the juncture of 
row 3 column 1, and so on. 

Pressing any given button on the 
Touch Tone keypad results in genera- 
tion of the algebraic sum of the tones re- 
presented by the row and column at that 
juncture. For the 5 button, the tone gen- 
erated would be the algebraic sum of 
770 Hz (low -tone group) and 1,366 
(high -tone group), and for the 7 button 
the algebraic sum of 852 and 1,209 Hz. 

When DTMF dialing was introduced 
in the 1960s, comparatively large capa- 
citors and inductors were used for gen- 
eration of pure sine -wave frequencies. 
Today, DTMF keypads use ICs that are 
under crystal control to generate syn- 
thesized stair -step waveforms. DTMF 
equipment, like the G8870 DTMF de- 
coder used in the project described in 
the accompanying article, can receive 
and decodes these stair -step signals into 
its corresponding binary output, as list- 
ed in the table. It is the binary output 
given in the last column of the table that 
is directly coupled over a four -bit data 
bus to the 8031 microcontroller used in 
the project. 

1366 

1209 

697 

778 

852 

941 

RpN 

couxe+ 

4 

r 

A 

B 

C 

D 

1633 

1477 

Fig. B. Standard Touch Tone -type key- 
pad keys can consist of a matrix of four 
rows and up to four (typically three) 
columns. Keys labeled A through D and 
* and # are for special-purpose commu- 
nication applications. Each key gener- 
ates one tone from the low and high 
groups to output their algebraically 
combined waveform. 

Touch Tone Keypad Key Tone Frequencies and Hex Outputs 

Key 
ID 

High- Frequency 
Tone in Hz 

Low- Frequency 
Tone in Hz 

Output Format* 
3 2 1 0 

1 697 1,209 o o o 
2 697 1,336 o o o 
3 697 1,477 o o 
4 770 1,209 o o o 
5 770 1,336 o o 
6 770 1,477 o o 

7 852 1,209 o 1 

8 852 1,336 o o o 

9 852 1,477 o o 

0 942 1,336 o o 
* 941 1,209 o 

941 1,477 o o 

A 697 1,633 o 

B 770 1,633 o 

C 852 1,633 
D 941 1,633 o o o o 

*In hexadecimal 

(Continued on page 76) 
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LEARNT 11111 
CLEANING /MAINTENANCE /REPAIR 
EARN UP TO $1000 A WEEK,WORKING 
PART TIME FROM YOUR OWN HOME! 

Secrets 
Revealed! 

NO Special 
Tools or 

Equipment 
Needed. 

Telephone Call Restrictor (from page 71) 

THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 
tools, and are familiar with basic electronics (i.e. able to 
use voltmeter, understand DC electronics) .... 

IF you possess average mechanical ability, and have 
a VCR on which to practice and learn ... then we can 
teach YOU VCR maintenance and repair! 

FACT: up to 90% of ALL VCR malf unctions are due to 
simple MECHANICAL or ELECTRO- MECHANICAL 
breakdowns! 

FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 

Viejo's 400 PAGE TRAINING MANUAL (over 500 
photos and illustrations) and AWARD -WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair - "real- world" information that is NOT 
available elsewhere! 

Also includes all the Info you'll need regarding the 
BUSINESS -SIDE of running a successful service opera- 
tion! 

FREE INFORMATION 
CALL TOLL -FREE 1-800-537.0589 

Or write fo: 
Viejo Publications 

5329 Fountain Ave., Dept. ME 
Los Angeles, CA 90029 

CIRCLE NO. 34 ON FREE INFORMATION CARD 

ATTENTION! 

E LF ÑÑia 
Gma i 

EARN YOUR \ 
B.S.E.E. 
DEGREE 

THROUGH HOME STUDY 
Our New and Highly Effective Advanced- Place- 
ment Program for experienced Electronic Tech- 
nicians grants credit for previous Schooling and 

Professional Experience, and can greatly re- 

duce the time required to complete Program and 
reach graduation. No residence schooling re- 

quired for qualified Electronic Technicians. 
Through this Special Program you can pull all of 

the loose ends of your electronics background 
together and earn your B. S.E.E. Degree. Up- 

grade your status and pay to the Engineering 
Level. Advance Rapidly! Many finish in 12 

months or less. Students and graduates in all 50 
States and throughout the World. Established 
Over 40 Years! Write for free Descriptive Lit- 

erature. 

COOK'S INSTITUTE 
OF ELECTRONICS ENGINEERING 

CIE 4251 CYPRESS DRIVE 
E JACKSON. MISSISSIPPI 39212 

Fig. 4. Details for installing Call Restrictor into your telephone system. 

in place, using suitable length spacers 
and machine hardware. If the cord 
coming from the wall -mount trans- 
former has a plug on it, cut off and 
discard it. Separate the conductors of 
the cord a distance of I% inches. Strip 
1/4 inch of insulation from both con- 
ductors. Tightly twist together the 
fine wires in each conductor and 
sparingly tin with solder. Route this 
cable through one entry hole in the 
enclosure and tie a strain -relieving 
knot in it about 5 inches from the un- 
finished end inside the enclosure. 
Connect and solder the two conduc- 
tors to the appropriate solder posts. 

Determine where you will mount 
the project. Select a secure location, 
such as your basement, where the 
project is not likely to be discovered. 
This location must be near an ac out- 
let and between the incoming tele- 

phone line and any telephone instru- 
ments that are to be monitored (see 
Fig. 4). Cut the telephone line at the 
selected location. If necessary, use a 
telephone extension cord to effect 
installation. 

Remove 1 /2 inch of outer plastic 
jacket from both cut ends of the tele- 
phone line. The only conductors you 
need for this project are those that 
have red and green insulation on 
them. If there are other conductors, 
clip them away close to the beginning 
of the remaining outer plastic jacket. 
Strip y, inch of insulation from the 
ends of the red- and black -insulated 
conductors. 

Route these conductors through 
their respective entry holes in the en- 
closure and solder the free ends of the 
conductors to the appropriate solder 
posts. Make certain your connec- 
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tions are properly polarized. This 
done, use plastic cable ties to secure 
the cables to the enclosure with suit- 
able machine hardware. Leave a bit 
of slack in the cables inside the enclo- 
sure. The ties will prevent the cables 
from being torn loose. 

Checkout & Use 

Before putting the Call Restrictor in- 
to service, it is a good idea to perform 
preliminary voltage checks to ascer- 
tain that you wired it correctly. For 
this test, you need a dc voltmeter or a 
multimeter set to dc volts. 

Clip the common lead of the meter 
to a point on the circuit -board assem- 
bly that is normally supposed to be at 
ground potential. Convenient points 
for this connection are the negative 
( - ) leads of C8 and C9 in the power - 
supply section. Make sure that the 
only IC on the circuit -board assem- 
bly is three -pin regulator IC8. 

Plug the wall -mount transformer 
into its ac outlet. Then touch the 
"hot" probe of your meter to pin 40 
of the ICI socket; pin 20 of the IC2 
socket; pins 26 and 28 of the 1C3 
socket; pins 6 and 16 of the 1C4 sock- 
et; pins 1, 27 and 28 of the IC5 sock- 
et; pin 18 of the IC6 socket; and pin 
14 of the IC7 socket. At all locations, 
your reading should be + 5 volts. 

If you fail to obtain the proper 
reading at any indicated point, power 
down the project by unplugging its 
transformer from the ac outlet. Cor- 
rect the problem before proceeding. 

When you are certain that every- 
thing is okay with your wiring, power 
down the project and wait a minute 
or so for the charges to bleed off the 
electrolytic capacitors in the power 
supply. Then plug the DIP ICs into 
their respective sockets. Make sure 
each is properly oriented and that no 
pins overhang the sockets or fold un- 
der between ICs and sockets. 

If you have an oscilloscope, you 
can make an operational check of the 
Call Restrictor as follows. Clip the 
common (ground) lead of the scope 

to circuit ground in the project and 
the "signal" lead of the scope to pin 
11 of ICI. Power up the project by 
plugging its transformer into an ac 
outlet, and observe the scope display. 
If everything is okay, you should ob- 
serve pulses appear on the CRT 
screen. These pulses last for only 
about 0.5 second, their presence in- 
forming you that the program data in 
the EPROM is being read by IC1. 

If you fail to observe pulse activity 
on the screen of your oscilloscope, 
power down the Call Restrictor and 
correct the problem. 

Even if you do not have access to 
an oscilloscope, you can test opera- 
tion of the Call Restrictor. You do 
this simply by plugging its transform- 
er into an ac outlet, lifting the hand- 
set from any telephone instrument 
connected to the line through the 
project and key the numbers 9, 7 and 
6. As the last digit is dialed, the Call 
Restrictor should interrupt the line 
and you should hear dead silence. 
Then, 2 seconds later, you should 
hear a dialtone. Repeat this test by 
dialing 1900 and then 0. The line 
should go dead after each is dialed, 
and you should hear a dialtone 2 sec- 
onds or so later. 

So far you have learned that the 
Call Restrictor will block the calls 
you do not want to get through. Now 
dial a "legitimate" number. This 
time, there should be no disconnect, 
and the call should go through as it 
normally would. 

As an added security measure, the 
Call Restrictor is designed to prevent 
any call from being dialed out in the 
event someone accidentally or pur- 
posely unplugs the power transform- 
er from the ac line. 

The Call Restrictor will now silent- 
ly stand guard over your telephone 
line, preventing unauthorized calls 
from being made to those toll ser- 
vices that have been inflating your 
monthly telephone bill. If you have 
been plagued by high bills for use of 
these services, the Call Restrictor 
should pay for itself in short order. 

Say You Saw It In Modern Electronics 

REMOVE IC's FASTER!! 
THE 7 SECOND IC REMOVER 

with this simple invention than any other 
method, including $6,000 vacuum de- 
soldering stations. Speed up your repairs 
and salvage hundreds of good IC's per 
hour from junk boards. Won't damage 
IC's or circuit board. This is a money 
making, laborsaving tool. Fits Radio Shack 
or Ungar soldering irons - soldering iron 
not included. 
Complete set of 8 
desoldering bits 
(Remove 6 thru 40 pin IC's) .... $ 89.95 
Complete set of 10 
desoldering bits 
(Remove6 thru64 pin IC's) .... $114.95 

LEARN THE SECRETS 
OF HOW TO FIX 

ELECTRONIC EQUIPMENT 
FASTER ON OUR 

REPAIR TECHNIQUES 

ON VIDEOTAPE 
Learn our techniques and make more money 

repairing electronic equipment. These tapes are 
packed with much practical information that will 
save enough of your valuable time to quickly pay 
for the tapes. 

Learn from an expert what fails, why it fails, how 
to find it faster, and how to fix it faster. 

Much of this information is available nowhere 
else. 

These tapes start at the beginning for beginners, 
but cover each subject so thoroughly that even 
old pros will learn valuable new techniques and 
skills. 
SEND PAYMENT WITH ORDER AND WE WILL 

PAY SHIPPING. ORDER 14 TAPES FOR $499.95 
OR SEND $575.00 FOR ALL 16 TAPES. 

How to use a Voltmeter (1 hr. 51 min.) .... $39.95 
How to use a logic probe and logic pulser ... $39.95 
All about resistors and their 

failure modes (1 hr.) $39.95 
All about capacitors and their 

failure modes (1 hr. 28 min.) $39.95 
All about inductors and their failure modes, 

Part I. Includes inductors, transformers, 
flybacks, pinball coils, solenoids $39.95 

All about inductors and their failure modes, 
Part II. Includes magnetic clutches, relays of all 
types, other devices (58 min.) $39.95 

All about diodes and their failure modes. 
Includes rectifiers, SCR's, Zeners, macs, 
LED's (55 min.) $39.95 

All about transistor failure modes (56 min.) $39.95 
How to solder like a pro - with lots of time saving 

circuit board repair techniques, including some 
of the fastest ways to change IC's you 
ever saw (1 hr. 30 min.) $39.95 

All about electrical contacts, connectors, connec- 
tions and their failure modes, common and 
uncommon problems, symptoms, 
good cures $39.95 

How to use the oscilloscope 
(to track down digital failures) $39.95 

How to read schematics and use them for trouble- 
shooting, Part I. Covers monitors, how to find 
monitor problems with wiring diagrams, gives 
symptoms, where to look, covers both raster 
scan and X -Y monitors (56 min.) $39.95 

How to troubleshoot digital integrated circuits - 
includes microprocessors, what goes wrong and 
how to find it, how to use the best literature on 
IC's and where to get it(1 hr. 45 min.) $39.95 

Job opportunities and money making 
opportunities in electronics (45 min.) $39.95 

Troubleshooting and locating component 
failures (1 hr. 10 min.) $39.95 

Power Supplies - Linear and Switching 
(42 min.) $39.95 

VRS ELECTRONICS 
P. 0. BOX 813- ME -:- SELMER, TENNESSEE 38375 

TELEPHONE (601) 287 -1594 
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