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DTMF Generation with a
3.58 MHz Crystal

DTMF (Dual Tone Multiple Frequency) is associated with

digital telephony, and provides two selected output frequen-

cies (one high band, one low band) for a duration of 100 ms.

DTMF generation consists of selecting and combining two

audio tone frequencies associated with the rows (low band

frequency) and columns (high band frequency) of a push-

button touch tone telephone keypad.

This application note outlines two different methods of

DTMF generation using a COP820C/840C microcontroller

clocked with a 3.58 MHz crystal in the divide by 10 mode.

This yields an instruction cycle time of 2.79 ms. The applica-

tion note also provides a low true row/column decoder for

the DTMF keyboard.

The first method of DTMF generation provides two PWM

(Pulse Width Modulation) outputs on pins G3 and G2 of the

G port for 100 ms. These two PWM outputs represent the

selected high band and low band frequencies respectively,

and must be combined externally with an LM324 op amp or

equivalent feed back circuit to produce the DTMF signal.

The second method of DTMF generation uses ROM lookup

tables to simulate the two selected DTMF frequencies.

These table lookup values for the selected high band and

low band frequencies are then combined arithmetically. The

high band frequencies contain a higher bias value to com-

pensate for the DTMF requirement that the high band fre-

quency component be 2 dB above the low band frequency

component to compensate for losses in transmission. The

resultant value from the arithmetic combination of sine wave

values is output on L port pins L0 to L5, and must be com-

bined externally with a six input resistor ladder network to

produce the DTMF signal. This resultant value is updated

every 118 ms. The COP820C/840C timer is used to time out

the 100 ms duration of the DTMF. A timer interrupt at the

end of the 100 ms is used to terminate the DTMF output.

The external ladder network need not contain any active

components, unlike the first method of DTMF generation

with the two PWM outputs into the LM324 op amp.

The associated COP820C/840C program for the DTMF

generation is organized as three subroutines. The first sub-

routine (KBRDEC) converts the low true column/row input

from the DTMF keyboard into the associated DTMF hexa-

decimal digit. In turn, this hex digit provides the input for the

other two subroutines (DTMFGP and DTMFLP), which rep-

resent the two different methods of DTMF generation.

These three subroutines contain 35, 94, and 301 bytes of

COP820C/840C code respectively, including all associated

ROM tables. The Program Code/ROM table breakdowns

are 19/16, 78/16, and 88/213 bytes respectively.

DTMF KEYBOARD MATRIX

The matrix for selecting the high and low band frequencies

associated with each key is shown in Figure 1. Each key is

uniquely referenced by selecting one of the four low band

frequencies associated with the matrix rows, coupled with

selecting one of the four high band frequencies associated

with the matrix columns. The low band frequencies are

697 Hz, 770 Hz, 852 Hz, and 941 Hz, while the high band

frequencies are 1209 Hz, 1336 Hz, 1477 Hz, and 1633 Hz.

The DTMF keyboard input decode subroutine assumes that

the keyboard is encoded in a low true row/column format,

where the keyboard is strobed sequentially with four low

true column selects with each returning a low true row se-

lect. The low true column and row selects are encoded in

the upper and lower nibbles respectively of the accumulator,

which serves as the input to the DTMF keyboard input de-

code subroutine. The subroutine will then generate the

DTMF hexadecimal digit associated with the DTMF key-

board input digit.

The DTMF keyboard decode subroutine (KBRDEC) utilizes

a common ROM table lookup for each of the two nibbles

representing the low true column and row encodings for the

keyboard. The only legal low true nibbles for a single key

input are E, D, B, and 7. All other low true nibble values

represent multiple keys, no key, or no column strobe. Re-

sults from two legal nibble table lookups (from the same 16

byte ROM table) are combined to form a hex digit with the

binary format of 0000RRCC, where RR represents the four

row values and CC represents the four column values. The

illegal nibbles are trapped, and the subroutine is exited with

a RET (return) command to indicate multiple keys or no key.

A pair of legal nibble table lookups result in the subroutine

being exited with a RETSK (return and skip) command to

indicate a single key input. This KBRDEC subroutine uses

35 bytes of code, consisting of 19 bytes of program code

and 16 bytes of ROM table.

DTMF GENERATION USING PWM AND AN OP AMP

The first DTMF generation method (using the DTMFGP sub-

routine) generates the selected high band and low band

frequencies as PWM (Pulse Width Modulation) outputs on

pins G3 and G2 respectively of the G port. The COP820C/

840C microcontrollers each contain only one timer, and

three times must be generated to satisfy the DTMF applica-

tion. These three times are the half periods of the two se-

lected frequencies and the 100 ms duration period. Obvi-

ously the single timer can only generate one of the required

times, while the program must generate the two remaining

times. The solution lies in dividing the 100 ms duration time

by the half periods for each of the eight DTMF frequencies,

and then examining the respective high band and low band

quotients and remainders. Naturally these divisions must be

normalized to the instruction cycle time (tC). 100 ms repre-

sents 35796 tC’s. The results of these divisions are detailed

in Table I.

The four high band frequencies are produced by running the

COP820C/840C timer in PWM (Pulse Width Modulation)

mode, while the program produces the four low band fre-

quencies and the 100 ms duration timeout. The pro-

grammed times are achieved by using three programmed

register counters R0, R2 and R3, with a backup register R1

to reload the counter R0. These three counters represent

the half period, the 100 ms quotient, and the 100 ms re-

mainder associated with each of the four low band frequen-

cies.

C1995 National Semiconductor Corporation RRD-B30M75/Printed in U. S. A.
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FIGURE 1. DTMF Keyboard Matrix

TABLE I. Frequency Half Periods, Quotients and Remainders

Freq.
Half Half 100 ms/0.5P

Hz
Period Period in tC’s

in ms in tC’s
Quotient Remainder

Low Band Frequencies 697 717.36 257 139 73

770 649.35 232 154 68

852 586.85 210 170 96

941 531.35 190 188 76

High Band Frequencies 1209 413.56 148 241 128

1336 374.25 134 267 18

1477 338.53 121 295 101

1633 306.18 110 325 46

Note: 100 ms represents 35796 tC’s.
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The DTMFGP subroutine starts by transforming the DTMF

hex digit in the accumulator (with binary format 0000RRCC)

into low and high frequency vectors with binary formats

0011RR11 and 0011CC00 respectively. The transformation

of the hex digit 0000RRCC (where RR is the row select and

CC is the column select) into the frequency vectors is

shown in Table II. The conversion produces a timer vector

0011CC00 (T), and three programmed counter vectors for

R1, R2, and R3. The formats for the three counter vectors

are 0011RR11 (F), 0011RR10 (Q), and 0011RR01 (R).

These four vectors created from the core vector are used as

inputs for a 16 byte ROM table using the LAID (Load Accu-

mulator InDirect) instruction. One of these four vectors (the

T vector) is a function of the column bits (CC), while the

other three vectors (F, Q, R) are a function of the row bits

(RR). This correlates to only one parameter being needed

for the timer (representing the selected high band frequen-

cy), while three parameters are needed for the three coun-

ters (half period, 100 ms quotient, 100 ms remainder) asso-

ciated with the low band frequency and 100 ms duration.

The frequency parameter ROM translation table, accessed

by the T, F, Q, and R vectors, is shown in Table III.

TABLE II. DTMF Hex Digit Translation

DTMF Hex DigitÐ 0000RRCC Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

**
* *

* *
* *

* *
Timer Vector Timer T 0011CC00

Half Period Vector R1 F 0011RR11

100 ms Quotient Vector R2 Q 0011RR10

100 ms Remainder Vector R3 R 0011RR01

TABLE III. Frequency Parameter ROM Translation Table

TÐ Timer FÐ Frequency QÐ Quotient RÐ Remainder

Address Data (Decimal) Vector

0x30 147 T

0x31 10 R

0x32 140 Q

0x33 38 F

0x34 133 T

0x35 9 R

0x36 155 Q

0x37 33 F

0x38 120 T

0x39 14 R

0x3A 171 Q

0x3B 31 F

0x3C 109 T

0x3D 10 R

0x3E 189 Q

0x3F 26 F
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The theory of operation in producing the selected low band

frequency starts with loading the three counters with values

obtained from a ROM table. The half period for the selected

frequency is counted out, after which the G2 output bit is

toggled. During this half period countout, the quotient coun-

ter is decremented. This procedure is repeated until the

quotient counter counts out, after which the program

branches to the remainder loop. During the remainder loop,

the remainder counter counts out to terminate the 100 ms.

Following the remainder countout, the G2 and G3 bits are

both reset, after which the DTMF subroutine is exited. Great

care must be taken in time balancing the half period loop for

the selected low band frequency. Furthermore, the toggling

of the G2 output bit (achieved with either a set or reset bit

instruction) must also be exactly time balanced to maintain

the half period time integrity. Local stall loops (consisting of

a DRSZ instruction followed by a JP jump back to the DRSZ

for a two byte, six instruction cycle loop) are embedded in

both the half period and remainder loops. Consequently, the

ROM table parameters for the half period and remainder

counters are approximately only one-sixth of what otherwise

might be expected. The program for the half period loop,

along with the detailed time balancing of the loop for each

of the low band frequencies, is shown in Figure 2.

Program
Bytes/ Conditional

Cycles
Total

Cycles Cycles Cycles

LD B,ÝPORTGD 2/3

LD X,ÝR1 2/3

LUP1: LD A,[Xb] 1/3 3

IFBIT 2,[B] 1/1 1

JP BYP1 1/3 3 1

X A,[Xa] 1/3 3

SBIT 2,[B] 1/1 1

JP BYP2 1/3 3

BYP1: NOP 1/1 1

RBIT 2,[B] 1/1 1

X A,[Xa] 1/3 3

BYP2: DRSZ R2 1/3 3

JP LUP2 1/3 3

JP FINI 1/3

LUP2: DRSZ R0 1/3 3 3

JP LUP2 1/3 3 1

LD A,[X] 1/3 3

IFEQ A,Ý31 2/2 2

JP LUP1 1/3 1 3 30

NOP 1/1 1

NOP 1/1 1

IFEQ A,Ý38 2/2 2

JP LUP1 1/3 1 3 35

LAID 1/3 3

NOP 1/1 1

JP LUP1 1/3 3 40

Table III Stall Total Half

Frequency Loop Cycles Period

[(38 b 1) c 6] a 35 e 257

[(33 b 1) c 6] a 40 e 232

[(31 b 1) c 6] a 30 e 210

[(26 b 1) c 6] a 40 e 190

FIGURE 2. Time Balancing for Half Period Loop
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TABLE IV. Time Balancing for Remainder Loop

Table III Stall R Loop Total Table I

Remainder Loop Overhead Cycles Remainder

[(10 b 1) c 6] a 20 e 74 73

[( 9 b 1) c 6] a 20 e 68 68

[(14 b 1) c 6] a 20 e 98 96

[(10 b 1) c 6] a 20 e 74 76

Note that the Q value in Table III is one greater than the

quotient in Table I to compensate for the fact that the quo-

tient count down to zero test is performed early in the half

period loop. The overhead in the remainder loop is 20 in-

struction cycles. The detailed time balancing for the remain-

der loop is shown in Table IV.

The selected high band frequency is achieved by loading

the half period count in tC’s minus one (from Table III) into

the timer autoreload register and running the timer in PWM

output mode. The minus one is necessary since the timer

toggles the G3 output bit when it underflows (counts down

through zero), at which time the contents of the autoreload

register are transferred into the timer.

In summary, the input digit from the keyboard (encoded in

low true column/row format) is translated into a digit matrix

vector XXXXRRCC which is checked for 1001RRCC to indi-

cate a single key entry. No key or multiple key entries will

set a flag and terminate the DTMF subroutine. The digit

matrix vector for a single key is transformed into the core

vector 0000RRCC. The core vector is then translated into

four other vectors (T, F, Q, R) which in turn are used to

select four parameters from a 16 byte ROM table. These

four parameters are used to load the timer, and the respec-

tive half period, quotient, and remainder counters. The 16

byte ROM table must be located starting at ROM location

0030 (or 0X30) in order to minimize program size, and has

reference setups with the ‘‘OR A,Ý033’’ instruction for the F

vector and the ‘‘OR A,Ý030’’ instruction for the T vector.

The three parameters associated with the two R bits of the

core vector require a multi-level table lookup capability with

the LAID instruction. This is achieved with the following sec-

tion of code in the DTMF subroutine:

LD B,#R1

LUP: X A,[B]
LD A,[B,]
LAID

X A,[B0]
DEC A

IFBNE #4

JP LUP

This program loads the F frequency vector into R1, and then

decrements the vector each time around the loop. The vec-

tor is successively moved with the exchange commands

from R1 to R2 to R3 as one of the same exchange com-

mands loads the data from the ROM table into R1, R2, and

R3. This successive decrementation of the F vector chang-

es the F vector into the Q vector, and then changes the Q

vector into the R vector. These vectors are used to access

the ROM table with the LAID instruction. The B pointer is

incremented each time around the loop after it has been

used to store away the three selected ROM table parame-

ters (one per loop). These three parameters are stored in

sequential RAM locations R1, R2, and R3. The IFBNE test

instruction is used to skip out of the loop once the three

selected ROM table parameters have been accessed and

stored away.

The timer is initialized to a count of 15 so that the first timer

underflow and toggling of the G3 output bit (with timer PWM

mode and G3 toggle output selected) will occur at the same

time as the first toggling of the G2 output bit. The half period

counts for the high band frequencies minus one are stored

in the timer section of the ROM table. The selected value

from this frequency ROM table is stored in the timer autore-

load register. The timer is selected for PWM output mode

and started with the instruction LD [B],Ý0B0 where the B

pointer is selecting the CNTRL register at memory location

0EE.

This first DTMF generation subroutine for the COP820C/

840C uses 94 bytes of code, consisting of 78 bytes of pro-

gram code and 16 bytes of ROM table. A program test rou-

tine to sequentially call the DTMFGP subroutine for each of

the 16 keyboard input digits is supplied with the listing for

the DTMF35 program. This test routine uses a 16 byte ROM

table to supply the low true encoded column/row keyboard

input to the accumulator. An input from the I0 input pin of

the I port is used to select which DTMF generation subrou-

tine is to be used. The DTMFGP subroutine is selected with

I0 e 0.

A TYPICAL OP AMP CONFIGURATION FOR MIXING THE

TWO DTMF PWM OUTPUTS IS SHOWN IN FIGURE 3.

2 PWM Outputs:

1 High Band

1 Low Band

TL/DD/10740–23

FIGURE 3. Typical Op Amp Configuration for Mixing DTMF PWM Outputs
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DTMF GENERATION USING A RESISTOR LADDER

NETWORK

The second DTMF generation method (using the DTMFLP

subroutine) generates and combines values from two table

lookups simulating the two selected sine waves. The high

band frequency table values have a higher base line value

(16 versus 13) than the low band frequency table values.

This higher bias for the high frequency values is necessary

to satisfy the DTMF requirement that the high band DTMF

frequencies need a value 2 dB greater than the low band

DTMF frequencies to compensate for losses in transmis-

sion.

The resultant value from arithmetically combining the table

lookup low band and high band frequency values is output

on pins L0 to L5 of the L port in order to feed into a six input

external resistor ladder network. The resultant value is up-

dated every 117(/3 ms (one cycle of the LUP42 program

loop). The LUP42 program loop contains 42 instruction cy-

cles (tC’s) of 2.7936511 ms each for a total loop time of

117(/3 ms. The COP820C/840C timer is used to count out

the 100 ms DTMF duration time.

An interrupt from the timer terminates the 100 ms DTMF

output. Note that the Stack Pointer (SP) must be adjusted

following the timer interrupt before returning from the

DTMFLP subroutine.

The DTMFLP subroutine starts by quadrupling the value of

the DTMF hex digit value in the accumulator, and then add-

ing an offset value to reach the first value in the telephone

key table. The telephone key ROM table contains four val-

ues associated with each of the 16 DTMF hex keys. These

four values represent the low and high frequency table sizes

and table starting addresses associated with the pair of fre-

quencies (one low band, one high band) associated with

each DTMF key. The FRLUP section of the program loads

the four associated telephone key table values from the

ROM table into the registers LFTBSZ (Low Freq Table

Size), LFTADR (Low Freq Table Address), HFTBSZ (High

Freq Table Size), and HFTADR (High Freq Table Address).

The program then initializes the timer and autoreload regis-

ter, starts the timer, and then jumps to LUP42. Note that the

timer value in tC’s is 100 ms plus one LUP42 time, since the

initial DTMF output is not until the end of the LUP42 pro-

gram.

Multiples of the magic number 118 ms (approximately) are

close approximations to all eight of the DTMF frequencies.

The LUP42 program uses 42 instruction cycles (of

2.7936511 ms each) to yield a LUP42 time of 117(/3 ms. The

purpose of the LUP42 program is to update the six L port

outputs by accessing and then combining the next set of

values from the selected low band and high band sine wave

frequency tables in the ROM. The ROM table offset fre-

quency pointers (LFPTR and HFPTR) must increment each

time and then wrap around from top to bottom of the two

selected ROM tables. The ROM table size parameters

(LFTBSZ and HFTBSZ) for the selected frequencies are

tested during each LUP42 to determine if the wrap around

from ROM table top to bottom is necessary. The wrap

around is implemented by clearing the frequency pointer in

question. Note that the ROM tables are mapped from a ref-

erence of 0 to table size minus one, so that the table size is

used in a direct comparison with the frequency offset point-

er to test for the need for a wrap around. Also note that the

offset pointer incremented value is used during the following

LUP42 cycle, while the pre-incremented value of the pointer

is used during the current cycle. However, it is the incre-

mented value that is tested versus the table size for the

need to wrap around.

After the low band and high band ROM table sine wave

frequency values are accessed in each cycle of the LUP42

program, they are added together and then output to pins

L0–L5 of the L port. As stated previously, the low band

frequency values have a lower bias than the high band fre-

quency values to compensate for the required 2 dB offset.

Specifically, the base line and maximum values for the low

frequency values are 13 and 26 respectively, while the base

line and maximum values for the high frequency values are

16 and 32 respectively. Thus the combined base line value

is 29, while the combined maximum value is 58. This gives a

range of values on the L port output (L0–L5) from 0 to 58.

The minimum time necessary for the LUP42 update pro-

gram loop is 36 instruction cycles including the jump back to

the start of the loop. Consequently, two LAID instructions

are inserted just prior to the jump back instruction at the end

of LUP42 to supply the six extra NOP instruction cycles

needed to increase the LUP42 instruction cycles from 36 to

42. A three cycle LAID instruction can always be used to

simulate three single cycle NOP instructions if the accumu-

lator data is not needed.

Table V shows the multiple LUP42 approximation to the

eight DTMF frequencies, including the number of sine wave

cycles and data points in the approximation. As an example,

three cycles of a sine wave with a total of 19 data points

across the three cycles is used to approximate the 1336 Hz

DTMF frequency. The 19 cycles of LUP42 times the LUP42

time of 117(/3 ms is divided into the three cycles to yield a

value of 1345.69 Hz. This gives an error of a0.73% when

compared with the DTMF value of 1336 Hz. This is well

within the 1.5% North American DTMF error range.

TABLE V. DTMF Frequency Approximation Table

DTMF Ý of Sine Ý of Data
Calculation

Approx.
% Error

Freq. Wave Cycles Points Freq.

697 4 49 4/(49 x 117(/3) e 695.73 b0.18

770 1 11 1/(11 x 117(/3) e 774.79 a0.62

852 1 10 1/(10 x 117(/3) e 852.27 a0.03

941 1 9 1/(9 x 117(/3) e 946.97 a0.63

1209 1 7 1/(7 x 117(/3) e 1217.53 a0.71

1336 3 19 3/(19 x 117(/3) e 1345.69 a0.73

1477 4 23 4/(23 x 117(/3) e 1482.21 a0.35

1633 4 21 4/(21 x 117(/3) e 1623.38 b0.59
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The frequency approximation is equal to the number of cy-

cles of sine wave divided by the time in the total number of

LUP42 cycles before the ROM table repeats.

The values in the DTMF sine wave ROM tables are calculat-

ed by computing the sine value at the appropriate points,

scaling the sine value up to the base line value, and then

adding the result to the base line value. The following exam-

ple will help to clarify this calculation.

Consider the three cycles of sine wave across 19 data

points for the 1336 Hz high band frequency. The first value

in the table is the base line value of 16. With 2q radians per

sine wave cycle, the succeeding values in the table repre-

sent the sine values of 1 c (6q/19), 2 c (6q/19), 3 c

(6q/19), . . . , up to 18 c (6q/19). Consider the seventh

and eighth values in the table, representing the sine values

of 6 c (6q/19) and 7 c (6q/19) respectively. The respec-

tive calculatons of 16 c sin[6 c (6q/19)] and 16 c sin[7
c (6q/19)] yield values of b5.20 and 9.83. Rounding to

the nearest integer gives values of b5 and 10. When added

to the base line value of 16, these values yield the results 11

and 26 for the seventh and eighth values in the 1336 Hz

DTMF ROM table. Symmetry in the loop of 19 values in the

DTMF table dictates that the fourteenth and thirteenth val-

ues in the table are 21 and 6, representing values of 5 and
b10 from the calculations.

The area under a half cycle of sine wave relative to the area

of the surrounding rectangle is 2/q, where q radians repre-

sent the sine wave half cycle. This surrounding rectangle

has a length of q and a height of 1, with the height repre-

senting the maximum sine value. Consequently, the area of

the surrounding rectangle is q. The integral of the area un-

der the half sine wave from 0 to q is equal to 2. The ratio of

2/q is equal to 63.66%, so that the total of the values for

each half sine wave should approximate 63.66% of the sum

of the max values. The maximum values (relative to the

base line) are 13 and 16 respectively for the low and high

band DTMF frequencies.

For the previous 1336 Hz example, the total of the absolute

values for the 19 sine values from the 1336 Hz ROM

table is equal to 196. The surrounding rectangle for the

three cycles of sine wave is 19 by 16 for a total area of 304.

The ratio of 196/304 is 64.47% compared with the 2/q
ratio of 63.66%. Thus the sine wave approximation gives an

area abundance of 0.81% (equal to 64.47 b 63.66).

An application of the sine wave area criteria is shown in the

generation of the DTMF 852 Hz frequency. The ten sine

values calculated are 0, 7.64, 12.36, 12.36, 7.64, 0, b7.64,
b12.36, b12.36, and b7.64. Rounding off to the nearest

integer yields values of 0, 8, 12, 12, 8, 0, b8, b12, b12

and b8. The total of these values (absolute numbers) is 80,

while the area of the surrounding rectangle is 130 (10 x 13).

The ratio of 80/130 is 61.54% compared with the 2/q ratio

of 63.66%. Thus the sine wave approximation gives an area

deficiency of 2.12% (equal to 63.66 b 61.54), which is over-

ly deficient. Consequently, two of the ten sine values are

augmented to yield sine values of 0, 8, 12, 13*, 8, 0, b8,
b12, b13*, and b8. This gives an absolute total of 82 and

a ratio of 82/130, which equals 63.08% and serves as a

much better approximation to the 2/q ratio of 63.66%.

The sine wave area criteria is also used to modify two val-

ues in the DTMF 941 Hz frequency. The nine sine values

calculated are 0, 8.36, 12.80, 11.26, 4.45, b4.45, b11.26,
b12.80, and b8.36. Rounding off to the nearest integer

yields values of 0, 8, 13, 11, 4, b4, b11, b13, and b8. The

total of these values (absolute numbers) is 72, while the

area of the surrounding rectangle is 117 (9 x 13). The ratio

of 72/117 is 61.54% compared to the 2/q ratio of 63.66%.

Thus the sine wave approximation gives an area deficiency

of 2.12% (equal to 63.66 b 61.54),which is overly deficient.

Rounding up the two values of 4.45 and b4.45 to 5 and b5,

rather than down to 4 and b4, yields values of 0, 8, 13, 11,

5, b5, b11, b13 and b8. This gives an absolute total of

74 and a ratio of 74/117, which equals 63.25% and serves

as a much better approximation to the 2/q ratio of 63.66%.

With these modified values for the 852 and 941 DTMF fre-

quencies, the area criteria ratio of 2/q e 63.66% for the

sine wave compared to the surrounding rectangle has the

following values:

DTMF Sum of Rectangle
Percentage Diff.

Freq. Values Area

697 Hz 406 49 x 13 e 637 63.74% a0.08%

770 Hz 92 11 x 13 e 143 64.34% a0.68%

852 Hz 82 10 x 13 e 130 63.08% b0.58%

941 Hz 74 9 x 13 e 117 63.25% b0.41%

1209 Hz 72 7 x 16 e 112 64.29% a0.63%

1336 Hz 196 19 x 16 e 304 64.47% a0.81%

1477 Hz 232 23 x 16 e 368 63.04% b0.62%

1633 Hz 216 21 x 16 e 336 64.29% a0.63%
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The LUP42 program loop is interrupted by the COP820C/

840C timer after 100 ms of DTMF output. As stated previ-

ously, the Stack Pointer (SP) must be adjusted (incremented

by 2) following the timer interrupt before returning from the

DTMFLP subroutine.

This second DTMF generation subroutine for the

COP820C/840C uses 301 bytes of code, consisting of 88

bytes of program code and 213 bytes of ROM table. The

following is a summary of the DTMFLP subroutine code allo-

cation.

DTMFLP Code Ý of

Allocation Bytes

1. Subroutine Header Code 42

2. Interrupt Code 16

3. LUP42 Code 30

4. Telephone Key Table 64

5. Sine Value Tables 149

Total 301

A program test routine to sequentially call the DTMFLP sub-

routine for each of the 16 DTMF keyboard input digits is

supplied with the listing for the DTMF35 program. This test

routine uses a 16 byte ROM table to supply the low true

encoded column/row keyboard input to the accumulator. An

input from the I0 pin of the I port is used to select which

DTMF generation subroutine is to be used. The DTMFLP

subroutine is selected with I0 e 1.

A TYPICAL RESISTOR LADDER NETWORK IS SHOWN IN

FIGURE 4.

SUMMARY

In summary, the DTMF35 program assumes a COP820C/

840C clocked with a 3.58 MHz crystal in divide by 10 mode.

The DTMF35 program contains three subroutines,

KBRDEC, DTMFGP, and DTMFLP. The KBRDEC subrou-

tine is a low true DTMF keyboard decoder, while the

DTMFGP and DTMFLP subroutines represent the alterna-

tive methods of DTMF generation.

The KBRDEC subroutine provides a low true decoding of

the DTMF keyboard input and assumes that the keyboard

input has been encoded in a low true column/row format,

with the columns of the keyboard being sequentially

strobed.

The DTMFGP subroutine produces two PWM (Pulse Width

Modulation) outputs (representing the selected high and low

band DTMF frequencies) for combination with an external

op amp network (LM324 or equivalent).

The DTMFLP subroutine produces six bits of combined high

band and low band DTMF frequency output for combination

in an external resistor ladder network. This output repre-

sents a combined sine wave simulation of the two selected

DTMF frequencies by combining values from two selected

ROM tables, and updating these values every 118 ms.

The three DTMF35 subroutines contain the following num-

ber of bytes of program and ROM table memory:

Subroutine
Ý of Bytes Ý of Bytes Total Ý

of Program of ROM Table of Bytes

KBRDEC 19 16 35

DTMFGP 78 16 94

DTMFLP 88 213 301

TL/DD/10740–24

FIGURE 4. Typical Resistor Ladder Network
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