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N
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5.2.1 Main Loop
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T8 “Footprin
0.1uF C4 RADQ1
0.1uF C2 RADO1
0.1uF C3 RADO1
0.1uF C1 RADO1
1Kohm R2 AXIAL-0.3
1Kohm R1 AXIAL-0.3
1Mohm R3 POT
30uH L1 AXIAL-0.3
33uF Ch C33
AC J2 ; HDR1X2B
CON2 J5 ‘ HDR1X2B
GON2 J4 HDR1X2B
GEN J3 _ HDR1X2B
PHONE LINE | J1 : HDR1X2B
TRANS1 T1 - TTT
UA741 U1 DIP8
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0.1uF C5 RADO1
0.1uF C3 RADO1
0.1uF C2 RADO1
0.1uF C4 RADO1
0.1uF c6 RAD-0.2
0.03uF C7 RAD-0.2
1Kohm -R1 AXIAL-0.3
1Kohm R2 - AXIAL-0.3
1Mohm . R3 POT -
10K R7 AXIAL-0.3
10K 7 R6 AXIAL-0.3
10K R4 AXIAL-0.3
10K R9 AXIAL-0.3
10K R8 AXIAL-0.3
10K R5 AXIAL-0.3
30uH L1 AXIAL-0.3
33uF C1 C33

100K R10 AXIAL-0.3
270K R11 AXIAL-0.3
AC J1 HDR1X2B
CON2 J2 HDR1X2B
CON2 J3 HDR1X2B
CON2 Ja HDR1X2B
CON6 J5 HDR1X6B
CRYSTAL- .
3.579MHz Y1 XTAL-1
MT8870DE U2 DIP18
TRANS1 T1 TTT
UA741 U1 DIP8

DTMF
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13199 0.2 FemMsgUnsaltaziu U VU NS UAUNDIAIRVHE M Tuya Tu Ty I8l

80



puier %wﬁ;@gg LUUNTT

o




82

{ T = d o
AN 1.8 218NTURUNDWATRUNGATLT IS

Mwh .9 myasgUnssiuumenITuiunonIfiuiyaSudya e DTMF




f1314

AXIAL-0.3

1K R5

1K R3 AXIAL-0.3
1K R6 AXIAL-0.3
1K R4 AXIAL-0.3
1K R2 AXIAL-0.3
1K R1 | AXIAL-0.3
5VSPDT RLY?2 RELAY-5V
5VSPDT RLY1 RELAY-5V
5VSPDT RLY3 RELAY-5V
10K RO AXIAL-0.3
10K R8 AXIAL-0.3
10K R7 * AXIAL-0.3
CON2 J5 CON
CON2 J6 CON
GON2 J3 CON
CON2 J4 CON
CON2 J2 | conz
CON3 J1 ‘| HDR1X3B
DIODE D3 DIODE-300
DIODE D2 DIODE-300
DIODE D1 DIODE-300
NPN Q1 TO18
NPN Q2 TO18
NPN Q3 TO18
NPN Q6 TO18
NPN Q5 TO18
NPN Q4 TO18

DTMF
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AXIAL-0.3

0.5k R5

0.5k R6 AXIAL-0.3
1K R2 AXIAL-0.3
1K R1 AXIAL-0.3
5VSPDT RLY1 RELAY-5V
10K R4 AXIAL-0.3
10K R3 AXIAL-0.3
10uF c3 RAD-0.2
30pF C2 RAD-0.2
30pF c1 RAD-0.2
AT8958252 U1 DIP40
CON2 1 J3 CON
CON2 J2 CON
CON2 J1 CON2
CONS6 . J4 HDR1X6
CRYSTAL Y1 XTAL-1
DIODE D1 DIODE-300
LED D3 RAD-0.1
LED D2 RAD-0.1
NPN Q1 TO18
NPN Q2 TO18
SW SPST S1 SSW2S

=] o
UAZYAUUIDY
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ORG
JMP
ORG

MAIN:MOV
SETB
SETB
SETB
SETB
CLR
CLR

MAIN2:
MOV
MOV

ANL
MOV
XRL
INZ
SIMP

_IS_SEVEN:
MOV
XRL
INZ
CLR

SETB

CLR
CLR
IMP

_IS_STAR:
MOV

XRL
INZ
SETB
CLR

CLR
CLR

000H
MAIN
o100H

P3#i11n1n1B
P11
P12
P13
P14
P2.0
P21

P3,#t1111111B
A,P3
A #00001111B
B,A
A,#00001111B
_IS_SEVEN

- MAIN2

AB

A,#00000111B

_IS STAR

P1.1 ;OPEN THE LIGHT
P2o

P2
A
MAIN?2

AB

A #00001011B

_IS_EIGHT

P11 ;CLOSE THE LIGHT
P20

Pz
A
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JMP

_IS_EIGHT:
MOV

XRL
INZ
CLR

SETB
CLR
IMP

_IS_ZERO:
MOV

XRL
INZ
SETB

CLR

_IS_ONE:
MOV

INZ
CLR

SETB
CLR

IS TWO:
MOV
XRL
INZ
SETB
CLR

JMP

_IS_THREE:
MOV

XRL
JNZ
CLR

SETB

MAIN2

AB

A #00001000B
_IS ZERO
Pi2

P21

A

MAIN2

AB

A #000010t0B
_IS_ ONE
P12

P2.1

MAIN2

AB

A #00000001B
IS TWO
P13

P21

A

MAIN2

AB
A #00000010B
_IS THREE
P13
P21

MAIN2

AB

A #00000011B
_IS FOUR
Pia

P12

;OPEN THE LIGHT

;CLOSE THE LIGHT

;OPEN THE LIGHT

;CLOSE THE LIGHT

;CLOSE THE LIGHT
;CLOSE THE LIGHT
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CLR P20
CLR P21
CLR A
JMP MAIN2
_IS_FOUR:
MOV AB
XRL AL#00000100B
INZ CLOSE
SETB P14
SETB Pi2
CLR P20
CLR P2.1
CLR A
JMP Mg&lNz
CLOSE: SETB P1.1
SETB P1.2
SETB P13
SETB P14
CLR P20
CLR P2.1
CLR A
JMP MAIN2

3

; DELAY PROGRAMM

DELAY_1Sec:PUSH 0sH

93

;CLOSE THE LIGHT
;CLOSE THE LIGHT

XTAL 11.0592 MHz

; Do 100 times

DELAY _10ms

MOV Rs,#100
DELAY 1s 1: ACALL

DINZ R5,DELAY 1s 1

POP osH

RET

DELAY 10mS:  PUSH
PUSH o6H

MOV R7,4100

DELAY_100mS_1: MOV
DELAY 10omS 2: NOP

; Do 100 times

Ré,#0EcH ; Each loop = 1 ms
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NOP

DINZ R6,DELAY _loomS 2

DINZ R7,DELAY_100mS 1

POP 06H

POP o7H

RET
DELAY 10mS: PUSH o7H

PUSH - 06H

MOV R7,#010 : Do 10 times
DELAY 10mS_1: MOV Rs,#0EcH ; Each loop = 1 ms
DELAY 10mS 2: NOP .

NOP

DINZ R6,DELAY_ 10omS 2

DINZ *  R1,DELAY_1omS !

POP osH

POP 07H

RET

DELAY 4mS: ACALL DELAY_ 1mS
ACALL DELAY_imS
ACALL DELAY 1mS

ACALL DELAY 1m$S
RET

DELAY_ mS: ACALL DELAY 250uS
ACALL DELAY_250uS
ACALL DELAY 2s0uS

ACALL DELAY 2s50uS
RET

DELAY 250uS:

MOV Ro,#82D ;250 uS delay
DELAY 250uS 1

DINZ Ro,DELAY_250uS 1

RET

END
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UA741

GENERAL PURPOSE
SINGLE OPERATIONAL AMPLIFIER

B LARGE INPUT VOLTAGE RANGE

B NO LATCH-UP

B HIGH GAIN

WM SHORT-CIRCUIT PROTECTION

B NO FREQUENCY COMPENSATION

B REQUIRED

B SAME PIN CONFIGURATION AS THE UA709

DESCRIPTION

The UA741 is a high performance monolithic oper-
ational amplifier constructed on a single silicon
chip. It is intented for a wide range of analog appli-
cations,

B Summing amplifier
B Voltage follower
B Integrator

W Active filter

B Function generator

The high gain and wide range of operating voltag-
es provide superior performances in integrator,
summing amplifier and general feedback applica-
tions. The internal compensation network (6dB/
octave) insures stability in closed foop circuits.

DIP8
(Plastic Package)

s08
(Plastic Micropackage)

ORDER CODE
Package
Part Number | Temperature Range " 5
UA741C 0°C, +70°C . .
UA7411 -40°C, +105°C . .
UA741M -55°C, +125°C . .

Example : UA741CN

N = Dual In Line Package (DIP,

D = Small Qutiine Package (S(.))) - also available in Tape & Reel (DT)

PIN CONNECTIONS (top view)
\_/
1 [ 8
2 [ > (17
3] 4 BG
4[] []5

1 - Offset null 1

2 - Inverting input

3 - Non-inverting input
4-Veoo

5 - Offset null 2

6 - Cutput

7 -Veot

8-N.C.

November 2001

1/5




UA741

SCHEMATIC DIAGRAM
Non-invarting Input
{7 Veos
Qa8 o] [#}F Q13
Irverting fel?}
R7
o 0251,—“)6“ 1 L5k
30pF
- ois 15
3
[ RS j
% & o H ok 2
— Cutput
Rio
- 50
H -« @16
or ,_:[Em (ng
o 3l
Ottset
A 1
b Ra 1
50k
n1[l] H] R2 [ﬂm mag] [']an
1k 1k 5k BOk 50
—] vee-
Oftset
nutl 2
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter UA741M UAT741] UA741C Unit
Voo | Supply voltage 22 \
Vig Differential Input Voltage 30 v
Vi Input Voltage +15 v
Pit | Power Dissipation 1 500 mw
Output Short-circuit Duration Infinite
Toper | Operating Free-air Temperature Range -55 to +125 { -40 to +105 r 0to+70 °C
Tstg | Storage Temperature Range -85 to +150 °C

. Power dissipation must be considered to ensure maximum junction temperature (T]) Is not exceeded.




UA741

ELECTRICAL CHARACTERISTICS
Voo = £15V, Tamp = +25°C (unless otherwise specified)

Symbol Parameter Min. | Typ. { Max. Unit
Input Ofiset Voltage (Rg < 10kQ) mv
Via Tamp = +25°C 1 5
Tmin s Tarnb £ Tenax 6
Input Offset Current nA
lio Tamp = +25°C 2 30
Trin < Tamb < Tmax 70
Input Bias Current nA
lio Tamb = +25°C 10 | 100
Tenin S Tamb = Tmax 200
Large Signal Voltage Gain (V, = 10V, R = 2kQ) Vimv
Avd Tamp = +26°C
50 200
Tmin = Tamb = Tmax . 25
Supply Voltage Rejection Ratio (Rg < 10kQ) dB
SVR Tamp = +25°C 77 90
Tonin S Tamb < Tmax 77
Supply Current, no load ~ mA
lec Tamb = +26°C 1.7 | 28
Tmin % Tamb 2 Tmax 3.3
Input Common Mode Voltage Range v
Viem Tamp = +25°C +12
Tonin S Tamb < Trmax +12
Common Mode Rejection Ratio (Rg < 10kQ) dB
CMR Tamp = +25°C 70 a0
Timin < Tamb £ Tmax 70
los |Output short Circuit Current 10 25 40 mA
Output Voitage Swing v
Tamp = +25°C RL = 10kQ 12 1 1a
+Vopp R = 2kQ 10 13
Tooin = Tamb £ Tmax RL = 10k 12
AL = 2k 10
SR Slew Rate Vius
Vi=+10V, R = 2kQ, C_ = 100pF, unity Gain 025 | 05
t Rise Time us
r _ Vi = £20mV, R = 2kQ, C_ = 100pF, unity Gain 0.3
K Overshoot Yo
o Vi =20mV, R_ = 2kQ, C_ = 100pF, unity Gain 5
Ri {input Resistance 0.3 MO
GBP Gain Bandwith Product MHz
Vi=10mV, Ry, = 2kQ, C_ = 100pF, f =100kHz 0.7 1
THD Total Harmonic Distortion %
f=1kHz, A, = 20dB, R = 2kQ, V, = 2V, C; = 100pF, Tyyp = +25°C 0.08
e Equivalent Input Noise Voltage nv.
n f = 1kHz, Ry = 1008 23 JHZ
m [Phase Margin 50 Degrees
1577 3/5




atures

ympatible with MCS®51 Products

' Bytes of In-System Reprogrammable Downloadable Flash Memory
- SPI Serial Interface for Program Downloading

- Endurance: 1,000 Write/Erase Cycles

'Bytes EEPROM

- Endurance: 100,000 Write/Erase Cycles

to 6V Operating Range

lly Static Operation: 0 Hz to 24 MHz

ree-level Program Memory Lock

} X 8-bit Internal RAM

Programmable /O Lines

ee 16-bit Timer/Counters

1@ Interrupt Sources

igrammable UART Serial Channel

| Serial Interface

v-power ldle and Power-down Modes

wrupt Recovery from Power-down .
grammable Watchdog Timer “
il Data Pointer

ver-off Flag

cription

78958252 is a low-power, high-performance CMOS 8-bit microcontroller with 8K
of downloadable Flash programmabie and erasable read-only memory and 2K
of EEPROM. The device Is manufactured using Atmel's high-density nonvolatile
ry technology and is compatible with the industry-standard 80C51 instruction
i pinout. The on-chip downloadable Flash allows the program memory to be
yrammed In-System through an SPI serial interface or by a conventional nonval-
nemory programmer. By combining a versatile 8-bit CPU with downloadable
on a monolithic chip, the Atmel AT8958252 is a powerful microcontroller, which

les a highly-flexible and cost-effective solution to many embedded control
ations.

78958252 provides the following standard features: 8K bytes of downloadable
2K bytes of EEPROM, 256 bytes of RAM, 32 I/O lines, programmable waichdog
two data pointers, three 18-bit timer/counters, a six-vector two-level interrupt
icture, a full duplex serial port, on-chip oscillator, and clock circuitry. in addition,
8958252 is designed with static logic for operation down to zero frequency and
1s two software selectable power saving modes. The idie Mode stops the CPU
llowing the RAM, timer/counters, serial port, and interrupt system to continue
ning. The Power-down mode saves the RAM contents but freezes the oscillator,
1g all other chip functions until the next external interrupt or hardware reset.

whloadable Flash can be changed a single byte at a time and is accessible
1 the SPI serial interface. Holding RESET active forces the SPI bus into a serial

nming interface and allows the program memory to be written to or read from
lock bits have been activated.

B

8-bit
Microcontrolier
with 8K Bytes
Flash

AIMEL

AT8958252

0401F-MICRC-11/03



Configurations
PDIP
WS
rzpLod v
TzEXPILLD2 a5 [1Po.c (ADO)
Pr2gls 38 [1P0.1 {ADY)
P130]4 97 D Po.2(AD2)
@3 P1.a0s 36 [1P0.3 (AD3)
MOs) P18 s a5 [1P0.4 (ADG)
iso)Pred] 7 a4 [1Po.5 (ADS) (oS} P1.5 1 ot EP"" (AD4}
scmpirde asPros (a8 MIS0) P16 ]2 32[1P0.E (ADS)
rsrds s2fiPe7(ADT scg P78 31 HPOS(ADE)
(RXD) P30T} 10 3t hEANVPP RSTL}4 a0 QP07 (AD7}
(Fxo) P8 £ 11 wphacrmos {RXD} P:g : z gg‘”‘”
(AT pa.2d] 12 26 |1 FEER
@Rt Pasd s 2Pz 8 5%% g:; ; :: gm“'?m
moypaar]ia 27 P26 (A4 (Nireadls fod Sk
(TyPas 015 26 [1P2.5(A12) } (A16)
WA Pasd te 26 P24 (A12) (TopPa4 L0 26|IF26 (Ar4)
FmPazd 7 zaPP2aatt) rasgn 23 [JP25 {A13)
xTaLzr] 18 23 IP2.2 (A10) . goveerwagyy
xtaLi f 18 22h1p21 (9) OUUUUOOUOOD
GND 21 AB; i s g
O=0 P20 (A8) ggggg%ggggg
EI2 232z3%
-
'I?
(MOSI) P16 DPo.4 (AD4)
(MISO) P18 D Fo.5 (ADS)
{SCK) P17 170,68 (ADE)
ST HPO.7 {AD7)
{RXD) Pa.0 [ EAvee
N Bne
(TXD) P34 [ AL EPRDS
{INT0) Pa.2 [ PSEN
{NTT) P33 C1P2.7 (A15)
{TO)P3.4 [1p2.6 (As4)
(T1)Fas5 P25 (A13)
. .
Jescription
Suppiy voltage.
Ground.

Port 0 is an 8-bit open drain bi-didirectional /O port. As an output port, each pin can
sink eight TTL inputs. When 1s are written to port O pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-order address/data bus during
accesses to external program and data memeory. In this mode, PO has internal pull-ups.

Port 0 aiso receives the code bytes during Flash programming and outputs the code
bytes during program verification. External pull-ups are required during program
verification.

Port 1 is an 8-bit bi-directional I/O port with internai pull-ups. The Port 1 output buffers
can sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulled high
by the internal pul-ups and can be used as inputs. As inputs, Port 1 pins that are exter-
nally being pulled low will source current (I, ) because of the internal pull-ups.

AT S0'S 82552 s
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Some Port 1 pins provide additional functions. P1.0 and P1.1 can be configured to be
the timer/counter 2 external count input (P1.0/T2) and the timer/counter 2 trigger inpu
(P1.1/T2EX), respectively.

Furthermore, P1.4, P1.5, P1.6, and P1.7 can be configured as the SPI slave port select
data input/output and shift clock input/output pins as shown in the following table.

Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2}, clock-out

P11 T2EX (Timet/Counter 2 capture/reload trigger and direction controf)
P1.4 SS (Slave port select input)

P1.5 MOSI (Master data output, slave data input pin for SP) channel)
P1.6 MISO (Master data input, slave data output pin for SPI channel)
P1.7 SCK (Master clock output, slave clock input pin for SPI channel)

Port 1 also receives the low-order address bytes during Flash programming and
verification. |

Port 2 is an 8-bit bi-directional /O port with internal puil-ups. The Port 2 output buifers
can sink/source four TTL inputs. When 1s are written to Port 2 pins, they are pulled high
by the internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are exter-
nally being pulled low will source current (I, ) because of the internal pull-ups.

Port 2 emits the high-order address byte during fetches from external program memory
and during accesses to external data memory that use 16-bit addresses (MOVX @
DPTRY). In this application, Port 2 uses strong internal pull-ups when emitting 1s. During
accessos o external data memory that use 8-bit addresses (MOVX @ Ri), Poit 2 emits
the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some control signals during Flash
programming and verification.

Port 3 is an 8-bit bl-directional IO port with internal pull-ups. The Port 3 output buffers
can sink/source four TTL inputs. When 1s are written to Port 3 pins, they are puiled high
by the internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are exter-
nally being pulled low will source current (I, ) because of the pull-ups.

Port 3 receives some control signals for Flash programming and verification.

Port 3 also serves the functions of various special features of the AT8958252, as shown
in the following table.

AT 89S 825 2 e —————
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Port Pin Alternate Functions

P3.0 RXD {serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer 0 external input}

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

Reset input. A high on this pin for two machine cycles while the oscillator is running
resets the device.

Address Latch Enabie is an output pulse for latching the low byte of the address during
accesses to external memory. This pin is also the program pulse input {PROG) during
Flash programming.

In riormal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency and
may be used for external timing or clocking purposes. Note, howaver, that one ALE
pulse is skipped during each access to external data memory.

i desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the
bit set, ALE is active only during a MOVX or MCVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no effect if the microcontroller Is in

external execution mode.

Program Store Enable is the read strobe to external program memory.

When the ATB9S8252 is executing code from external program memory, PSEN is acti-
vated twice each machine cycle, except that two PSEN activations are skipped during
each access to external data memory.

External Access Enable. EA must be strapped to GND in order to enable the device to
fetch code from external program memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be internally latched on reset.

EA should be strapped to V. for internal program executions. This pin also receives the
12-volt programming enable voltage (V,,) during Flash programming when 12-volt pro-
gramming is selected.

Input to the inverting oscillator amplifier and input to the intemnal clock operating circuit.

Output from the inverting oscillator amplifier.

ATEL ;
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ial Function A map of the on-chip memory area called the Special Function Register (SFR) space Is
isters shown in Table 1.

Note that not all of the addresses are occupied, and unoccupied addresses may not be
implementad on the chip. Read accesses to these addresses will in general return ran-
dom data, and write accesses will have an indeterminate effect.

User software should not write 1s to these unlisted locations, since they may be used ir
future products to invoke new features. In that case, the reset or inactive values of the
new bits will always be 0.

Timer 2 Registers Control and status bits are contained in registers T2CON (shown ir
Table 2) and T2MOD (shown in Table 9) for Timer 2. The register pair (RCAP2H,
RCAP2L) are the Capture/Reload registers for Timer 2 in 16-bit capture mode or 16-bi
auto-reload mode. ,

I. AT8958252 SFR Map and Reset Values

e OFFH
B :
00000000 . OF7H
» QEFH
ACC
00000000 0E7H
ODF
H
PSW - SPCR
00000000 00000TXX 0D7H
T2CON T2MOD RCAP2L RCAP2H TL2 TH2 oCF
00000000 |  XXXXXX00 00000000 (0000000 00000000 00000000 H
0C7H
P
XX000000 0BFH
F3
1111119 0B7H
E SPSR
0X000000 OOXXXXXX OAFH
P2
11111111 0A7H
SCON SBUF oFH
00000000 XXXXXXXX
P1 WMCON
11119111 00000010 o7H
TCON TMOD TLo TL3 THo THY oFH
00000000 00000000 00000000 00000000 00000000 00000000
PO SP DPOL DPOH DPIL DP1H SPDR PCON -
11111111 00000111 00000000 00000000 00000000 00000000 XXXXXXXX OXXX0000

ATEOS 8252 1m0 ————
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2. T2CON - Timer/Counter 2 Control Register
IN Address = 0C8H

Reset Value = 0000 00008

ldressable
TF2 EXF2 RCLK TCLK EXEN2 TR2 cfi2 CPRL2
7 6 5 4 3 2 1 0
ol Function

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=10or TCLK = 1.

Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXENZ2 = 1.
When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1).

Receive clock enable. When set, causes the setial port to use Timer 2 overflow pulses for its receive clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflows to be used for the receive clock.

Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial port
Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

2 Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX if
Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

Start/Stop control for Timer 2. TR2 = 1 starts the timer. |

Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge
triggered).

na

Capture/Reload select. CP/RLZ = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2 =0
‘causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2 = 1. When
either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

RO-11/03 [
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shdog and Memory Control Register The WMCON register contains control bits for the Watchdog Timer (shown ir
g 3). The EEMEN and EEMWE bits are used to select the 2K bytes on-chip EEPROM, and to enable byte-write. The
bit selects one of two DPTR registers available,

» 3. WMCON—Watchdog and Memory Control Register

CON Address = 96H

Reset Value = 0000 0010B

Ps2

P51 PSSO EEMWE EEMEN DPS WDTRST WDTEN

-

7

6 5 4 3 2 1 0

bol

Function

L

Prescaler Bits for the Watchdog Timer. When all three bits are set to “0”, the watchdog timer has a nominal period of
16 ms. When all three bits are set to “1°, the nominal period is 2048 ms.

WE

EEPROM Data Memory Write Enable Bit. Set this bit to “1” befora initiating byte write to on-chip EEPROM with the
MOVX instruction. User software should set this bit to “0” after EEPROM write is completed.

EN

internal EEPROM Access Enable. When EEMEN = 1, the MOVX instruction with DPTR will access on-chip EEPROM
instead of external data memory. When EEMEN = 0, MOVX with DPTR accesses external data memory.

Data Pointer Register Select. DPS = 0 selects the first bank of Data Pointer Register, DP0, and DPS = 1 selects the
second bank, DP1

RST

BSY

Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each time this bit is set to “1” by user software, a pulse is
generated to reset the watchdog timer. The WDTRST bit is then automatically reset to “0” in the next instruction cycle.
The WDTRST bit is Write-Only. This bit also serves as the RDY/BSY flag in a Read-Only mode during EEPROM write.
RDY/BSY = 1 means that the EEPROM is ready to be programmed. While programming operations are being executed,
the RDY/BSY bit equals “0” and is automatically reset to “1” when programming is completed.

EN

Watchdag Timer Enable Bit, WDTEN = 1 enables the watchdog timer and WDTEN = 0 disables the watchdog timer.

AT8938252 e
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SPI Registers Control and status bits for the Serial Peripheral Interface are contained in
registers SPCR (shown in Table 4) and SPSR (shown in Table 5). The SPI data bits are
contained in the SFDR register. Writing the SPI data register during serial data transfer
sets the Write Coliision bit, WCOL, in the SPSR register. The SPDR is double bufferec
for writing and the values in SPDR are not changed by Reset.

Interrupt Registers The global interrupt enable bit and the individual interrupt enable
bits are in the IE register. In addition, the individual interrupt enable bit for the SPI is in
the SPCR register. Two priorities can be set for each of the six interrupt sources in the
IP register.

Dual Data Pointer Registers To facilitate accessing both internal EEPROM and exter-
nal data memory, two banks of 16-bit Data Pointer Registers are provided: DP0 at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit DPS = 0 in SFR WMCON selects
DPO and DPS = 1 selects DP1, The user should ALWAYS initialize the DPS bit to the
appropriate value before accessing the respective Data Pointer Register.

Power Off Flag The Power Off Flag (POF) is located at bit_4 (PCON.4) in the PCON
SFR. POF is set t0-“1” during power up. It can be set and reset under software control
and is not affected by RESET.

L. SPCR — SPI Control Register

Address = D5H

Resst Value = 0000 01XXB

SPIE SPE DORD MSTR CPOL CPHA SPA1 SPRO
7 6 5 4 3 2 1 0
ol Function

SPI Interrupt Enable. This bit, in conjunction with the ES bit in the IE register, enables SPl interrupts: SPIE = 1 and ES =

1 enable SPI interrupts. SPIE = 0 disables SPI interrupts,

SP| Enable. SP| = 1 enables the SPI channe! and connects 58, MOSI, MiSO and SCK to pins P1.4, P1.5, P1.6, and P1.7.

SPI = 0 disables the SPI channel.

Data Order. DORD = 1 selects LSB f{irst data transmission. DORD = 0 selects MSB first data transmission.

Master/Slave Select. MSTR = 1 selects Master SPI mode. MSTR = 0 selects Slave SPI mode.

Clock Polarity. When CPOL = 1, SCK is high when idle. When CPOL = 0, SCK of the master device is low when not

transmitting. Please refer to figure on SPI Clock Phase and Polarity Control.

Ciock Phase. The CPHA bit together with the CPOL bit controls the clock and data relationship between master and

slave. Please refer to figure on SPI Clock Phase and Polarity Control.

8P1 Clock Rate Select. These two bits control the SCK rate of the device configured as master. SPR1 and SPRO have no

effect on the slave. The relationship between SCK and the osclllator frequency, Fqge, Is as follows:
SPR1  SPRO 8CK = Fggg, divided by

0 0 4
0 1 16
1 0 64
i 1 128

RO-11/03
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5. SPSR - SP| Status Register

! Address = AAH Resst Value = 00XX XXXXB
SPIF WCOL - - - - - -
7 6 5 4 3 2 1 0

ol Function

SPI Interrupt Flag. When a serial transfer is complete, the SPIF bitis set and an interrupt is generated if SPIE =1 and ES |
= 1. The SPIF bit is cleared by reading the SPI status register with SPIF and WCOL bits set, and then reading/writing the J
SPi data register. J

Write Collision Flag. The WCOL bit is set if the SPI data register is written during a data transfer. During data transfer, the :
result of reading the SPDR register may be incorrect, and writing to it has no effect. The WCOL bit (and the SPIF bit} are |
cleared by reading the SPI status register with SPIF and WCOL set, and then accessing the SPI data register. :

i. SPDR - SP! Data Register .
Address = 86H ; Reset Value = unchanged
SPD7 SPD6 SPD5 SPD4 SPD3 SPD2 SPD1 SPDO
7 <] 5 4 3 2 1 0
Memory - The AT8988252 implements 2K bytes of on-chip EEPROM for data storage and 256

I0OM and RAM bytes of RAM. The upper 128 bytes of RAM occupy a parallel space to the Special
Function Registers. That means the upper 128 bytes have the same addresses as the
SFR space but are physically separate from SFR space.

When an instruction accesses an internal location above address 7FH, the address
mode used in the instruction specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct addressing access SFR space.

For example, the following direct addressing instruction accesses the SFR at location
0AOQH (which is P2).
MOV OAQH, #data

Instructions that use indirect addressing access the upper 128 bytes of RAM. For exam-
ple, the following indirect addressing instruction, where RO contains 0AOH, accesses the
data byte at address 0ACH, rather than P2 {whose address is CAOH).

MOV @RO, #data

Note that stack operations are examples of indirect addressing, so the upper 128 bytes
of data RAM are available as stack space.

The on-chip EEPROM data memory is selected by setting the EEMEN bit in the
WMCON register at SFR address location 96H. The EEPROM address range is from
000H to 7FFH. The MOVX instructions are used to access the EEPROM. To access off-
chip data memory with the MOVX instructions, the EEMEN bit needs to be set to “0".

The EEMWE bit in the WMCON register needs to be set to “1” before any byie location
in the EEPROM can be written, User software should reset EEMWE bit to “0” if no fur-
ther EEPROM write is required. EEPROM write cycles in the serial programming mode
are self-timed and typicaliy take 2.5 ms. The progress of EEPROM write can be moni-
tored by reading the RDY/BSY bit (read-only) in SFR WMCON. RDY/BSY = 0 means

AT89$8252 R
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programming is still in progress and RDY/BSY = 1 means EEPROM write cycle is com-
pleted and another write cycle can be initiated.

in addition, during EEPROM programming, an attempted read from the EEPROM wiill
fetch the byte being written with the MSB complemented. Once the write cycle is com- .
pleted, true data are valid at all bit locations. ;

The programmable Watchdog Timer (WDT) operates from an independent internal -
oscillator. The prescaler bits, PS0Q, PS1 and PS2 in SFR WMCON are used to set the
period of the Watchdog Timer from 16 ms to 2048 ms. The available timer periods are
shown in the foilowing table and the actual timer periods {at V- = 5V) are within £30%
of the nominal,

The WDT Is disabled by Power-on Reset and during Power-down. It Is enabled by set-
ting the WDTEN bit in SFR WMCON (address = 96H). The WDT is reset by setting the
WDTRST bit in WMCON. When the WDT times out without being resset or disabled, an
internal RST pulse is generated to reset the CPU,

Table 7. Watchdog Timer Period Selection

WDT Prescaler Bits
. P82 PS1 PSO Period (nominal)
0 0 0 16 ms
0 1 32ms
0 1 0 64 ms
0 1 1 128 ms
1 0 0 256 ms
1 0 1 512 ms
1 1 0 1024 ms
1 1 1 2048 ms

Timer 0 and Timer 1 in the AT8958252 operate the same way as Timer 0 and Timer 1 in
the AT89C51 and AT89C52. For further information on the timers’ operation, refer to the
Atmel web site (http:/www.atmel.com), From the home page, select “Products”, then
“Microcontrollers, then “8051-Architecture”. Click on “Documentation”, then on “Other
Documents”. Open the document “AT89 Series Hardware Description”.

Timer 2 is a 16-bit Timer/Counter that can operate as either a timer or an event counter.
The type of operation is selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes:; capture, auto-reicad (up or down counting), and
baud rate generator. The modes are sefected by bits in T2CON, as shown in Table 8.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the Timer function, the TL2 reg-
ister is incremented every machine cycle. Since a machine cycle consists of 12
oscillator periods, the count rate is 1/12 of the oscillator frequency.

In the Counter function, the register is incremented in response to a 1-to-0 transition at
its corresponding external input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples show a high in one cycle and a
low in the next cycle, the count is incremented. The new count value appears in the reg-
ister during S3P1 of the cycle foliowing the one in which the transition was detected.

AEL "
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SEMICONDUCTOR

1s02-cmos MT8870D/MT8870D-1

Integrated DTMF Receiver

Features

Complete DTMF Receiver
Low power consumption
Internal gain setting amplifier
Adjustable guard time
Central office quality
Power-down mode

Inhibit mode

Backward compatible with
MT8870C/MT8870C-1

Applications

Receiver system for British Telecom (BTY or
CEPT Spec (MT8870D-1)

Paging systems

Repeater systems/mobile radio
Credit card systems

Remote control

Personal computers

Telephone answering machine

ISSUE 5 March 1997

Ordering Information
MT8870DE/DE-1 18 Pin Plastic DIP

MT8870DS/DS-1 18 Pin SOIC
MT8870DN/DN-1 20 Pin SSOP
-40 °C to +85 °C

Description

The MT8870D/MT8870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier, clock osciltator and latched three-state bus
interface.

PWDN

vDD VSS VRef INH
M '
5 Bias \
- Circuit VRef
Buffer |
— > (1
Chip Chi .
Ponor Bios High Group | Digital Code
Filter Detection Converter N
Algorithm and Latch Q2
IN + T?)Igcla Zero Crossing
IN- Fitter Detectors > Q3
Low Grou
as Fillor N —&—9 Q4
’_—-D-—-—-& gh?")' —>[ St Steering
Clocks < GT Logic
VW'
\ v
0SsC1 Qscz2 SKYGT ESt STD TOE

Figure 1 - Functional Block Diagram
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IN+ ] sk voo IN+

C

1 1 207 vDD
IN-[] 2 17[] svGT IN-[] 2 18 syaT
Gs[]3 1611 ESt as] 3 18 ] ESt
VRef[] 4 5] sto VRef[] 4 17 stb
INH(] 5 141 Q4 INH[] 5 18] NC
PWDNL] 6 13[] Q3 PWDN([] & 1511 q4
0SC1[] 7 121 Q2 NCL] 7 141 qa
oscz2] 8 "o 0sC1[] 8 1300 q2
vss[] o 10[] TOE 0scz2[] e 127 o1
vs5[ 10 110 ToE
18 PIN PLASTIC DIP/SOIC 20 PIN SSOP

Figure 2 - Pin Connections

lescription
#
5" Name \ Description
1 IN+  [Non-Inverting Op-Amp (Input).
IN-  |Inverting Op-Amp (Input).
GS |Gain Select. Gives access to output of front end differential amplitier for connection of
feedback resistor.

4 Veet |Reference Voltage (Output). Nominally VDb/Q is used to bias inputs at mid-rail {see Fig. 6
and Fig. 10). _ :

5 INH |Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

5 | PWDN [Power Down {Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is internally puiled down.

3 | OSCt [Clock (Input).

3 | OSC2 |[Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

0 Vgs [Ground {Input). OV typical.

1 TOE |Three State Output Enable {Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up internally.

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

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

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

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

3| SUGT |Steering Input/Guard time (Output) Bidirectional. A \mltage greater than Vg, detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg, 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.

) Vpp  [Positive power supply (Input). +5V typical.

NC

No Connection.




IsO%-cMos MT8870D/MT8870D-1

Functional Description

The MT8870D/MT8870D-1 monolithic DTMF
receiver offers small size, low power consumption
and high performance. lts architecture consists of a
bandsplit 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
code to the output bus. .

Filter Section

Separation 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-ievel signals. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

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 signais such as voice while

’ J I
C
Voo |
Ve

SVGT
ESt
R
S0 —>
MT8870D/
79D tara=(RC)In(Vpp/V;
MT8870D-1 ,G,chynf»@o/r po-Vrsy]

Figure 4 - Basic Steering Circuit

providing tolerance to small frequency deviations
and variations. This averaging algorithm has bsen

 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 ESt to
assume an inactive state (see “Steering Gircuit”).

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) 1o
rise as the capacitor discharges. Provided signai

g 7T N\ oS
/ ‘e ,.__J
I 4 .. .
10 * X=350 Hz
—*H V=440 Hz
7 DTMF TONES
20 /-
A=697 Hz
ATTE%LIJB?TION / B=770 Hz
C=852 Hz
30 Vi D=941 Hz
A E=1209 Hz
’1 F=1336 Hz
0 e e~ Ptaaa He
” = r4
"A J’— \
Y/
50 4 _/ ,
T, 1ttt
X Y AB C D E F G H
FREQUENCY (Hz)

Figure 3 - Filter Response



3870D/MT8870D-1

ISO?-CMOS

on is maintained {ESt remains high) for the
jon period (tgTp), V¢ reaches the threshold
of the steering logic to register the tone pair,
g its corresponding 4-bit code {see Table 1)
e output latch. At this point the GT output is
ed and drives v;to Vpp. GT continues to drive
s long as ESt remains high. Finally, after a
jelay to aliow the output latch to settle, the
d steering output flag (StD) goes high,
ing that a received tone pair has been
red. The contents of the output latch are made
le on the 4-bit output bus by raising the three
control input (TOE) to a logic high. The
g circuit works in reverse to validate the
Jit pause between signals. Thus, as well as
1g signals too short to be considered valid, the
w will tolerate signal interruptions (dropout)
it to be considered a valid pause. This facility,

ar with the capability of selecting the steering.

onstants externally, allows the designer to
etformance to meet a wide variety of system
ments.

Time Adjustment

Iy situations not requiring selection of tone
n and Interdigital pause, the simple steering
shown in Figure 4 is applicable. Component
are chosen according to the formula:

trec=lpp+iGTP
fip=tpa+tGTa
lue of tpp is a device parameter (see Figure

1 tgec is the minimum signal duration to be
ized by the receiver. A value for C of 0.1 pF is

tare=(ReC)infVpr/{Vpo-Vrsii
tera=(R;C)in(Vpp/Vrsy
Ci Rp=(RRa)/(Ry+R)

TO

a) decreasing tgrp; {tgTp<taTa)

tgTp=(R1C)InfVop/(Voo-Vrsl

I O_C——I— tGTA=(HPC;v)In(VDD/VTSf)

! Rp=(RRo)(Ry+Ry)
iT()

Ry

O b} decreasing tgTa (taTP>taTal

Figure 5 - Guard Time Adjustment

Digit | TOE

Z
=
m
4
£
o
[~)
o
N
L2

>
=
<

rO|lO|lmi~N|[I]| A |WOIMN] =

=N I e B B = =R =2 K= A K= K= K= )]

Ql2fw|2]lrjolo|lof|o|w]2]2|=|[oje|e| N
Ql=|=|o||=|=]|o|o|+]|<|e|e|=]|=]|C|N
Ci={Oo|=-|Oj={10|=w|Oo|=lO|=|O]=lC|=|N

undetected, the output code
will remain the same as the
previous detected code

rTjixjx|xrlx|jxzix|F|TjT|T|L|T| T X| T | EF|r
TlX|T|ITirir| e[ r XXX XXX XX X]X]|X]| XX
[l %% sl O a0l f = Y e off b o o o b ol N il b ) [ ) e i b ) s o [ ) s ) i

O|IO|®|P»>[0|0|@]| >

Table 1. Functional 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 (igra). 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 trgg  with
a long tpp 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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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
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Configuration

The input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (Vgep) which is used to-hjas 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
with the op-amp connected for unity gain and Vg
biasing the input at 1/,Vpp. Figure 8 shows the
differential  configuration, which permits the
adjustment of gain with the feedback resistor Rs.

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figura 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 capacitor 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.

o—i MT8870D/
IN+ MT8870D-1

Vaet

f g T

N

ff entlal ut Amplifier
Ritfprential input Amp

R1_ =1 00 kQ All resistors ara +1% tolerance.
Sékn R3=37.5 kQ All capacitors are +5% tolerance.
Rg= 205
H2+R5

' VOLTAGE GAIN (A, diff)= .2,5.

INPUT IMPEDANCE

1 2
(Zmoier) =24/ R+ (ﬁ)

Figure 6 - Differential Input Configuration

_| |_M To OSC1 of next
] T8870D/MT8870D-1

A X-tal
0sC1 1_ 0sC2
| ]
0SC2 ._T_l I_-_ 0sC1
c

C=30pF
X-tal=3.579545 MHz

Figure 7 - Oscillator Connection

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

Table 2, Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2ITIfR1C1.
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ications

IVER SYSTEM FOR BRITISH TELECOM
POR 1151

ircuit shown in Fig. 9 illustrates the use of
70D-1 device in a typical receiver system. BT
Jefines the input signals less than -34 dBm as
n-operate level. This condition can be attained
posing a suitable values of Ry and R, to
3 3 dB attenuation, such that -34 dBm input
will correspond to -37 dBm at the gain setting
» of MT8870D-1. As shown in the diagram, the
nent values of Ry and C, are the guard time
iments when the total component tolerance is
‘or better performance, it is recommended to
3 non-symmetric guard time circuit in Fig. 8.

tatp=(RpC)infVpp/(Vop-Vrs)]
tara=tRCilin(Vop/Vrsy

Rp=(FR2)/{R1+A5)

o O

Cy
SYGT
23 37 Notes:
Est R,=368K Q+ 1%
Ry=22M Q£ 1%

C1=100nF £ 5%

Figure 8 - Non-Symmetric Guard Time Circuit

Vbp ,
Gy
ome O— &
Input R MT8670D-1
—L IN+ v —e
~—{ ] IN- SYGT [ 3—
-] Gs ESt| Ry
Rz ] Vper st JF———0
O——— | ™H s 3——0
O—————prwoN Q3 }—1—0
EI——D 0sC1 @}——-20 NOTES:
%1 Lyl osc 2 alp——o0 Ry = 102KQ £ 1%
Vss TOE{ }— Rz =71.5KQ % 1%
Ry = 390KQ £1 %
rm7 C1,Cp = 100 nF £ 5%

X; = 3.579545 MHz  0.1%
Vpp = 5.0V £ 5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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Absolute Maximum Ratingst

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Voo 7 v
2 | Voltage on any pin V) Vgg-0.3 Vpp+0.3 \'
3 | Current at any pin (other than supply) I 10 mA
4 | Storage temperature Tsta -65 +150 °C
5 | Package power dissipation I Pp 500 mw
B el?;fgeacggg ;h_;ass% éa;L;efemn?&vc?g%? p%ﬂggggt Sdgrggrge% ti;ugg'g?gf;l operation under these conditions is not implied.
Recommended Operating Conditions - voltages are with r’especl to ground (Vgg) unless olherwise stated.
Parameter Sym | Min | Typ* | Max | Units Test Conditions
1 | DC Power Supply Voltage Voe | 4.75 5.0 5.25 \
2 | Operating Temperature Ta -40 . +85 °C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolé:rance Afc 0.1 %
1 Typical figures are at 25°C and are for design aid only: not guarantaed and not subject to production testing.
DC Electrical Characteristics - vpp=5.0v+ 5%, Vg5=0V, -40°C < To < +85°C, unless otherwise stated.
Characteristics Sym Min Typ* Max Units Test Conditions
1 a Standby supply current Ibbg 10 25 pA  1PWDN=Vpp
P |Operating supply current Ipp 3.0 9.0 mA
E Power consumption Po 15 mw [fc=3.579545 MHz
Y
4 High level input ViH 3.5 V  |Vpp=5.0V
5 Low level input voltage Vi 1.5 V  |Vpp=5.0V
6 | , [Input leakage current /i 0.1 pA | Viy=VggorVpp
7 ’F‘j Pull up (source) current Iso 7.5 20 LA EOE._(;Z'VT 0)=0,
U DD=-
8 | & |Pull down (sink) current I, 15 45 wA |INH=5.0V, PWDN=5.0V,
Vpp=5.0V
9 Input impedance (IN+, IN-} Rin 10 MQ |@1kHz
10 Steering threshold voltage Vrgt 2.2 2.4 2.5 V  |Vpp=5.0V
11 Low level output voltage Vor Vgs+0.031 V  |Noload
12 8 High level output voltage Von |Vop-0.03 V  |No load
13 ; Qutput low {sink) current loL 1.0 2.5 mA |Vour=04V
14 1 U [Qutput high {source) current lon 0.4 0.8 mA |Vgur=4.6V
15 ; VRet OUtput voltage VRet 2.3 2.5 2.7 V  |Noload, Vpp = 5.0V
16 VRef OUtpUt resistance Ror 1 kQ
+ Typical figures are at 25°C and are for design aid only: nol guaranteed and not subject to production testing.
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rating Characteristics - vyp=5.0v+5%, Vsg=0V, -40°C < To < +85°C ,unless otherwise stated.
Setting Amplifier

Characteristics Sym Min | Typ* | Max | Units Test Conditions
Input leakage current N 100 nA | Vgg<Vin<Vpp
Input resistance Rin 10 MQ
Input offset voltage Vos 25 my
Power supply rejection PSRR 50 dB 1 kHz
Common mode rejection CMRR | 40 dB | 0.75V<Vy<4.25V biased
' atVge=2.5V
DC open loop voltage gain Ayor 32 dB
Unity gain bandwidth fo 0.30 " MHz
Output voltage swing Vo 4.0 Vop | Load 2100 kQ to Vg @ GS
Maximum capacitive load (GS) CL . 100 pF
Resistive load (GS) . Ry 50 k2
Common mode range Vem 25 : Vep | No Load

»

370D AC Electrical Characteristics - vpp=5.0v 25%, Vgg=0V, -40°C < T < +85°C , using Test Circuit shown in

Figure 10.

Characteristics Sym Min Typ* | Max | Units Notes*
/alid input signal levels (each -29 +1 dBm 1,2,3,56,9
one of composite signal) 275 869 | MVaus | 1,2,3.56,9
Jegative twist accept 8 dB 2,3,6,9,12
“ositive twist accept 8 dB 2,3,6,9,12
‘requency deviation accept +1.5%+ 2 Hz 2,3,5.9
requency deviation reject +3.5% 2,3,59
‘hird tone tolerance -16 dB 2,3,4,5,9,10
Iolse tolerance -12 dB 2,34,5,7,9,10
Jial tone tolerance +22 dB 2,3,4,5,8,9,11

| figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.

¥

: decibels above or below a reference power of 1 mW into a 600 ohm load.
sequence consists of all DTMF tones.

duration= 40 ms, tone pause= 40 ms.

U condition ¢onsists of nominal DTMF frequencies.

tones in composite signal have an equal amplitude,

pair is deviated by +1.5 %+ 2 Hz.

width limited (3 kHz ) Gausslan noise.

recise dial tone frequencies are (350 Hz and 440 Hz) 2 %,
n error rate of better than 1 in 10,000.

renced to lowest level frequency component in DTMF signal.
renced to the minimum valid accept level.

anteed by design and characterization.
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MT8870D-1 AC Electrical Characteristics - vpy=5.0Vt5%, Vgg=0V, -40°C < To < +85°C , using Test Circuit shown

in Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*

! oo o omasto sy o [T | 120588
21.8 869 | mVpmg e

2 | input Signal Level Reject 97 a8m ‘1re29, ?g{g gDD:S'OV
10.9 mVayg |

3 | Negative twist accept B dB 2,3,6,9,13

4 | Positive twist accept 8 dB 2,3,6,9,13

5 | Frequency deviation accept +1.5%+ 2 Hz 2,3,59

6 | Frequency deviation reject +3.5% 2,3,5,9

7 | Third zone tolerance -18.5 dB 2,3,4,5,9,12

8 | Noise tolerance E 12 dB | 2,3,45,79,10

9 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11

1 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 600 ohm load.
2. Digit sequence consists of all DTMF tones. \

3. Tone duration= 40 ms, {one pause= 40 ms,

4. Signal condition consists of nominal DTMF frequencies.

5. Both tones in composile si?nal have an equal amplitude.

6. Tone pair is deviated b|¥| +1.5 %+ 2 Hz,

7. Bandwidth limited (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. Refarenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level,

»

12. Referenced to Fig. 10 input DTMF tone level at -25dBm {-28dBm at GS Pin} interference frequency range between 480-3400Hz.

13. Guaranteed by design and characterization.
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“lectrical Characteristics - vp=5.0v45%, Vsg=0V, -40°C < To < +85°C , using Test Circuit shown In Figure 10,

Characteristics Sym | Min Typ¥ | Max | Units Conditions

Tone present detect time top 5 1 14 ms |Note 1

1 |Tone absent detect time tpa 0.5 4 8.5 ms (Note 1

;,, Tone duration accept tRec 40 ms |Note 2

,L Tone duration reject M 20 ms |Note 2

G linterdigit pause accept tip 40 ms [Note 2
Interdigit pause reject too 20 ms [Note 2
Propagation delay (St to Q) tpq 8 11 pus  |TOE=Vpp

0 |Propagation delay (St to StD) tpsip 12 16 pus  [TOE=Vpp

l‘j{ Output data set up (Q to StD) tasio 34 ps  [TOE=Vpp

S Propagation delay (TOE to Q ENABLE) | tpre 50 ns [load of 10 kQ,

T ‘ 50 pF

S Propagation delay (TOE to Q DISABLE}| tprp 300 ns load of 10 kQ,

50 pF

g Power-up time g tpu 30 ms |Note3

nl Power-down time tep . 20 ms
Crystal/clock frequency fo | 3.5759 | 3.5795 | 3.5831 | MHz

E Clock input rise time tL HeL 110 ns (Ext clock

0 [Clock input fall time tHioL ' 110 ns [Ext. clock

E Clock input duty cycle DCq | 40 50 60 % |Ext. clock
Capacitive load (OSC2) Cio 30 pF

figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

sed for guard-time calculation purposes only. »

hese, user adjustable parameters, are not device specifications. The adjustable settings of these minimums and maximums
"2 recommendations based upon network requirements.

lith valid tone present at input, tpy equals time from PDWN going low until ESt going high.

Vob
— n
DTMF  O—A|
Input R Co
MT8870D/MT8B70D-1
Ne = Vo[ F—4
—{] IN- svaT— Ry
N —{1GS ESt
2 L Va s [ —+—0
0O ] INH [ F—t——0
O———{rown  @[—H——0
0SC 1 Qz —0 NOTES:
Xtal Lig—qosc2 Q1 L O 21,2207)%2::;1%
r————{ v TOE 5= b
s C1,Ca=1 00 nF £ 5%

X-1al=3,679545 MHz £ 0.1%

Figure 10 -~ Single-Ended Input Configuration
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| D |
EVENTS | A | B | c | E | F ] G
o I ! } | 1
o € - lrec [€— i€ to = - oo :<—
i TONE TONE
Vin TORIE #n #n+1 el [
- op-' € T 3 e—1tpa
! |
Est [__T1 | L |
tGTP--a‘ ’Ii— tara
- | - e Vs
SYGT ! b o
Po—>| e -
le—tasip
iy : : —\HIGH IMPEDANCE o
Q-Q, DECODED TONE # (n-1) O( #n #(n+1)
A /, N -
trep- e | I
i 1 g 'l I I’ I
SiD et
-l e —> ¢-lprE
TOE « r tem !
EXPLANATION OF EVENTS
A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED,
B) TONE #n DETECTED, TONE DURATION VALID, TONE DEGODED AND LATGHED IN QUTPUTS
) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATGHED UNTIL NEXT VALID
TONE. _
D) QUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.
E) TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS (CURRENTLY HIGH
IMPEDANCE).
F) ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.
G) END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID
TONE.
EXPLANATION OF SYMBOLS
v, DTMF COMPOSITE INPUT SIGNAL.
ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES,
SYGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT,
Q-Q, 4BIT DECODED TONE OUTPUT.
StD 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 Q4-Q, TO ITS HIGH IMPEDANGE STATE.
ke MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID
thec  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION
1o MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.
oo MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.
top TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.
toa TIME TO DETECT THE ABSENGE OF VALID DTMF SIGNALS.
tezp GUARD TIME, TONE PRESENT.
lera  GUARD TIME, TONE ABSENT.

Figure 11 - Timing Diagram
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