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ABSTRACT

This thesis is present the application of telephone and computer together for present
message in voice form which through the telephone system . In this thesis to prepare 4 service
namely matter commit service ,news service check status of teacher service ,and change
personal  status through  telephone system. This thesis is operates with the “RS 485
communication net work for report personal status ” for used to data base in the check status of
teacher service and used in controlling the personal status board through the telephone system .

This thesis is increased the efficiency of the communication for teacher and student .
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M3197 2.8 M3AMUA Property 1ANULARS Object

Object Property : MmAMruae
Commandl Caption Exit
MMControll Visible False

gﬂ’ﬁ 2.20 gﬂLL‘U‘U Control “MMControl” 182 Command Button U1 Form

AN ot o o
3. WUNATIAU
Private Sub Commandl_Click ()
Unload Me
End Sub
Pr.ivate Sub Form_Load ()
MMControl1.DeviceType = “WaveAudio”
» MMControl1.FileName = “C:\book\vb6\hand.wave”
MM Controll.Command = “Open”
MMControl1l.Command = “Play”
End Sub
Private Sub Form_Unload (Candcel As Integer)
MMControll.Command = “Close”

End Sub
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ORG 0000H

.nn*nnnnnuprogram to set Daudrate*******xursrunnas

HEAD:

MOV TMOD,#20H
MOV TH1,4#0FDH
MOV SCON,#050H
ANL PCON,#01111111B
SETB TR1
CLREA

;.nmnnnnuprogram to to sensor inputtti*kﬁﬂiai«k*nia**

MAIN: CLR P3.5

SETB P3.2 ;CHECK RINGING
JNB P3.2,BUSY

LCALL DELAY

JNB P3.2,BUSY

CALL INTERUPTO

BUSY: SETBP3.3 ;CHECK BUSY TONE

JB P3.3,DTMF
LCALL DELAY
JB P3.3,DTMF
MOV RO,#0ABH
LCALL MSEND

DTMF: SETB P3.4 ;CHECK DTMF

JNB P3.4,MAIN
SETB P3.4
LCALL DELAY
JNB P3.4,MAIN
MOV  AP1
ANL A#00001111B
MOV R1A
CLR C

SUBB A #OAH
JNC CC

MOV  AR1
ADD A H#OEOH
MOV ROA
LCALL MSEND
LIMP  MAIN
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CC: CJNE R1,#0AH,CC1
MOV RO,#0EOH
LCALL MSEND
LIJMP  MAIN

CC1: CINE R1,#0BH,CC2
MOV  RO,#0EAH
LCALL MSEND
LJMP  MAIN

CC2: CJNE R1,#0CH,DD
MOV  RO,#0EBH
LCALL MSEND

DD: LUMP MAIN

""““'***“’*“*Program to SENd data* - rmssaknrturssiss

MSEND: CLREA
CLRTI
SETB P3.5

AA: JB TILAA
MOV A,RO
MOV SBUF,A

BB: JNB TI,BB
CLR TI
CLRP3.5
SETB EA
RET

versmnrro DROGRAM INTERUPT INTQ#**##sssssxsss

INTERUPTO:  CLR EA
PUSH PSW
PUSH ACC

MOV R0O,#0ADH ;SEND RINGING CODE
LCALL MSEND
POP ACC
POP PSW
: SETB EA
RET

sxersrrrare DELAY TIME
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DELAY: NOP

DEL: MOV R7,#05FH

DEL1: MOV R6,#0FFH

DEL2: DJNZ R6,DEL2
DJNZ R7,DEL1

RET
END
d’ 3 @ 4
3uf a5 Tsunsunsaedeudya o InsAun
ORG 0000H
COMMAND EQU OFO000H ; READ-WRITE REGISTER
READBUSY EQU OF001H  READ BF AND ADDRESS
WRITEDATA EQU OF002H ; WRITE CHARACTER
READDATA EQU OFO03H ; READ DATA FROM DD RAM
LJMP HEAD

;Program to recive data by interrupt

ORG 0023H

CLR EA

PUSH ACC

PUSH PSW

JB RI,RECEIVE
CLRTI

SJMP END_SERIAL

RECEIVE: MOV A,SBUF
MOV RO,A
MOV P1,A
MOV R3,A
CLR RI
SETB 00H
SETB P3.3
LCALL START
CLR P3.3
END_SERIAL: POP PSW
POP ACC
SETB EA
RETI
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;Program to set baudrate

ORG 0300H

HEAD: MOV TMOD,#20H

MOV TH1,#0FDH
MOV SCON,#50H
ANL PCON,#011111118B
SETB TR1
SETB ES
SETB EA
CLR ET1
CLR P3.3

;Program to to sensor input
MOV P1,#0

MAIN: JNB  00H,MAIN

CLR 00H
MOV AR3
LCALL READ1
JNB 01H,MAIN
LCALL P_READ
CLR 01H
LCALL MSEND

LJMP MAIN

;Program to send data

MSEND: CLREA
CLRTI
SETB P3.3

AA: JB TLAA
MOV A,RO
MOV SBUF A

BB: JNB TI,.BB
CLR TI
CLRP3.3
SETB EA
RET

;"**Read Status
READ1: CJNE A #0FOH,READ2
MOV DPTR,#0F806H
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READ2:

READ3:

READ4:

READS:

READG:

READ7:

READS:

READ9:

READ10:

READ11:

READ12:

SETB.01H

CJUNE A #0F1H,READ3
MOV DPTR,#0F805H
SETB 0O1H

CJUNE A,#0F2H,READ4
MOV DPTR,#0F807H
SETB 0O1H

CJNE A #0F3H,READS
MOV DPTR,#0F804H
SETB O1H

CJUNE A #0F4H,READG
MOV DPTR,#0F802H
SETB O1H

CJNE A #0F5H,READ7
MOV DPTR,#0F801H
SETB 01H

CJUNE A #0F6H,READ8
MOV DPTR,#0F803H
SETB01H

CJUNE A,#0F7H,READ9
MOV DPTR,#0F800H
SETBO1H

CJINE A #0F8H,READ10
MOV DPTR,#0FCO6H
SETB 01H

CJINE A #0F9H,READ11

MOV DPTR,#0FCO5H
SETB 01H

CJNE A #OFAH,READ12

MOV DPTR,#0FCO1H
SETB O1H

CJUNE A ,#0FBH,READ13
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MOV DPTR,#0FC04H
SETB 01H

READ13: CJNE A,#0FCH,READ14
MOV DPTR#0FC02H
SETB 01H

READ14: CJNE A,#0FDH,END_PORT
MOV DPTR,#0FCO1H
SETB 01H

END_PORT:  RET

#*CHANGE STATUS TO ASCI|  **+sssssssasseasssnnnsarns

P_READ: MOVXA@DPTR

ST1: CJNE A#254,ST2
MOV RO,#0FH
RET

ST2: CJNE A#253,ST3
MOV RO#1FH
RET

ST3: CJNE A#251,ST4
MOV RO,#2FH
RET

ST4: CJNE A#H247,ST5
MOV RO,#3FH
RET

ST5: CJNE A,#239,ST6
MOV RO,#4FH
RET

ST6: CJNE A#223,ST7
MOV RO,#5FH
RET

ST7: CJNE A#191,ST8
MOV RO,#6FH
RET

ST8: CJNE A#127,ERR
MOV RO,#7FH
RET

ERR: - MOV RO,#8FH
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RET

;Program display on LCD

START: LCALL INIT
MOV ARO
LCALL WRITE
; LCALL DELAY
RET
WRITE: MOV  DPTR#WRITEDATA
MOVX @DPTRA
LCALL WAITBF
RET
WAITBF: PUSH DPL
PUSH DPH
MOV R5#03FH
XX: MOV  R6,#0FFH
YY: DJINZ RG6,YY
DJINZ R5,XX
POP  DPH
POP  DPL
RET
INIT: PUSH DPL
PUSH DPH
MOV  DPTR#COMMAND
MOV A#38H
MOVX @DPTR,A
LCALL WAITBF
MOV  A#0CH
MOVX @DPTR,A
LCALL WAITBF
MOV  A#6
MOVX @DPTRA
LCALL WAITBF
MOV A#1
MOVX @DPTRA
LCALL WAITBF

POP  DPH
POP  DPL
RET
END

517 n.6 Tsunsueuanue
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MOTOROILA

SEMICONDUCTOR
TECHNICAL DATA

MC34014

Specifications and Applications )
e Information TELEPHONE SPEECH NETWORK
WITH
TELEPHONE SPEECH NETWORK WITH DIALER DIALER INTERFACE

INTERFACE SILICON MONOLITHIC
INTEGRATED CIRCUIT

The MC34014 is a Telephone Speech Network integrated circuit
which incaorporates adjustable transmit, receive, and sidetone
functions, a dc loop interface circuit. tone dialer interface, and a
regulated output voltage for a pulse/tone dialer. Also included is
an 2qualization- circuit which compensates gains for line length
variations. The conversion from 2-to-4 wire is accomplished with M
a supply voltage as low as 1.5 volts. The MC34014 is packaged -t
in a standard 18-pin (0.3” wide) plastic DIP and a 20-pin SOIC = .
package. '

P SUFFIX
PLASTIC PACKAGE

® Transmit, Receive, and Sidetone Gains Set by’ CASE 707

Extarnal Resistors

Loop Langth Equalization for Transmit, Receive, and
Sidetone Functions

® Operatns Down to 1.5 volts (V+) in Speech Mode
¢ Providas Regulated Voltage for CMOS Dialer DW SUFFIX

® Spewsch Amplifiers Muted During Pulse and Tone Dialing PLASIISC’F;:E;AGE 20@
® DTMF OQutput Level Adjustable with a Single Resistor SOC-ZOL :

® Compatible with 2-Terminal Electret Microphones

* Compatible with Receiver Impedances of 150 Q and Higher

L ]

Tip oo ’ BLOCK DIAGRAM

A

20, R Fove V7o

___'_f f 'k;": ,—MN—-J l_—; Receiver

Ring (Mute)
1 DCloop
] Interface Receive
é Amplifier
) iidetone
= mp. T
Voo el
[ Regulator Regulator > Diaier
g Circuit
/} - Mute
Logic
DTMF j Transmit
Driver | Ampiifier :
oTME [ From A wige A puisei oS

Micropnone

input input Select




PIN DESCRIPTION (See Figure 1)

118

10 kQ resistor in series with the receiver.

i Pin | Pin #| ! Pin #|Pin # i
iSOICi DIP | Name ] Description 30IC| DIP | Name | Description
T MIC | Microphone negative supply. Bias cur- n 10 V- | Negative supply. The most negative
rent trom the electret microphone is input connected to Tip and Ring through
returned to V- through this pin, through the polz ity guard diode bridge.
an open collector NPN transistor who.e 122 | n VR | Reguiated voltage output. The VA volt-
pase is controlled by an internal mute age is regulated at 1.2 V and biases tne
s:gna__l. Du‘nng d'al"fg' the Seansistor:is microphone and the speech circuits. An
off, disabling the microphone. internal series pass PNP transistor allows
2 2 TX! | Transmit amplifier input. Input impedance for reguiation with a line voltage as low
is 10 k(2. Signals from the microphone as 1.5 V. Capacitor C8 stabilizes the
are input through caoacitor C5 to TXI. regulator.
'3 3 TXO | Transmit amplifier output. The ac signal 13 12 LC | OC load An external
] current from this output flows through C7 and an internal resistor form a low
| the VR series pass transistor via RS to pass filter between V+ and LR to pre-
drive the line at V +. Increasing R9 will vent ac signals from being loaded by the
decrease the signal at V+. The output is dc load resistor RS. Forcing LCto V -
biased at ~0.65 V to allow for maximum will turn off the dc load current and
swing of ac signals. The closed loop increase the V+ voltage.
! g;l:ahom TXi to TXQgsinteggallPRer al 4 | 13 LR | DC load resistor. Resistor RS from LR to
z ' V- determines the dc resistance of the
3 , a4 STA | Sidetone amplifier output. Input to this telephone, and removes power dissipa-
! amplifier is TXO. The signal at STA can- tion from the chip. The LR pin is biased
! cels the sidetone signals in the receive 2.8 volts below the V ~ voltage (4.5 volts
amplifier. The signal level at STA in the tone dialing mode).
increases with loop length. 15 | 14 | v= | Positive supply. V + is the positive line
5 5 i CC | Compensation Capacitor. A capacitor voltage (from Tip & Ring) througn the
F i ' from CC to ground will compensate the polarity guard bridge. All sections of the
! | loop length equalization circuit when MC34014 are powered by V -.
i | addlflon'al stability is r.eaunred. In most 17 15 | VoD | VDo regulator. Vpp is the output of a
! I 2pplications, CC remains open. shunt type regulator with a nominal volt-
7 6 £Q Equalization amplifier output. A portion age of 3.3 V. The nominal output current
of the V+ signal is present on this pin to is increased from 550 uA to 2 mA when
provide negative feedback aroundthe , dialing. Capacitor C9 stabilizes the regu-
| transmit amplifier. The feedback lator and sustains the Vpp voltage dur-
decreases with increasing loop length, ing pulse dialing.
i :::l::::g;:: atimgedance of the cirguif 18 16 T Tone input. The DTMF signal from 2
} 2 dialer circuit is input at Tl through an
l 3 7 RXI | Receive amplifier input. Input impedance external resistor R7. The current at Tl is
| - |is >100 k0. Signals from the line and amplified to drive the line at V-.
! sidetone amplifier are summed at RXI. Increasing R7 will reduce the DTMF out-
P9 8 | RAXC | Receive Amplifier output. RXO is biased Bt i_""s' The input'impedance at Tl is
i by a 2.5 mA current source. Feedback nomjnaly 1.25 kfl:
I maintains the dc bias voltage at ~0.65 V. 19 17 MS | Mode select. This pin is connected
! Increasing R4 (between RXO and RXI) through an internal 600 k) resistor to the
H will increase the receive gain. C4 stabi- base of an NPN transistor. A Logic “1"
; lizes the amplifier. C3 couples the signals (>2.0 V) selects the pulse dialing mode.
! 10 the receiver. The 2.5 mA current A Logic "0 (<0.3 V) selects the tone :
i H source is reduced to 0.4 mA when dialing mode. i
i : giaTlge: 20 8 MT | Mute input. MT is connected through an |
I 10 9 RMT | Receiver Mute. The ac receiver current is internal 100 k0 resistor to the base of a |
i returned to V = through an open collec- PNP transistor, witn the emitter at Vpp.
i tor NPN transistor and a parallel 10 kQ "A Logic “0” (<1.0 V) will mute the net-
; resistor. The base of the NPN is con- work for either pulse or tone dialing. A
| trolled by an internal mute signal. During Logic “1” (>Vpp - 0.3 V) puts the ;
i dialing the transistor is off, leaving the MC34014 into the speech mode. i
1
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FIGURE 1 — TEST CIRCUIT

Tio
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ABSOLUTE MAXIMUM RATIMGS (Voltages referred 10 V-, Ta = 25°C) (See Note 1.}

Parameter : Value Units
V- Voltage -1.0. =18 Vdc
Vpp lexternally 2pplied, V- = Q) i -1.0. +6 Vde
VLR j -10.v- -30 Vdc
! MT. MS Inputs -1.0. Vpp +1.0 Vdc
{ Storage Temperature -65, +150 °c
NOTE 1: Devices shouid not be operated at these vslues. The “Recommended Operating Conditions” provide
conditions for actual cevice operation.
RECOMMENDED OPERATING CONDITIONS
Parameter Value Units
V+ Voltage (Speech Mode) +1.510 =15 Vde
(Tone Dialing Mode) -33t0 =15 Vdc
1TX0 (Instantaneous) 0to 10 ! mA
Ambient Temoerature -201t0 —~60 ! G
ELECTRICAL CHARACTERISTICS (Refer to Figure 1) (Ta = 25°C)
Parameter Symbol Min i Typ Max | Units
LINE INTERFACE
V+ Voitage V- Vde
lloop = 20 MA (Speech/Pulse Mode) 2.6 3.2 3.8
llogp = 30 MA (Speech/Puise Mode) 3.0 87, 4.4 i
lloop = 120 mA (Speech/Pulse Mode) 7.0 8.2 9.5 y
liocp = 20 MA (Tone Mode) 4. 4.9 5.7 i
llosp = 30 MA (Tone Mode) 4.6 5.4 6.2 g
V- Current (Pin 12 Grounded) I+ mA i
V- = 1.7 V (Speech Mode) 4.0 6.6 8.5 i
V< = 12V {Speech/Pulse Modes) 5.5 8.4 125
V= = 12V (Tone Mode) 6.0 8.8 14.0 !
LR Leve! Shift (V= - ViR AVLR vde !
{Speech/Pulse Mode) 4 2.7 ¥ |
{Tone Moge) - 4.3 — J’
i LC Terminal Resistance Ric | 6 | 57 94 i k0 |
VOLTAGE REGULATORS
I VR Voltage (V= = 1.7 V) VR e | 12 13 vaz
Load Regulation (0 mA < Ig < 6.0 mA) AVRLD - | {0] - mV
| L
{_ Line Requlation (20 V < V- <6.5V) AVRLN — 25 — mVY
! Vpp Voliage (V= = 45V Voo 3.0 3.3 3.8 Vdc
! Load Reguiation (0 < Ipp < 1.6 mA) k
! (Dialing Mode) AVDDLD — 0.25 — Vde
Line Reguiation (All Modes) (4.0 V < V+ < 8.0 V) AVDOLN — 50 — mV
*ax. Output Current (Speech Mode) Iposp 375 550 1000 nA
Max. Outout Current (Dialing Mode) IDDOL 1.6 2.0 3.5 mA
| Vpp Leaxags Current (V- = 0,Vpp = 3.0Vi 1DDLK. — — 1.5 pA
SPEECH AMPLIFIERS
'i Transmit Amplifier
+ Gain (TXl to TXO) ATXO — 20 — VNV
! TXO Bias voltage (Speech/Pulse Moce) VTXOSP 0.48 0.52 0.60 x VR
! TXO Bias Voltage (Tone Mode Mode) VTXO0DL VR-25 VR-5.0 — mV
|  TXO High Voltage (Speech/Pulse Mode) VTXOH VR=-125 VR-E.0 — mvV
! TXO Low Volage (Speech/Puise Mode) VTXOL — 125 250 mV
i TXI lnput Resistance RTx| — 10 —_ kQ
| /pgpoeen N
i Raceive Amplifier i
; RXO Bias Voitage {All Modes) VX0 | 0.45 Q.52 0.60 x VR
| RXO Source Currert (Speecn Mode) IrRxosP ! 1.5 2.0 - mA
! RXO Scurce Current (Puise/Tone Mode) IRXODL 200 400 - nA
i AXO High Voltage (All Modes) VRXOH VR—-100 VR-350 — mV __/:3('4
! RXO Low Voltage (All Modes) VRXOL — i 50 15¢ ! mV
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ELECTRICAL CHARAGTERISTICS — (continued) (Ta = 25°C)

Parameter | symbol | Min i Typ Max Units
MICROPHONE, RECEIVER CONTROLS
MIC Saturation Voitage (Speech Mode, | = 500 pA) vVoumic —_ g0 125 mV
MIC Leakage Current (Dialing Mode, Pin1 =3.0V) IMIC — 0 5.0 uA
AMT Resistance (Speech Mode) ARMTgp - 8.0 15 a
(Dialing Mode) RRMTpL 5.0 10 1 kQ
RAMT Delay (Dialing to Speech) tRMT 2.0 4.0 20 ms
DIALING INTERFACE
MT Inout Resistance RMT 58 100 — kQ
MT Input High Voltage ’ VIHMT Vpp-0.3 — — Vdc
MT Input Low Voltage VILMT — — 1.0 Vde
MS Input Resistance RMS 280 600 — 1393
MS input High Voltage VIHMS 2.0 —_— —_ Vdc
MS Input Low Voltage ViLmMs - - 0.3 Vdc
Tl Input Resistance RTl — 1.25 — 3¢}
DTMF Gain (See Figure 2) (V+/Viq) ADTMF 3.2 4.8 6.2 dB
SIDETONE AMPLIFIER
Gain (TXO to STA) ASTA dB
(Speech Mode) @ VR = 0.5V — -15 —
. {Speech Mode) @ VLR = 25V — -2i —_
(Pulse Mode) @ V| R = 0.2V —_ -15 —
(Pulse Mode) @ Vi g = 1.0V — -21 Y
STA Bias Voltage (All Modes) VsTA 0.65 0.8 0.9 x VR
EQUALIZATION AMPLIFIER
Gain (V+ to EQ) AgQ dB
(Speech Mode) @ VIR = 0.5V — -12 —
(Soeech Mode) @ VLR = 2.5V — =25 —
(Pulse Mode) @ V(R = 0.2V — -12 —
(Pulse Mode) @ V(g = 1.0V — = 2.5] —
£Q Bias Voltage 2 VEQ vdc
{Speech Mode) @ ViR = 0.5 Vv —_ 0.66 —
(Puise Mode) @ VR = 0.5 v - 3 —
(Speech, Pulse) @ VIR = 2.5V — B.3 —
NOTE: Typical values are not tested or guaranteed.
FIGURE 2 — DTMF DRIVER TEST
Vin 22k
Tl V+
» % 0.02
400 mVyms i
1.0 kHz MC34014 —
Vi LR = 20 pF
——_ 10V lloop
MS LC
V- 47 0
_]'- —‘]2‘2 600 O L
= =S T
== g
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FIGURE 21 — COMPLETE TELEPHONE WITH PULSE/TONE DIALING
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FIGURE 22 — COMPLETE TELEPHONE WITH PULSE DIALING
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MOTOROLA
SEMICONDUCTOR ==

TECHNICAL DATA SR T :
AN Q@O 0 ®|ss P
VDE uL csA SET1 | SEMKO | DEMKO | NEMKO | BABT 4N25A*

6-Pin DIP Optoisolators . 4N26*

[CTR = 20% Min]

Transistor Output 4N27
4N28

The 4N25/A, 4N26, 4N27 and 4N28 devices consist of a gallium arsenide infrared
emitting diode optically coupled to a monolithic silicon phototransistor detector. [CTR =10% Min]
i . *Motorola Preterred Devices
* Most Economical Optoisolator STYLE 1 PLASTIC

* Meets or Exceeds all JEDEC Registered Specifications

Applications
¢ General Purpose Switching Circuits ¢ /O Interfacing
* Interiacing and coupling systems of ¢ Solid State Relays

different potentials and impedances >

STANDARD THRU HOLE
CASE 730A-04

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)
L Rating I Symbol I Value I Unit
INPUT LED

Revéerse Voltage VR 3 Volts “T LEADFORM

" Ferward Current — Centinuous Ig 60 mA WIDE SPACED 0.47

LED Power Dissipation @ Tp =25°C Pp 120 mw CASFTa08 03

with Negligible Power in Output Detector

Derate above 25°C 1.41 mwW/rC Q
OUTPUT TRANSISTOR A5

Collector-Emitter Voltage Vceo 30 Volts “gHE" LEADFORM

Emitter-Collector Voltage VECO 7 Volts SURFACE MOUNT

CASE 730C-04

Collector-Base Voitage Vecso 70 Volts (STANDARD PROFILE)

Collzctor Current — Continuous Ic 150 mA

Detector Power Dissipation @ Tp = 25°C : Po 150 mw -

with Negligible Power in Inout LED N
Derate above 25°C 1.76 mwW/rC
TOTAL DEVICE CASE 730F-04
(LOW PROFILE)
Isolation Surge Voltage (1) Viso 7500 Vac
(Peak ac Voitage, 60 Hz. 1 sec Duration)
Total Device Power Dissipation @ Tp = 25°C Pp 250 mw SCHEMATIC
Oerate apove 25°C 2.94 mW/rC

Ambient Qoerating Temperature Range (2) TA -551t0 +100 *C f .

Storage Temperature Range Tstg -55t0 +150 °C }\

Soldenng Temperature (10 sec. 1/16” from case) LR 260 °C 2 S
(1) Isctanon surge voikage is an ntemal Cevice clelecinc treakdawn rating. 3 G.._ 4
For tiis test, Pins 1 and 2 ars common. ana Pins 4, 5 and 6 are common,

(2) Reter 10 Qualty ana Reliabiity Secoon for test information.
PIN 1. LED ANOCE
2. LED CATHCOE
3. NC.
4. EMITTER
5. COLLECTOR
6. SASE
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4N25, 4N25A, 4N26, 4N27, 4N28

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise notea)

Characteristic | Symbol | Min . Typ . Max | Uait |
INPUT LED
Forward Voltage (Iz = 10 mA) Ta = 25°C | ve i — 135 1.5 Volts
Th= =55C | - 30—
Ta = 100°C i o — 1 es = |
Reverse Leakage Current (VR = 3 V) ! IR - i - 100 | zA
Capacitance (V = 0V, f = 1 MHz) I Cy — b a8 — | eF
QUTPUT TRANSISTOR
Collector-Emitter Dark Current 4N25.25A,26,27 Iczo = i ! . 50 " nA
(VCg = 10 V. Tp = 25°C an28 - 17 w0 |
(VCE = 10V, To = 100°C) All Devices cs0 o 1 — i A
Collector-Base Lark Current (Vcg = 10 V) ceg 1 — 0.2 — | na
Collector-Emitter Breakdown Voltage (I = 1 mA) VIBR)CEO | 30 : 45 = Volts
Collector-Base Breakdcwn Voltage (Ic = 100 pA) Vigr)ceo | 70 i 100 = f Yoits
Emirter-Collector Breakdown Voltage (Ig = 100 A} ViBRIECO ! 7 ; 7.3 - i Vous ,
DC Current Gain (Ic = 2mA, Vog = 5 V) ngg Po— 500 - -
Collector-Emitter Capacitance {f = 1 MHz, Vg = 0) Cce i - ’ % pF j1
Collector-Base Capacitance (f = 1 MHz, Vcg = 0) Ccs | - ! — 13
Emitter-Base Capacitance (f = 1 MHz, Vgg = 0] Csg I 9 — pF
COUPLED
Output Collector Current (If = 10 mA, Vcg = 10 V) Ic ! ! : mA |
4N25,25A.26 : 2 ' 7 —
4N27.28 : 1 ] 5 -
Collector-Emitter Saturation Voltage (Ic = 2 mA, If = 50 mA) Vegisat) i — § 015 . 05 ! vons |
Turn-On Time (If = 10 mA, Ve = 10 V. R_ = 100 Q) o VN » 7728 P = il B
Turn-Off Time (If = 10 mA, Vee = 10 V, R = 100 Q) torf €= T\ s == | Bus
Rise Time {Ig = 10 mA. Vcc = 10V, R = 100 Q) e i _— i 1.2 = ’ us i
fall Time (IF = 10 mA., Voe = 10V, R = 100 Q) " Po— 4 3 = b s
Isoiation Yoltage (f = 50 Hz, t = 1 sec) viso ! 7s00 ! . D= vactpkr |
Isolation .iesistance (Y = GO V) L Risg L Loioh o — - y o |
| isolation Capacitance (V = 0V, { = | MH2l i Ciso ] - : 0.2 -2 | pF 1
TYPICAL CHARACTERISTICS
=TT 7T 5 10 =
| -——=-Fusgony’ ! | I 7l g :
PULSEORCC | ST S [ NORMAUZED T0: : : Tt
— s b ! 4 2. -2 g : .
&l.! - - g iz = 10mA £ O T T
- IR ALY I s e R A S
s — = A N 11 Pl A N 1
- o oy ATA z ! :
=16 - - : v 'I i 2
= o II i } 1 H ¥ T = e —
= tod ! ' ) i 4 P i S / > .'. S N}
z Tzl # 4 g L T
= T S T :
: I Bz (| AN 2 S — ——
=
= T 3 E = v
o : e = Tt — i
= T | | li! = EELIR ,;l,;;,
R i 3 R L l—-ITH
; Pl o i EERE IR EE! | SN E Y 1]
1 100 1000 T oae I z 500 % 0

9 i
‘e, LED FORWARD CURRENT (mA) te, LED INPUT CURRENT (mA)

Figure 1. LED Forward Voliage versus Forward Current Figure 2. Output Current versus input Current
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4N25, 4N25A, 4N26, 4N27, 4N238

3 -
1 i ] . i [
1 v 1 t | d !
3 L - 0 T Iz = 10 mA—
| i i i .
x i / i
' ; : ! ! |
16 { T = .
. ! : L s mA—]

A : : :

7 77 1 ;
b A [ !
[/ i ; [ |
Y I 7 P R A N L amA_
1[1;- ; T mA—
0L - :
v v 1 3 ¢ 5 & 1 8§ 3 W

¥z, COLLECTOR-EMITTER VOLTAGE IVOLTS)

Figure 3. Collector Current versus
Collector-Emitter Voltage
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4N25, 4N25A, 4N26, 4N27, 4N28

20
v = | i T
p =0 | g = 1A IBF\‘L i "L.lu ! ! ! l i
E - - 1= 1 MHz
E . -
£ F— > SN :
g iy H N N I
5 S pA & 1 4 :J\\‘ L
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g g et Cea i N |
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8 ' 3 y N I i |
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17 N Ty 2 ! [
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Ve, FOLLECTOR-EMITTER VOLTAGE {VOLTS) V, YOLTAGZ (VOUTS) ~
Figure 9. DC Current Gain (Detector Only) Figure 10. Capacitances versus Voltage
TEST CIRCUIT ‘WAVEFORMS
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Figure 11. Switching Times
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MT88L70

Functional Description

The MT88L70 monolithic DTMF receiver offers small
size, low power consumption and high performance,
with 3 volt operation. Its 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. Each filter output is
followed by a single order switched capacitor filter
section which smooths the signals prior to limiting.
Limiting is performed by high-gain comparators
which are provided with hysteresis to prevent
detection of unwanted low-level signals. The outputs
of the comparators provide full rail logic swings at
the frequencies of the incoming DTMF 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 signals such as voice while
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Eady 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 Circuit").

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v . (see Figure 3) to
rise as the capacitor discharges. Provided signal
condition is maintained {ESt remains high) for the

Digit TOE | INH | ESt Q Q, Q, Q,

ANY L X H Z Z Z Z
1 H X H [} [} 0 1
2 H | X H 0 0 1 0o
3 H X H 0 0 1 1
4 H X H 0 1 0 o]
s H X H 0 1 0 1
6 H X H 0 1 - 1 [+]
" H X H 4] 1 1 1
8 H X H 1 o] 0 0
9 H X H 1 0 0 1
0 H X H 1 (o] 1 o
¥ H X H 1 0 1 1
# - X H 1 o 0 (o]
A H L H 1 0 0 1
8 H L H 1 0 1 o]
(o H L H 1 1 1 1
o) H L H 0 0 0 (s}
A H H L
B H H L undetected, the output code

will remain the same as the

C H H L previous detected code
(o] H H L

Table 1. Functional Decode Table
Gv/. H=LOGIC HIGH, Z=HIGH IMPEDANCE
=

CAR

,_
0

L
(o]
(%)

*

"

o)
o)
Zo
e

validation period (tgrp). v. reaches the threshold
(V1) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the ouiput latch. At this point the GT output is
activated and drives v to Vpo. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settle. the
delayed sieering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are made
available on the 4-bit output bus by raising the three
state control input (TOE) to a logic high. The steering
circuit works in reverse to validate the interdigit
pause between signals. Thus, as well as rejecting
signals too short to be considered valid, the receiver
will tolerzte signal interruptions (dropout) too short to
be considered a valid pause. This facility, together
with the capability of selecting the steering time
constants externally, allows the designer to tailor
performance to meet a wide variety of system
requiremenis.

Guard Time Adjustment

In many situations not requiring selection of tone
Curation znd interdigital pause, the simple steering
circuit shown in Figure 3 is applicable. Component
values are chosen according to the formula:
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ISO%-CMOS MT88L70
3 Volt Integrated DTMF Receiver

Features

2.7 - 3.6 volt operation
Complete DTMF receiver
Low power consumption
Intemal gain setting amplifier
Adjustable guard time
Central office quality

-

Power-down mode
Inhibit mode
Functionally compatible with Mitel's MT86700

Applications

Paging systems

Repeater systems/mobile radio
Credit card systems

Remote control

Personal computers

Telephone answering machine

ISSUE 2

Ordering Information

MT88L70AC 18 Pin Ceramic DIP
‘MT86L70AE 18 Pin Plastic DIP
MT8BL70AS 18 Pin SOIC
MT88BL70AN 20 Pin SSOP
MT8EL70AT 20 Pin TSSOP

~40°Cto+85°C

Description

The MT88L7C is ¢ complete 3 Volt, DTMF receiver
integrating both the bandsplit filter and digital
decoder functions. The filter section uses switched
capacitor techniques for high and low group
fiters: the decoder uses digital counting
techniques 10 oetect and decode all 16 DTMF tone-
pairs into a 4-rit code. External component count is
minimized by or chip provision of a differential input
zmplifier. clock cscillator anc latched three-state bus
interface.

vDOD  VSS VRe! INS
1
i
1
Bias
EWDN Circuit VRe!
Butler
- — re Q1
Cnip  Chip . A
3 High Group Dig:g! Coa
P ¢ Bia; . e ¢ €
e 8 Filter _,U_ Detection Converer | | IJ/\ -
Algomnm and Lztch Q2
IN + T
.Ip;; Zero Crossng
IN - "oy 4 Deteciors — t— Q3
GS — LowGroup | | 3
Filter _U_ ——3" 0<
to all
{>O Chip St Steenng Z
Clocks GT Logic —
osc1 0osc2 S.GT ESt TO TOE

Figure 1 - Functional Block Diagram
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IN+[] 1 = 18] voD INe(] 1 N 20[] voo

IN-(] 2 17 svGT IN-(] 2 19 svGT
Gs( 3 16 JESL Gs(] 3 18[J ESt
VRef[] 4 15{]s10 VRel[] 4 17 s10
INH(C] S 14704 INH(] S 16 [ NC
PWON(] 6 13(Ja3 PWON(] 6 150 a4
osci 7 12{]Q2 NC( 7 14 q3
osca2l] s 1o osci({ s 1302
vss(] 9 10{]TOE osca( o 120 q1
vss(] 10 11 10e

18 PIN CERDIP/PDIP!SOIC PIN SSOP/TSSOP

Pin Description

Figure 2 - Pin Connections

Pin #
Name Description

18|20

1 1 IN+  |Non-Inverting Op-Amp (Input).

2 ]2 IN- Inverting Op-Amp (Input).

313 GS  |Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

4 | 4 Vret |Reference Voltage (Output). Nominally Voo/2 is used to bias inputs at mid-rail (see Figure
5 and Figure 6).

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

6 | 6 | PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This

. pin input is intema!ly pulled down.

7 1 8 | OSC1 |Clock (Input).

8 | 9 | OSC2 [Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

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

0|1 TOE [Three State Qutput Enable (Input). Logic hicn enables the outputs Q1-Q4. This pin is
pulled up intemally.

11-112-1 Q1-Q4 |Three State Data (Output). When enabled by TOE, provide ihe code corresponding to ihe

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

15 117 StD  |Delayed Steering (Output). Presents a logic high when a received tone-pzir has been
registered and the output latch updated: returns to logic low when the voltage on SUGT fzlis
below Vg,

16 | 18 ESt Early Steering (Qutput). 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.

17 |19 | SUGT |Steering Input/Guard time (Output) Bidirectional. A volizge greater than V g, detected &t
St causes the device 10 register the detected tone pair and update the outsut latch. A
voltage less than Vg, frees the dzvice to accest a new tonz pair. The GT output acts to
reset the extemal steering time-consiant: its stzte is a functicn of ESt and the voliage on St.

18 i 20 Vpp Positive power supply (Input) . =3V typical.

! 7, NC  |No Connection.
16
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tpec=tortlre
lo=loatlcTa

The value of tpp is a device parameter (see Figure 7)
and tgec is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 pF is
recommended for most applications, leaving R to be
selected by the designer.

Voo >
J‘ C
Voo
SYGT Ve
ESt
R
S0
MT88L70 toTa=(RC)IN(Voo/Vrs,)
) Gre=(RC)InVoo/(Voo-Vrsi)

Figure 3 - Basic Steering Circuit

Different steering arrangements may be used to
select independently the guard times for tone
present (lgrp) and tone absent (tgra). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters such
as talk off and noise immunity. Increasing tgec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tqee with 2
long tpo would be appropriate for exiremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 4. '

Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) will power down
the device to minimize the power consumption in z
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 outpu:
code will remain the same as the previous detected
code (see Table 1).

s tG1P=(RpCy) In (Voo / (Voo-Vrsy))
c l Gra=(RyCy) In (Voo / Vrgy
1
Rp = (R4R,) /(R
sver Re = (R{R)/ (R, +Ry)
R{S> R,
ESt %
a) decreasing tgyp; (tgrp < tara)
Gre=(R:Cy) In (Vpo / (Voo-Vrsol
Voz o‘—L G1a=(ReCy) In (Voo / Vrsy)
Gy Re = (RyR) /(R +Ry)
SUGT )
b 4
RiZ R
ESt b) decreasing tgrai (tgre > toTa)

Figure 4 - Guard Time Adjustment

Ditferential Input Configuration

The input arrangement of the MT88L70 provides a
difierentizl-input operational amplifier as well as a
bias source (Vge) whicn is used to bias the inputs at
mid-rail. Provision is made for connection of a
feedback resisior to the op-amp output (GS) for
adjustment of gzin. In a single-ended configuration,

o—{

MT88L70

DIFFERNTIAL INPUT AMPUIFIER

Cy=C, = 1GnF

F. =R, = R = 100 k2

R; = 60X Ry =275 K
P

All resistors zre = 1% tolerance.
All capzcitors are = 5% tolerance.

)

VOLTAGE GAIN (A, diff) = ;—?

INPUT IMPEDANCE
1 2
(Zomesi=2 B2 <—
wC

Ficure 5 - Difierential Input Configuration
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MT88L70

Operating Characteristics - vpo=3.0v+20%/-10%, Vsg=0V. 40°C < Tg < +65°C. uniess otherwise stated.
Gain Setting Amplifier

Characteristics Sym Min | Typ * | Max | Units Test Conditions

1 | Input leakage current I 100 NA | Vgs<ViyS Vo

2 | Input resistance Ry 10 MQ

3 | Input offset voltage Vos 25 mV

4 | Power supply rejection PSRR 50 dB 1 kHz .

5§ | Common mode rejection CMRR | 40 dB |V gs+0.75V <V <
Vpo-0.75
biased at Vg =1.5V

6 | DC open loop voltage gain Avor 32 dB

7 | Unity gain bandwidth {c 0.30 MHz

8 | Output voltage swing Vo 22 Vip | Load 2 100 kQ to Vg € GS

9 | Maximum capacitive load (GS) C, 100 pF

10 | Resistive load (GS) Ry 50 kQ

11 | Common mode range Veu | | 15 | Voo | No Load

AC Electrical Characteristics - vpp=3.0V +20%/-10%. Ves=0V. 40°C £ 7o € +65°C. using Test Circuit shown in Fig. €.

ke

Characteristics ! Sym i Min | Typ z Max | Units Notes*
1 Valid input signal levels -34 i -4.0 dBm 1.2.3.5.6.9
(each 1one of composite 15.4 | 482 ! mVgyus | Min @ Vpp=3.6V
signal) i ! Max @ Vpp=2.7V
2 Negaztive twist accept [ 8 i dB 2.3.6.2,12
3 Positive twist accept i i s | a8 2.3.6.9.12
4 Frequency deviation accept Y58 = 2oH : 2.3.59
5 Frequency deviation reject =3.5% f 12.3.5,9
? Third zone tolerance -16 ' ' dB i 2.3.4.5.2,10
7 Noise tolerance | -2 " g8 2.3,4.5.7.2,10
& Dial zone tolerance | 222 | d8 123458211

1 Typical figures are at 25 *C and are for cesign aid only: not guarantees 2nd NOt subject 1 production testing.

"NOTES

1. dBm= decibeis above or below = reference power of 1 mW into z 600 ohm load.
2. Digit sequence consists of all DTMF tones.

3. Tone curation= 40 ms, tone pause= 40 ms.

4. Signal condition consists of nominal DTMF frequencies.

5. Both tones in composite signal have an equal amplitude.

€. Tone pair is deviated by =1.5%= 2 Hz.

7. Bandwidth limited (3 kHz ) Gaussian noise.

€. The precise dial lone frequencies are (350 Hz and 440 Hz) = 2 %
€. For an error rate of better than 1 in 10.000.

10. Referenced to lowest leve! {requency comoonent in DTMF signzi

n.

Referenced to the minimum valic¢ accept level.

12. Guaranteed by design and charactenzation.



132

MT88L70

AC Electrical CharacteristiCs - Vp=3.0V+20%/-10%, Vgs=0V. ~40°C < To 5 +85°C. using Test Circuit shown in Figure 6.

T Characteristics Sym Min Typ $ Max | Units Conditions
1 Tone present detect time top 5 1 14 ms |Note 1
T 1 |Tone absent detect time tpa 0.5 4 8.5 ms [Note 1
T :A Tone duration accept tRec 40 ms |Note 2
z :‘ Tone duration reject tRec 20 ms. |Note 2
5 | G |interdigit pause accept to 40 ms |Note 2
T Interdigit pause reject too 20 ( ms |Note 2
7 Propagation delay (Stto Q) tpo n ps |TOE=Vgpp
T 0 |Propagation delay (Stto StD) tpso 20 Hs |TOE=Vpp
o | 5 |output data setup (Q 1o SIO) Lord | 50 ps  |TOE=Vgp
10 | { [Propagation delay (TOE t0 @ ENABLE) | tpre l 50 ns |ioad of 10 kQ
¥ 1 50 pF
T s Propagation delay (TOE to Q DISABLE) | tprp N30 ns |load of 10 k.
: 150 pF
12 | P |Power-up time tpu | 30 ms  |Note 3
T v?/ Power-down time tpp ' 20 ms i
N 4 i
14 Crystal/clock frequency e |3.5750:3.5795 |3.5631 | MHz |
15 | ¢ |clock input rise time ey : 110 ns |Ext. clock
16 | o Clock input fall time AT 110 ns {Ext. clock
7 | i Clock input duty cycle DG 1 RRaRr 50 60 %  |Ext. clock
(s | Capacitive load (OSC2) Gis ; 15 pF |

1 Typical figures are at 25°C and are for design aid only: not gquaranteed and not sudect 10 production testing.

"NOTES:
1. Used for quard-time calculation purposes only and tested at -4dBm.
2. These, user adjustable parameters. are not device specificalions. The agjustable setlings of these minimums and maximums

are recommendations based upon network requirements.
3. With valid tone present at input, by equals time from POWN going low uaul £S1 going highi.
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EVENTS A | 8 | c ] E l F | G
1
tREg— |~ -»:lnecla- et ! - oo e
' I TONE TONE
v. | TONE én enes el [
‘OP—.I — 1 G :“-tDA
i
e 1 i e W e
lGnv-.-: —— —! ;"‘—(GTA
:
[ ~ J: ~_ Vist
svGT A A V= —— 0 I
teaie!
el losio
HIGH IMPEDANCE .
Q,Q, DECODED TONE # (n-1) DQ =n (1)
' |
t,,s,o_..f N i |
1 |
s I L—Il L
2 AN -~ -l
TOE ! ;

EXPLANATION OF EVENTS

A)
8)
C)

0)
€)

F)
G)

EXPLANATION OF SYMBOLS

Via
ESt
SUGT
Q,-Q
S0

TOE

lgTa

TONE BURSTS DETECTED. TONE DURATION INVALID. OUTPUTS NOT UPOATED.
TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS.

END OF TONE #n DETECTED. TONE ABSENT DURATION VALID. OUTFUTS REMAIN LATCHED UNTIL NEXT VALID
TONE.

OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

TONE #n+1 DETECTED. TONE DURATION VALID. TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).

ACCEPTABLE DROPOUT OF TONE #n+1. TONE ABSENT DURATION INVALIO. OUTPUTS REMAIN LATCHED.

END OF TONE #n+1 DETECTED. TONE AESENT DURATION VALID. OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

OTMF COMPOSITE INPUT SIGNAL.

EARLY STEERING OUTPUT. INDICATES DETECTION OF VALIO TONE FREQUENCIES
STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
4-BIT DECODED TONE OUTPUT.

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

TONE QUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q-Q, TO ITS HIGH IMPEDANCE STATE.
MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.

MINIMUM TIME BETWEEN VALIO DTMF SIGNALS.

MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

TIME TO DETECT THE PRESENCE OF VAULID DTMF SIGNALS.

TIME TO OETECT THE ABSENCE OF VALIC DTHF SIGNALS.

GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.

Figure 7 - Timing Diagram
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Features

<. Compatible with MCS-51™ Products

* 4K Bytes of In-System Reprogr: ble Flash Memory
- Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

128 x 8-Bit Internal RAM

32 Programmable VO Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

¢ Low Power Idle and Power Down Modes

o o 0 o o

Description

The AT89C51 is a low-powar, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel's’ high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel AT89CS51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

(continued)
Pin Configurations RO
rallo [1 VT[40 JlvcE
(4. M 39 {7 Po.0 (ADO)
P2 3 Je |z Po.v (ADY)
P1.d |4 A7 |7 P0.2 (AO2)
Pr.a s 36 [ P0.3 (AD3)
Pis |6 3s |7 Po.4 (AD @)
Ps.c :_7 J4 |- PO.S (ADS)
P17 fe 33 |: PC.6 (AD6)
RST 15 327 PO.7 (ADT)
(RXD) P3.0 10 [T EXivee
PQFP/TQFP (TXD) P31 AR 30 |Z ALE/FHDTG
s-<a (FTT) 3.2 7|12 29 |~ PSER
coocec (T P33 |13 28 (. P2.7 (A1)
ol (Toy P3.4 14 27(:P2.6 (Avay
INODEX . - (T1) PI.s 15 26 (" P2.5 (A1)
. vo-e~n
CORNER B RWodlagolh (WH) P3¢ |1e 28| P2.4 (Ar2)
. cePRIZBELS (FOY Pa.7 |17 24 P23 (A1)
4 e xTAL2 | 1e 23(: r2.2 (a10)
a3t %200 xTaty |15 22[:P2.1 (am)
g = 0.4 (AD4) GHo | 20 21| P2.0 (an)
PLCC
L SEES
Sooc
(Tx0) 27 1= ALE/PROQ =3
(/T 26 = PSEN INDEX - A= o=wa
(R 25 T P21 (ars) CoRNER T 7722 ac an
(To) ®3.4 = 24 P26 (ara) el dwe = 58 st
s n 23 ITP2.5 (AVD)
T
12'2041 3,67 P04 (AD<)
e IP0.5 (ADS)
Gk o TP0.6 (ADE)
PP IP0.Y (AD7)
== TEAIVPP
ES THC
= = ALE/FRUG
ZPSEN
= P2.7 (A1s)
TP2.e (A14)
TP2.S (A1Y)

(97T P e
(o) P37

™
=
m
F

8-Bit
Microcontroller
with 4K Bytes
Flash .

AT89C51

G265F-A-12/37



135

lock Diagram

P00 - PO.7 P20 - P27
144 4
cerresmmnre e e .
Veo YYY YYYY :
: PORT 0 DRIVERS ] PORT 2 DRIVERS I : :
GND LS ES 4 i :
ok i L i ;
l : : :
: v 9 5
= RAM ADDR. | posT 0 PORT 2 g
: REGISTER > A LATCH LATCH FUSH :
ZS A A A
Y A A Y -
: £ p
v 3 Y
PROGRAM
8 STACK ADDR <
sy f i rSs
Y Y Ad
< ' BUFFER * I+ >
™P2 TMP
PC
ALU INCREMENTER [
INTERRUPT. SERIAL PORT,
AND TIMER BLOCKS
Y
* " PROGRAM A
PSW COUNTER [ >
: A
PSEN <+——|
ALEPRDG <—— TMING | ustRucTion |, r A 3 X oPTH 7y,
v — ] contmol REGISTER y y
y —t
RST ——»
i A v v
PORT 1 PORT 3
LATCH LATCH
A VS
osc X Y :
L PORT 1 DRIVERS —-’L PORT 3 DRIVERS ]
1 I WY RS T T X XXX :
) { ! 7
: A ¢ Y
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The AT89CS1 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 /O lines, two 16-b't
timer/counters;.a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT8IC51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

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

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal pul-
lups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-

tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional I/O port with internal pullups.
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 intemnal pullups and can be used as inputs. As inputs,
Port 1 pins that are extemally being pulled low will source
curment (| ) because of the intemal pullups.

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

Port 2

Port 2 is an 8-bit bidirectional I/O port with intemal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 2 pins that are extemnally being pulled low will source
current (I ) because of the intemal pullups.

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 @
DPTR). In this application it uses strong internal pullups

when emitting 1s. During accesses to extemal data mem-
ory that use 8-bit addresses (MOVX @ RiI), Port 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.
Port3 )

Port 3 is an 8-bit bidirectional VO port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,

Port 3 pins that are externally being pulled low will source
current (I ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89CS1 as listed below:

Port Pin | Alternate Functions

P3.0 i RXD (serial input port)

| &% , TXD (serial output port)

P3.2 i INTO (external interrupt 0)

P33 | INTT (external intercupt 1)

P3.4 ! TO (timer O 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)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

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

ALE/PROG

Address Latch Enable 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 normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for extemal tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to extemal Data Mem-
ory. ’

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.
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When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to extemnal data memory.

_EANPP . - B

extemal Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from extemnal pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
intemally latched on reset.

EA should be strapped to V¢ for intemal program execu-
tions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp. ‘
XTAL1 :

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

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemal reset algorithm takes control, On-chip hardware
inhibits access to intemal RAM in this event, but access to -
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by -
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

(o
—IF——e—— x7AL2
: ]
_J
: C1 T
e—j————e—— xTAL1 *
D — GNOD

Note:  C1.C2 =30pFz10 pF for Crystals

=40 pF = 10 pF for Ceramic Resonators
Figure 2. External Clock Drive Configuration

There are no requirements on the duty cycle of the external -

clock signal, since the input to the intemal clocking circuitry c oL L2

is through a divide-by-two flip-flop, but minimum and maxi-

mum voltage high and low time specifications must be

observed.

EXTERNAL
OSCILLATOR XTAL1

ldle Mode SIGNAL

In idle mode, the CPU puts itself to sleep while all the on-

chip peripherals remain active. The mode is invoked by GND

‘software. The content of the on-chip RAM and all the spe- l

cial functions registers remain unchanged during this d

mode. The idle mode can be terminated by any enabled o=

interrupt or by a hardware reset.

Status of External Pins During Idle and Power Down Modes

l Mode Program Memory ALE PSEN | PORTO PORT1 PORT2 PORT3
Idle [nternal 1 1 Data Data- Data Data
Idle L External 1 1 Float Data Address Data
Power Down Internal 0 0 | Data Data Data - Data
Power Down External ) 0 0 ! Float Data Data Data

AT89C51
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‘Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before Vee is
restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-

essary that the latched value of EA be in agreement with

the curmrent logic level at that pin in order for the device to
function properly.

Program Lock Bits | Protection Type
et | ts2 | te3 !

1 U u U { No program lock features. «

2 P u 8} ! MOVC instructions executed I from external program memory are disabled from fetching code
| bytes frominternal memory, EA is sampled and latched on reset, and further programming of the
| Flashiis disabled.

3 P P U | Same as mode 2, also verify is disabled.

4 P A R , Same as mode 3, also external execution is disabled.

Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vce) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM programmers.

The AT89CS1 is shipped with either the high-voitage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp =12V Vpp: 5v
Top-Side Mark AT89CS1 AT89CS5 1
XXXX XXXX-5
yyww yyvow
Signature (030H)=1EH [ (030H)=1EH
(031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT83CS1 code memory amay is programmed byte-by-
byte in either programming mode. 7o program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the
ATB89CS1, the address, data and control signals should be
set up according to the Flash Programming mode table and
Figures 3 and 4. To program the AT89CS51, take the foliow-
ing steps.

1. Input the desired memory location on the address
lines. e

2. Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.

4. Raise mpp to 12V for the high-voltage programming
mode. ’

5. Pulse ALE/PROG once to program a byte in the Flash
amay or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms, Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling: The AT89CS1 features Datg Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle

has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done (o indicate READY.

ANMEL
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Program Vecity: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash amay is erased electrically
by using the proper combination of control signals and by

- holding ALE/PROG low for 10 ms. The code array is written
with all “1”s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locztions 030H, .

031H, and 032H, except that P3.6 and P3.7 must be pulled
to 2 logic low. The values retumed are as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer vorldwide support for
the. Atmel microcontrolle: series. Please contact your local
programming vendor for the appropriate software revision.

Flash Programming Modes

Mode RST | PSEN | ALEFPROG.. | EAN,p | P26 | P2.7 | P36 | Paz i
Write Code Data {H L g Wiav L H H H
Read Code Data { H H L L H
Write Lock | Bit-1 | H12v H H H H
| : 1y -~ |
: | ! | i
PBit-2 Ho L i i HA2ve i H H L L
‘ T AN A | I
N ! b !
Bit-3 | W L i | a2y H L H L
| STTIT LT
Chip Erase Ho L 1 412V H L L L
! ) S
; i .
Rezd Signature Byte ; H g i H 77w L L L L
Note: 1. Chip Erase requires a 10-ms PROG pulse.

AT89C51
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T B e S s A\ | 39 C51

Absolute Maximum Ratings*

Voltage
with Re

DC Output Current

Operating TeMRerature ............uvemeeemsemerremnes -55°C to +125°C “NOTICE:
Storage Temperature .. ..-65°C to +150°C
on Any Pin
SPECt 10 Ground i ssusasssssssisssssssssss -1.0V to +7.0V
Maximum Operating Voltage 6.6V
150 mA

DC Characteristics
Ta =-40°C to 85°C, V¢ = 5.0V * 20% (unless otherwise noted)

Stresses beyond those listed under “Absolute
Maximum Ratings" may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
impiied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability. ’

Symbol | Parameter Condition Min Max Units
Vi i Input Low Voltage (Exceépt EA) 05 02 Vee-0.1 v
Vit I Input Low Voltage (ER) 0.5 02Vee-03 v
Vin Input High Voltage (Except XTAL1, RST) 0.2 e +0.9 Vee + 0.5 v
Vi ! Input High Voltage (XTAL1, RST) 0.7 \&¢ Ve + 0.5 v
Vo : Output Low Voltage!" (Ports 1.2.3) b =1.6 mA 0.45 v
Vour : Output Low Voltage" log =3.2mA 0.45 v
. (Port 0. ALE, PSEN
Vou : Output High Voltage { low = 60 pA. Ve = 5V = 10%% 2.4 v
: (Pods 1,2.3, ALE, PSEN ; s 14 ; 0.75 Ve ”
lon =-10 A | 0.8 Vee Y
Vour i Output High Voltage low =-800 pA, Vee = SV = 10% 2.4 v
« (Port 0 in External Bus Mode) lop: = -300 (1A 0.75 Voo v
low = -80 pA 0.9 Vee v
e " Logical O lnput Current (Ports 1.2.3) \p = 0.45V -50 ] HA
[ . Logical 1 10 0 Transition Current Vi =2V, VCC = 5V = 10% 650 HA
i (Ports 1.2,3)
Iy ! Input Leakage Current (Port 0, EA 0.45< Vi < Ve #1q HA
RRST | Reset Pulldown Resistor 50 300 Q
Co ' Pin Capacitance TestFreq. = 1 MHz, | = 25°C 10 pF
lec % Power Supply Current Aclive Mode, 12 MHz 20 mA
| Idle Mode, 12 MHz s mA
l Power Down Mode(? Vee =6V 100 pA
]l Vee =3V 40 HA
Notes:

1. Under steady state (non-transient) conditions, log must be extemally limited as follows:

Maximum | per port pin: 10 mA
Maximum o per 8-bit port:

Port 0: 26 mA

Ports 1,2, 3: 15mA
Maximum total g for all output pins: 71 mA
Il lo: exceeds the test condition, Vo may exceed the relzted specification. Pins zre not uaranteec to sink current grealer
oL oL may 9 ]

than the listed test conditions.

2. Minimum V¢ for Power Down is 2V.
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AIMEL

AC Characteristics :

(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for ail other
outputs = 80 pF)

External'"Program and Data Memory Characteristics

Symbol Parameter 12 MHz Oscillator 16 to 24 MHz Oscillator Units
Min Max Min Max
eLe Oscillator Frequency ; 0 24 MHz
WHLL ALE Pulse Width 127 ) 2le o 40 ns
taviL Address Valid to ALE Low 43 toLe-13 ns
tyax Address Hold After ALE Low 48 toLct-20 ns
Yy ALE Low to Valid Instruction In 233 4tc cL-65 . ns
s ALE Low to PSEN Low 43 torc-13 ns
(e PSEN Pulse Width 205 3te 20 ns
L PSEN Low to Valid Instruction In I 145 3leLe-45 ns
toxix Input Instruction Hold After PSEN i 0 0 ns
toxiz Input Instruction Float Afier PSEN X : 59 ! otoler10 P s
toxay PSEN to Address Valid 75 i torce8 | ns
taviv Address to Valid lastruction In i i 312 i Sterc-55 ns
tpiaz PSEN Low to Address Float i l 10 10 ; ns
taLRH i D Pulse Width NS AT BteLoL-100 i ns
twowd | WR Pulse Width PO NI | lou-100 | . ons
taov E RO Low to Valid Data In ! ' 252 Slge90 | ns
tarox Data Hold After RD 0 ! 0 S
. Data Float After RD ! ﬁ 97 D228 i s
twov ALE Low to Valid Data In P57 I Bloe 150 ns
Gaiiov Address to Valid Data In | ses Mo 165 ns
st ALE Low to RD or WR Low i 200 | 300 3oL er-50 3o o +50 ns
Lavwi Address to RD or WR Low 203 | Alo oL 75 i ns
tavwx Data Valid to WR Transition 23 teLcL-20 { o ns
i Data Valid to WR High | 433 120 I s
twHax Data Hold After WR 33 toLc-20 { ns
RLaz RD Low to Address Float [¢] 0 ns
WWHLH RD or WR High to ALE High 43 123 toLeL-20 loLcL+25 ns

AT89C51
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AT89C51

External Program Memory Read Cycle

[t —
ALE /{' \i N\
i . * torpy
tav P : tuw
—* WipL +—
PSEN ! \;‘ “louy

1
r—tPXAV_"‘:
texz e

| i :
: : | thlX_"- i :
PORT 0 > A0-A7 | INSTRIN > : a0-a7 >

— Qg ————

i

PORT 2 < A8 - A15 X ___A8-Al5

External Data Memory Read Cycle

e

ALE ¢ ¢ 2> 3 AL

(WHLH

PSEN : ”
- LLDOV \ —5 =
~— latRH —

' lLLWL v ¥

AD b =

1o e——lgoy  ——lgyoz

v — i

i . i
tRLA.Z'._’“ | Pt
H : i — <—laHDX

PORT 0 __» A0 - A7 FROM RI OR OPLIK K +—KDATA N (A0 - A7 FROM PCLM—5TR IN
5 g . i !

tAVWL

tAVO\I
e 5
PORT 2 XK P20 - P2.7 OR A8 - A15 FROM DPH X AB - A15 FROM PCk

ATMEL
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AIMEL

External Data Memory Write Cycle

t— :
_’l' — L
PSEN i
~— tuwe twiwn —*‘
i
. — !
VYR —tax — ;f{/
tavi —s- tavwx —H < —* ~— tamox
e toku —"'i
I ¢
PORT 0 AQ - A7 EROM RI OR OPL) DATA OUT <. A0 - A7 FROM PCLY<INSTR IN
! tavwi
1 &
i
PORT 2 % P2.0 - P2.7 OR A8 - A15 FROM DPH < AB - A15 FROM PCH
External Clock Drive Waveforms
] &7 PN :
: CHCX : t " 0 Y e | ~—R B
Vee - 05V —— : R —_— N
7 . / .
—"—,; 0.7 Vee = A V&
B ;.\; \ .
L 0.2 Vet 0.V ~ =L \——
0.45V — PN N 8
Yy lercx=——H
i teteL
External Clock Drive
Symbol Parameter Min | Max i Units
eeL Oscillator Frequency 0 24 MHz
oL Clock Period 416 ; ns
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