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ABSTRACT

This project is “ Automatic Warnning Telephone System ” using limit switch, smoke
detector and temperature sensor to detect the status (on-off). If someone invade to the building the
sensor will send signals to the microcontroller. The alarm burglar will be loudly. In the same time, the
microcontroller will control the telephone to dial the number of building owner or someone who are
listed in the program. While the contact is success it will sent the voice message to the recieving

subsciber. However, the contact isn't success the ring back tone circuit will redial again.
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SENSOR BIT P1.0
TEM BIT Pl1.1
HOOK BIT Pl1.2
BUZZER BIT P1.3
BUSY BIT Pl.4
RIB BIT P1.5
RESET 1 BIT Pl1.6
PLAY_1 BIT P1.7
RESET_2 BIT P2.0
PLAY 2 BIT P2.1
HOOK_SOUND BIT P2.2
HOOK_R_B BIT P2.3
ORG 0000H
MOV PO, #000H
MOV P1,#000H
MOV P2, #000H
MOV P3, #000H

SETB SENSOR
ACATL, DELAY_1

SETB TEM
ACALL DELAY_1

SEN_1: JB SENSOR, SW
ACALL DELAY_1
ACALL TEL

JNB SENSOR, SEN_1

SW: JB TEM, SEN_1
ACALL DELAY
ACALL TELE
JNB TEM, SW
AJMP SEN_1

ok kdhddd koW kd ok W Wk deod vk ok ok ket ok ok ke e ok W ok kb ok o R ok ok ok ok ok ok b
’

TEL: SETB BUZZER
CLR BUSY
CLR RIB

SETB HOOK
ACALL NKNUM_1
SETB BUSY
SETB RIB

SETB HOOK_R_B
ACALL DELAY
CLR HOOK
ACALL ALAY
ACALL ALAY
ACALL ALAY

JB BUSY, BU
ACALL DELAY_1
ACALL SEC
ACALL SEC

JNB RIB,BU
ACALL DELAY_ 1
ACALL SEC
ACALL ALAY
ACALL ALAY
ACALL ALAY
ACALL ALAY
ACALL ALAY

JB RIB, BU
ACALL DELAY_1

; CHECK BUSY

; CHECK RINGBACK

; CHECK RINGBACK



SUN:

BU:

SUN_0:
BU_GC:

TELE:

ACALL
SETB
ACALL
SETB
ACALL
CLR
ACALL
CLR
ACALL
SETB
ACALL
CLR
ACALL
SETB
ACALL
ACALL
ACALL
ACALL
ACALL
CLR
ACALL
CLR
ACALL
CLR
AJMP
ACALL
CLR
ACALL
SETB
ACALL
ACALL
SETB
ACALL
CLR
ACALL
ACALL
ACALL
JB
ACALL
ACALL
ACALL
JNB
ACALL
ACALL
ACALL
ACALL
ACALL
ACALL

JB
ACALL
AJMP
AJMP
CLR
ACALL
ACALL
ACALL
ACALL
AJMP

SETB
CLR
CLR
SETB
ACALL
SETB
SETB

SEC
RESET_1
DELAY 1
RESET_2
DELAY_1
RESET_1
DELAY_1
PLAY 1
DELAY_ 1
HOOK
DELAY
HOOK_R_B
DELAY
HOOK._ SOUND
SEC

SEC

SEC

SEC

SEC
HOOK_ SOUND
DELAY
HOOK
DELAY
BUZZER
SEN_1
DELAY
HOOK_R_B
SEC
HOOK
NUM_ 2
ALAY
HOCK_R_B
DELAY
HOOK
ALAY
ALAY
ALAY
BUSY,BU_0
DELAY_1
SEC

SEC
RIB,BU_0
DELAY 1
SEC
ALAY
ALAY
ALAY
ALAY

RIB,BU_O
DELAY 1
SUN

SUN
HOOK_R_B
DELAY
ALAY
ALAY
ATAY
TEL

BUZZER
BUSY
RIB
HOCK
NUM_1
BUSY
RIB

’

CHECK BUSY

CHECK RINGBACK

CHECK RINGBACK



SUN_

BU_

SETB
ACALL
CLR
ACALL
ACALL
ACALL

ACALL
ACALL
ACALL
JNB

ACALL
ACALL
ACALL
ACALL
ACALL

JB
ACALL
ACALL
ACALL
SETB
ACALL
SETB
ACALL
CLR
ACALL
CLR
ACALL
SETB
ACALL
CLR
ACALL
SETB
ACALL
ACALL
ACALL
ACALL
ACALL
CLR
ACALL
CLR
ACALL
CLR
AJMP
ACALL
CLR
ACALL
SETE
ACALL
ACALL
SETB
ACALL
CLR
ACALL
ACALL
ACALL
JB
ACALL
ACALL
ACALL
JNB
ACALL
ACALL
ACALL
ACALL
ACALL
ACALL

HOOK_R_B

DELAY

HOOK

ALAY

ALAY

ALAY

BUSY,BU_1 ; CHECK BUSY
DELAY_ 1

SEC

SEC

RIB,BU 1 ; CHECK RINGBACK
DELAY 1

SEC

ALAY

ALAY

ALAY

RIB,BU 1 ; CHECK RINGBACK
DELAY 1
SEC

SEC
RESET_2
DELAY_1
RESET_1
DELAY_ 1
RESET_2
DELAY 1
PLAY 2
DELAY 1
HOOK
DELAY
HOOK_R_B
DELAY
HOOK_ SOUND
SEC

SEC

SEC

SEC

SEC
HOCK._ SOUND
DELAY
HOOK
DELAY
BUZZER
SEN_1
DELAY
HOCK_R_B
SEC

HOOK
NUM_ 2
ALAY
HOOK_R_B
DELAY
HOOK
ALAY
ALAY
ALAY
BUSY,BU_0_1 ; CHECK BUSY
DELAY_1
SEC

SEC
RIB,BU_0_1 ; CHECK RINGBACK
DELAY 1
SEC

ALAY
ALAY
ALAY
ALAY



JB RIB,BU_0_1 ; CHECK RINGBACK
ACALL DELAY 1
AJMP  SUN_1
SUN_0_1: AJMP  SUN_1
BU_0_1: CLR HOOK R_B
ACALL DELAY
ACALL ALAY
ACALL ALAY
ACALL ALAY
AJMP  TELE

;***********************

;**  TELEPHONE NUM_1 *+*

:**********i************

NUM_1: MoV PO, #00001001B ; NUMBER "Q"
ACALL DELAY
MOV PO, H#00000001R ; NUMBER "2
ACALL DELAY
MoV PO, #00000111B ; NUMBER "g8"
ACALL DELAY
MOV PO, #11111111R
ACALL DELAY
MOV PO, #00000111B ; NUMBER "g8"
ACALL DELAY
MoV PO, #00001001R ; NUMBER "Q
ACALL DELAY
MOV PO, #00000110B ; NUMBER "7"
ACALL DELAY
MOV PO, #00000001B ; NUMBER "2"
ACALL DELAY
MOV PO, #00001000B ; NUMBER "9v
ACALL DELAY
MOV PO, #00000100B ; NUMBER "5"

ACALL ALAY
ACALL ALAY

MOV PO, #00000011B ; NUMBER "41"
ACALL DELAY
RET

;********************i**

;** TELEPHONE NUM_2 *¥*

;t********i*************

NUM_2: MOV P0,#00001001B ; NUMBER "O"
ACALL DELAY
MOV PO,#00000001B ; NUMBER "2"
ACALL DELAY
MOV PO, #00000110B ; NUMBER "7"
ACALL DELAY
MOV PO, #00000010B ; NUMBER "3"
ACALL DELAY
MOV PO, #00001000B ; NUMBER "S9"
ACALL DELAY
MOV PO, #00000000B ; NUMBER "1"
ACALL DELAY
MOV PO,#11111111B
ACALL DELAY
MOV PO,#00000000B ; NUMBER "1"
ACALL DELAY
MOV PO, #00000100B ; NUMBER "&5"
ACALL DELAY
MOV PO, #00000110B ; NUMBER "7"

ACALL SEC

ACARLL ALAY

ACARLL ALAY

ACAILL ALAY

MOV PO, #00000000B ; NUMBER "1"
ACALL DELAY

RET



ATAY:
DA3:
DAZ:
DAl:

DELAY:
DELAY 10S_1:

DELAY 1: MOV
DEL:
DE:

MOV R7, #04H
MOV R6, #OFFH
MOV R5, #OFFH
DJNZ RS5,Dal
DJNZ R&,DA2
DJNZ R7,DA3
RET
MOV RS, #075
ACALL DELAY 1
DJNZ
RET
R7,4#010

MoV R6, HOE6H

NOP
NOP

RG, DELAY 10S_1

DJINZ
DJINZ

R6,DE
R7,DEL

RET

MOV R7,#40H
MOV R6, #OFFH
MOV R5, #OFFH
DJNZ R5,D1
DJNZ Ré&,D2
DJIJNZ R7,D3
RET
END

?

i

SWITCH

TELEPHONE



Features

+ Compatible with MCS-51™ Products

« 8K Bytes of in-System Reprogrammable Downloadable Flash Memory
~ SPI Serial Interface for Program Downloading
~ Endurance: 1,000 Write/Erase Cycles

+ 2K Bytes EEPROM

-~ Endurance: 100,000 Write/Erase Cycles

4.0V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Mamory Lock

256 x 8-bit Internal RAM

32 Programmable IO Lines

Three 16-bit Timer/Counters

Nine Interrupt Sources

Programmable UART Serial Channel

SPl Serial Interface

Low Power ldie and Power Down Modes

Interrupt Recovery From Power Down

Programmable Watchdog Timer

Dual Data Pointer

Power Off Flag

" s ® % ¥ ¥ e @ W & & B @

Description

The ATBASB252 is a low-power, high-performance CMOS 8-bit microcomputer with
8K bytes of Downloadable Flash programmable and erasable read only memory and
2K bytes of EEPROM. The device is manufactured using Atmel's high density nonvol-
atile memory technology and is compatible with the industry standard 80C51 instruc-
tion set and pinout. The on-chip Downloadable Flash allows the program memory to
be reprogrammed in-system through an SPI serial interface or by a conventional non-
volatile memory programmer. By combining a versatile 8-bit CPU with Downloadable
Fiash on a monolithic chip, the Atmel AT89SB252 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

The AT8958252 provides the following standard features: 8K bytes of Downloadable
Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 I/O lines, programmable watch-
dog timer, two Data Pointers, three 16-bit timer/counters, a six-vector two-level inter-
rupt architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. In
addition, the AT8958252 is designed with static logic for operation down to zero fre-
quency and supports two software selectable power saving modes. The ldle Mode
stops the CPU while allowing the RAM, timer/counters, serial port, and interrupt sys-
tem to continue functioning. The Power Down Mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until the next interrupt or hard-
ware reset.

The Downloadable Flash can be changed a single byte at a time and is accessible
through the SP serial interface. Holding RESET active forces the SPI bus into a serial
programming interface and allows the program memory to be written to or read from
unless Lock Bit 2 has been activated.

AIMEL

8-Bit
Microcontroller
with 8K Bytes
Flash

AT8958252

0401D-A-12/47

4.105
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Pin Configurations

PDIP
T
gamodi 40 [AVCC
meENIP1A(]2 33 AP0 (ADC)
P1z203 BP0 1ADY)
P1.a[4 37 P02 (AD2)
EEP14LE 36 [ PD.3 (AD3)
IMOSI)P1.5 L] 6 35 [1PD4 (aD4)
(MISO)P1.6 L7 M [JPe.5{aD5)
{5CKIP1.7 8 31 QP06 (ADB}
rReT 9 3z [1P0.7 (ADT)
{RXD} P3.0 0§10 a1 1 EAVPP
(TxpyPa1 1t 30 [1 ALE/PROG
(INTo) P3.2 312 26 [1FSEN
(NTHPLaO 13 28 A P2.7 (A15)
(ToyP24 0] 18 27 [ R2.6 (Al4)
FNPsg1s 26 [1P2.5 {A13)
(WR) P36 (] 18 25[1P2.4 (A12}
ROy Pa? 317 24 P23 (AT
XTALZ []18 23[1P2.2 (AI0)
XTALY ] 19 22[1P2.1 (A9)
GND 20 21 [3P2.0 (AB)
PQFP/TQFP
_ & _ srag
B RE 223¢
Mmoo WO an
ELianofSEEER
ooonoononpon
A EREEE LR ]
MOsH P51 23 [1P0.4 (AD4)
(MISO) P16 2 32 [1P0 § (ADS]
(scK) P13 31 [1PD.G (AD6)
RSTO4 30 [APO.7 (AD?)
(RXD) PALOOS 20 [1EANPP
HC[]& 28INC
Ty P37 27 P ALEFROG
(WTh P32 )8 26 3 PSERN
(INTO PAIC]Y 25[P2.7 (ATH)
{Te) P34 [ 10 24 [1P26 [A14)
TuPasg N 2afaPas (A13}
Whorwer2200q
(OgRaEpSRERERERS QAREEE|
SndI2235dn3
mopfooRanit
£E Y]

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

4-106

; oo 858§
8 B2E 22
e Q o s B
- e - DU0ocoo@
oo ol >a 4 id
gornpaoOonnnan
@owr N T :t eg %q :; 3
MOSH P1.50}7 s} 39 [1P0.4 (ADH4)
IMISO)} P1.BC] B 48 AP0 5 (ADS)
scK)P1.7C8 37 [3PD6 (ADE}
RST []10 36 [IP0.7 (AD7)
RXi P3O M 15 [ EArvPR
ne [12 34 NC
(TxD} P31 013 33 [TALE/PROG
(INTA} P3.2 ] 14 az [1PFEEN
Nty PAs 15 M OPZT(AIE
(rerPaAd 16 10[1PZ6 (A4
Tpasg o aowaoenan x?B:IPE.SIAﬂ]
Py B S B I I
[SENguANEESE AR RERERORE)
@ ey - O S o= NM
FEEISTERARE
EE R TE ST A
ElZ SLEEx

Port O also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. Externai pullups are required during program verifica-
tien.

Port 1

Port 1 is an 8-bit bidirectional I/O port with internal pullups.
The Port 4 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (1, } because of the internal pullups.

Some Port 4 pins provide additionai 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 input
(P1.1/TZEX), respectively.

AT 89S 8252 10000
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Block Diagram

POO - PO7

zq.;; AAl n
YYVYYYY

P2.0 - P2.7

Hil

VCC ——
PORT 0 DRIVERS J r PORT 2 DRIVERS
GND L A i A
e ;
1 | E—
= RAM ACDR. PORT 0 PORT 2
' | EEPROM REGISTER [™ RAM LATCH LATCH FLASH |—— —
1 x T
N | \ \
H & A
! i Y
‘ i PROGRAM
! B STACK L
! REGISTER ACC POINTER ADDRESS :
E |
; ¢ Y ¥
1 4 P BUFFER (4 »
1 TMP2 TMP1
! 1
g T
PC | ‘
! INCREMENTER :
i \ - ‘
; 5 INTERRUPT, SERIAL PORT,
> ' AND TIMER BLOCKS
. \ ;
! | f 4 FROGRAM 7’!
PSW i ‘ COUNTER |
PSEN - ?
ALEFROG #——— TIMING  lingTRUCTION :
—_ : D REGISTER [4 M A » DPTR b
A I Vpe — P CONTROL
RST ——P :
! T T 4 _ L 4
| |
! | | warcH PORT 3 i PORT 1 SPl PROGRAM
; ! DOG LATCH ' LATCH PORT < » LOGIC
| ‘ 3 X x
s |
: 036 . 4 ; . 4
! r PORT 3 DRIVERS FORT 1 DRIVERS
} E T O W W Y I I
e SO R A Tl
i1 s YYYY
P3D - P37 P10 - P17
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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
Port Pin Alternate Functions P3.0 - RXD (serial input port) _ .
P1.0 T2 {external count input to Timer/Counter 2), P31 E(Se”m OUt_EUt porl)
clock-out P3.2 INTO {external interrupt 0}
P1.1 T2EX (Timer/Counter 2 capture/freload trigger P3.3 W (external interrupﬁ) T
. and direction control) : LP3.4 TO {timer 0 external |nput) h |
P14 - S8 (Slave port SEIECt |nput) P3.5 T1 {timer 1 external input) S
P15 | oSt W it s il mputon |5y | WR (ertoral dota memory wif srobe)
P1.6 ” MISO (Master dat;: input, slave data output pin P3.7 RD (external data memory read strobe|
o + for SPI channet} RST
P1.7 SCK (Master clock output, slave clock input pin Reset input. A high on this pin for two machine cycles while

for SPI channel)

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

Port 2

Port 2 is an 8-bit bidirectional I/C port with internal 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 internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (1, ) because of the internal pullups.

Fort 2 emits the high-order address byte during fetches
from external program memory and during accesses to
axternal data memory that use 16-bit addresses (MOVX @
DPTR). in this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ Ri}, Port 2
amits 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

Port 3 is an 8 bit bidirectional I/C 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 internal puliups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (1, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT8358252, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.
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the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

tn normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data mem-
ory.

If desired, ALE operation can be disabled by setting bit O of
SFR location BEH. 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.

When the AT8958252 is executing code from externai pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EA/Vpp

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram 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 execu-
tions. This pin also receives the 12-volt programming
enable voltage (Vpp) during Flash programming when 12-
volt programming is selected.

ATEOS S 252 1 —
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XTALA

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

XTAL2

Qutput from the inverting oscillatar amplifier.

Table 1. AT89S8252 SFR Map and Reset Values

OF8H

OFOH

OE8H

0EQH

0D8H

0D0OH

0CBH

0COH

OB8H

CBOH

0ABH

0OAOH

98H |
90H

88H

80H

Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indeterminate
effect.

i
| OFFH
B .
! £0000000 OFH
| oEFH
-
ACC .
00000000 OE7H
- 0DFH
PSW SPCR .
00000000 000001XX P
T2CON T2MOD RCAP2L RCAP2H TL2 TH2 ‘ .
00000000 | XXXXXX00 | 00000000 | OODOOOOO | 00000000 | 0000000 ! :
| 0C7H
P 1
XX000000 | - DBFH
P3 :
1111111 OB/H
E SPSR
0X000000 DOXXXXAXX j | OAFH
P2 ‘ \
11111111 | B
2 -
SCON SBUF ; ' orn
©00DODODD | XXXXXXXX 4
P1 WMCON | 1
111111 00000010 | | 87H
TCON TMOD TLO TL1 THO TH1 -
| 00000000 00000000 00000000 | 0CO0DODO | 0OCO0COD | 00000000
PD sP DPOL DPOH DPiL DP1H SPDR |  PCON . ..
11111111 00000111 00000000 | 0000DODO | 00000000 | 00000000 | XXXXXXXX | OXXX0000 |
4-109

AIMEL



AIMEL

User software should not write 1s to these unlisted loca-
tions, since they may be used in 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 in Table 2) and T2MOD (shown in
Table 8) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16 bit cap-
ture mode or 16-bit auto-reload mode.

Watchdog and Memory Control Register The WMCON
register contains control bits for the Watchdog Timer
{shown in Table 3}. The EEMEN and EEMWE bits are used
to select the 2K bytes on-chip EEPROM, and to enable
byte-write. The DPS bit selects one of two DPTR registers
available.

Table 2. T2CON—Timer/Counter 2 Control Register

SPI Registers Control and status bits for the Serial Periph-
eral Interface are contained in registers SPCR (shown in
Table 4) and SPSR (shown in Table 3}). The SPI data hits
are confained in the SPDR register. Writing the SPI data
register during serial data transfer sets the Write Collision
bit, WCOL, in the SPSR register. The SPOR is double buff-
ered 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 addi-
tion, the individual interrupt enable bit for the SPIis in the
SPCR register. Two priorities can be set for each of the six
interrupt sources in the IP register.

T2CON Address = 0C8H

Reset Value = 0000 00008

Bit Addressable i
TF2 EXF2 RCLK . TCLK EXEN2 TR2 C/T2 CP/RL2 ?
Bit 7 6 | 5 . 4 3 2 1 0
Symbol | Function
TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by sofiware. TF2 will not be set when either
: RCLK =10or TCLK = 1.
EXF2 Timer 2 external flag set when either a capture or reload is caused by a negatwe transiticn on TZEX and EXEN2 =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).
RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock n senal port
Modes 1 and 3. RCLK = 0 causes Timer 1 overﬂows to be used for the receive clack.
TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmn clock in sernal port
Modes 1 and 3. TCLK = 0 causes Timer 1 overﬁows to be used for the trensmlt clock.
EXEN2 : Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negatwe transmon an T2|:X if
: i Timer 2 is not being used to clock the serial port. EXEN2 = O causes Timer 2 to ignare events at T2EX.
TR2  StartStop control for Timer 2. TR2 = 1 starts the timer.
CiT2 Timer or counter select for Timer 2. C/T2 = Q far timer function CIT2 = 1 for external event counter (falling edge triggered).
CP!W © Capture/Reload select, CP/RL2 = 1 causes captures to occur on negative transitions at T2EX :f EXEN2=1.CP/RL2=0
i causes automatic reloads to occur when Timer 2 overflows or negative transitions accur at T2EX when EXEN2 = 1. When i

either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.
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Dual Data Pointer Registers To facilitate accessing both
internal EEPROM and external data memory, two banks of
16 bit Data Painter Registers are provided: DP0 at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit DPS
= in SFR WMCON selects DP0 and DPS = 1 selects
DP1. The user should always initialize the DPS bit to the

Table 3. WMCON—Watchdog and Memory Control Register

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 to "1" during
power up. Ht can be set and reset under software control
and is not affected by RESET.

WMCON Address = 96H Reset Value = 0000 00108
P32 PS5t P30 EEMWE EEMEN DPS WDTRST WDTEN

Bit 7 6 5 4 3 2 1 0

Symbol Function

Ps2 Prescaler Bits for the Watchdog Timer. When all three bits are set to "0", the watchdog timer has a naminal period of 16

PS1 ms. When all three bits are set to “1”, the nominal period is 2048 ms.

P30

EEMWE EEPROM Data Memory Write Enable Bit. Set this bit to “1" before initiating byte write fo on-chip EEPROM wnth the
MOWVX instruction. User software should set this bit to “0” after EEPROM write is completed.

EEMEN Internal EEPROM Access Enable. When EEMEN = 1, the MOVX instruction with DPTR will access on- ch4p EEPROM
instead of external data memory. When EEMEN =0, MOVX W|th DPTR accesses external data memory.

DPS Data Pointer Register Select. DPS = 0 selects the first bank of Data Pointer Register, DPQ, and DP3 = 1 selects the
second bank, DP1

WDTRST | Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each time this bit is set to “1" by user software, a pulse is

ROY/BSY i generated to reset the watchdog timer. The WOTRST bit is then automatically reset to "0 in the next instruction cycie
The WDTRST bit is Write-Only. This bit also serves as the RDY/B3Y lag in a Read-Only mode during EEPROM write.
ROY/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.

WDTEN Watchdog Timer Enable Bit. WDTEN = 1 enables the watchdeg timer and WDTEN = 0 disables the watchdog t|mer

AIMEL
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Table 4. SPCR—SPI Control Register

SPCR Address = D5H Reset Value = 0000 01 XXB
‘ SPIE SPE DORD  MSTR CPOL CPHA SPR1 | SPRO - E
Bit ‘ 7 & 5 4 3 2 1_ ‘ 0 . ]
Symbol ‘ Function l
SPIE SP1 Interrupt Enable. This bit, in conjunction with the ES bit in the |E register, enables SPI interrupts: SPIE = 1 and ES

= 1 enable SPI interrupts. SPIE = 0 disahles SP! interrupts.

SPI Enable. SPI = 1 enablas the SPI channe! and connects 58, MOSI, MISO and SCK to pins P1.4, P1.5, P1.6, armrcrir
P1.7. SPi = 0 disables the SP| channel.

DORD : Data Order. DORD = 1 selects LSB first data transmigsion. DORD = 0 selects MSB first data transmission,

SPE

MSTR Master/Stave Select. MSTR = 1 selects Master SPl mode. MSTR = 0 selects Slave SP| mode.

CPOL ' 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.

CPHA Clock 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.

SPRO SPI Clock Rate Select. These two bits control the SCK rate of the device configured as master. SPR1 and SPR0 have
SPR1 no effect on tha slave. The relationship between SCK and the oscillator frequency, Fogc, is as follows:

SPR1 SPRO SCK = Fgg divided by

0 0 4

0 1 16

1 0 64

1 1 128 '

Table 5. SPSR—SP{ Status Register

\ SPSR Address = AAH Reset Value = 00XX XXXXB
_ L SPIF WCOL — — — - — — :
| Bt {7 6 5 4 3 2 1 .0

Symbol Function

SPIF SPI Interrupt Flag. Yhen a serial transfer is complete, the SPIF bit is set and an interrupt is generated if SPIE = 1 and
" ES = 1. The SPIF bit is cleared by reading the SP1 status register with SPIF and WCOL bits set, and then accessing

© the SPI data register. ) o
WCOL 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
pit) are cleared by reading the SP| status register with SPIF and WCOL set, and then accessing the SPI dala register.
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Table 6. SPDR—SP| Data Register

SPDR Address = 86H

Reset Value = unchanged

SPD7 SPD6& SPD5 SPD4

SPD3 SPD2 SPD1 SPDO

Bit 7 6 5 4

3 2 1 0 ‘

Data Memory—EEPROM and RAM

The ATB9SB252 imptements 2K bytes of on-chip EEPROM
for data storage and 256 bytes of RAM. The upper 128
bytes of RAM occupy a parallel space to the Special Func-
tion Registers. That means the upper 128 bytes have the
same addresses as the SFR space but are physically sepa-
rate 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 0ACQH (which is P2).

MCV 0OROH, #data
Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains CAOH, accesses
the data byte at address OAQH, rather than P2 (whose
address is 0AOH).

MOV @RO, #data

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

The on-chip EEPROM data memaory 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 byte location in the EEPROM can be written.
User software should reset EEMWE bit to "0" if no further
EEPROM write is required. EEPROM write cycles in the
serial programming mode are self-timed and typically take
2.5 ms. The progress of EEPROM write can be monitored
by reading the RDY/BSY bit {read-only) in SFR WMCON.
RDY/BSY = 0 means programming is still in progress and
RDY/BSY = 1 means EEPROM write cycle is completed
and another write cycle can be initiated.

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

AlMEL

Programmable Watchdog Timer

The programmable Watchdog Timer (WDT) operates from
an independent oscillator. The prescaler bits, PS0, PS1
and PS2 in SFR WMCON are used to set the period of the
Watchdog Timer from 16 ms to 2048 ms. The availahle
timer periods are shown in the following 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 setting the WDTEN bit in SFR
WMCON (address = 96H). The WDT is reset by setling the
WDTRST bit in WMCON. When the WDT times out without
being reset or disabled, an internal RST pulse is generated
to reset the CPU.

Table 7. Watchdog Timer Period Selection

WDT Prescaler Bits Period {(nominal}
Ps2 | Ps1 | Pso |

G 0 ] 16 ms

0 0 1 32ms

0 1 0 64 ms B

0 1 1 ; 128. ms .

1 0 o | 256ms

1 0 ) ._1- C 512 mé

1 B 1 0 1024 ms

1 1 1 2(548 rﬁs 4
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Timer 0 and 1

Timer 0 and Timer 1 in the ATB9S8252 operate the same
way as Timer 0 and Timer 1 in the ATB9C51, AT89C52 and
ATBACS5. For further information, see the October 1895
Microcontroller Data Bock, page 2-45, section titled,
“TimerfCounters."

Timer 2

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-relcad
{up or down counting), and baud rate generator, The
modes are selected 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 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
tator periods, the count rate is 1/12 of the oscillator fre-
quency.

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
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods} are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator fre-
quency. To ensure that a given level is sampled at least
ance before it changes, the level should be held for at least
ane full machine cycle.

Figure 1. Timer 2 in Capture Mode

Table 8. Timer 2 Operating Modes

RCLK +TCLK | CP/RLZ | TR2 | MODE
0 0 1 16-bit Auto-Reload
0 1 1 16-bit Capture
1 1 X 1 Baud Rate éé_ne-rator
X X o oy

Capture Mode

In the capture mode, two options are selected by bit
EXENZ in T2ZCON. If EXENZ2 = 0, Timer 2 is a 16 bit timer
or counter which upon overflow sets bit TF2 in T2ZCON.
This bit can then be used to generate an interrupt. If
EXENZ2 = 1, Timer 2 performs the same operation, but a |-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L., respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is ilius-
trated in Figure 1.

Auto-Reload {Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16 bit auto-retoad mode. This feature is
invoked by the DCEN (Down Counter Enable) bit localed in
the SFR T2MOQD (see Table 9). Upon reset, the DCEN bil
is set to 0 so that timer 2 will defauit to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

Figure 2 shows Timer 2 autematically counting up when
DCEN = 0. In this mode, two options are selecied by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counis up o

QsC > +12 I o
O ——aa/figkwfgggggg% TH2 TL2 k-~+ TF2 fm
i LOW
. | CoNTROL } OVERF
| cff2 = 1 TR2 *‘*“"¢\¢(L———*
D ! | L ,
RCAP2H | RCAP2L ;
TRANSITION .
DETECTOR TIMER 2
INTERRUPT
TEX PN [ J— % EXF2 oo
| CONTROL
EXENZ
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TCM5087
TONE ENCODER

D2B5Q, NOVEMBER 1882 — REVISED DECEMBER 1330

® Low-Cost TV Color-Burst Crystal Sine-Wave N PACKAGE
Input Produces Highly Accurate and Stable (TOP VIEW)
Tones vop Oy Yis[JTONE OUT
® Deavica Powsred Directly by Telephone or XMITTER W []2  +5[] SINGLE-TONE ENABLE
Small Batterles coL1s 1sfJAOW 1
coLz[]a 12 JROW 2
® Kayboard or Electronic Input Capability coLal]s 12[] ROW 3
® Dual-Tone and Single-Tone Capability vss E 6 wn[JROW4
. osCIN[]? rolIMUTE OUT
® Minimal Standby Power Requirement osc ouT [Ja af]coL 4
& Total Harmonic Distortion Meats EIA

Standard RS-470

PEP3 Procassing Available
Wida Supply-Voltage Range
Minimal Parts Requirad

NOT RECOMMENDED FOR NEW DESIGN
Single-Tone Production Can be Inhlbited

Auxiliary Switching Qutputs: One Bipolar
Transistor and One CMOS Gate

& Dasigned 1o be Interchangeable with Mostek
MK6087

‘E Caution. These devices hava limitad built-in gate protection. The leads should be shorted togsther or the device
placed in conductive foam during storage or handiing to prevent electrostatic damage 1o the MOS gates.

description

The TCM5087 tone encoder is a CMOS integrated circuit designed specifically to generate the dial tones
used in dugal-tone telephone dialing systems. [t requires a sine-wave input normally supplied by a low-cost
TV color-burst crystal at 3.5679545 MHz to generata aight different audio sinusoidal frequancies. With
this input the encoder generates dial tanes that are very low in total harmenic distortion and comply with
standard Dual-Tone Multi-Frequency {DTMF} spacifications without any need for frequency adjustment.

When generating a dual-tone signai, the encoder generates one calumn tone and one row tone and adds
tham for its output. The table beiow presents the frequencies produced by the tone encoder with the
3.679645-MHz TV-crystal signal input, Any deviation in this frequency will be reflected in the frequancy
output. The tolerance of the crystal is normally 0.02%.

OTMF ENCODER ERROR
TONE STANDARD | OUTPUT® | FROM STANDARO*
[Hax} [Hz} (%)

Row 1 697 701.3 +0.62
Raw 2 170 1.4 +0.19
Row 3 BE2 B57.2 +0.81
flow 4 a4 836.1 -0.63
Column 1 1209 1215.9 +0.67
Column 2 1336 1331.7 -0.32
Column 3 1477 1471.9 ~0.35
Column 4 1633 1645 +0.73

*Using an input signal from a 3.679545-MHz crystal.
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TCM5087
TONE ENCODER

operation
keyboard and slectronic inputs

The specific tone or tones generated are datermined by inputs designated ROW 1 through ROW 4 and
COLUMN 1 through COLUMN 4, The inputs are normally received from a 2-of-8 DTMF (DPST) keyboard,
a Class A {SPST] keyboard, or an electronic circuit. Unlike dynamic or scanned inputs, the static inputs
of the TCMBD87 do not genarate noise. See function table for input and output description.

CLASS A KEYBOARD (SPST) 2-of-8 DTMF KEYBOARD IDPST)
l ——
—& | A cOLUMN
COLUMN 4——4 4 Row ';JEP?;,E - —
L—4& A _______ pow

singla-tone enable input

This input inhibits the genaration of singla tones when taken low. All other chip functicns remain unchanged.
If the input is high or left open, single-tone operation is enabled.

tranamitter awitch output

This ocutput is at high impedance when one or more of the column inputs are active and is high when all
column inputs are inactive, Tha output is the emitter of a bipolar transistor whoss collector is at Vpp.

muta output
The mute output is high when one or more column inputs are active and is low when ali column inputs
are inactive.

functional biock diagram

osc in- Dc— 8 nseout

n

Voo ¥ Yoo
2 E $ :E ETROIV K
LA B
oW 144 (K =5104)
Ao 213, {k=t8a0]
AW 312l [K=4178]
o [k=3826]

[ +
= EN
voo| | L—a 6
S
" s vbo
ERABLE
L 116)
5 TONE OUT
H ¢ . Voo
L]
L
ST 1 ETRDIV K
EN 12) XMITTER SW
) P~ *
s Coa
coLumn 32 (k=2432] o)
coLumn 42 * [K-2176] —CD—MUTE out
> >
k%k%
veg L2 — ) W

*p
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TCM5087
TONE ENCODER

TONE ENCODER FUNCTIOM TABLE

INPUT TONE QUTPUT TRANSMITTER SWIT
t T ¥ MUTE OUTPUT ! WITCH
COMBINATIONS PIN 16% OPEN PIN 1B+ AT Vgg OUTPUT
0 rows
a 0 L H
0 columns
1 row
Row and calumn Row and golumn H Hi-Z
1 eolumn
2 of more rows
Calumn a H Hi-Z
1 column
1 row
Row 0 H Hi-2
2 gr more columns
2 or more rows
0 ¢} H HI-Z
2 or mora columns
Q rows
Column 4] H Hi-Z
¥ column
0 rows
o 4] H Hi-Z
2 or more columns
1 oré rows
ar mor 0 O L H
O columns

TRow inputs wilt be active fon} whan ths input voltage is at a low level {¥| # V)| }, snd column inputs are active
st & high input level. Under keybaard control, connecting a row input ta B column input activates bath.
Ipin 15 is the single-tone disable input.

absoluts maximum ratings over operating frae-air temperature range {uniess otharwise notad}

Supply voltage Vpp (Bea Nate 1) . . .. .. .. o 136V
IMpuUt VvORAEE FANGE . . . . . . ottt e -0.3VtovVpp + 0.3V
Output vOILAES FANGE . . . . . ettt e e e e ~-0.3Viwovpp + 0.3V
Continuous power dissipation at 25°C free-air temperature (see Note 2} ........ ... .. 1150 mw
Oparating free-air temperature range, TA . .. ... ... ... . ..o - 30°C to 70°C
Storage 18MPEratura FANGE . . . ... ..ottt oo e —559C to 150°C
Laad tempearature 1,8 mm {1/16 inch) from case for 10seconds. . . ... . ............... 260°C

NOTES: 1. All voltage values are with respect to the Vgg terminal.
2. For operstion above 25°C free-air temperature, darate linearly 1o 736 mW st 70°C at the rate of 9.2 mwi°C.

*5
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TCM5087
TONE ENCODER

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vpp 3.6 10 v
High-level input voltage, ¥y Row |npu‘ts foff 99 Voo Voo vV
All other inputs 0.7 Vpo vap
| i f .
Low-laval input voltage, V) Column inputs taff) Vss 0.1 Voo v
All other inputs Vgg 0.3 Vpp
Contact resistance batwesan row and column inputs 100 2
Tone-output foad rasistance, Ry 120 330 620 i
Qparsting free-air temparature, Ta - 30 70 °C
electrical charactaristics over oparating free-air temperature range {unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Column or row input 10 1]
Single-tone-enable input resistance to Vpp Ta = 26°C 20 100 kl
Vop = 3V, I = 0.2 mA,
Mute autput Db OH L 2
’ Vpp = 10V, gy = 0.6 mA 8
VOH High-teval output voltage - - v
Transmitter switch vpp = 38V, IgH = -15mA 1.5 2.5
autput vpp = 10V, IoH = - 40 mA 8
\'i =3V, i = -{0.2mA C.5
Vou Low-level output voltage, muta output op oL 02m v
. Vpp = 10V, gL = -0.65mA 0.5
loL Off-state current transmitter switch autput Vpp = 10V, vp =0V 10 nA
| Standby supply current with outputs unloaded Vpp = 38V 0-25 100 A
PDstby ¥ SUPelY i Vpp = 10V 05 =zo0 ]| "
i Vpp = 3.6V, 5ea Note 3 1 2
| Ogperating current mA
DOep parating curr Vpo =10V, Sea Note 3 5 10

oparating characteristics over recommended ranges of operating free-air temparature and supply voltage

{unless otharwise noted)

PARAMETER TEST CONDITIONS ! MIN TYP MAX | UNIT
Row tone Ry = 3304, 317 400 500
Qutput rms voltage my
Column tone Ta = 26°C 396 500 630
Presmphasis (column tane to row tonej 1 2 3 dB
Dual-tone output distortion (ses Note 4} Vpp = 4V -20 dB
Quisscent tona-output power - 80 dBm
Tone-output rise time (see Note 5) 3 8 ms

TUnless otherwise noted. test conditions are: Ry = 820 0t for Vpp s 5V or A = 330 N dor Vpp > 5 V. Crystal parameters are the
foltowing: { = 3.579545 MHz +0.02%, Rg < 1000, C = 1B pF, Cpg = 0.02 pF, Cy = 5 pF, Lpg = 968 mH
NOTES: 3. Operating currant is measured with all outputs unlaaded, one row input cannectad to one column input. and normal oscillator

input {Tx at 0°C to 70°C).

4. Distortion is expressed as the ratio of totel out-of-band power relativa to the total fundamanta! power far the dual tone,
5. This is the time required for output to change fram its quiescent value to 90% of its final rms value.
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TCM5087
TONE ENCODER

output waveforms

05 Vidiv

Typical row and column stairstep approximations of sinuscidal outputs are shown in Figures 1 and 2. The
row and column outputs are added together resulting in 2 typical dual-tone waveform as shown in Figure 3.
Spectral analysis of this dual-tone waveform shows that all harmonic and intermodulation distortions are
typically 30 dB below the strongest column-tone fundamental.

0.5 Vidiv
0.5 Vidiv

0.2 ms/div 0.2 me/div 0.2 ma/div
FIGURE 1 FIGURE 2 FIGURE 3

distortion considerations

The following formula is used to calculate the total harmonic distortion of a single row or a single column:

V212 + V32 + Va2 + Va2 + ... + Vi
THO - x 100%

Vit

where V2t is the sacond harmanic of the fundamental frequency V1f waveform and so on. The dual-tone
total harmonic distortion is:

2 2 2 2 2 2
THD = Jvzn + V3RZ + ... + VpR® ¥ V24 + ... VnC® + VIMD® |, 100%
JVERZ + VEC2

where VER and VEC are the row and column fundamental frequency waveforms, and V2p and Vac. etc.,
are the corresponding harmonics,

The total intermodulation distortion is:
ViMD2 = (VIR + V1012 + (VIR - V1C)2 + ... + (Vnr + V)2 + (Vap - Vo2

A relatively simple method of distortion measurement uses a spactrum analyzer to relate the harmonics
to the fundamental frequency waveform. The tong encoder spectrum indicates the harmonics and
intermodulation distortion at least 30 dB down relative to the column tona.

Another method for distortion measurement of the dual-tona wavaform is to compare the total power in
the fundamental frequencies with the total power in the various harmonics plus intermodulation on a signal
analyzer. The ancoders provide an output distortion of — 20 dB maximum when operated between 3.5 V
and 10 V. If operated between 3 V and 3.5 V, some clipping occurs at the output causing the distortion

to exceed the — 20 dB level.

™
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TCM5087
TONE ENCODER

APPLICATION INFORMATION

1

COLUMN 4 A
CLASS A KEYBOARD (SPST)

A $ ROW

SIDETONE-BALANCE

NETWORK

DB = 1N4743 (13 V)

f = 3.579545 MH»

- " {6} TCMSB087 CLASS A KEYBOARD
_ Vs (14) !
330 0 :: AOW 11— 1 2 il a !
(13) -
b6 ROW2P—4 4 5 & B :
{12) -
: \ ROW 3 1 eflo]c
181 ronE “ad
: 0.01 uF OUTPUT ROW 4 ,._“"' «| 0} = ‘
{3 e
: i cou 1 P2 |
. L]
: VDD oo g4 i
h i) !
! 18| Toree eoL3 (a1 '
3 sllrone o 0B 3
TR 3z4kn pisABLe O A
| Qo) |MUTE npot| 1
: 2) | rrRansmITTER [J xvaL
SWITCH g
| Suet oscpE T
QUTPUT
! XTAL PARAMETERS:
0 Cm = 0.02 pF
: TYPICAL VALUES Lpa = 96 mH
1 D1, 02, DI. D4 = 1N4D04 € =B pF
1
|
")

FIGURE 4. TYPICAL APPLICATION USING HYBRID COIL SIDETONE-BALANCE NETWORK,
ELECTRONIC SWITCHING, AND LOW-COST (CLASS A) KEYBOARD
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LM324, LM324A, LM224,
LM2902, LM2902V, NCV2902

Single Supply Quad
Operational Amplifiers

The LM324 series are low—cost, quad operational amplifiers with
true differential inputs. They have several distinct advantages over
standard operational amplifier types in single supply applications. The
quad amplifier can operate at supply voltages as low as 3.0 V or as
high as 32 V with guiescent currents about one—fifth of those
associated with the MC1741 (on a per amplifier basis). The common
mode input range includes the negative supply, thereby eliminating the
necessity for external biasing components in many applications. The
output voltage range also includes the negative power supply voitage.
Short Circuited Protected Outputs

True Differential input Stage

Low Input Bias Currents: 100 nA Maximum (LM324A)

Four Amplifiers Per Package

Internally Compensated

Common Mode Range Extends to Negative Supply

Industry Standard Pinouts

ESD Clamps on the Inputs [ncrease Ruggedness without Affecting
Device Operation

MAXIMUM RATINGS (T, = +25°C, unless otherwise noted.)

LM224
LM3a24, LM2902,
Rating Symbol LM324A LM2302V | Unit
Power Supply Voltages Vdc
Single Supply Voo 32 26
Split Supplies Veo. VEE 16 +13
Input Differential Veltage ViDR 32 126 Vdc
Range (Note 1)
input Common Mode Vicr 031032 | 03026 } Vdc
Voltage Range
Output Short Circuit tsc Continuous
Duration
Junction Temparature Ty 180 °c
Storage Temperature Tatg —65 10 +150 °C
Range
Operating Ambiant Ta °C
Temperature Range
LM2Z24 -25to +B5
LM324, 324A 0o +70
LM2302 —40 to +10%
LM2802V, NCV2902 —40 to +125
1. Split Power Supplies.
& Semicenduclor Companents Indusiries, LLC, 2002 b |

May, 2002 - Rev. 8

Single Supply Operation: 3.0 V to 32 V (LM224, LM324, LM324A)

ON Semiconductor

http://onsemi.com

PDIP-14
N SUFFIX
CASE 646

1
14
1
S0-14
14 D SUFFIX
1 CASE 751A
1

TSSOP-14
DTB SUFFIX
CASE 048G

PIN CONNECTIONS

~— .
Out 1 [} 4] Out 4
Er | | AF
Inputs 1 [E B ‘E } Inputs 4
veg [4] 1] Veg, Gad
& @
Inputs 2 [ } Inpuls 3
Bij> <[Ei
Out2 (7] (3] Outa
(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 9 of this data sheet,

DEVICE MARKING INFORMATION

See general marking information in the device marking
seclion on page 10 of this data sheet.

Publication Order Number:
LM324/D



LM324, LM324A, LM224, LM2902, | M2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Voo =50V, Veg = Gnd, Tp = 25°C, unless ctherwisa noted.)

Characteristics

Symbol

LM224

LM324A

LM324

Lm2902

LM2902V/NCV2902

Min

Tyn

Max

Min

Typ | Max | Min

Typ

Max

Min

Typ

Min | Typ | Max

Unit

Input Offset Voltage
Voo =5.0Vie 30V

Vich =0Vto
Vee—-17V,
Vo=14V,Rg =01

Ta = 25°C

Ta = Thign (Note 2)

Ta = Tiow (Note 2)

{26 V for LM2902, V3,

Vio

20

5.0
T.Q
7.0

2.0

2.0

7.0
90
90

2.0

70
10
10

70

10

my

Average Temperature
Coefficient of Input
Cffset Voltage

Ta = Thigh 10 Tiow
(Nates 2 and 4)

AVI/AT

7.0

7.0 o -

7.0

1.0

iV

Input CHset Current

Ta = Thgh D Tiow
{Note 2)

e}

3.0

30
100

50

50

50
160

5.0

50
200

50

nA

Average Temperature
Coefficient of Input
Offset Current

Ta = Trigh 1© Tiow
{Notes 2 and 4)

allo/aT

10

10

pA/ C

Input Bias Current

T,n = Tl'ligh to Tm
(Mote 2)

lia

-150
-300

45 | =100 | -
- =200 | -

-250
-500

—250
-500

—250
—-500

nA

input Cormmon Mode
Voltage Range
(Note 3)
Vee =30V
(26 V for LM2902, V)
Ty = +25°C
Ta = Trigh 10 Tiow
{Note 2)

VicR

28.3
28

- 283 0

283
28

243
24

243
24

Differential Input
Voltage Range

ViprR

Veo

Vee

Voo

Large Signal Open
Locp Voltage Gain
Ry = 2.0 kL,
Veg =18V,
for Large Vo Swing
Ta = Thigh 1€ Tlaw
{Note 2)

AvoL

50

25

100

25

100 - 25

100

28

100

25

15| - -

Vimy

Channel Separation
10 kHz < f< 20 kHz,
Input Referencad

CS

-120

20| - |-

=120

-120

- |-120| -

dB

Common Mode
Rejection,
Rg € 10 k(2

CMR

70

85

66

70 - 65

70

50

70

50 70 -

dB

Power Supply
Rajpcticn

PSR

65

100

65

100 - 65

100

50

100

50

di

2. LM224: Ty, = —25°C, Thigh = +85°C

LM324/LM324A: Tjy = 0°C, Thign = +70°C
LM2802: T,y = —40°C, Thigh = +105°C
LM2902V & NCV2902: Tigw = —0°C, Thigh = +125°C
NCV2902 is qualified for automotive use.
3. The input common mode voltage or either input signal voltage should nat be allowed ta go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vg -1.7 V.
4. Guaranteed by design.

http:/fonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vgg = 5.0V, Ve = Gnd, Ty = 25°C, unless otherwise noted.)

LM224 LM324A LMm324 LMm2902 LM2302V/NCV2802

Characteristics Symbal | MIn | Typ | Max [Min | Typ | Max | Min | Typ Max | Min | Typ | Max [ Min | Typ | Max | Unil

QOutput Voltage- VoH v
High Limnit
{Ta= Thigh to Tiow)
{Nucte 5)

Vep =80V R = 33| 35 - 33| 35 - 33 | as - 33| 38 - 33 | 35 -
20k} Ty =25°C

Ve =30V 25 - - 26 - - 28 - - 22 - - 22 - -
(26 V for LM2902, V),
R = 2.0k

Voo = 30V 27 28 - 27 28 - 27 28 - 23 24 - 23 24 -
(26 V for LM2902, V),
Ry =10 k&2

QOulput Voltage - VoL - 50 20 - 50 20 - 50 20 - 5.0 100 - 5.0 100 my
Low Limit,
VCC =50V,
Ry = 10 ki},
Ta, = Thigh 10 Tiow
{Nate 5}

CQutput Scurce Currant lo+ mA
Mip = 1.0V,
Veoc =15V}
Tp = 25°C 20 40 - 20 40 - 20 40 - 20 40
Ta = Trigh 18 Tiow 10 20 - 10 20 - 10 20 - 10 20
{Naote 5}

20 10 -
10 20 -

Cutput Sink Current lo- mA
Vip=-10V, 10 | 20 - |10 | 20 ~ || 20 - || e 10 | 20 -
Ve =18V)
Ta = 25°C
Ta = Thigh 10 Tiow 5.0 B.O - 50 | 40 - 50 | 80 - 50 | 80 - 50 | 80 -
(Note 5)
(Mp=-10V, 12 50 - 12 50 - 12 50 - - -
Vg =200 mV,
Ta = 25°C}

Output Short Circuit Isc - 40 60 - 40 60 - 40 60 - 40 60 - 40 60 mA
1o Ground
{Note B}

Power Supply Current lee mA

(Ta = Thign 1@ Tiow)
(Note 5)

Veg =30V - - 3o | - [ 14|30 - - ao | - - ao | - - 30
(26 V for LM2502 V),
Vo =0V, R =+

Ve =50V, - - 12 - Q.7 1.2 - - 1.2 - - 1.2 - - 1.2
V=0V, R ==

5. LM224: Tjgy = —25°C, Thgn = +85°C
LM324/LM324A: Tigy = 0°C, Thigh = +70°C
LM2802: Ty = —40°C, Thigh = +105°C
LM2902V & NCV2302: Tigy = 40°C, Thigh = +125°C
NCV2902 is qualified for automolive use.
6. The input comman mode voltage or either input signa! voltage should not be allowed to go negative by mere than 0.3 V. The upper end of
the common mode voltage range is Vgg —1.7 V.

http:/fonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

Bias Circuilry
Comman to Four
Cutput Amplifiers
[}

r‘j ats .~ 1 ' M © Voo
T e

40k
Q19

o

Q24

|

|

!

[

|
_H,oza

+ O

an
_@; Ny
Q8 | 47 L1
0]
Qs IEﬂ.‘r

2% rr
.

Q25

2.4k

L

O Vee/Gnd

Figure 1. Representative Circuit Diagram
{One—Fourth of Circuit Shown)

http:/fonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

C{RCUIT DESCRIPTICN

The [M324 series is made using four internally
compensated, two—stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
perforins the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18,
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single—ended converter. The
seccond stage consists of a standard current source load
amplifier stage.

10V ie Vegmay
—ll—= Ve
o o
o
& -0
o
og
< 3 i
e,
< 4 o
%
= VEE{Gnd

Single Supply

Ve =15 Vde
R_=2.0ki2
Ta = 25°C

1.0 VDIV

II!IIIIIIIl.IIIIIIII Llii

FPprF T T T T v [TV TTrT

5.0 us/DIV
Figure 2. Large Signal Voltage Follower Response

Each amplifier i1s biased from an internal—voltage
regulator which has a low temperature coetficient thus
giving each amplifier good temperature characteristics as
well as excellent power supply rejection.

¢ = 1.5VI0Vegimay
—Q
o 1
L a

== 15Vig VEElmax)

Split Supplies

Figure 3.

http:/fensemi.com
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x V| , INPUT VOLTAGE (V}

VoR, OUTPUT VOLTAGE RANGE (V)

I » POWER SUPPLY CURRENT {mA)

LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

20
18
0 % S
14 U]
" A @
w
10 A/// E
80 Negalivei /// 3 1,
8'0 /// Positive 49
i vid
20 o
Q
0 20 40 80 80 10 12 4 46 18 20
+Veo/Vee, POWER SUPPLY VOLTAGES (V)
Figure 4. Input Voltage Range
14
T TTI
12 Ry = 20K
\ Voo =15V
10 N VE§ =Gnd
N Gain = -100
N\ Fy = 1.0 kG2
8.0 \ Rs = 100 k(2
6.0
N
40 b
N
™,
24 y
\_
1.0 16 100 1000
1, FREQUENCY (kHz)
Figure 6. Large—Signal Frequency Response
24 T 1
Ty=25C ——
21 A
18
15
_—_—-—"‘-_——
12 s
09
(1]
0.3
0
0 5.0 10 15 20 25 30 35

Ve, POWER SUPPLY VOLTAGE {V)

Figure 8. Power Supply Current versus
Power Supply Voltage

http:ifonsemi.com
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120 T ™
L HERLRE
2 100 e Vo= 15V oy
= --"-\ : Veg = Gnd
g [ ol Tazesc
o) ™ !
£ 80 : :
) | |
= T ‘
% 40 f
S N
= 20 i
L 1
S =P
; |
-20 i :
1.0 10 100 1.0k 10k 100 k 1.0M
f, FREQUENCY (Hz)
Figure 5. Open Loop Frequency
550 0 -
< 500 -
E Input
w450
2 / Output AN
5 400
o] / /
=
350
2 \ A
o 250 Voo =30V
> 1% Vee = Gnd
200 Ta=25C
T €y =50pF
0 10 20 30 40 s6 60 70 80
1, TIME {us)
Figure 7. Smal-Signal Voltage Follower
Pulse Response {(Noninverting)
1
1
= %
=,
- i S
i N
& N
=2
%] —_—
Z2
Z 8
5
o
=
®
70 .
0 20 40 60 80 10 12 14 16 18 20

Ve, POWER SUPPLY VOLTAGE (V)

Figure 9. Input Bias Current versus
Power Supply Voltage



LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

50k
AN
4
Vee
Vier 71
— Vg
MC1403 1
Vigl = P Vee
R1
Vo = 25V (1+ Rz)
Figure 10. Voltage Reference Figure 11. Wien Bridge Oscillator
R2
i
Hysterasis
VoH H
A1 v B
Vret O 05 |
8 ; l
Vin D Vo
VoL
Vil | Vinn
A !
V= me VoL~ Vel + Vier Viel
R1
Vo= g1, pp VO~ Viel + Veel
He =Pl o vl
e,=C(1+a+b}(ea-#) = H1sp2 VOH 0
Figure 12. High Impedance Differential Amplifier Figure 13. Comparator with Hysteresis
R
A 1
' R 00k ko= 5 nRC
{t . L Ri- QR
Vin 1 A2 lé a2 - R1 Vel = 2 Veo
M ° R Tap
_IWN_—
A3 =Thp:
O
Ci=10C
For. g = 1.0kHz
I Vi Q=10
) Bandpass ref
Viel Output R3 Tep =
Ty =
R1
R2 - o
A A—— b » 7
LM324 (———e Notch Quiput R = 180KO2
+ C =0.001pF
R1 « 1.6 MG
Vet Whore:  Tgp = Center Frequency Gan Ri =16 mzi
Ty = Passband Notch Gain R3 =18

Figure 14. Bi—-Quad Filter

http:/fonsemi.com
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LM324, LM324A, LM224, LM2302, LM2302V, NCV2902

) )
- - Triangle Wave
V= 2 Veo Ogulput ] ’\fﬂ\f?\r
00k
Vit 3
O———AN— O
75k o
1 D?l o Square
)—'%—— Wave
c Vet Output
A
Ry

A1+ Re R2 R
- it A3 -
4CR(RT R2 + A1

Figure 15. Function Generator

http:/fonsemi.com
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R2

1
Vier = _2 Veo

Figure 16. Multiple Feedback Bandpass Filter

Given: 1, = center frequency
Aflg) = gain at center freguency

Choase value f,, C

. __0
Then; R3= 2
_Ry
Ri= 2 Ay
A1 A3
A2 = e
4Q2 A1 - A3

_ = 0%
For less than 10% error from operational amplifier, W <0.1

where f, and BW are expressed in Hz.

If source impedance varies, filler may be preceded with
voltage follower buffer ip stabilize fiter parameters.



LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ORDERING INFORMATION

Device Package QOperating Temperature Range Shipping

LM224D S0-14 55 Units/Rail
|.M224DR2 S0-14 250C Tape & Reel
LM224DTR TSS0P—14 257 1o +85°C 96 Units/Rail
LM224DTBR2 TSSOP—14 2500 Taps & Reel
LM224N PDIP-14 25 Units/Rail
LM324D S0-14 55 Units/Rail
LM324DR2 S0-14 2500 Tape & Reel
LM324DTB TSSOP-14 96 Units/Rail
LM324DTBR2 TSSOP-14 2500 Tape & Reel
LM324N PDIP-14 0 16 470°C 25 Units/Rail
LM324AD S0-14 55 Units/Ralt
LM324ADR2 50-14 2500 Tape & Reel
LM324ADTB TSSOP-14 98 Urits/Rai! -
LM324ADTBR2 TSSOP-14 2500 Tape & Reel
LM324AN PDIP=14 25 Units/Rail
LM2902D S0-14 55 Units/Rail
LM2802DR2 S0-14 2500 Tape & Reel
LM2902DT8 TSSOP—14 —40* to +105°C 96 Uinits/Rail
LM2902DTER2 TSSOP-14 2500 Tape & Reel
LM2902N PDIP—14 25 Unils/Rail
LM2902VD SO-14 55 Units/Rail
LM2802vDR2 5014 2500 Tape & Reel
LM2802VD TR TSSOP-14 96 Units/Rail

| M2302VDTBR2 TSSOP_14 —40%t0 +125°C J500 Tape & Resl
LMZ902VN PDIP-14 25 Units/Radl
NCV2802DR2 SO-14 2500 Tape & Res!

http:/fonsemi.com
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‘ SGS-THOMSON
Y icroELECTRONICS HCC/HCF4093B

QUAD 2-INPUT NAND SCHMIDT TRIGGERS

s SCHMITT-TRIGGER ACTION ON EACH INPUT
WITH NO EXTERNAL COMPONENTS

s HYSTERESIS VOLTAGE TYPICALLY 0.9V AT
Vop =5V AND 2.3VAT Vpp = 10V

» NOISE IMMUNITY GREATER THAN 50% OF
Voo (typ.) EY F

» NO LIMIT ON iINPUT RISE AND FALL TIMES (Plastic Package)  (Ceramic Frit Seal Package)

»m STANDARDIZED SYMMETRICAL OUTPUT

CHARACTERISTICS
s QUIESCENT CURRENT SPECIFIED TO 20V “

FORHCC DEVICE
s 5V, 10V, AND 15V PARAMETRIC RATINGS
s INPUT CURRENT OF 100nA AT 18V AND

25°C FORHCC DEVICE L o
« 100% TESTED FOR QUIESCENT CURRENT {Micro Package) (Plastic Chip Camier}
= MEETSALL REQUIREMENTS OF JEDEC TEN- ORDER CODES :

TATIVE STANDARD Ne= 13A, "STANDARD HCC4093BF HCF4093BM1

SPECIFICATIONS FOR DESCRIPTION OF "B HCF4093BEY  HCF4033BC1

SERIES CMOS DEVICES”

PIN CONNECTIONS

Do

DESCRIPTION

The HCCA4093B (extended temperature range) and
HCF4093B (intenmediate temperature range) are
available in 14-lead dual in-line plastic or ceramic
package and plastic micropackage. The
HCC/HCF4093B consists of four Schmitt-trigger cir-
cuits. Each circuit functions as a two-input NAND 5cos0an
gate with Schmitt-trigger action on both inputs. The
gate switches at different points for positive and ne-
gative-going signals.

The difference between the positive voltage (Vp)
and the negative voltage (Vn) is defined as hys-
teresis voltage {(VH) (see fig. 1).

m = ~ ¥ O I =~

June 1989 1/13




HCC/HCF40938

FUNCTIONAL DIAGRAM
1 of 4 Schmitt triggers

VoD
1{5.8,12)0— 3{%,10.11)
- o 9 [ ]
2(6.913Y0—
®ALL INPUTS PROTECTED BY COS/MOS
STANDARD PROTECTION NETWORK 5 _1557/1 Vg,
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vpo" | Supply Voltage :HCC Types ~0D5to +20 v
HCF Types - 05to +18 v
A tnput Voltage ~05taVpp + 05 v
Iy DC Input Current (any one input) + 10 mA
Pt Taotal Power Dissipation (per package) 200 mw
Dissipation per Output Transistor
for Tap = Fuill Package-temperature Range 100 mw
Top Operating Temperature : HCC Types - 5510+ 125 *C
HCF Types - 40 to + 85 °C
Tsiy | Storage Temperature — 65 ta + 150 °C

Siresses above those listed under "Absolute Maximum Ratings "may cause permanent damage 1o the device. This is a stress
rating only and functional operation of the device at these or any other conditicns above those indicated in the operationai sec-
fions of this specification is not impliad. Exposura to absolute maximum rating conditions for externa peticds may affect device
reliability.

* At voltage values are referred to Vss pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo Supply Voltage : HCC Types 3to18 v
HCF Types 3to15 vV
Vi Input Voltage 0 1o Voo \Y4
Tap Operating Temperature : HCC Types —55tp+ 125 “C
HCF Types ~40to+ 85 ‘C
213

(ST At



HCC/HCF4093B

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditions Value
Symbol Parameter Vi Va lio] |Veo Tiow" 25°C T High™ Unit
V) () @Ay | (V) [Min. [Max. [ Min.| Typ. |Max. | Min. | Max.
i Quiescent 0/ 5 5 1 0.02 1 30
Current HCC | 010 10 2 0.02] 2 60
Types | 0/15 15 4 0.02 4 120
(/20 20 20 0.04 | 20 600 RA
o/ 5 5 4 (.02 4 30
HCF oita 10 3 002 ] 8 60
Types
0/15 15 16 0.02 ] 16 120
Vp Positive Trigger a 5 22 | 36 | 2.2 2.9 g | 2.2 36
Threshold Voltage | a 10 |48 | 71 | 46 (59 | 71 |46 ] 71
a 15 | 68 {108 | 6.8 | 88 | 108 | 68 [ 108
b 5 |26 | 4 |26 133 4 [26] a |
b 10 | 56 | 82 | 586 7 B2 | 56 | 8.2
b 16 | 63 (127 ]| 6.3 | 94 [127 ]| 6.3 | 127
VN Negative Trigger a 5 09| 28 109 1.9 28 | 0.9 2.8
Threshold Voltage [ a 10 { 25 | 52 | 25 | 39 | 52 ] 25| 62
a 15 4 7.4 4 58 | 74 4 74
b 5 14 1 32 | 14 | 23 p 32 | 14 | 32 v
b 10 | 34 | 66 | 3.4 | 51 66 | 34 | 66
h 15 | 48 | 96 | 48 | 73 1 96 | 48 | 96
Vi Hysteresis Voltage| a 5 03 |16 103 |08 116 ]| 03] 18
a 10 | 12 | 34 | 12 | 23 | 34 12 | 34
a 15 | 1.6 5 16 | 3.5 5 1.6 5 v
b 5 D3| 16 | 0.3 | 0.9 16 | 03 | 1.6
b 10 | 12 | 34 [ 12 | 23 | 34 ] 12 | 34
b 15 | 1.8 ) 16 | 3.5 5 1.6 5
Von Qutput High 0/ 5 <1 5 | 495 4.95 4.95
Voltage /10 <1 10 [9.95 9.95 5.95 v
0/15 <1 | 15 [14.95 14.95 14.95
VoL Qutput Low 510 < 1 5 0.05 0.05 0.05
Voltage 10/0 <1 [ 10 0.05 0.05 0.05 v
15/0 <1] 15 0.05 0.05 0.05
loH Output 0/ 5 2.5 5 - 2 -16|—-3.2 - 1.15
Drive HCC |0/ 5 4.6 5 |- 064 - 051 -1 — .36
Current Types{0/10 9.5 10 |- 1.6 -1.3|-28 - 09
015 13.5 15 |- 4.2 -34|-68 - 2.4
0/5| 25 5 |- 153 —1.35) - 3.2 — 13 mA
HCF |0/ 5 4.6 5 l-D.52 — 044 -1 - 0.38
Types | 0/10 9.5 10 |- 1.3 - 1.11-2.B - 0.9
0115 135 15 |- 36 ~3.0|-68 — 2.4
a : input on terminals 1, 5, B, 12 or 2, €, 9, 13 ; other inputs to Vpo.
b : input on terminals 1 and 2, 5 and 6, 8 and 8, or 12 and 13 ; cther inputs to Voo.
* Tiow = ~65°C for HCC device : -40°C for HCF device.
* Tugn = +126°C for HCC device : +85°C for HCF device.
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HCC/HCF4093B

STATIC ELECTRICAL CHARACTERISTICS ( continued)

Test Conditions Value
Symbol Parameter Vi Vo lo] | Voo Tiow 25°C Thigh® Unit
V) vy LAY V) [ Min. [max. | Min. | Typ. [Max. [ Min. [ Max.
loL Qutput 0/ 5 04 5 0.64 0.51 1 0.36
Sink oo| 05 10 | 16 13 § 26 0.9
Current
ons 15 15 4.2 34 6.8 2.4 A
m
0/5 0.4 5 0.52 0.44 1 (.36
010 0.5 10 1.3 11 28 0.9
0i15 1.5 15 36 3.0 6.8 2.4
b T | Input HCC | ong 18 £ 0.1 + 105+ 0.1 + 1
Leakage Types A
Current HCF Any Input H
0/15 15 £03 + 107%| + 0.3 t1
Types
C Input Capacitance Any input 5 7.5 pF
DYNAMIC ELECTRICAL CHARACTERISTICS (T mp = 25°C, CL = 50pF, R_ = 200k,
typical temperature coefficient for all Vpp = 0.3%/°C values , all input rise and fall time = 20ns)
Test Conditions Value
Symbel Parameter - Unit
Voo (V)] Min. j Typ. | Max.
tpL v, trHL | Propagation Delay Time 5 190 380
10 80 180 ns
15 65 130
t1LH, trH| Transition Time 5 100 200
10 50 100 ns
16 40 80

Figure1 ;. Hysteresis Definition, Characteristics and Test Setup.

{a) Definition of Ve, VN and VK

(b) Transfer characteristics of 1 of 4 gates
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HCC/HCF4093B

(c) Testsetup Figure2 : Input and Output Characteristics.
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Figure 3 : Typical Current and Voltage Transfer Characteristics.
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HCC/HCF4093B

Figure 5 : Typical Qutput Low (sink) Current Char-
acteristics.
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Figure 7 : Typical Cutput High (source) Current
Characteristic.
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Figure 9 : Typical Propagation Delay Time vs. Sup-

Figure 6 : Minimum Cutput Low (sink) Current Char-

acteristics.
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Figure B : Minimum Cutput High Current Charac-

teristics.
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HCC/HCF4093B

Figure 11 : Typical Trigger Threshold Voltage
vs.Vop
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Figure 13 : Typical Dissipation Characteristics.
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HCC/HCF40938

APPLICATIONS

Figure 15 ; Wave Shaper.

Figure 16 : Monostable Multivibrator.
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TEST CIRCUITS

Figure18 . Quiescent Device Current.

Figure 19 . Input Leakage Current.
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HCC/HCF4093B

DIM. mm inch
MIN, TYP. MAX, MIN. TYP. MAX,
al 0.51 0.020
B 1.39 1.65 0.055 0.065
b 0.5 0.020
b1 0.25 0.010
D 20 0.787
E 85 0.335
e 2.54 (.100
e3 15.24 0.600
F 71 0.280
| 5.1 0.201
L 3.3 0.130
z 1.27 2.54 0.050 0.100

POO1A

o7

$GS-THOMSON
HICROALECTROMICS
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MOTOROLA
HE SEMICONDUCT OIR "
TECHNICAL DATA

MC14467-1

IDONIZATION SMOKE DETECTOR

The MC14467-1, when used with an ionizetian chamber ang a small
number of externa! components, will detact smoke. When smoke is
sensed, an alarm is sounded via an exiernal piezoelectric transducer
and internal drivers. This circuit is designed Lo comply with the UL217
and UL 268 specifications.

lomization Type with On-Chip FET Input Comparator
Fezoalectric Horn Driver

Guard Outputs on Both Sides of Detect Input
Input-Production Diodes on the Detect Input

Low-Battery Trip Point, Internally Set, Can Be Altered Via External
Resistor

Detect Threshold, Intermally Set, Can Ba Altered Via Exiernal
Resistor

Pulse Testing for Low Battery Usos LED for Battery Loading
Comparator Qutputs for Detect and Low Battery
® Internal Reverse Batiery Protection

CMOS MSI

{LOW-POWER COMPLEMENTARY MOS)

IONIZATION SMOKE DETECTOR

P SUFFEX
PLASTIC DIP
CASE 848

ORDERING INFORMATION

MCra467P1 Plashic DIP

BLOCK DIAGRAM

ﬁ Piczogiectic
4 = 4 Horn Drvel

v
Vi1 AAN—D ub

TRk 3 —r{ I_‘:)6
; rcg

LED Draver

el gt

I-iﬁii:f ‘ 11 ﬂ M 7
L‘J :;.\ \I :.‘1 f

PiN ASSIGNMENT

Deleci Comp Out @'@ Guard ki 2
N/ C Detect 'ngu:
Low V Sel Guari La-Z2

Low V Comp. Out Sersciv |y Set

LED QOsc Capacace
ks)s) Silver
T ming Resistor Brass
Feedback Vs

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS
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MC14467-1

MAXIMUM RATINGS® Ivoitages referenced to Vgs!

Rsting Symbal Vatue [ Unit il
DC Supply Vo'lage VD ~D51z 4+ 1§ 1 v
|npul Voltage, At 1aputs Except Pin B Vin “D25wovpp +025 v
3C Currert Orain pec nput Pin, Excepl Pin 16=1 mA | 10 A
DC Current Drain per Outpul Pin i 30 mA
Dperaung TemperatJré Range Ta - 10w + 60 T
Storage Temperature Aange Tsig -85t + 125 °C
Raverse Battery Time RB £0 H
*Maximum Ratings are (hase values beyond which damage 10 1ne gdevice may SCour
RECOMMENDEQ OPERATING CONDITIONS Vollages referenced 1o Vgl
Parametar Symbol Value Unit
Supply Voltage ven 9.0 v
Tirung Capacnor - a1 uF
Timing Resisiar - 82 MQ
Batiery Load {Resistot or LEDI -~ 10 mA
ELECTRICAL CHARACTERISTICS (vanages relerenced io Vg5, Ta = 25°C)
VoD
Charagteristic Symbol Ve Min Typ# Max Unit
Cperating Yoltage Vpo - 80 - 12 v
Duipul Vcltage YOH v
Plezoalecine Homn Divers ligp = — 1B mA! 7.2 63 - -
Comoarators g = — 30 wi) 99 B.5 B E - ]
Piezoeiectric Horn Drivers Hg = + 16 mA: VoL 72 - - 29 v
Comparators g~ +30 gAl 90 - 0 05
Output Voitage ~ LED Drver, g =10 mA VoL 72 - - 30 v
Oulput Impedance, Active Guard Pin 14 Lo-Z 30 — : 10 il
Pir 16 Hi-Z 9.0 - - 1000
Cperating Current tAg 5= 8.2 M oo 9.0 - 80 9.0 uh
12.0 - - 120
Inpul Current — Detect 140% 8 H ) lin a0 - 10 oA
Imernal Set Volage
Low Baitery Viow a0 72 - 78 v
Sensitvity Vset - 47 50 53 %VDD
Hysleresis Viys 90 7% 100 150 my
Dffse; Vollage (measured at Vip = VEp/2l o] my
acuve Guard 20 - 1+ 100
Delect Cornparator 9.0 - 150
rput Vcltage Range, Pin 8 Vin - -10 - vVpp + 0 v
Inpul Capacitance Cin - - 50 - pf
Comman Mode Vollage Range. Pin 15 Vem - 0.6 - vpp - ? W

#Dala labetled " Typ™ 15 rat 10 be used tor design purposes byt s interded as an indicauen el the iC's polential perfermance

This device canta:ns ¢ reuilry 10 protect the inpuls 2against damage dug 10 fign s1al C vollages ar BiRcInC fielals; however, 113 agwsed tha, oot al
precaullons be 1aken fo avo:d apphcancn ¢t a1y valtage righer than max:mum rated voltages 10 th 5 gh irpedance circuit Far proper ieraban
W 1s recommended that excepl for pir B, ¥, and Vg,q be constraned 10 the range Y55 S [V 01 Vot s Vpp- Forpn 8 reter 1o ibe Blecincal

Charactensl.cs

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS
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MC144867-1

TIMING PARAMETERS (C=0.1 uF, Rpjas=8.2 MO, Vpp =9.0 V, Ta=25°C, See Figure Bl

Characteristics Symboi Min Typf Max Units
Dscillater Period Na Smoke 10y 134 167 20 5
Smake 32 40 48 ms
Osciliaior Rise Time 1 ] 10 12 ms
Horn Dutput On Tima AW, 120 160 208 ms
{Dunng Smoka) 0# Time PWit1 60 80 104 ms
LED Quiput Between Pulses 1LED 32 20 48 5
On Time PWon a 10 12 ms
Harn Output On Time on 9 10 12 ms
1Dunng Low Battery) Belweer Pulses toff 32 4 48 5

HData {abelled “Typ™ s not to be used far design purposes but is
inlended as an indicanon of the IC's patentiat performance.

FIGURE 2 — TYPICAL LED QUTPUT

FIGURE 3 — TYPICAL COMPARATOR DUTPUT

-V CHARACTERISTIC ¥ CHARACTERISTIC
1000 ey ; 100 —
3T F Ta - 280C T s 189
Vpp * 9.0 v : -
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\ _ . .
g H vpp =9.0vde o 7.2 Wik T
gl E
f‘ 10.0 — ‘_ = - 10 '; = a;l- —F = -;
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¥ ; — i —— s
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] f < P CHSOUACE
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: ! = N CHSINK
= = CURRENT ——
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= ! i 1
0 [ X | n I ]
o 1 2z 3 4 s & ! & % W 6o 1 3 3 4 & & P & 8§ 10
vpg. DRAIN T8 S0URCE VOLTAGE iVac) vps. DRAIN TO SOURCE VOLTAGE voc
FIGURE 4 — TYPiCAL P HOAN DRIVER QUTPUT
Y CHARACTERISTIC
— e 10000 : : ==
P ; :
——— Tz 180 i Ta = 350C .
_ o ] . Voo « 9.0 vae ' !
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MC14467-1

DEVICE OPERATION

TIMING

The miernal oscillator of the MC14467-1 operates with a
period of 1.67 secands dunng no-smoke conditions. Each
1.67 seconds, internal power is applied to the entire IC and a
chack is made lor smoxe, except dur ng LED pulsa, Low Bat-
lery Alarm Cherp, or Horn Modutation (in smokel. Every 24
ciock cycles a check 15 made for low battery by comparing
VDop to an intetnal zener voltage. Since very small currents
are used in the oscillator, the oscilater capacitor should be
of a low leakage type.

DETECT CIRCUITRY

If smoke is detected, the oscillator period beccmes 40 ms
and the piezoelectric horn oscdlator circuit s enables. The
norn output 1s modulated 160 ms on, 80 ms ofl. Dunng 1ne
off ume, smoke is again checked and will inhibit further horn
output if no smoke 15 sensed. Puring smoke conditicns the
low batlery alarm is inhibited. but the LED pulses al a
1.0 Hz rate.

An active guarg is provided on bain pins adjacent 10 the
catect input. The voltage at these p'ns will be within 100 my
of the input signal. This will keep surface leakage currents to
a minimum and provide a method of measuning the input
valtage without loading the ionization chamber. Tne active
guard op amp is nat power sirobed and thus gives constant
pratection from surface leakage currents. Pin 15 tihe Detect
inputl has imernal giode prolection agairst slahc damage

SENSITIVITY/LOW BATTERY THRESHOLDS
Both the sensitiwity threshald and the low battery voltage

levels are set internally by a common voltage divader con-
nected between Vppyand Vg s. These voltages can be altered
by external resistors connected fram pins 3 or 13 16 either
vpp of Vgg. There will be a slight interaction here due (o
the common veltage divider network. The sensitivity thresh-
oid can aiso be set by adjusting the smoke chamber somzatior
source.

TEST MORE

Since the internal op amps and Comparalors are power
strobed, adjustments for sensitivity or low baltery level coule
be difficult and/or lime-consuming. By forcing Pin 12 1o
Vgg, the power strobing is bypassed and the outputs, Bins 1
and 4, constantly show smoke/np smoke and good bat
tery/low barlery, respectively. Pin 1=vpp for smoke and
Pin 4=Vpp for fow battery. In this mode and duning the 10
ms power strobe, chip cdrrent rses to Approdmately 50 pA

LED PULSE

The $volt battery ;evel is checked every 40 seconds duning
the LED pulse. The batiery is loaded via a 10 mA pulse tor
10 ms. {f the LED 15 not used, it should be replaced wth an

equivalent resisior such thai the battery lnading remains at
10 mA

HYSTERESIS

When smake 15 detected, the resistor/diader network that
sets sensilivity is altared 10 increase sensitvity  This yeelos
approximately 100 m¥ of hysteresis and reduces {alse 1ng-
gE(lng

FIGURE | — TYPICAL APPLICATION AS IONIZATION SMOXE OETECTOR

——J1 16

l— Test

w ok

15
MC 144671
1

X
| |

1M T™ I

o ;D
N

01 Wf

L
»
»
"
=)

a

‘ﬂF—_IV

%

=

0001 F 720 ka”
e

CNCTE Campereel values may change depending on 1ype of miezoelectnc Pom usad

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS



MC14467-1

Buses o d auwr Q0L - 1
3sind (137 Buunp AU PagTIEL SELDHBWIO[H JOIEIBTENT AG1eg M0 §
(IAOLLS 10 Tl Qp "INOWS GL 10y S 7Q |1 JTAD 43010 DS FIE SI0IRIROUWINTY 7
HO SEUGIOY WBUAR AN STELLIRL (A OWPUOD ILCRIP i "andius Ou O 8401S oy b OIS S DOARINROI VO | ST 30N

11
ro= (S 0 (o SHIAD AI0D) Q et Pl SHIAD IOIT 7 et {5 3G {]] SR NIUT B ——— .!||W.I~Hm1
SOIATY AD 7E

i
' g moni] N i o] :l. 3 %mﬂ%
" a:_uzu umi&ca:w A 156 Asneg

‘

“ ::7: VJ m ] ] _l_ :_:m.:._ _ c__f._.zc._:t

: _._ E: 5_ :

AKICEI(] = A0
n
—n_ AL
i e — S
LB __u{rwir .
NIRRT, N o
i IND Asaiieg wo
NI
MT:l__l e

Sig | [ R T W Iy,

o ———————— Aaneg Mo aRows oz..F’fA’ll!T.l.fﬁ!.:a.&m AT Y RYTANG — ]
Asanieg M0 30w AIHIER WO 0N

AYALG Ty

SONURG

WYHOWIA ONIWIL — S 3dNSI4

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS

1-7



\“‘ Vinbond s

Electronics Corp.

/4_‘

ISD2560/75/90/120

SINGLE-CHIP, MULTIPLE-MESSAGES,
VOICE RECORD/PLAYBACK DEVICE
60-, 75-, 90-, AND 120-SECOND DURATION

Publication Release Date: May 2003
-1 - Revision 1.0



I1SD2560/75/90/120

. Winbond

=7 Electronics Corp.

1. GENERAL DESCRIPTION

Winbond’s |SD2500 ChipCorder® Series provide high-quality, single-chip, Record/Playback solutions
for 60- to 120-second messaging applications. The CMOS devices include an on-chip oscillator,
microphone preamplifier, automatic gain control, antialiasing filter, smoothing filter, speaker amptifier,
and high density multi-level storage array. In addition, the 1SD2500 is microcontroller compatible,
allowing complex messaging and addressing to be achieved. Recordings are stored into on-chip
nonvolatile memory cells, providing zero-power message storage. This unigue, single-chip solution is
made possible through Winbond's patented multilevel storage technology. Voice and audio signals
are stored directly into memory in their natural form, providing high-quality, solid-state voice
reproduction,

2. FEATURES

« Easy-to-use single-chip, voice record/playback solution
« High-guality, natural voice/audio reproduction
« Single-chip with duration of 60, 75, 90, or 120 seconds.
- Manua! switch or microcontroller compatibte
. Playback can be edge- or level-activated
. Directly cascadable for longer durations
. Automatic power-down (push-button mode)
- Standby current 1 pA (typical)
« Zero-power message storage
- Eliminates battery backup circuits
« Fully addressable to handle multiple messages
+ 100-year message retention (typical)
. 100,000 recard cycles (typical)
« On-chip clock source
. Programmer support for play-only applications
» Single +5 volt power supply
« Available in die form, PDIP, SOIC and TSOP packaging
. Temperature = die (0°C to +50°C) and package (0°C to +70°C})




ISD2560/75/90/120

Elactromics Corp.

3. BLOCK DIAGRAM

Internal Clock Timing
XCLK o L.
Sampllng@—]
§-Pale Active S ——
ANAIN Antlallating Filter " Anaiog Transnnwer;j
a 480K Cell —
ANAOUT 3 Nanvolatila B-Pale Active
2! Multllavel Starage Smoothing Fllter
mic ‘3 ArTay -
MIC REF i o sP
Automatic | Mux AR~ |
AGC Galn Control T |~ - 5P -
{AGC] S :
Fower Conditiening | [ Address Buffers - [ Device Control | '
IR LT
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