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2.3.2 Serial Timing
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D7 DO
o0 1 o 1 o0 1 0o 0
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Marking
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23.9 eazBeani1stanved loFues MC145026
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;****************************************************

; Electrical Appliance Control Through Power line ;
;****************************************************

ORG 0000H

SOUND1 EQU 02H
SOUND2 EQU 4CH
SOUND3 EQU 76H
SOUND4 EQU 83H
SOUNDS5 EQU 9EH
SOUND6 EQU 38H
PORT A EQU 8000H
PORT B EQU 8001H
PORT_C EQU 8002H
CONTROL_PORT EQU 8003H
SET 8255 EQU 89H

; Start Electrical

ST MAIN:

\ A,sﬂr-
vx--‘ﬁﬁgzgr

MAIN: :ﬂﬁﬁ'/

. h‘%’il" d

LOOP1:
LP1:
LP2:
LOOP2: - LCALL DELAY1
JNB P3:2,%
DJINZ R7, LOOP1 ;count input

LJMP OUTSIDE

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

; OUTSIDE CONTROL SYSTEM

**********************************************************

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

ook *ok
4

3 ok CHECK INPUT FROM TELEPHONE PASS *%
.k k * ke

’
I
,**************************************k*****

OUTSIDE: . SETB . P1.0 e iON relay Kla. o

MOV A, #SouNDl



4

. Kok
’

;** CHECK KEY

LCALL
LCALL
LCALL

OUT_PORTB
PLAY SOUND
DELAY
ek ok kkkok Ak ok dkkhhhhhkdk hkhkk hhk ok kh kkkkkkkhkk k ok ok kkok*khk
* %
INPUT O=TEL_IN 1=CONTROL **
* K

koK
’

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

CHK_INPUT:
TEL_IN:

WAIT HUP:

WAIT HDOWN:

WAIT:

CONTROL:

LCALL CHK NUMBER
CJINE A, #0AH, CONTROL
SETB Pl.3

MOV A, P3
JB ACC.4,WAIT
CLR P1.3
CLR P1.0
MOV A, P3

JNB
LJIMP

" 12H

%&,#10}1

£0 H%ﬂéﬁ{kggsA-

CJINE @RO, #03H,
INC RO
LJIMP PASS OK

ekkkhkhkhkhkhkhkhhkhhdbhhhhhkhhkhhkhkdkhhkhhrhkhkrhkhhhkkkrkdx

:** * ok
pEE CHECK PASSWORD NOT PASS ek
’** * *

ehkkhkhkhkhbkkhk kb hkhkhhhrhhhdhkhkhhkhhkhkhkhkhkhkhkhk bk rhhkdhdhhkhk

7

NOT_PASSWD:

["PASS ERROR: /"

DJINZ R5, PASS ERROR
MOV A, #SOUND3
LCALL OUT_PORTB
LCALL PLAY SOUND
LCALL DELAY

LJMP MAIN

IO U BOURD@ N T AN T It ey eThs

;check tel in

.Ogyéﬁéf,NOT_PAS§¥€;ar\




LCALL  OUT_PORTB

LCALL PLAY SOUND

LCALL DELAY

MOV A, $SOUND2

LCALL  OUT_PORTB

LCALL  PLAY SOUND

LCALL DELAY

LJMP CHK_PASSWD
’-********************************************
;** * %
FEx CHECK INPUT PASSWORD PASS * ok
. kK * %

r

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

PASS_OK: MOV
LCALL

S_CONTROL:

POSITION 3:

POSITION 4:

POSITION 5: CJINE
LJMP

POSITION 6: CJNE
LJMP

POSITION 7: CJINE
LJMP

POSITION 8: CJINE
LJMP

POSITION 9: CJINE
LJMP

A, #SOUND4
OUT_PORTB

M
\:

RAKAAAR A
?‘vvvv

i
o"‘(
N2

Vm?

OSITION 523(\ %

I m,404H, P
W o

I
NUMBER _

A, #$06H, POSITION 7
NUMBER_6

A, #07H, POSITION 8
NUMBER_7

A, #08H, POSITION 9
NUMBER_8

A, #09H,S_CONTROL
NUMBER 9

ek kk ok ok ok ok kkhkhkkhkk ok khkkkk kkhkkkhkkkkkkkkkkdkkhkkkhok*x

’
.k ok
’

* %

CHANCE

Jw* ) ARRANGE KEY POSTTION AND CONTROL ¥ 1% 1/ #0100l s o e



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

NUMBER 0: SWAP A

MOV R7,A

LIMP  KEY ON
NUMBER 1: SWAP A

MOV R7,A

LIJMP  KEY ON
NUMBER 2: SWAP A

MOV R7,A

LIJMP  KEY ON
NUMBER 3: SWAP A

MOV R7,A

LJMP KEY ON

NUMBER 4:

NUMBER 5:

NUMBER_6:

NUMBER 7:

NUMBER_8:

NUMBER_9:

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

. Kk Kk
r

g CHECK KEY

. Kok
4

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

KEY ON: LCALL CHK_NUMBER
CJINE A, #0BH, KEY OFF ; key "*" on load
ORL A,R7
LCALL OUT_PORTA
CLR Pl
LJMP CONTROL_OK

KEY OFF: CJINE A,#OCH,S_CONTROLl ; key "#" off load

LCALL OUT_PORTA
ORL A,R7
LCALL OUT_PORTA
CLR P1.7

LJMP  CONTROL_OK

S_CONTROL1: MOV A, #SOUND5
LCALL OUT PORTB

ﬂ‘_u.‘ﬂ‘MAMLCALE_\MPDA?;SOﬁND‘..‘ yotanmatat lotogioimealasatale Meg leo) oroiatmmgiancaa



LCALL DELAY

o ok ok ok ok ok sk ke sk ke ke ok ok ke ke k ok Rk ke ok k ok kR ok ok ok ok ok ok ok sk ok ke ko ok ok kb

~

koK *
pE¥ CHECK KEY POSITION & CONTROL PASS ok
Kok **

o ok ok ok ok ok ok sk ok ok ok sk k ke ok ke ok ke ok ok ok kR ok ok ok ok ok ke ke ke ok ke ek ok ok ok ok ok

~

CONTROL_OK: MOV A, #SOUND6
LCALL OUT_PORTB
LCALL PLAY SOUND
LCALL DELAY

CONTINUE: LCALL CHK NUMBER
OUT _SYS: CJINE A, #0AH,CON_SYS ;check out system
LJMP MAIN

CON_SYS: CJINE ;check continue

LJMP

CUT_LINE1:

N

I\
\

.%H]
o,
Tl
i

*+ ¥ ’*/ II

N

/,
-

STD MOV: MOV DPTR, #PORT_C
MOVX  A,GDPTR
ANL A, #0FH

;********************************************
.k ok * K
4

L PROGRAM DELAY TIME k¥

* K * %

e ~e

ekkkkkk kA kkhkhkhkkhkhkhkhkkkkhhkdhkhkkhhkhkhdhkkdhkhhkkkrr

~

DELAY : MOV R1, #90H
L4: MOV R2, #22H
L3: MOV R3, #3H

DJINZ R3,$
DJINZ R2,L3

MBI tRT RN T en s nw i tewny vt sslevinaumsm



DELAY1: MOV R1, #77H
Ll: MOV R2, #55H
L2: MOV R3, #3H

DJINZ R3,$
DJINZ R2, L2
DJNZ R1,L1

RET
DELAY2: MOV R1, #77H
L5: MOV R2, #33H

DJINZ R2, S
DJINZ R1, L5

RET
DELAY3: MOV R1, #1000
L6: MOV R2, #0EGH

L7: NOP

.......

PLAY SOUND
(1111 pi1E, :
LOOP_SOUND ] J[|BL. 5, STOE
ME O00P J

;**********

.« koK
’

e
’

.k Kk
’

4

OUT_PORTA:

OUT_PORTB: MOV DPTR, #PORT_B
MOVX @DPTR, A
RET

END

PO FHASI 119 191 F VTSI FH I A F VRS OIS TGN N DT TS FE NN 1T O IR 1S 1S e | €149 119 TS B
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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

e 2K Bytes EEPROM

— Endurance: 100,000 Write/Erase Cycles

4V to 6V (perating Range

Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable /O Lines

Three 16-bit Timer/Counters

Nine Interrupt Sources

Programmable UART Serial Channel

SPI Serial Interface

Low-power Idie and Power-down Modes

Interrupt Recovery From Power-down

Programmable Watchdog Timer

Dual Data Pointer

Power-off Flag

Description

The AT89S8252 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
instruction set and pinout. The on-chip downlpadable-Flash allows the program memi-
ory to be reprogrammed in-system_through an-8P| serialinterface or by-a
conventional nonvolatile memory-programmer. By combining a versatile 8-bit CPU
with downloadable Flash on a monolithic chip, the Aimel AT8958252 is a pawerful
microcomputer which provides a‘highly-flexible and cost-effective solution-te'many
embedded control applications.

The AT89S8252 provides the following standard-features: 8K bytes of downlozadable
Flash, 2K bytes of EEPROM, 256 bytes of \RAM, 32'1/Q lines, programmable watch-
dog timer, two data pointers, three, 16-bit timer/counters, a-six-vector two-level
interrupt 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 powersaving modes. The Idle Mode
stops the CPU while allowing the RAM, timericounters, serial port; and interrupt sys-
tem to continue functioning. The Power-down modeésaves the RAM contents-but
freezes the oscillator, disabling all other chip functions tntil.the nextinterrupt or-hard-
ware reset.

The downloadable Flash can be changed a single byte at a time and is accessible
through the SPI 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

ey (R

8-bit
Microcontroller
with 8K Bytes
Flash

AT8958252

Rev. 0401E-02/00



_Pin Configurations

Pin Description

vCC

Supply voltage.

GND

PDIP
A\
(T2 Pr.og1 40avee
(T2EX)P11[]2 39 [1P0.0 (ADO)
P1.20]3 38 [1P0.1 (AD1)
P1.304 37 [1P0.2 (AD2)
(55)P1.405 36 [1P0.3 (AD3)
(MOSI) P1.50]6 35 [1P0.4 (AD4)
(MISO) P1.6 ] 7 34 [JPO.5 (ADS)
(SCK) P1.7C]8 33 [JP0.6 (AD6)
RST(]9 32[1P0.7 (AD7)
(RXD) P3.0 ] 10 31 JEAVPP
(TXD)P3.1 00 11 30 [JALE/PROG
(INT0) P3.2 (] 12 29 (1 FSEN
s+ (INT1)P3.3 0013 28 QP27 (A15)
(To) P3.4 ] 14 27 [1P2.6 (A14)
(T1) P35 15 26 [1P2.5 (A13)
(WR) P3.6 ] 16 25[1P2.4 (A12)
(RD) P3.7C] 17 24 [1P2.3 (A11)
XTAL2 (] 18 23 [1P2.2 (A10)
XTAL1 ] 19 22 [1P2.1 (A9)
GND [] 20 21 [1P2.0 (A8)
PQFP/TQFR
- d _ | £
3 eEf padd
TnN -9 Q0 -N0
taaaa2SERER
onnnonnnNaan
% IPYSIBBRESAI
(MoshP1.5001 33 [1P0.4 (AD4)
(MISO) P1.6 [} 2 32 1P0.5 (ADS)
(SCK) P1.70]3 31.[1P0.6'(ADB)
RST 4 30 [1P0.7 (AD7)
(RXD) P3.0C5 29 O EAVRR
NcO6 28 ANC
(TXD) P3.1 47 27 [1ALE/PROG
(INTO) P3.2 ] 8 26 [JPSEN
(INT1) P3. ]9 2501P2.7 (A15)
(TO) P3.4C] 10 24[1P2.6 (A14)
(T1) P35 11 23 [1P2:5 (A13)
yexwee R RN
oo UooUogOo oo
e~r9599 58T
L RN R] YR
T X% 88T
EE A

AIMEL

Ground.

Port 0

Port 0 is an 8 bit open drain bbi-didirectional I/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

. 8 aFfaa®
g pg 4888
=T298=9,8959%3
iiaaaizSERRR
aOonooooQoonna
OO T MmN~ N -
Mos) P57 o¥T¥E b, (AD4)
(MISO)P1.6 ] 8 38 [1P0.5 (ADS)
(scK)P1.709 37 [1P0.6 (ADB)
RSTC 10 38 [1P0.7 (AD7)
(RXD) P3.0 ] 11 35 1 EAVPP
NC 12 34[INC
(TXD) P3.1 ] 13 33 [1 ALE/PROG
(TNTO) P32 14 32 [1PSEN
(INTT)P3.30 15 31 [1P2.7 (A15)
(To) P3.4 0] 16 30 [1P2.8 (A14)
MPISO17, o o .~ Wlee Buw ~ 20 P P25 (A13)
-0 N N NN NN
oooooU0ouUohy
EEEFEERRY
28 E E 6 aaan A
g 23250
B ==<I<

programrand data memory: Inthis'mode, PO has internal
pullups.

Polt 0'also receives the'code bytes during Flash program-
ming and outputs_the code bytes during program
verification..Extetnal pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional 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 internal puilups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

2 AT89S8252 mmrrrrrmmrmmm T e



Block Diagram

P0.0 - P0.7 P2.0 - P2.7

&
M
la——>
>
<G
>
S
|
l——>
>
R
<>
—>
<
>
>

PORT 3 DRIVERS J(» | PORT 1 DRIVERS

PORT 0 DRIVERS PORT 2 DRIVERS !

GND ! Y i
-— :

: '

-J:-_ E ‘
) L}
= RAM ADDR. PORT 0 PORT 2 H

i | eePrOM REGISTER [P RAM LATCH LATCH FLASH

: A A X y E

: :

5 1 :

' \4 Y A A N !

: 7y 7\ y :

i i

4 /

~ PROGRAM ;

; B STACK '

: REGISTER ACC POINTER Qgglgi‘%% !

: H

: :

| : E
BUFFER ;

; TMP2 TMPI '

: 1 !

| R /i 2 e :

; ALY INCREMENTER ;

] i

: INTERRUPT, SERIAL PORT, !

: AND-TIMER BLOCKS '

! 1 PROGRAM |

: PSW COUNTER :

’ :

X :

PSEN 4——— :
ALE/PROG 4—— TMING insTRUCTION \4 4 3 R < :
'

ER /v, — b couTPoL | PECISIER ? :
RST ——Py | E
' 2 N Y : :

. i .

| 1 WATCH PORT. 3 PORT 1 SPle"lg—p| PROGRAM |

| , DOG LLATCH LateH= {1 _poRT LOGIC -

' | H

' ‘ A A i

! | E

1 1

: osc . . 5

: |

1 '

’]: ]‘ P3.0 - P3.7 P1.0 - P1.7

AINEL



AIMEL

Some Port 1 pins provide additional functions. P1.0 and

«P1.1 can be configured to be the timer/counter 2 external
count input (P1.0/T2) and the timer/counter 2 trigger input
(P1.1/T2EX), respectively.

-Pin Description

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

Port Pin Alternate Functions

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

P1.1 T2EX (Timer/Counter 2 capture/reload trigger
and direction control)

P1.4 SS (Slave port select input)

P1.5 MOSI (Master data output, slave.data input pin
for SPI channel)

P1.6 MISO (Master data input,-slave data-output pin
for SPI channel)

P1.7 SCK (Master clock output, slave clockiinput pin

= for SPI channel)

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

Port 2

Port 2 is an 8-bit bi-directional [/O-pert with internalpullups.
The Port 2 output buffers can sink/seurce fourTiL 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 pulied low will source
current (1, ) because of the internal 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, Port 2 uses strong'internal pul-
lups when emitting 1s. During accesses to externakdata
memory that use 8-bit addresses (MOVX @ RI), 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.

Port 3
-Port 3 is an 8 bit bi-directional I/O port with internal »ullups.
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 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 AT89S8252, as shown in the following table.

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

Alternate Functions

Port Pin

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO«(external interrupt 0)

P3.3 INTT (externahinterrupt 1)

P3.4 TO (timer 0 externakinput)

P3.5 Tt (timer.1.external input)
P3.6 WR (external-data memory write strobe)

P37 RD (éxternal.data-memory tead strobe)
RST

Reset input/Ahigh on this pin fortwo machine cycles while
the:oescillator is running resets the device:

ALE/PROG

Address Latch Enableis-an-output pulse’for latching the
lowbyte oithe address'during accesses to external mem-
ory. Thispinis also the program pulse input (PROG) during
Flash programming:

In normal operation, ALE-is emitted at a.constant rate of 1/6
the oscillatorfréquency and,may be used for external tim-
ingror clocking purposés. Note, however,that one ALE
pulse'is skipped’during each access to external data
memory.

If\desired; ALE operation cambe’disabled by setting bit 0 of
SER‘loeation 8EH. With thecbit 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'microcontrollerds in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89S8252 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 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-
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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 (Vps) during Flash programming wken 12-
volt programming is selected.

Table 1. AT895S8252 SFR Map and Reset Values

OF8H

OFOH

OE8H

OEOH

0D8H

O0DOH

0C8H

0COH

0B8H

0BOH

O0A8H

0AOH

98H

90H

88H

80H

XTALA1

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

XTAL2

Output from the inverting oscillator amplifier.

B

00000000

i
|| SR
|

ACC
00000000

PSW
00000000

SPCR
000001X%

T2CON
00000000

T2aMOD
XXXXXX00

RCAP2L
00000060

RCAP2H
00000000

TL2
00000000

TH2
00000000

P
XX000000

P3
11111111

IE
0X(00000

SPSR
QOXXXXXX

P2
11111111

SCON

" 00000000

SBUF
XXXXXXXX

P1
11111111

WMCON
00000010

TCON
00000000

| TMOD
00000000

TLO
00000000

Tkl
00000000

THO
00000000

TH1
00000000

PO
11111111

SP
00000111

DPOL
00000000

DPOH
00000000

DP1L
00000000

DP1H
00000000

SPDR
KXXXXXXXX

PCON
0XXX0000

AIMEL

OFFH

OF7H

OEFH

OE7H

ODFH

OD7H

OCFH

0C7H

0BFH

OB7H

OAFH

OA7H

9FH

97H

8FH

87H
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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-
cupiéd 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.

User software should not write 1s to these unlisted

locations, since they may be used in future products to in-
voke 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 9) 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.

Table 2. T2CON—Timer/Counter 2 Control Register

T2CON Address = 0C8H

Reset Value = 0000 0000B

Bit Addressable
TF2 EXF2 RCLK ! TELK EXEN2 TR2 CIT2 CP/RL2
Bit 7 6 5 4 3 2 1 0
Symbol | Function
TF2 Timer 2 overflow/flag set by a Timer 20verflow and'must be clearéd:by-software. TF2 will not be set when either
RCLK =1 or TCLK = 1.
EXF2 Timer 2 external flag set when éither a capture.orreload iscaused by a negative transition on T2EX.and EXEN2 =1.-
When Timer 2 interrupt is enabled, EXF2 = 1'will cause the CPU, to vectorto the Timer 2 interrupt routine. EXF2 must be
cleared by softwarerEXF2 does not cause aninterrupt in up/down countermode (DCEN = 1).
RCLK Receive clock enable! When set, causes the serial port toruse Timer'2 overflow pulses for its receive clock in serial port
Modes 1 and 3. RGLK =0 causes-Timer 1-ovefflows t6 be'usedforthe receiveclock:
TCLK Transmit clock enable. When set;Causes the serial port to use Timer 2 overflow pulses for.its transmit-clock in serial port
Modes 1 and 3. TCLK = 0 causes/Timar, 1 overflows o be used for the transmit clock.
EXEN2 Timer 2 external enable. When'set, allows @ captire or reload to occur asa result of a negative transition on T2EX if
Timer 2 is not being used to clock.the serial port:EXEN2 =0 causes Timer 2 tolignore. events at(T2EX.
TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.
crr2 Timer or counter select fof-Timer 2. C/T2 =0 fortimer function=C/T2 = 1 for external event counter (falling edge triggered).
CP/RL2 | Capture/Reload select. GP/RI2 = 1.causes capiures to oceur.on negative transitions at F2EX if EXEN2 = 1. CP/RL2 =0
causes automatic reloads to.occur-when Timer2 ovetflows or-negative.transitions ocourjat T2EX when EXEN2 = 1. When
either RCLK or TCLK = 1,'this\bit is ighored and the timer-is foreed to auto-reload-en Timer2 overflow.

AT8958252 e A S
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Watchdog and Memory Control Register The WMCON
-register contains control bits for the Watchdog Timer

to select the 2K bytes on-chip EEPROM, and to enable
byte-write. The DPS bit selects one of two DPTR registers

(shown in Table 3). The EEMEN and EEMWE bits are used  available.
Table 3. WMCON—Watchdog and Memory Control Register
WMCON Address = 96H Reset Value = 0000 0010B
PS2 PS1 PSO0 EEMWE EEMEN DPS WDTRST WDTEN
Bit 7 6 5 4 3 2 1 0
Symbol Function
PS2 Prescaler Bits for the Watchdog Timef. When all three bits are set to “0”, the watehdog,timer has a nominal period of
PS1 16 ms. When all three bits are set to#1”, the nominal period is 2048 ms:
PSO
EEMWE EEPROM Data Memory Write Enable Bit-Set-this bitito-“1* before’initiating byte-write'to on-chip EEPROM with the
MOVX instruction. User software-should-set-this bit'to 0> after EEPROM write is-.completed.
EEMEN Internal EEPROM Accéss Enable=When EEMEN-=/1, the MOV instruction with DRTR-will access on-chip EEPROM
instead of external'data memory. When EEMEN = 0,/MOVX with DPTR ‘accesses-external data memory.
DPS Data Pointer Register Select. DPS = 0'selects the first bank of Data.Pointer Register, DP0,:and-DPS =1 selects the
second bank, DP1
WDTRST | Watchdog Timer Reset and EEPROM.Ready/Busy Flag. Each time this bitis'set to “1"by user software, a pulse is
RDY/BSY | generated to reset the'watchdog timer.. The WDTRST bit is then automatically resetto™0" in the next instruction cycle.
The WDTRST bit is Write-Oniy! This bitalso serves as the RDY/BSY flagin a Read-Only mode during.EEPROM write.
RDY/BSY = 1 means thatthe-EEPROM isready.to be programmed. While.programiming operations are,being executed,
. | the RDY/BSY bit equals 0" and is ‘automatically reset to"1”when programming is completed.
L WDTEN Watchdog Timer Enable Bit. WDTEN =1 enables the watchdog timet and WDTEN/= 0 disables the watchdog timer.

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 Tabte.5). The SPhdata‘bts
are contained in the SPDR register. Writing the SPl-data
register during serial data transfersets the Write Collision
bit, WCOL, in the SPSR register. The SPDR is dotible buff-
ered for writing and the values in SPDR,are Aot changediby.
Reset.

Interrupt Registers The global interrupt enable bitaad the
individual interrupt enable bits are in the 1E,register. In
addition, the individual interrupt enable bit for the'SP! issin
the SPCR register. Two priorities can be set for each of the
six interrupt sources in the IP register.

Dual Data Pointer Registers‘To facilitate accessing both
intetnal EEPROM and ‘external’data memory, two banks of
16.bit-Data Painter/Registers are provided: DPO at SFR
address locationsz82H-88Hand DP1-at 84H-85H. Bit DPS
='0"in"SER:'WMCON selects DPD and DPS = 1 selects
DP4. Thewuser'should-alwaysinitialize/the DPS bit to the
appropriate“value before aceessingsthe respective Data
PointerRegister.

Power Off Flag The'Powetr Off Flag (POF) is located at
bit_l4 (RCON.4) in the PCON'SFR. POF is set to “1” during
power up. It cansb€ set’and reset under software control
and is not affected by RESET.

ATMEL ; !



Table 4. SPCR—SPI Control Register

AIMEL

SPCR Address = D5H Reset Value = 0000 01XXB
\ SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO
Bit \ 7 6 5 4 3 2 1 0
Symbol | Function
SPIE SPI Interrupt Enable. This bit, in conjunction with the ES bit in the |E register, enables SPI interrupts: SPIE =1 and ES
= 1 enable SP!I interrupts. SPIE = 0 disables SPI interrupts.
SPE SPI Enable. SPI = 1 enables the SPI channel and*connects SS,.MOSI, MIS@.and SCK to pins P1.4, P1.5, P1.6, and
P1.7. SPI = 0 disables the SPI channel.
| DORD Data Order. DORD = 1 selects LSB first data transmission. DORD/=/0 selects MSB first data transmission.
‘ MSTR Master/Slave Select. MSTR ="1.selects Master. SPHmode. MSTR 5/0-selects Slave SPI mode.
CPOL Clock Polarity. When CPOL# 1, SCK is high wherridie; When CPOL=0,-SCKof the master devica,is low when not
1 transmitting. Please refer o figure on SPI| Clock'Phase and Polarity-Control.
| CPHA Clock Phase. The CPHA bit together with the-CPOL: bit controls, the clock anddata relationship between master and
slave. Please refer/fo/figure on SPI.Glock Phase and Polarity:.Control:
1 SPRO SPI Clock Rate Select.“These two bits'control the SCK'rate of the device configured-as master. SPR1.and SPRO have
' SPR1 no effect on the slave. The relatiohship-between SCK and/the oscillator frequency, Foses iS"asdfollows:
SPR1SPR0O SCK = Fgsc. divided by
0 O 4
o 1 16
1 0 64
1 1 128

Table 5. SPSR — SPI Status Register

SPSR Address = AAH

Reset:Value =00XX XXXXB

SPIF WCOL > — = e - -
Bit 7 6 5 4 3 2 1 0
Symbol Function
SPIF SPI Interrupt Flag. When a serial transfer is compleie, the SPIF.bitis set and'an interruptis generated if SPIE =1 and
ES = 1. The SPIF bit is cleared by reading the.SP| status'register with SPIF and'WGOL bits set, and then accessing
the SPI data register.
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
bit) are cleared by reading the SPI status register with SPIF and WCOL set, and then accessing the SPI data register.

Table 6. SPDR - SPI Data Register

SPDR Address = 86H

Reset Value = unchanged

SPD5 SPD4 SPD3 SPD2 SPD1 SPDO

Bit

| sPps
7 6 5 4 3 2 1 0

ATE89S8252 nos s e e e
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‘Data Memory - EEPROM and RAM

The AT8958252 implements 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 0AOH (which.is P2).

MOV OAOH, #data
Instructions that use indirect addressing access.the upper
128 bytes of RAM. For exampley the following indirect
addressing instruction, where R0O/contains 0AOH, accesses
the data byte at address 0AQH, ratherthan P2 (whose
address is 0AQH).

MOV @RO, #data
Note that stack operations are examples.ofindirect
addressing, so the upper 128 bytes ofidata RAM are avail-

- able as stack space.

The on-chip EEPROM data memory is selected: by setting
the EEMEN bit in the WMCON register at'SER.address
- location 96H. The EEPROM address range isfrom000H to
7FFH. The MOVX instructions”are used to'access the
EEPROM. To access off-chip data-memary-with| the MOVX
instructions, the EEMEN bit needs'to be'set o 10°,

The EEMWE bit in the WMCON register needs to'te set to
«1” before any byte location injthe EEPROM canbe written.
User software should reset EEMWE bit to “0™if nojfurther
EEPROM write is required. EEPROM write cyeles.in the
serial programming mode are self-timed @nd typically take
2.5 ms. The progress of EEPROM write canbe monitored
by reading the RDY/BSY bit (read-onfy) in, SFRIWMCON.
RDY/BSY = 0 means programming is stilhin‘progress and
RDY/BSY = 1 means EEPROM write cyclétis Gompleted
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.

) Programmable Watchdog Timer

The programmable Watchdog Timer (WDT) operates from
an independent oscillator. The prescaler bits, PSO, PS1
and PS2 in SFR WMCON are used to set the period of the
* Watchdog Timer from 16 ms to 2048 ms. The available
timer periods are shown in the following table and the

actual timer periods (at Vg = 5V) are within +30% of the

nominal. T

The WDT is disabled by Power-on Reset and during
Power-down. It is enabled by setting the WDTEN bitin SFR
WMCON (address = 96H). The WDT is reset by setting 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
PS2 PS1 PSO Period (nominal)
0 0 0 16 ms
0 0 1 32 ms
0 1 0 64 ms
0 1 1 128 ms
1 0 0 256 ms
1 0 1 512 ms
i) 1 0 1024 ms
1 1 1 2048 ms

Timer 0 and 1

Timer.0 and. Timer,1 in theTAT8988252.operate the same
way as Timer0 and Timen 1. inthe,AT89CS51, AT89CS52 and
AT89G55. For further information, see‘the Ogtober 1995
Microcontroller Data.Book,page 2¢45, section titled,
{Timer/Counters.”

Timer 2

Timer 2.s.a216-bit Fimef/Counter that/can operate as either
ajtimer-of.an event counter. The type of operation is
selected-By bit C/T2 in the"SFR J2CON (shown in Table 2).
Timer 2 has three.operatingsmodes: capture, auto-reload
(up ordewm\ceunting)and'baud rate generator. The
modes are selected:by bits in T2CON, as shown in Table 8.

Timer2 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-
lator periods, the count rate is 1/12 of the oscillator
frequency.

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

| AIMEL :
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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
frequency. To ensure that a given level is sampled at least

_ once before it changes, the level should be held for at least

one full machine cycle.

Table 8. Timer 2 Operating Modes

RCLK + TCLK | CP/RL2 | TR2 | MODE
0 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 | (Off)

Figure 1. Timer 2 in Capture Mode

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16 bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 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 illus-
trated in Figtresl,

0sc o 212 B
c2 =
-—o/ S S\ T e T e
I CONTROL, Al Nl
T W Th2
TZEPK CAPTURE
RCAP2H( RCAP2L
TRANSITION
R
TeEX PIN [ — | 4o 4)/ Ot EXF2

EXENZ2

{\ CONTROL
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SEMICONDUCTOR TECHNICAL DATA

Order this document
by MC145026/D

Encoder and Decoder Pairs
CMOS

These devices are designed to be used as encoder/decoder pairs in remote
cont-ol applications.

The MC145026 encodes nine lines of information and serially sends this
inforimation upon receipt of a transmit enable (TE) signal. The nine lines may be
encoded with trinary data (low, high, or open) or binary data (low or high). The
words are transmitted twice per encoding sequence to increase security.

The MC145027 decoder receives the serial streamand interprets.five.of the
trinary digits as an address code. Thus, 243 addresses are possible. If binary

MC145026
MC145027
MC145028

data is used at the encoder, 32 addresses are”possible. The remaining serial P SUFFIX
information is interpreted as four bits of binary data. Theyalid transmission'(VT) PLASTIC DIP
output goes high on the MC145027,#hen twe.conditioris.are\met. First; two 16 CASE 648
addresses must be consecutively.received-(in_one encoding sequence) which 1
both match the local address. Second, the 4 bits of data must-match the-last
valid data received. The active VT indicates that the information at the-Data D SUFFIX
output pins has been updated. T SOG PACKAGE
The MC145028 decoder treats all nine'trinary digits las an address which CASE 751B
allows 19,683 codes. If binary datais encoded, 512 codes are possible. TheVar 1
output goes high on the MG145028 when two addresses, are consecutively
received (in one encoding sequence)which both match the local address. DW.SUFFIX
e Operating Temperature:Range: - 40.t0 + 85°C 0 SOG PACKAGE
e Very-Low Standby Current for thesEncoder: 300 nA-Maxirum @ 25°C CASE 751G
o Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators 1
o RC Oscillator, No Crystal Required
o High External Companent Tolerance; Can Use + 5% Components ORDERING INFORMATION
o Internal Power=On Reset Forces All.Decoder. Outputs Low MC145026P Plastic DIP
o Operating Voltage Range: MC146026 = 2.5 1018 VE MCHEPET S0G Package
MC145027, MC145028 = 4.5t0 18'V MC145027R Plastic DIP
o For Infrared Applications;-See Application.Note AN1016/D Mo NP0 SPG Package
MC145028P Plastic DIP
MC#45028DW SOG Package
PIN ASSIGNMENTS
MC145026 MC145027 MC145028
ENCODER DECODERS DECODERS
A1l 10 16 1 Vop A1l 7e 16 IWpp A1ll 1@ 1641 Vbp
A2ll 2 15 1 Doy A2[] 2 15 [1 D6 A2[]2 15 [1 A6
A3l] 3 14 [ TE A3l 3 14. D7 A3ll 3 14 \A7
A4f] 4 130 Rrc A4[] 4 13 [] D8 A4[] 4 13 ] A8
Asfl 5 12l Crc Asll 5 124,09 Aslf 5 12 [J-A9
ABIDH] 6 1] Rg R 6 1 OvT Ri6 1npvr
A7DA| 7 10 [] A9/D9 cll7 10 | RYCp 7 10 ] RYOp
vssll 8 9] A8/D8 vssl] 8 9 bin vgsl 8 9l by
REV 3

1/98
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Figure 2. MC145027 Decoder Block Diagram
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Figure 3.MC145028 Decoder 'Block Diagram

MAXIMUM RATINGS? (Voltages Referenced to'V§s)

Rating Symbol Value Unit
VDD DC Supply Voltage (except'SCA41343, =0:5tq'+ 18 \
SC41344)
Vpp DC Supply Voltage (SC41343, SC41344 -0.5t0+ 10 V
only)
Vin DC Input Voltage —-0.5t0Vpp+ 0.5 Vv
Vout DC OutputVoltage ~051t0Vpp + 0.5 \
lin DC Input Current; per Pin +10 mA
lout DC Output Current; perPin +10 mA
Pp Power Dissipatian, perPackage 500 mwW
Tstg Storage Temperature -85to+ 150 G
TL Lead Temperature;, 1'mm from €ase for 260 3€
10 Seconds

* Maximum Ratings are those values beyondwhichdamage to the device may occur. Func-
tional operation should be restricted to thejlimits.in the Electrical Characteristics tables or
Pin Descriptions section.

This'device cantainstprotection circuitry to
guard ~against damage,.due to high static
voltages or' electric fieldsyHowever, precau-
tions must be taken to avoid applications of any
voltage' higher than' maximum rated voltages
tothis high=impedance circuit. For proper
operation, Vin and-Vpt should be constrained
to the range Vss'< (Vin or-Vout) <VpD.

:
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ELECTRICAL CHARACTERISTICS — MC145026™, MC145027, and MC145028 (Voltage Referenced to Vss)

Guaranteed Limit

—-40°C 25°C 85°C
Vpp g
Symbol Characteristic \' Min Max Min Max Min Max Unit
VoL Low-Level Output Voltage (Vin=Vppor0) | 5.0 —_ 0.05 —_ 0.05 — 0.05 Vv
10 - 0.05 — 0.05 —_ 0.05
15 - 0.05 — 0.05 —_ 0.05
VoH High—Level Output Voltage (Vin=0orVpp) | 50 4.95 —_ 4.95 —_ 4.95 — \%
10 9.95 — 9.95 —_ 9.95 —
15 14.95 —_ 14.95 — 14.95 —
VIL Low-Level Input Voltage \%
' (Vout=4.50r05V) | 5.0 — 1.5 — 1.5 —_ 1.5
(Vout = 9.0 or 1.0.V)u}==10 = 3.0 — 3.0 —_ 3.0
(Vout = 13801 1.5 V)af=15 - 4.0 — 4.0 — 4.0
VIH High-Level Input Voltage Y,
(Vout = 0.5 or 45 V). | ~560 85 e 3.5 = 3.5 —
(Vout =.1.00r8.0 V), [~ 10 7.0 — 7.0 — 7.0 -
(Vout = 1.50m435 V). [ <18 " — il — 1 —
loH High-Level OutputCurrent mA
(Vout 525 V)i} 150 2.5 — =21 — 1.7 —
Vout=46.V)l 6.0 | -0.52 — =0:44 — -0:36 —
(Voit =95.V) |10 ~1.3 — =11 —_ -09 —
(Vout =135 V) |15 —3.6 — -3.0 — -24 —
loL Low-Level Qutput:Current mA
(Vout =04 V) [15.0 0.52 — 0:44 — 0.36 —
(Vout =05V) [% 10 1.3 a 1.1 — 0.9 —
(Mout = 15V) [ 15 3.6 b 3.0 =— 2.4 —
lin Input Current =TE 5.0 = — 3.0 1 — 8 pA
(MC145026, Rull--Up Device) 10 p'4 f— 16 60 — —
15 — — 35 120 - | B
lin Input Current 15 e 0.3 o +0.3 — +1.0
Rg (MC145026),-Djp, (MC145027, MCA145028)
lin Input Current HA
A1~ A5, A6/D6=— A9/D9 (MC145026), 5.0 — = — +110 — —
A1 - A5 (MC145027), 10 — — - £ 500 —- -
A1—A3(MC145028) 15 — — — + 1000 — -
Cin Input Capacitance (Vip'= 0) . e 1 — 7.5 — — pF
IDD Quiescent Current— MC445026 5.0 =X B — 0.1 v 4 — HA
10 == — == 0.2 — —
15 - — — 0.3 — —
Ibb Quiescent Current — MEC146027, MC145028 5.0 == —_ -G 50 — e HA
10 —_ — S 100 — —
15 — =+ — 150 — —
ldd Dynamic Supply Current — MC145026, 5.0 — — — 200 — — pA
(fc =20 kHz) 10 — — — 400 — —
15 — — — 600 — —
ldd Dynamic Supply Current — MC145027, MC145028 5.0 — —_ — 400 —_ —_ pA
(fc = 20 kHz) 10 - — — 800 — -
15 - —_ — 1200 — e

* Also see next Electrical Characteristics table for 2.5V specifications.

MC145026 MC145027 MC145028
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ELECTRICAL CHARACTERISTICS — MC145026 (Voltage Referenced to Vsg)

Guaranteed Limit
—40°C 25°C 85°C
Vbp
Symbol Characteristic \ Min Max Min Max Min Max Unit
VoL Low-Level Output Voltage (Vin=0VorVpp) | 25 — 0.05 — 0.05 — 0.05 \%
VoH | High-Level Output Voltage (Vin=0VorVpp) | 25 245 — 245 — | 245 — \
ViL Low-Level Input Voltage (Vout =0.5Vor20V) | 25 — 0.3 — 0.3 — 0.3 \%
VIH High-Level Input Voltage ~ (Vout =0.5Vor20V) | 2.5 22 — 22 — 2.2 — \%
loH High-Level Output Current (Vout=1.25V) | 25 0.28 — 0.25 — 0.2 — mA
loL Low-Level Output Current (Vout=04V) | 25 0.22 —_ 0.2 — 0.16 — mA
lin Input Current (TE — Pull-Up Device) 20 — — 0.09 1.8 — — HA
lin Input Current (A1-AS5, A6/D6—A9/D9) 2.5 — — - +25 — — pA
IbD Quiescent Current 26 1+ - — 0.05 — — HA
ldd Dynamic Supply Current(fc =20 kHz) 2.6 — — — 40 —_ — A
SWITCHING CHARACTERISTICS — MC145026*, MC145027, and MC145028 (Cy = 50 pF,\Ta = 25°C)
Figuré Guaranteed Limit
Symbol Characteristic No: Vpp Min Max Unit
tTLH. tTHL | Output Transition Time 438 5.0 — 200 ns
10 b 100
15 — 80
tr Djn Rise Time —=Decoders L 5.0 — 15 us
10 € 15
15 — 15
tf Din Rall Time — Decoders 5 5.0 — 15 us
10 —_ 5.0
15 ~ 4.0
fosc Encoder Clock Frequency 6 5.0 0.001 2.0 MHz
10 0,001 5.0
15 0.001 10
f Decoder Frequen cy — Referenced to Encoder-Clack 12 5,0 1.0 240 kHz
10 1.0 410
15 1.0 450
tw TE Pulse Width — Encoders 7 5.0 65 — ns
10 30 —
15 20 —
* Also see next Switching Characteris tics'tablesfor 2.5V spegifications.
SWITCHING CHARACTERISTICS — MC145026,(C| =50:pF,.Ta = 25°C)
Figure Guaranteed Limit
Symbol Characteristic No. VpD Min Max Unit
tTLH. tTHL | Output Transition Time 4,8 2.5 —_ 450 ns
fosc Encoder Clock Frequency 6 25 1.0 250 kHz
tw TE Pulse Width 7 25 1.5 - us

MOTOROLA WIRELESS SEMICONDUCTOR
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OPERATING CHARACTERISTICS

MC145026

The encoder serially transmits trinary data as defined by
the state of the A1 — A5 and A6/D6 — A9/D9 input pins. These
pins may be in either of three states (low, high, or open)
allowing 19,683 possible codes. The transmit sequence is
initiated by a low leve! on the TE input pin. Upon power-up,
the MC145026 can continuously transmit as long as TE
remains low (also, the device can transmit two-word
sequences by pulsing TE low). However, no MC145026
application should be designed to rely upon the first data
word transmitted immediately after power-up because this
word may be invalid. Between the two data wordsyno signal
is sent for three data periods (see Figure 10):

Each transmitted trinary digit is encodedsinto pulses (see
Figure 11). A logic 0 (low) is enceded/as two consecutive
short pulses, a logic 1 (high) as tWo.consecutivelong pulses,
and an open (high impedance) as'a long puise-followed by':a
short pulse. The input state is/determined by.using a. weak
“output” device to try to forceleach input high thenlowrifonly
a high state results from the two tests; the input is assumed
to be hardwired to Vpp./If only a low state‘is obtained, the
input is assumed to be hardwiredto'Vss. Ifbotharhighand a
low can be forced at an input, an‘open is-assumed and-is
encoded as such. The “high” and “low” levels are 70% and
30% of the supply voltage:as shown in the Electrical Charac-
teristics table. The weakoutput” device sinks/sources’up.to
110 pA at a 5 V supply 1evel, 500)uA at-10V, -and I mA at
15 V.

The TE input has an intemal pull-updevice sothat a sim-
ple switch may be used to force: the input low. While TE is
high and the second-word transmission’ has,timed out; the
encoder is completely disabled, theoscillator is sinhibited,
and the current drain is reduced to quiescent current. When
TE s brought low, the oscillator is started and the transmit
sequence begins. The inputs’are then sequentially selected,
and determinations are madg as to the-input logic states.
This information is serially transmitted via the Doyt pin,

MC145027

This decoder receives the serial, data from;jthe encoder
and outputs the data, if it is valid. The'transmitted data, con-
sisting of two identical words, is examined,bit by, bit during
reception. The first five trinary digits are assumed,to be-the
address. If the received address matches the local address;
the next four (data) bits are internally stored, but are not
transferred to the output datalatch. As the second encoded
word is received, the address must again match. If a match
occurs, the new data bits are checked against the previously
stored data bits. If the two nibbles of data (four bits each)
match, the data is transferred to the output data latch by VT
and remains until new data replaces it. At the same time, the
VT output pin is brought high and remains high until an error
is received or until no input signal is received for four data
periods (see Figure 10).

Although the address information may be encoded in tri-
nary, the data information must be either a 1 or 0. A trinary
(open) data line is decoded as a logic 1.

MC145028

This decoder operates in the same manner as the
MC145027 except that nine address lines are used and no
data output is available. The VT output is used to indicate
that a valid address has been received. For transmission
security, two identicai transmitted words must be con-
secutively received before aVT output signal s issued.

The MC145028 allows 19,683 addresses when trinary lev-
els are used. 512 addresses are possible when binary levels
are used. g

PIN DESCRIPTIONS
MC145026 ENCODER

Al A5, A6D6.— A9/D9
Address, Address/Data Inputs (Pins 1 -7, 9, and 10)

These address/datasinputs are encoded and the data is
sent/sérially from the encoder Via the Doyt pin.

Rs/CTCs RTE
(PinsA1,12;-and 13)

These pins are part of the oscillator section of the encoder
(see Figure 9).

If an.extemalisignal-source is used instead of the internal
oscillator, it should be connected.to the Rg input and the RTC
and CTc pins.should be-eft open.

TE
Transmit Enable (Pin14)

This active=low-transmit-enable input initiates transmis-
sion-when forced low. An intemal_pull-up _device keeps this
input normally high.-The pull-up currentis specified in the
Electrical Characteristics table.

Dout
Data Out/(Pin/15)

This'i§ the’output of the encoder that serially presents the
encoded data word.

Vss
Negative Power Supply (Pin 8)

The_most=regative supply potentials This pin is usually
ground.

VDD
PositivesRower Supply(Pin“16)

The most—pasitive pewer supply pin.
MC145027-AND MC145028 DECODERS

A1-A5,A1-A9
Address Inputs (Pins 1 - 5)— MC145027,
Address Inputs (Pins 1 - 5,15, 14, 13, 12) — MC145028

These are the local address inputs. The states of these
pins must match the appropriate encoder Inputs for the VT
pin to go high. The local ‘address may be encoded with tri-
nary or binary data.

D6 - D9
Data Outputs (Pins 15, 14, 13, 12) — MC145027 Only

These outputs present the binary information that is on
encoder inputs A6/D6 through A9/D9. Only binary data is

MOTOROLA WIRELESS SEMICONDUCTOR
SOLUTIONS DEVICE DATA
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acknowledged; a trinary open at the MC145026 encoder is
decoded as a high level (logic 1).

Din
Data In (Pin 9)

This pin is the serial data input to the decoder. The input
voltage must be at CMOS logic levels. The signal source
driving this pin must be dc coupled.

R1, Cq
Resistor 1, Capacitor 1 (Pins 6, 7)

As shown in Figures 2 and 3, these pins accept a resistor
and capacitor that are used to determine whether a narrow
pulse or wide pulse has been received. The time constant
R1 x C1 should be set to 1.72 encoder clock periods:

RqCq1=395R1Cc CTC

R2/C2
Resistor 2/Capacitor 2 (Pin 10)

As shown in Figures 2 and 3; this pin accepts & resistor
and capacitor that are used'to detéct both the end of.a
received word and the/end of a transmission. The.time
constant R x Co should be 33.5 encoder clock-periods-(four:
data periods per Figure 11): R2 Co = 7#RT¢ C1c- Thistime

constant is used to determine whether the Djn pin has
remained low for four data periods (end of transmission). A
separate on—chip comparator looks at the voltage—equiva-
lent two data periods (0.4 R C2) to detect the dead time be-
tween received words within a transmission.

VT
Valid Transmission Output (Pin11)

This valid transmission output goes high after the second
word of an encoding sequence when the following conditions
are satisfied:

1. the received addresses of both words matchthe local de-
coder address, and
2.the received data bits of both words match.

VT remains high until either a mismatch is received or no

input signakis.received for four data periods.

Vss -
Negative Power Supply (Pin 8), .

The most=negatiVe supply potential. This pin is usually
ground.

VbD
Positive Power-Supply (PIn™16)

The /most=positive power supply pin.

M'>145026 MC145027 MC145028
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ENABE

This oscillator operates at a frequency determined by the
external RC network; i.e.,

_ 1
23RT1c CTC’
for 1 kHz < f <400 kHz

(Hz) he e for R

at current through R
upper limitfor Rg must ensure thatR pF (input capacitance) is small com-
o\R

SMISBON
NS§1ISSION

2WORDIR
TINUOUR?

ENCODING SEQUENCE

Qg nants

vt s

(PIN 1) 1
I
|
|
DATA OUTPUTS X
Figure 10. Timing Diagram
MOTOROLA WIRELESS SEMICONDUCTOR MC145026 MC145027 MC145028
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ENCODE
OSCLLAOR

(PIN 12)

-
ENCODE I
“ONE”

Dot { ENCODE
(PIN 15) “ZERO" —I—L

ENCODE I
~  “OPEN

DATA P

S\l

O

& . Io + ] Lo gor\ Y "
) gﬂ( 4bﬂ§|3&>%- s)

Figure 12. fmax Vs Clayout — Decoders Only
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_ VoD _TE )
m - [° ‘l o oL |
L I L
=14 16 = i
5 p A2 15 9
TRINAR i ; Dout N On : 5
ADDRESSES > TRINAR
p Ad
4 Bl ADDRESES
L )
B 31 Mc14626 RTC L1 mc1as27
o b D6 6 13 %
— 7 12_11Crc <
487 » D7 9 —-——l -
BINAR 0 1 10
DAA » D8
Rs
L 5 D9 AE R2 SO
C1c=C3€ + Clayout. 12pF
S 1 100 pF < CTC<45 uF d REPEA-OF ABCW/
0SC ™ 2.3 RTcCTC RTC 2 10kQ;.Rg = 2RTg
Rq 210 kQ
R1C1=3.95 RTcCTC Cq 2400 pF REPEA OF ABOY
R2 >100kQ
R2C2 =77 RTcCTC Cp 2700 pF
Example R/ICValues (All'Resistors and\Capacitors are £5%)
(CTc’ = CT1C #720,pF)
fosc (kHz) | "RTC C1c Rs R4 C1 R2 C2
362 10 k 120 pF 20k 10K 470 pF.|/ 400.k-"{--910-pF
181 10k 240 pF 20k 10k 910,pF | 100k { 1800 pF
8817 10k 490 pF 20 k 107k /{2000 pF *| 100k —|-3900 pF
42:6 10.k 1020 pF 20k 10k} 3900'pF-. [#100\k ||| 17500 pR
215 10k 2020 pF 20k 1018200 pF | 100k, {.0.015nF
853 10k 5100 pF 20k 10k 1-0.02.pF /| 200k” || ‘0.02uF
1.74 50'k 5100/pF /| 1 100 k 50k 1| 10,02uF 7 (200, || /01 RE
Figure 17..Typical Application
MC145026 MC145027 MC145028 MOTOROLA WIRELESS SEMICONDUCTOR
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FEATURES

e Excellent Temperature Stability (20ppm/°C)
® Linear Frequency Sweep

e Adjustable Duty Cycle (0.1% to 99.9%)

e Two or Four Level FSK Capability

Wide Sweep Range (1000:1 Minimum)

e |Logic Compatible Input and Output Levels

@ Wide Supply Voltage Range (+4V.to +13V)
Low Supply Sensitivity (0.1% (V)

Wide Frequency Range (0.01Hz to 1MHz)

e Simultaneous Triangle and Squarewave -Qutputs

nyT™

XR-2207

Voltage-Controlled
Oscillator

June 1997-3
APPLICATIONS
e FSK Generation
e \oltage and Current-to-Frequency Conversion
e Stable Phase-Locked Loop
e Waveform Generation
=wTriangle, Sawtooth, Pulse, Squarewave
e FM and Sweep Generation

GENERAL DESCRIPTION

The XR-2207 is a monolithic voltage-controlled oscillator
(VCO) integrated circuit featuring excellent frequency
stability and a wide tuning range. The circuit provides
simultaneous triangle and squarewave -outputs over a
frequency range of 0.01Hzto 1MHz. Itis ideally suited for
FM, FSK, and sweep ortone generation; as/well as for
phase-locked loop applications.

The XR2207:hasatypical driftspecification of 20ppm/°C.
The oscillator frequency can be linearly swept over a
1000:1 range with, an external_control voltage; and the
duty.‘cycle of -both:the triangle~and the sguarewave
outputs can be.varied fram 0:1%,t0 99.9% to generate
stable pulse'and sawtooth waveforms.

ORDERING INFORMATION

Operating

Part No. Package Temperature Range
XR-2207M 14'Lead\300 Mil. CDIP. -55°C to +126°C
XR-2207CP 14" L.ead-300.Mil.PDIP 0°C to#70°C
XR-2207D 16 Lead'300-MiINJEDEC . SOIC 0°C\t+702C
XR-22071D 16.ead 300 Mil JEDEC SOIC “40°C to'+85°C

BLOCK DIAGRAM Vg, GND. BIAS
@ @
TimliF— o1 @ {E @ TWO  Triangle Wave Out
i VCco
Capacitor ct ®— ,Az\ v —@® swo Square Wave Out
l/ L@ VEE
R Bina
Timing R2 &—j Current ® BKI2 Keyir?;;
Resistors ~ R3 ®—— Switches BKI1 Inputs
L R4 O

Figure 1. Block Diagram
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XR-2207
T e A

PIN CONFIGURATION

#
Ve &)1 16|33 NC
oty c1 =2 5l NG
S c2 s ull2 TWO
Vee R1 =4|+4 13| swo
BIAS R2 s 2l vee
ShD R3 =ls u|2 BIAS
BKI2 R4 |7 10| GND
BKl1 BKI1 |8 9| BKI2
14 Lead PDIP, CDIP(0:300") 16 Lead SOIC {Jedee, 0.300”)
PIN DESCRIPTION
Pin # Symbol Type_.Description
1 Vee Pasitive Power Supply.
2 C1 ! Timing Capacitor Input.
3 c2 | Timing. Capacitor/Input.
4 R1 | Timing Resistor 1/Input.
5 R2 | Timing Resistor 2 Inputs
6 R3 | Timing Resistor 3 lnput.
7 R4 | Timing Resistor4 Input.
8 BKI1 | Binary, Keying™ Timing Resistor Select Input:
9 BKI2 | Binary Keying'2 Timing Resistor Select/Input.
10 GND Ground Pif-
11 BIAS | Biasnput far.Single Supply-Operation.
12 Vee Negative Power Supply-
13 SWO (e} Square Wave Output Signal.
14 TWO (e} Triangle:Wave Qutput Signal.
15, 16 NC Only SOIE-16:Package.
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ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 3and Figure 4, Vcc = Vgg = 6V, Ta = +25°C, C = 5000pF, Ry =Ry =
R3= R4 =20kQ, RL =4.7kQ, Binary Inputs Grounded, S and S, Closed Unless Otherwise Specified

XR-2207

XR-2207ID/XR-2207M XR-2207CP/D
Parameters Min. | Typ. | Max | Min. | Typ. l Max. Units | Conditions
General Characteristics
Supply Voltage
Single Supply 8 26 8 26 \ See Figure 3
Split Supplies +4 =13 | +4 +13 Ve | See Figure 4
Supply Current See Figure 3
Single Supply 5 7 5 8 mA Measure atPin 1, S4, Sz
Open
Split Supply See Figure 4
Positive 8 7 5 8 mA Measure atPin 1, Sy, Sy
Open
Negative 4 6 4 7 mA Measured at Rin/12, Sy, S;
Open
Oscillator Section - Frequency Characteristics
Upper Frequency Limit 0.5 1.0 0.5 1.0 MHZz =1 C =500pF, Rs= 2kQ
Lowest Practical Frequency; 0:01 0.01 Hz C-=50uF, Rz = 2MQ
Frequency Accuracy +4 +3 7o +5 %!of fo
Frequency Matching 0.5 0.5 % of fo
Frequency Stability
Temperature 20 50 30 ppm{3C~ | Q°Ci< Ta<70°C
Power Supply 01186 0.15 %\
Sweep Range 1000:1 | 3000:1 1000:1 fu/f=s | R3 = 1.6KQ for fig4
R3 = 2MQ for fi,
Sweep Linearity %. C =5000pF
10:1 Sweep 1 2 15 fy=10kHz, £ = 1kHz
100:0:1 Sweep 5 5 f,,=100kHz, f_= 100Hz
FM Distortion 0.1 0.1 % # 10% FM Deviation
Recommended Range of
Timing Resistors 1.5 2000 15 2000 kQ See Characteristic Curves
Impedance at Timing Pins 75 75 Q Measured at Pins 4, 5, 6, or 7
DC Level at Timing Terminals 10 10 mV
Binary Keying Inputs
Switching Threshold 14 22 28 1.4 22 2.8 \ Measured at Pins 8 and 9,
Referenced to Pin 10
Input Impedance 5 5 kQ

Notes

Bold face parameters are covered by production test and guaranteed over operating temperature range.

3
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ELECTRICAL CHARACTERISTICS (CONT’D)

XR-2207ID/XR-2207M XR-2207CP/D
Parameters Min. I Tye. I Max | min. ' Typ. I Max. Units | Conditions
Output Characteristics
Triangle Output Measured at Pin 13
Amplitude 4 6 4 6 Vpp
Impedance 10 10 Q
Es haiel +100 +100 MV, | Referenced to Pin 10
i 04 ol1 9% PRrom 10% to 90% to Swing
Squarewave Output Measured at Pin 13, S,
Closed
Amplitude 1 12 11 12 \Vpp
Saturation Voltage 02 04 0.2 04 " Referenced.ta,Pin 12
Rise Time 200 200 nsec~, | C. < 10pF
Fall Time 20 20 nsec | | Cp,.<+0pF
Notes

Bold face parameters arecovered by.production test and guaranteed over operating temperature range.

Specifications.are subjectto change withoutnotice

ABSOLUTE MAXIMUM RATINGS

Power Supply ...... Q% . @ ... .- /- N0 26V, Plastic package . ....... ... et b 625mW

Storace Temperature Range «.«.x -65°C to +150°C Derate/above+25°C .......¢.... 4. 4 .. 5mW/°C

Power Dissipation (package limitation) SOIC packhes) jkl. L. ... an - F 4 - - 500mwW

Ceramic package ........0. 0. ¢ g .. 750mwW Derate above +25°C . . 0. 4. 40, ... 4mW/°C
Derate above +25°C .... 5. %, . V. Q.. 6mw/eC

TOM
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O Vee
[ Q1 Q2 3 Q3 4 1
Q14,/ 5015 2R
Q13,/
b R
B = Triangle Wave
+ 14 Output
R
Q12 n R
R Timiny PI__«
Capanci or
—Q 2 30—4»—-4 2 R3
a8 ao \|Q10§ Q11
K] § R4
4R
T
Timing Resistors, o7~ os-: 8—4 é—{
Square Wave
Q16 Q18 Oftput
. E_‘ R5 R6 R7 130
Q17 Q20 Q21

Bina =
Kew% . >B lj (! Q27
Inputs 8 H hﬂ

d 10 ) l E = .
A i A i | Q22 Q24 Q25/Q26
Qs
BIAS
Vee
O 12

Figure 2. Equivalent Schematic Diagram
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Binary Keying Inputs (Pins 8 and 9)

The logic levels applied to the two binary keying inputs
allow the selection of four different oscillator frequencies.
The internal impedance at these pins is approximately
5kQ. Keying voltages, which are referenced to pin 10, are
< 1.4V for “zero” and > 3V for “one” logic levels. Table 1
relates binary keying input logic levels, and selected
timing pins to oscillator output frequency for each of the

four possible cases.

Figure 12 shows the oscillator control me€hanism in
greater detail. Timing pins 4, 5, 6 and 7.correspond to the
emitters of switching transistor pairs T4, T2, T3,-and~T4
respectively, which are internal to the integrated-circuit.

The current switches,

and scorresponding timing

terminals, are activated by external logic signals applied

to pins 8 and 9.

Logic Level Selected Frequency
Pin8 | Pino Timing Pins
0 0 6 f1
0 1 6and 7 f1 + Afq
1 0 5 fo
1 1 4 and 5 fo+ Afp

Table 1. Logic Table for Binary Keying,Controls

Definitions:
=
fi = Xe, Af

Logic Levels: 0 = Ground, 1 > 3V

Note

For single supply operation, logic levels are referenced to

voltage at pin 10

7* EXAR
@%@? : 7

Timing Capacitor

Vee
& 1
|2 3 Ib
Y T2 IT/2¢ ¢
T4

T3
T2
T1 o1
Ao—
8 Binary
Keying AT I
Controls Vv
Bo-g— 49 59 60(70
1111213 |14
WLV

R4 SR2S R3S R4
12
Ve

Figure 12. Simplified Schematic-cf Frequency
Control- Mechanism

Squarewave Output (Pin 13)

The squarewave_output-atpin 13 is an “open-collector”
stage capable of sinking tp-to.20mA ofoad current. R
serves “as'-a pull-up” load “resistor ofor | this output.
Recommended values for R_range from 1kQ to 100kQ.

Triangle Oufput,(Pin 14)

Theoutputat pin-14 is a triangle wave with/a peak swing of
approximately, one-half-of the total supply voltage. Pin 14
has@ 10Q eutput impedance and.is internally protected
against short-circuits.

MODES-OF QPERATION

Split Supply"Operation

Figure 13 is the recommended configuration for split
supply operation. The circuit operates with supply
voltages ranging from =4V to *=13V. Minimum drift
occurs with =6V supplies. For operation with unequal
supply voltages, see Figure 5.

With the generalized circuit of Figure 13A, the frequency
of operation is determined by the timing capacitor, C, and
the activated timing resistors (R4 through R4). The timing
resistors are activated by the logic signals at the binary

TOM
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keying inputs (pins 8 and 9), as shown in the logic table
(Table 7). If a single timing resistor is activated, the
frequency is 1/RC. Otherwise, the frequency is either
1/(R4]|R2)C or 1/(R3||R4)C.

Figure 13B shows a fixed frequency application using a
single timing resistor that is selected by grounding the
binary keying inputs. The oscillator frequency is 1/R3C.

The squarewave output is obtained at pin 13 and has a

XR-2207

peak-to-peak voltage swing equal te the supply voltages.
This output is an “open-collector” type and requires an
external pull-up load resistor (nominally 5kQ) to the
positive supply. The triangle waveform obtained at pin 14
is centered about ground and has a peak amplitude of
V*2.

Note

For Single-Supply Operation, Logic Levels are referenced to
voltage at Pin 10.

Vce
V
cB cc l
H I ‘ RL
Square Wave
8 V+ ,C1 13 Output
ing | ) 14 Triangle Wave
yina s g XR2207, | TWO Quitput
: 11
10 GND BIAS |——
—l———_ R1 R2 R3 R4 V-
R1 R2 R3 R4 Eo
CB = Bypass Cap _“ )
Vgg © '_T
A:General Case {&d
ﬁ l_l /|
Square Wave
V+ (ox] 13 Output
14 Triangle,Wave
9 B XR-2207" TWO = Output
10 dm BIA® f=21/R3#C
N R1/R2 RBIRE
- 4,516 |7 |12
R3 Vee
CB = Bypass Cap - CB
VEg =

B. Fixed Frequency Case

Figure 13. Split-Supply Operation
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Single Supply Operation

The circuit should be interconnected as shown in
Figure 14Aor Figure 14B for single supply operation. Pin
12 should be grounded, and pin 11 biased from V¢g
through a resistive divider to a value of bias voltage
between V*/3 and V*/2. Pin 10 is bypassed to ground
through a 1uF capacitor.

For single supply operation, the DC voltage at pin 10 and
the timing terminals (pins 4 through 7) are equal and
approximately 0.6V above Vg, the bias voltage at pin 11.
The logic levels at the binary keying terminals are
referenced to the voltage at pin 10.

Vce
Vee c
cB 0 '__
v~ N
= 1 12 3 Square Wave
V+ % C1 G2 13 Output
8la swa
Keying/Inpits 14 Triangle Wave
ol XR-2207° _TWO Output
CB . 11
10 BIAS
E{ l— GND Vee
= R1 R2/R3 R4LV-
CB*=Bypass Cap Ri 3.9K

RL

5 C12 023 Square Wave:
& 13 Output
x SWo S
14 Triangle\Wave
s XR-2207 ==TWOF Output
1
10 BIAS Vi
ShQ 8K >
Rd. R2 R3°R4OLV
3.9K
- 4 "5mjub. | 7 112
R3
== = — f=1/R3 * C

CB = Bypass Cap

B. Single Frequency

Figure 14. Single Supply Operation

V r2nd f f f S L

12
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Frequency Control (Sweep and FM)

The frequency of operation is controlled by varying the
total timing current, Iy, drawn from the activated timing
pins 4, 5, 6, or 7. The timing current can be modulated by
applying a control voltage, Vg, to the activated timing pin
through a series resistor Rg. As the control voltage
becomes more negative, both the total timing current, I,
and the oscillation frequency increase.

The circuits given in Figure 15 and Figure 16 show two
different frequency sweep methods for split supply
operation.

Both binary keying inputs are grounded forthe circuit in
Figure 15. Therefore, only timing pin 67s activated:

- 1=
The frequency of operation,/normally f= RsC—is now.
proportional to the control voltage, Vg,.and determined

as:
k

If Ry = 2MQ, R¢ = 2kQ,"C = 5000pF; 'then'a-1000:1
frequency sweep would result for |@ ‘hegative sweep
voltage V¢ ~ V-.

f 1

__134 “VcRs
T RC } o

RcV-

The voltage to frequency conversion gaingK, is controlled
by the series resistance RC-and can-be expressed as:

il | e
AVe Rc€C\V\/~

Hz/V

13

(R-2207

R

The circuit of Figure 15can operate both with positiveand
negative values of control voltage. However, for positive
values of V¢ with small (R¢/R3) ratio, the direction of the
timing current I is reversed and the oscillations will stop.

Figure 16 shows an alternate circuit for frequency control
where two timing pins, 6 and 7, are activated. The
frequency and the conversion gain expressions are the
same as before, except that the circuit will operate only
with negative values of Vg. For V¢ > 0, pin 7 becomes
deactivated and the frequency is fixed at:

The'cirgditgiveninFigure 17 showsthe frequency sweep
methodfonsingle supply, operation., Here, the oscillation
frequencyis given as:

where VT = Vbias +.0.7V.

This équation isvalid fromVC-=0V (RC is in parallel with
R3)ie

= Re
Ve = Vi (1 + Rs)

Caution
Totaltiming currently mustbeless thanBmA overthe frequency
control range.

TOM'
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Vee
CB o
J__”-* ’ 4.7
Square Wave
5 v+ c1 c2 swol2 Output
A i
14 Triangle Wave
91 5 XR-2207 WO Output
fo 1 [y VeRs BiAsH
= 10
CR3 RcV- GND
R1 R2 R3 R4 V-
[ 4_|_5feb-l-7f12
= l,”' Vee
10 IC —
CB = Bypass:Cap ‘L l’ T £e
R3{Rg
Vee Vg
(e,
B e
Sweep or FM input” L=
Figure 15.-Frequency Sweep Operation, Split Supply
Vge
Ve
CBhuO }
‘r“_ ‘ 4.7K
8 V+ C1 SWO 13 Square Wave
A 14 Output
9 -\ Triangle Wave
PR I P VCcR3 Voe © B XR-2207 BIAS Output
CRs| ~ RcV- i[1]
R1 R2 R3=R4 "=
4561712
K Veg
iIO IC &= Ch,
CB = Bypass Cap
. R3RE
Vee Ve
c

Sweep or FM input —L—

Figure 16. Alternate Frequency Sweep Operation, Split Supply
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XR-2207

Vee
Vee
Q
W 2 Square Wave
_l_—i b ITH——’ 47K pran
1 3
= Triangle Wave
8 A v+ C1 c2 SWO 18 Output
14
f= %[1 + ,;&0(1 - %)] ofg  XR2207 O T
10 GND BIAS 4 ' d '\5/\1/’2/ 0 Ve
- R1_R2.R3:R4-V- 1uF
- [ 4. l5feelorafa2 30K
1uk I ——O0 VgE
== k¢ 1
RC R3
= Ivs, - S L2t
N PR
Sweep or FM.input.
Figure 17. Frequency-Sweep Operation, Single Supply
Duty Cycle Control
Duty Cycle, = = -2
The duty cycle of the output waveforms can be controlled R+ Rs

by frequency shift keying atthe end of every half cycle of
oscillator output. This is accomplished by connegtingone
or both of the binary keying, inputs«(pins 8-or 9) to the
squarewave output at pin 13. The output waveformsican
then be converted to positive or ‘negative,pulses and
sawtooth waveforms.

Figure 18is the recommended circuit conneetion for duty
cycle control. Pin 8 is shorted to pin 13 so thattheweircuit
switches between the “0,0” and the “1,0” logic “states
givenin Table 1. Timing pin 5 is activated when the output
is "high,” and the timing pin is activated when the
squarewave output goes to a low state.

The duty cycle of the output waveforms is given as:

V recod S f LS L L

15

and¢an be variedfrom 0.1% to 99.9% by proper choice of
timing.resistors:_The.frequency.of oscillation, f, is given
as:
f=2\Pa_
CIR: +.Rs
The frequeney” can be modulated or swept without
changing the duty cycle by connecting Ry and R3 to a
common control voltage Vg, instead of Vgg (see

Figure 15).  The sawtooth and the pulse output
waveforms are shown in Figure 19.
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On-Off Keying

i

The XR-2207 can be keyed on and off by simply activating
an open circuited timing pin. Under certain conditions, the
circuit may exhibit very low frequency (<1Hz) residual
oscillations in the “off" state due to internal bias currents. If
this effect is undesirable, it can be eliminated by
AN 7 AN v connecting a 10MQ resistor from pin 3 to V.

A. Squarewave and Triangle’Qutputs Two-ChannélL FSK Genefator(Modem Transmitter)

The! multi-level’ ‘frequency shift-keying capability of
XR-2207, makes.it_ideally suited for two-channel FSK
generation:_A_recommended circuit connection for this
applicationds’shown in-Figure 20.

Fortwo-channel FSK generation, the “mark’ and “space”
NG /\\ /\\ frequenciesof the respective channels are determined by

N v N thetiming resistor pairs (R4, R2) and (R3,R4). Pin 8 is the
“channel-select” control-in-accord with Figure 11. For a
“hight logic level-at,pin'8, the timing resistors R4 and R,
are-activated.” Similarly, |for a~“low” logic level, timing
resistors Rz'and Ry are enabled:

B. Puise and Sawtooth Outputs

The “high”/ and “low” logic.levels at'pin 9 determine the
respective high/and dow-frequencies within the selected
FSK channel.t When only a single FSK.channel is used,
/\ /\ /\ /\ /\ A / thesremainingchannel can be'deagctivated by connecting
pin“8:to.either'Vgc or ground. In this case, the unused
timing resistorsican-also.be omitted from the circuit.

The'low-and high.frequencies, f4 and fy, for a given FSK

channel*"can__be” fine tuned using potentiometers

connected in series with respective timing resistors. In

L fine tuning the frequencies, f; should be set first with the
C. Frequency Shift Keyed Outputs logic level at pin 9 in a "low” level.

Typical frequency drift of the circuit for 0°C to 75°C

Figure 19. Output Waveforms operation is  +0.2%. Since the frequency stability is
directly related to the external timing components, care
must be taken to use timing components with low
temperature coefficients.

YV rond S/ S TOM
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MT8870D/MT8870D-1

ISO?2-CMOS

IN+[] 1 Lt 18] vDD IN+ ] 1 - 2011 vDD
IN-[] 2 1701 svGT IN-[] 2 191 svGT
Gs[] 3 16[] ESt Ggs[]s 18 ] ESt
VRef[] 4 15] stD VRef[] 4 171 stD
INHL] S 1411 Q4 INH[] 5 16 NC
PWDN[] 6 13[] a3 PWDN[] 6 15[ Qa
osci[] 7 12[7] Q2 NC[] 7 140 q3
oscz2[] s 1] Q1 osci[] 8 130 q2°
vss[] 9 10[] TOE osc2[] 9 12 q1
vss[] 10 11 ToE
18 PIN PLASTIC DIP/SOIC 20 PIN SSOP

Pin Description

Figure 2 - Pin Connections

Pin #
18 | 20 Name Description
111 IN+  [Non-Inverting'Op-Amp (Input).
IN- Inverting Op-Amp-(inpit).

3 GS |Gain Select. Givesaccess tooutput-of front end differential amplifier for connection of
feedback resistor!

4 | 4 Vret |ReferencéVNoltage (Output). Nominally Vipp/2 isiused 1o, biasiinputs at mid=rail (see Fig. 6
and Fig. 10).

515 INH |Inhibit (Input).Logic-highinhibits the dgtection of tones representing charactérs A, B, C

‘ and D. Thig pin input-isinternally pulled down:

6 | 6 | PWDN |PowerDawn (Input).Active high. Powers-down the device and inhibits the oscillatar. This
pin input is-internally-pulled.down:

7 | 8 | OSC1 |Clock (Input).

8 |9 0SC2 |Clock (OutpUt).'A 3.579545 MHz ctystaleonnected’betweenpins OSC1“and/OSC2
completas the internal 6scillatarcircuit.

10 Vgs |Ground (Input). O);typicalk

10 | 11 TOE |Three State Output ‘€nable (Input). Logic’high.€nables the outputs Q1-@4. This pin is
pulled up internally.

11-[12-| Q1-Q4 |Three State Data (Ouiput). When enabled by TOE,|provide_the code corresponding to the

14 | 15 last valid tone-pair receivéth(sée=Table 1). When TOE.is#06gie0w, the data outputs are high
impedance.

15117 StD |Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on St/GT falls
below VTSt'

16 | 18 ESt |Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

17 | 19| SYGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg, detected at

' St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vyg; frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

18 | 20 Vpp |Positive power supply (Input). +5V typical.

7, NC No Connection.
16

4-12




1ISo2-cMOS MT8870D/MT8870D-1

Functional Description

The MT8870D/MT8870D-1  monolithic DTMF
receiver offers small size, low power consumption
and high performance. 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 grouptones _is
achieved by applying the DTMF signal*to.the inputs
of two sixth-order switched capagcitor bandpass
filters, the bandwidths of which’Correspond.to the-low
and high group frequencies. The filter section- also
incorporates notches at /350 and 440) Hz ,for
exceptional dial tone rejection (see Figure 3). Each
filter output is followed/by a-singleiorder 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 “ail"logic
swings at the frequencies, of fthe=incoming~DTMFE
signals.

Decoder Section

Following the filter section is a 'decoder_emplaying
digital counting technigues to “<determine:. the
frequencies of the incomingptonesand-to. verify<that
they correspond to standard DTMF _frequencies. A
complex averaging algorithm protects-against: tone
simulation by extraneous signals such as voice.while

Vbp
m— -
Vbp
SYGT Ve
ESt AN~
R
StD >
MT8870D/
¢ teTa=(RC)In(Vpp/Vrsy)
MIEGEAODS tarp=(RC)I[Vpp/(Vop-Vrsy]

Figure'4,- Basic Steering Circuit

providing—tolerance toysmall 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 frequenecies (third tones) and noise. When
thewdetector recognizes the presence of two valid
tongs(thisvis referred to as the signal condition” in
some |industry; sspecifications) the “Early Steering’
(ESt); output;-will -\go | to“ an active state. Any
subseguentloss 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 chéecksfor a valid'signal duration (referred to
as /charagter recognition “condition). This check is
performed by an.external'RC time constant driven by
ESt."A-logic high oncESt causes v, (see Figure 4) to
rise as~the capadgitor discharges. Provided signal

0

/

PRECISE
o LA . DIAL TONES

&
/ *e, | X=350Hz

Vv 71 Y=440Hz
A

—
/

20

\ DTMF TONES

ATTENUATION I

A=697 Hz
B=770 Hz

(dB)

30

C=852 Hz
D=941 Hz

F=1336 Hz

G=1477 Hz

\

\

\ E=1209 Hz
\ /-\ H=1633 Hz

FREQUENCY (Hz)

Figure 3 - Filter Response
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ISO2-CMOS

condition is raintained (ESt remains high) for the
validation period (tgTp), V¢ reaches the threshold
(Vtgy) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output is
activated and drives v, to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
chort delay to allow the output latch to settle, the
delayed steering 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 tolerate signal interruptions(dropout)
too short to bi: considered a valid pause. FThis 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
requirements.

Guard Time Adjustment

In many situations not requiring selection*of-tone
duration and interdigital pause, the simple steering
circuit shown in Figure 4 is applicable.,Component
values are chosen according to the formuia:

trec=lpR*1EIP

tip=tpaticm
The value of tpp is a device parameter,(see Figure
11) and tggc is the minimum, signal duration to-be
recognized by the receiver. A valuefor C of 0.1 uF is

taTp=(RpCIn[Vpp/(Vpp: V1sy)]

Vv
oo O | taTa=(R1CINV pp/Virsy

C1 Rp=(R;AINE *E)
svGTO)

Ry

ESt (O

a) decreasing tgTp; (tGTPdGTA)

terp=(R1C1)In[Vpp/(Vpp-Vrsy]

V
oo O l taTa=(RpC1)In(Vpp/Vrsy)
(&

! Rp=(R1R2)/(Ry+Ry)
svGT()

R4

Est (O

b) decreasing tgra; (taTP>taTa)

Figure 5 - Guard Time Adjustment

Digit | TOE | INH ESt Q4 Qq Q, Q
ANY L X H z 4 z z
1 H X H 0 0 0 1
2 H X H 0 0 1 0
3 H X H 0 0 1 1
4 H X H 0 1 0 0
5 H X H 0 1 0 1
6 H X H 0, 1 1 0
74 H X H 0 1 1 1
8 H X H 1 0 0 0
9 H X H | 0 0 1
0 H X H 1 0 1 0
* H X H 1 0 1 1
# H X H 1 1 0 0
A H L H 1 1 0 1
B H ke H 1 1 1 0
C H L H 1 1 1 1
D H L H 0 0 0 0
A H H le

B H H L undetected, the ‘output code

will remain the''same as the

c H H L-‘“Inrevious detected\code

D H H k&

Table 1! Functionai.Decode Table

L=LOGICLOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X =DONT-CARE

recommended for most.applicationssleaving R to be
selected by the‘designer.

Different steering arfangements “‘may /be used to
seleet independently _the guard times for tone
present~(tgrp)-and tone absent (igpa). 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.n6ise 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 tggc with
a long tpp would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) will power down
the device to minimize the power consumption in a
standoy mode. It stops the oscillator and the
functions of the filters.

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

Differential Input Configuration

The input arrangement of the MT8870D/MT8870Dx1
provides a differential-input operational amplifier-as
well as a bias source (VRges) Which is-used to-bias-the
inputs at mid-rail. Provision‘is made for_connection-of
a feedback resistor to' the op-amp/output (GS). for
adjusiment of gain. In & single-ended _configuration;
the input pins are connected as-shown in Figure 10
with the op-amp connected for unity gain and Vgef
biasing the input’ at '/,Vpg- Figure:6 shows the
differential  configuration, ©._which " permits_ ~the
adjustment of gain withthe.feedback resistor-Rs:

Crystal Oscillator

The internal clock circuit. is..ecompleted, with ihe
addition of an external 3:579545 MHz crystal‘and Jis
normally connected ‘as“shown ‘in“Eigure (10 (Single-
Ended Input Configuration)..However, it is|possible to
configure several MT8870D/MT8870D-13devices
employing only a single “oscillator, crystal. The
oscillator output of theufirst device in the chain<is
coupled through a 30 pFicapacitor to the oscillator
input (OSCH1) of the next devieenSubsequent devices
are connected in a similar fashien:*Refer ¢o Figure 7
for details. The problems associatedwith.unbalanced
loading are not a concern with the “arrangement
shown, i.e., precision balancing capacitors are“not
required.

o— ANV MT8870D/
C; Ry IN+ MT8870D-1
—C +
—
— 0 B
IN-
O —AAN
C, Ry
Rs GS
>
Ra
2 =
VRef
® 0

ifferential uttAmplifier
81=%2=1 0 n'—np R
R,=R4=R5=100 kQ
Ro=60kQ,-R4=37.5 kQ
RzRs
R2+H5

All resistors are +1% tolerance.
All capacitors are +5% tolerance.

Ro=

VOLTAGE GAIN (A, diff)= _';.5.
1

INPUTHIMPEDANCE

1 2
(Zinotrp) =2/ R+ (W)

Figure 6/- Differential Input Configuration

___.I |_m To OSC1 of next
Ci T8870D/MT8870D-1
N 4

08C2

T X-tal

0SC1
1
0sC2 _T—i I——-_ 0SCt
Cc

C=30 pF
X-tal=3.579545 MHz

Figure 7 - Oscillator Connection

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF 4.984
Co pF 37.915
Qm - 896.37
Af % 10.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2[1fR1C1.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM

SPEC POR 1151 tarp=(RpC1)In[Vpp/(Vop-Vrsyl
The circuit shown in Fig. 9 illustrates the use of tara=(RC1)In(Vop/Vrsy

MT8870D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained Vop O———_I_ Rp=(R1R2/(R1+R2)
by choosing a suitable values of Ry and Ry to
provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of Ry and C, are the guard time

requirements when the total component toleranee’is & R Notes: .

6%. For better performance, it is recommended to ESt S;Zgéfﬁgf 114:’
use the non-symmetric guard time circuit in’Fig. 8. C4=100nF + 5%

SYGT

Figutre 8,~Non-Symmetric-GuardTime Circuit

Vop N
orme O—1 &
Input Ry MT8870D-1
|
e N Vpp [ —4%
] 1N svaT B—
L []as ESt| Ra
Ry L] Vies Yy
INH Q4 | e ——y
PWDN Q3| —r+—0O
0SC 1 [ F——"70 NOTES:
0SC2 al [ —F—O Rq=102KQ+1%
VSS TOE Ro=71 BSKQ+1%
Rg = 390KQ +1 %

C1,C2 =100 nF £ 5%
X4 = 3.579545 MHz + 0.1%
Vpp = 5.0V + 5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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TECHNOLOGY BY1SD.

ISD2500 Series

Single-Chip Voice Record/Playback Devices
32-*, 40-*, 48-*, 64-*, 60-, 75-,
90=,-and-420-Second Durations

FEATURES

+ Easy-to-use singleschip voice'Record!/ + 'Fully addressable-to handle multiple
Playback solution messages,

+ High-quality, natural voice/audio + | . 100-year message retention (typical)
reproduction 111007000 record-cyeles (typical)

+ Manual switch or micrecontroller eompati= +/| On-chip-clack soufce
bIe_Playback caff De e, JORe) +'No algorithm developmentirequired
activated

- Single +5volt power'supply

¢ Available-in die; form; DIP, SOICand
TSOP packaging

¢/“Industrial temperature (-40°Cto +85°C)
versions available

+ Single-chip durations of 32%,:40%.48",647
60, 75, 90, and-120 seconds

+ Directly cascadable for longer durations

«  Automatic Power<Down.(Push-Button
Mode)
— Standby current 1 pA.(typical)

« Zero-power message storage
— Eliminates battery backup:eircuits

1SD2500 SERIES\SUMMARY
Part Duration Inpat Sample Jypical Filter
Number (Secondsj Rate (KHz) Pass/Band (KHz)
1SD2560 60 8.0 34
1ISD2575 75 6.4 2.7
ISD2590 90 5.3 23
1SD25120 120 4.0 1.7
1SD2532* 32 8.0 34
1SD2540* 40 6.4 27
1SD2548* 48 5.3 23
1SD2564* 64 4.0 1.7

Information Storage Devices, Inc. * Advance information: ISD2532/40/48/64 devices. 1-79



1SD2500 Series

Product Data Sheets

GENERAL DESCRIPTION

Information Storage Devices' 1SD2500 Chip-
Corder® Series provides high-quality, single-chip
Record/Playback solutions for 32- to 120-second
messaging applications. The CMOS devices
include an on-chip oscillator, microphone pream-
plifier, automatic gain control, antialiasing filter,
smoothing filter, speaker amplifier, and high den=
sity multi-level storage array. In addition,~the
ISD2500 is microcontroller compatible; allowing
complex messaging and addressing te. be
achieved.

Recordings are stored in'on-chip nonvolatile-mem-
ory cells, providing zeropower message-storage.
This unique, single-chip solution is made-possible
through 1SD's patented multilevel storage technel-
ogy. Voice and audio signals “are, stored.directly
into memory in their natural form, providing high-
quality, solid-state voice reproduction.

DETAILED DESCRIPTION

Speech/Sound Quality

The ISD2500 Series includes devices offered at
4.0, 5.3, 6.4, and 8.0 KHz sampling frequencies,
allowing the user a choice of speech quality
options. Increasing the duration within a product
series~decreases the sampling frequency and
bandwidth, “which_affects sound quality. Please
refer to the 1SD2500%Series Summary table on
page| 1-79 to eompare filter passiband and product
durations:

The speechi.samples_are, stored directly into on-
chip 'nonvolatile ‘memory! without the\digitization
and compression associated withother solutions.
Direct analog-storage provides a very true, natural
sounding reproduction of:voice, music;tones, and
sound effects not. available with“most_solid-state
digital solutions.

Duration

To ‘meet ‘end|system-requirements; the 1SD2500
Seriesioffers single-chip solutions at” 32%40*, 48*,
64*,-60,.75, 90, and 120°seconds. Parts may also
be cascaded together forJonger durations.

1SD2560/75/90/120,DEVICE BLOCKIDIAGRAM

[ internaiclock” | Timing | =
ABLE O Sampling Clock = Q
ANA IN O | Amp 5-Pole Active 1 [T Analog Transceivers Ehll]ﬂ(l[ﬂﬂf®
Antialiasing Filter
TECHNOLOGY BY ISD
o 0 480K Cell
ANA OUT L Nonvolatile 5-Pole Active
MIC O Prod 8| Multilevel Storage Smoothing Filter
A 2 Array
MIC REF O e ; o —O SP+
Automatic
AGC O & Gain Control —Q SP-—
(AGC)
| Power Conditioning I l Address Buffers I l Device Control I
O O0OO0O000O0O0O0O0 O O O O O o
Veea Vssa Vesp Voco A0 A1 A2 A3 A4 A5 A6 A7 AB A9 PD OVF PR CE EOM AUXIN

1-80

* Advance information: 1ISD2532/40/48/64 devices.



Product Data Sheets

ISD2500 Series

1SD2532/40/48/64* DEVICE BLOCK DIAGRAM

I Internal Clock ]——-{ Timing ==
xR Sampling Clock §
ANA IN O } Amp A.s‘:P'(')Ie'A.‘;tfi-Yiﬁer — | Analog Transceivers ERLEEE!’QE!®
ANA OUT O— 14 256 K Cell
18 Nonvolatile 5-Pole Active
MIC o Pre> § Multilevel Storage Smoothing Filter
MIC REF O Amp o Amay L O sp+
Automatic m
AGC O ° Gain Control —O SP-
(AGC)
[ Power Conditioning l I Address Buffers l f Device-Control ]
30RO 670 |0 PO~} Q. 0
Veca Vesh Vsso™VECD  AQ A1-A2 A3 JA4 A5/ /A6~ AT\ A8 .<PD“OVF.P/IR | CE EOM AUXIN
EEPROM Storage PIN DESCRIPTIONS

One of the benefits-of ISD’s ChipCorder technol-
ogy is the use of-on-chip.nonvolatile. memory,
providing zero-power message storage: The mes-
sage is retained for up' to~100 years.typically
without power. In_addition; the”devicecan be’/re=
recorded typically ‘over 100;000 times.

Microcontroller Interface

In addition to its ‘simplicity and-ease of Use, the
ISD2500 Series includesall the interfaces naces-
sary for microcontroller-driven applications., The
address and control\lines can be interfaced-tora
microcontroller and manipulated to. performawvari-
ety of tasks, including, messages.assembly,
message concatenation, predefined fixed,)mes-
sage segmentation, and messagesmanagement.

Programming

The ISD2500 Series is also ideal for playback-only
applications, where single or multiple messages
are referenced through buttons, switches, or a
microcontroller. Once the desired message config-
uration is created, duplicates can easily be
generated via an ISD programmer.

Voltage fnputs (Veen: Veep)

To.minimize noise, the;analog and digital circuits in
the 1ISD2500 Series devices use separate power
busses. These voltage busses are brought out to
separate pins and should be tied togéther as close
to the supply’ asipossible.<n‘addition, these sup-
plies should’be decoupled as closéedo the package
as-possible.

Ground Inputs (Vsspa, Vssp)

The [SD2500° Series of devices/utilizes separate
analog” and*digital ground busses. These pins
should be connected: separately through a low-
impedance ‘path to power.supply ground.

Power. Down Input (PD)

When not recording or playing back, the PD pin
should be pulled HIGH to place the part in a very
low power mode (see Igg specification). When
OVF pulses LOW for an overflow condition, PD
should be brought HIGH to reset the address
pointer back to the beginning of the Record/Play-
back space. The PD pin has additional
functionality in the M6 (Push-Button) Operational
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1SD2560/75/90/120 DEVICE PINOUTS

A0/MO )1 @ 28] Veep
A1M1 ]2 27 PIR
OF =7 ¢ 2= ANAOUT A2/M2 []3 267 XCLK
CE =p 3% S ANAIN A3M3 4 2571 EOM
EOM =4 29 = MIC REF Ad4/M4 5 24 P_D
XCLK =5 B2 MIC ASIMS 46 |gposeo 23 CE
iR = ISD2560/75/90/120 == N S o i aa
NC =8 25 NC A7 8 |sp2sgn 21 ANAOUT
AO/RJA% = = Q,& A8 []9 |SD25120 201 ANAIN
ﬁgm; g:; 22 2 ¥55A A9 10 19 AGC
e T AUX IN T 11 18[1 MIC REF
A3/M3 =13 20 =1 AUX IN
A4/M4 = 12 19— A9 Vssp [ 12 - A7 MIC
1843
ﬁg;Mg =1 7= ﬁ§ Vssa 13 161 Veea
SP+ 14 15[1 SP-
TSOP BIP/SOIC

Mode described later in the_Operational Mode
section.

Chip Enable Input (CE)

The CE pin is taken LOW to enable;all"Playback
and Record operations+ The address inputs and
Playback/Record input (P/R) are latched by the
falling edge of CE. CE has-additional functionality
in the M6 (Push-Butten). Operational Mode
described later in the Qperational Mede 'section,

Playback/Record Input (P/R)

The P/R input is latched byjthe falling.edge 'of the
CE pin. A HIGH level, selects a Playback 'cycle
while a LOW level selects a-Regord cycle.. Fora
Record cycle, the address'inputs provideithesstart=
ing address and recording continuesuntil PD,or
CE is pulled HIGH or an overflow is’détected (i.e.
the chip is full). When a Record'cycle is terminated
by pulling PD or CE HIGH, an End-Of-Message
(EOM) marker is stored at the current addresssin
memory. For a Playback cycle, the address inptts
provide the starting address and the device will
play until an EOM marker is encountered. The
device can continue past an EOM marker in an
operational mode, or if CE is held LOW in address
- mode. (See page 1-85 for more Operational
Modes).

End-0f-Message / RUN Output.(EOIVI)

A nonvolatile._marker is automatically inserted at
the end ofieach recorded- messagewii remains
there until, the Tmessage is-recorded over. ' The
EOM output pulses LOW:'for a period of Tggy at
theend of each-message:

In-addition,. the ISD2500 Series has. anrinternal
Ve detect circuit to maintain message-integrity
should-Vee-fall. below 3:5V. n“this case, EOM
goes LOW and the device is fixed in Playback-only
mode:

When _the''device »is* configured ingOperational
Mode M6 (Push-ButtonMeode), this pin.provides an
active-HIGH-RUN signal, indicating-the'device is
currently-recording or playing. This signal'can con-
veniently drive.an/LED for a, visual'indicator of a
Record or Playback operation infprocess.

Overflow Qutput-(OVF)

This signal_puises LOW at the end of memory
spaceyindicating the device has been filled and the
message has overflowed. The OVF output then fol-
lows the CE input until a PD pulse has reset the
device. This pin can be used to cascade several
ISD2500 devices together to increase Record/
Playback durations.
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1SD2532/40/48/64* DEVICE PINOUTS

AOIMO {1 @ 28173 Veep
AUM1 2 273 PR
A2M2 []3 26[71 XCLK
e S =Forrild AIM3 4 251 EOM
B0 =p 30 AGC A4IM4 5 241 PD
XEC?L§ = = ASIMS {6 |sppsaz 231 CE_
P/R =s 27 = Veea A6/M6 [C]7 |gp2s4p 22— OVF
Veep =7 26— SP- IS
NC =8 1SD2532/40/48/64 25 NC NC 38 jsp2s4g 21[1 ANAOUT
AOI% ;?u g‘; g gg+ A7 []9 iSD2564 20[—1 ANAIN
A1/M1 =11 22533 Vssa A8 []10 19 AGC
M2 12 21 = Vssp AUXIN 11 18[—1 MIC REF
—]13 20 =3 AUXY!
ﬁ;w =14 == A};”‘ o Vssp [} 12 17% MiC
A5/M5 =15 18 = A7 Vssa []13 161 Veea
16
S i SPw ] 14 153 sP-
TSOR DIP/SOIC
Microphone Input (MIC) AGEC: pinito Vgsa analog-ground. The ‘release”

The microphong input transfers-its'signal-to the‘on=
chip preamplifier. An-on-chip Automatic, Gain Con-=
trol (AGC) [circuit controls™ the=~gain® of ('this
preamplifier from =15 to 24-dB. An.externalmicro-
phone should be AC coupledto'this pin via a'series
capacitor. The capacitor value; together with the
internal 10 K ohm-resistance on-this-pin, deter-
mines the low-frequency.cutoff for the~1SD2500
Series passband. See ISD's'Application Notes and
Design Manualin this book for additional informa-
tion on low-fragueney’cutoff ealctiafion;

Microphone Reference Input (VMIC_REF)

The MIC REF inputiis the inverting input to)the
microphone preamplifier. This provides ‘a,noise-
canceling or common=mede rejection input.to.the
device when connectedy, to <@ . differential
microphone.

Automatic Gain Control Input (AGC)

The AGC dynamically adjusts the gain of the
preamplifier to compensate for the wide range of
microphone input levels. The AGC allows the full
range of whispers to loud sounds to be recorded
with minimal distortion. The “attack” time is deter-
mined by the time constant of a 5 KQ internal
resistance and an external capacitor (C2 on the
schematic on page 1-100) connected from the

time\ is_determined (by, the time constant of an
external _resistor (R2) and an-external ‘capacitor
(C2) ‘connected in: parallel.between the, AGC Pin
and, Vissa /analog ;ground. *Nominal values of
470 KQ and.4.7 uF-give satisfactory results in
most cases:

Analog Output (ANA OUT)

This: pin: provides the preamplifier output to the
user. The voltage gain of the,preamplifier is deter-
mined by.the voltage level at the AGC pin!

Analog Input (ANA IN)

The analog input.pin transfersiits signal to the chip
for_recording./For imicrophone inputs, the ANA
OUTupin_should be conmnected via an external
capacitor to the ANA, IN>pin.sThis capacitor value,
together with the 3.0 KQ.input impedance of ANA
INGis=selected to give additional cutoff at the low-
frequency end” of«the voice passband. If the
desired.inputis derived from a source other than a
microphone, the signal can be fed, capacitively
coupled, into the ANA IN pin directly.

External Clock Input (XCLK)

The external clock input for the ISD2500 devices
has an internal pull-down device. These devices
are configured at the factory with an internal sam-
pling clock frequency centered to #1% of
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ISD2500 APPLICATION EXAMPLE - DESIGN SCHEMATIC

1SD2500 (PDIP/SOIC) Vee
L A0 Veen iz -
Voo VssJ_ 21 A1 Veea R _l__Cg
Be = 2 A2 01?1F T~ 61 22 uF
41 A3 Vssp o T Lot #
5 13 ] - -
R4 A4 Vssa ° =
100 KQ 51 A5 =
. 7 A6 SP+ 14 s
e —— 84 A7 (NC*) SP- il J
CHIP ENABLE 11
A8 (A7%)_  AUXIN H—
— 0 L 101 agagy S ANAIN ——-—_-_]2" SP?E?A%ER
s _ 0 €3
== 21 0:
POWER DOWN 24.CE ANAQUT -\/\/\/\,—_—r g
241 PD Re 5.1 KQ
g 27| pR ¢ ~Mic ReF* 18
¢——o0 =25 EQM mic L
PLAYBACK/RECORD 27| ovF Vio Cq |
— Iz—" XeLK AGCI2
5 Cs
—- R4 0.1 pF
1 KQ
R2 Co
470 KQ 47 pF ELECTRET R5
Cy MICROPHONE 10 KO
“LDzzoilr =
NOTES: * Pin identifications forithe 1SD2532/40/48/64.devices which differ-from those of the 1SD2560/75/90/120 devices are

indicated.

** I desired, pin 18 (PDIP package) may be left unconnected (microphone preamplifier noise will be higher)sin this case,

Application:Netes and Design Manual in this book:

pin 18 must not betied.fo any other signal.or voltage! Additional design example schematics are provided'in the

APPLICATION EXAMPLE - BASI€ DEVICE'CONTROL

Control Step Function

Action

1

Power up chip and select Record/Playback-mode

1.PD=10W, 2. P/R = As desired

2 Set message address for Record/Playback Set addresses A0-A9

3A Begin Playback P/R = HIGH, CE = Pulsed LOW
3B Begin Record P/R = LOW, CE = LOW

4A End Playback Automa_li_c_

4B End Record PD or CE = HIGH
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