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PROGRAM PADA BAGIAN REMOTE CONTROL

#INCLUDE "8051.H"

RELAYPTT .EQU P27

E_LCD EQU PLO
RW_LCD EQU PL1
RS _LCD EQU PL2
DATALCD  .EQU PO
SWITCH EQU P2
X1 EQU P24
X2 EQU P25
X3 EQU P26
Y1 EQU P20
Y2 EQU P21
Y3 EQU P22
Y4 EQU P23
ORG $30

DATAKEY .BLOCK 1
DATAKIRIM .BLOCK 1
.ORG $0

LIMP MULAI

.ORG $100
MULAI: MOV  SP#$20
MOV  PSW#0
LCALL DELAYSW
CLR RELAYPTT
LCALL INIT_LCD
LCALL INITSERIAL
MOV DPTR#TEXT1
LCALL PROC_STRTOLCD
LCALL PROC_LFLCD
MOV  DPTR#TEXT2
LCALL PROC_STRTOLCD
LCALL DELAYSW
LCALL DELAYSW
LCALL DELAYSW
LCALL DELAYSW
LCALL DELAYSW
LCALL DELAYSW

LOOP: MOV  SP#$20
LCALL PROC_CLEARLCD
MOV DPTRH#TEXTPERINTAH1
LCALL PROC_STRTOLCD
LCALL PROC_LFLCD
MOV DPTRH#TEXTPERINTAH2
LCALL PROC_STRTOLCD



ULANGI:

LCALL CEKKEYPAD
LCALL KEYPADTOLCD

SETB RELAYPTT
LCALL DELAY5X

MOV R1#2
ULANGKIRIMO:
MOV A #$55
LCALL SENDCHR
MOV  A#$EE
LCALL SENDCHR
MOV  A#BAA
LCALL SENDCHR

MOV  R2#200
ULANGKIRIM1:

MOV A DATAKIRIM

LCALL SENDCHR

MOV A #$0D

LCALL SENDCHR

DINZ R2,ULANGKIRIM1

DINZ R1,ULANGKIRIMO

LCALL DELAYSW

LCALL DELAYSW

CLR RELAYPTT
LOOPUL: LIMP LOOP

CEKKEYPAD: LCALL SCANNINGKEYPAD
CINE A #3$0,CEKKEYPASS
LIMP CEKKEYPAD

CEKKEYPASS: RET

PROC_HOMELCD:

MOV A #02H
LCALL WRITE_CTRLLCD
RET

; ROUTINE LF LCD MENEMPATKAN KURSOR PADA BARISKE 2 LCD

PROC_LFLCD:
MOV A #0COH
LCALL WRITE CTRLLCD
RET

; ROUTINE CLEAR LCD MENGHAPUS LAYAR LCD

PROC_CLEARLCD:
MOV  A#0LH
LCALL WRITE CTRLLCD



RET

; ROUTINE PENULISAN DATA KELCD

WRITE_DATALCD:
MOV DATALCD,A

CLR RW_LCD
SETB RS LCD
CLR E_LCD
LCALL DELAY_LCD

CLR RW_LCD
SETB RS LCD
SETB E_LCD
LCALL DELAY_LCD

CLR RW_LCD

SETB RS LCD
CLR E_LCD

NOP

SETB RW_LCD
CLR RS LCD
CLR E_LCD
LCALL DELAY_LCD
RET

; ROUTINE PENULISAN PERINTAH/COMMAND KE LCD

WRITE_CTRLLCD:
; RW RS E
; 010
MOV DATALCD,A

CLR RW_LCD

CLR RS LCD

CLR E_LCD

LCALL DELAY_LCD

CLR RW_LCD
CLR RS LCD
SETB E_LCD
LCALL DELAY_LCD

CLR RW_LCD

CLR RS LCD

CLR E_LCD

NOP

SETB RW_LCD

CLR RS LCD

CLR E_LCD

LCALL DELAY_LCD

RET



1

; Routine Pengiriman String ke Display LCD

PROC_STRTOLCD:
CLR A
MOVC A,@A+DPTR
CINE A #00H,STRTOLCD
RET

STRTOLCD:
LCALL WRITE DATALCD
INC DPTR
SIMP PROC_STRTOLCD

; ROUTINE INISIALISASI LCD

INIT_LCD:
MOV A #38H
LCALL WRITE CTRLLCD
MOV A #OEH
LCALL WRITE CTRLLCD
MOV  A#OCH
LCALL WRITE CTRLLCD
MOV A #06H
LCALL WRITE CTRLLCD
MOV A #OIH
LCALL WRITE CTRLLCD
RET

INITSERIAL:

MOV  TMOD #20H
MOV  TCON,#41H
MOV  THL1#$D0
MOV  SCON,#50H
RET

SENDCHR:
CLR TI
MOV SBUFA
TXLOOP:
JNB  TI, TXLOOP
RET

ANDFOLCD: SWAP A
ANDOFLCD:
ANL A #$0F
ADD A#$30
LCALL WRITE_DATALCD
RET

SCANNINGKEY PAD:

KOLOM1: MOV DATAKEY #0
CLR X1
SETB X2
SETB X3



MOV
ANL
CTOMBOL1:
MOV
MOV
LIMP
CTOMBOLA4:
MOV
MOV
LIMP
CTOMBOLYT:
MOV
MOV
LIMP
CTOMBOLB:
MOV
MOV
LIMP

KOLOM2:
CLR
SETB
MOV
ANL
CTOMBOL2:
MOV
MOV
LIMP
CTOMBOLS:
MOV
MOV
LIMP
CTOMBOLS:
MOV
MOV
LIMP
CTOMBOLO:
MOV
MOV
LIMP
KOLOM3:
SETB

A,SWITCH

A #OFH

CINE A#0EH,CTOMBOL4
DATAKEY #01H
DATAKIRIM #$1

TOLCD

CINE A#0DH,CTOMBOL7
DATAKEY ,#04H
DATAKIRIM #$4

TOLCD

CINE A, #0BH,CTOMBOLB
DATAKEY #07H
DATAKIRIM #$7

TOLCD

CINE A#07H,KOLOM2
DATAKEY #0BH
DATAKIRIM #B'

TOLCD

SETB X1

X2

X3

A,SWITCH

A #OFH

CINE A #0EH,CTOMBOL5
DATAKEY #02H
DATAKIRIM #$2

TOLCD

CINE A #0DH,CTOMBOLS8
DATAKEY ,#05H
DATAKIRIM #$5

TOLCD

CINE A, #0BH,CTOMBOLO
DATAKEY ,#08H
DATAKIRIM #$8

TOLCD

CINE A#07H,KOLOM3
DATAKEY #0AH
DATAKIRIM #$0

TOLCD

SETB X1

X2

CLR X3

MOV
ANL
CTOMBOL3:
MOV
MOV
LIMP
CTOMBOLSG:
MOV
MOV
LIMP
CTOMBOLO:
MOV
MOV
LIMP

A,SWITCH

A #OFH

CINE A #0EH,CTOMBOL6
DATAKEY ,#03H
DATAKIRIM #$3

TOLCD

CINE A, #0DH,CTOMBOL9
DATAKEY ,#06H
DATAKIRIM #$6

TOLCD

CINE A#0BH,CTOMBOLP
DATAKEY ,#09H
DATAKIRIM #$9

TOLCD



CTOMBOLP: CINE A#07H,KEYPADRET
MOV DATAKEY #0CH
MOV  DATAKIRIM #P
TOLCD:
LCALL DELAYSW
MOV  A,DATAKEY
RET
KEYPADRET: MOV A#$0
RET

KEYPADTOLCD:
MOV DPTR#KEY
MOV  A,DATAKEY
MOVC A ,@A+DPTR
LCALL WRITE_DATALCD
RET

DELAY_LCD: MOV R7#04H
D LCDL MOV R6#3FH  4F
D LCD2  DJNZ R6D _LCD2
DINZ R7,D_LCD1
RET

ANDFO: SWAP A
ANDOF:
ANL A #$0F
RET

DELAY SW:
MOV  R5#02H
DELAY SWO: MOV  R6,#0FFH
DELAYSW1: MOV  R7#0FFH
DELAY SW2: DINZ R7,DELAYSW2
DINZ R6,DELAYSW1
DINZ R5DELAYSWO
RET

DELAY5X:
LCALL DELAYSW
LCALL DELAYSW
LCALL DELAYSW
LCALL DELAYSW
LCALL DELAYSW
RET

TEXTL: .BYTE " KONTROL GEDUNG ",0
TEXT2: .BYTE " - HANDY TALKY -",0
TEXTPERINTAHL: .BYTE "MASUKKAN"0
TEXTPERINTAH2: .BYTE " PERINTAH=",0
KEY: .BYTE " 1234567890* #"

.END



PROGRAM PADA BAGIAN SISTEM PLANT

#INCLUDE "8051.H"

RELAY1 .EQU PO.0
RELAY?2 .EQU PO.1
RELAY3 .EQU PO.2
RELAY4 .EQU PO.3
LEDSTATUS .EQU P10

.ORG $30
DATA .BLOCK 1

.ORG $0
LIMP MULAI

.ORG $100

MULAI: MOV  SP#$20
MOV  PSW#0
LCALL DELAYLED
CLR RELAY1
CLR RELAY2
CLR RELAY3
CLR RELAY4
LCALL INITSERIAL
CLR LEDSTATUS
LCALL DELAYLED
SETB LEDSTATUS
LCALL DELAYLED
CLR LEDSTATUS
LCALL DELAYLED
SETB LEDSTATUS
LCALL DELAYLED
CLR LEDSTATUS
LCALL DELAYLED
SETB LEDSTATUS
LCALL DELAYLED
LIMP LOOP

ISIKANDATA:
MOV DATAA
LIMP TUNGGUDATA

LOOP: MOV  SP#$20
TUNGGUDATA: CLR RI
LCALL GETCHR
CINE A #$0D,ISIKANDATA
CLR LEDSTATUS
LCALL DELAYR
SETB LEDSTATUS



CEK1L:

CEK2:

CEK3:

CEK4:

CEKS:

CEKG6:

CEKT:

CEK8:

MOV A DATA

CINE A #$1,CEK2
SETB RELAY1
LCALL NYALAKANLED
LIMP LOOP

CINE A #$2,CEK3
SETB RELAY2
LCALL NYALAKANLED
LIMP LOOP

CINE A #$3,CEK4
SETB RELAY3
LCALL NYALAKANLED
LIMP LOOP

CINE A #$4,CEK5
SETB RELAY4
LCALL NYALAKANLED
LIMP LOOP

CINE A #$5,CEK6
CLR RELAY1
LCALL NYALAKANLED
LIMP LOOP

CINE A #$6,CEK7
CLR RELAY2
LCALL NYALAKANLED
LIMP LOOP

CINE A #$7,CEK8
CLR RELAY3
LCALL NYALAKANLED
LIMP LOOP

CINE A #$8,CEKBINTANG
CLR RELAY4
LCALL NYALAKANLED
LIMP LOOP

CEKBINTANG: CINE A#B',CEKPAGAR

SETB RELAY1

SETB RELAY2

SETB RELAY3

SETB RELAY4

LCALL NYALAKANLED
LIMP LOOP

CEKPAGAR: CINE A #P,PASSKODE

CLR RELAY1

CLR RELAY2

CLR RELAY3

CLR RELAY4

LCALL NYALAKANLED
LIMP LOOP

PASSKODE: CLR R

LIMP LOOP

INITSERIAL:

MOV  TMOD #20H
MOV  TCON,#41H
MOV  THL1#$DO0



MOV
RET

GETCHR:
MOV
ANL
CLR
RET

SCON,#50H

JNB RI,GETCHR
A,SBUF
AHSTF
RI

NYALAKANLED: CLR LEDSTATUS
LCALL DELAYLED
LCALL DELAYLED
LCALL DELAYLED
LCALL DELAYLED
LCALL DELAYLED
LCALL DELAYLED
LCALL DELAYLED
LCALL DELAYLED
LCALL DELAYLED
LCALL DELAYLED

SETB
CLR
RET

DELAYR:
DELAYRO:
DELAYRLI:
DELAYR2:
DINZ
RET

DELAY SW:
MOV
DELAY SWO:
DELAYSW1:
DELAY SW2:
DINZ
DINZ
RET

DELAYLED:
MOV
DELAYLEDO:
DELAYLEDL:
DELAYLED2:
DINZ
DINZ
RET

.END

LEDSTATUS
RI

MOV  R6,#30F

MOV  R7#$FF

DINZ R7,DELAYR2
R6,DELAYR1

R5,#01H

MOV  R6,#0FFH
MOV  R7#0FFH
DINZ R7,DELAYSW2
R6,DELAY SW1
R5,DELAY SWO

R5,#06H

MOV  R6,#0FFH
MOV  R7#0FFH
DINZ R7,DELAYLED2
R6,DELAYLED1
R5,DELAYLEDO



LAMPIRAN C
DATASHEET



Features

Compaiible with BC3.51% Produsis

4% Bytec of In-Syctem Programmakle (18R] Flach Mamory
- Erdurance: 1000 Writs/Erace Cyciac

4.0W {0 6.6% Cperating Range

Fully Static Operation: 0 Hz to 33 MHz

Thras-leval Frogram Memory Look

1ZE x B-blt Intermal RAM

32 Frogrammaile 1D Linec

Twro 18-oi Timen'Counisrs

Eix Inberrupt 2ourcss

Full Duglex UART Zarlal Charnsl

Low-powar Idls and Powsr-down Modes

mizrrapi Reeovery from Power-down Mode

‘Watohdog Timer

Dual Data Poinfar

Powar-of Flag

Fact Programming Time

Flexikde 13F Frogramming (Byis and Pags Mods|

Description

The AT39551 Is 3 low-power, high-performance CMOS §-bit microcontroller with 4K
byies of In-system programmable Flash memaory. The device |6 manufaciured using
Atmels high-density nanvolatle memary technology and |5 compatibie with the Indus-
Iry-standard EOCE1 Instructian set and pincut. The on-chip Flash allows the program
memaory ta be reprogrammed In-6ysiem or by a conventional nomvalatlie memary pro-
grammer. Sy combining a versatile 8-bit CPU with In-system programmable Flash an a
mignalitnle chip, the Atmel ATEISS1 5 a powerful microcontroller which pravides a
highiy-fiexible and cost-effective solutlon ta many embedded contral applications.

The AT39551 provides the following standard features: 4K byles of Flash, 128 bytes of
RAM, 32 1ND Ines, Watchdog timer, two data pointers, two 16-oit imencounters, a flve-
vector two-level Interrupt archilecture, a full duplex serlal part, an-chip osclllator, and
clock circuliry. In addition, the ATE9S51 |s designed with stabic logle for cperation
gown 1o Zera frequency and supparts two software seleciable power saving modes.
The iie Maode stops the CPU while allowing the RAK, imer'counters, serlal port, and
Interrupt system o continue functioning. The Power-down made sawes the RAM con-
tents but freezes the osclllator, disabling all other chip funciions untl the next external
Intefrupt ar haroware reset.

8-bit
Microcontroller
with 4K Bytes
In-System
Programmable
Flash

AT89551

M SEIE-100



Pin Configurations
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e A T 89551

Block Diagram
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Pin Description
VCC
GND

Port 0

Port1

Port 2

Port 3

Supply voitags.
Eraund.

Port O IS an 8-bit apen draln bldrectional O park AS an output port, each pim can sink eight
TTL Inputs. When 15 are written to port D pins. the pins cam be used a6 high-mpedance
Inpuls.

®ort 0 can also be configured to be the multiplexed low-order aodress/oata bus uring
arcesses 1o extemal program and data memary. In this mode, PO has nlemal pull-ups.

Por 0 3ls0 recelves tne code bytes durng Flash programming and outpuis the cooe byles
during program verfication. External pull-upe ara requirad during program varificstion.

Port 1 16 an 6-bit bidirectional VS port with Internal pull-ups. The Port 1 output butTers can
sink/source four TTL Inputs. When 15 are written to Fart 1 pins, they are pulled high by the
Intarnal pull-ups and cam be used a5 Inputs. As Inputs, Port 1 pins that are externally belng
puilied low will source current (I, ) because of the Intemal pull-ups.

Port 1 also recelves the low-order adoress byles during Flash programming and verfcation.

Port Pin &lsrnats Furctions

P15 O3 juses for In-2ysi=m Fragrameing)
FiE MEZD (used for In-Eysiem Programming]
F.7 SCE (used for In-System Frogrammieg |

Port 2 I an E-bit bidireciional 'S port with Internal pull-ups. The Port 2 gubput buffers can
sink/source four TTL Inputs. When 15 are written to Part 2 pins, they are pulled high by the
Internal pull-ups and can be used a5 Inputs. As Inputs, Pon 2 pine that are externally being
pulled low will source current (I ) because of the Intemal pul-ups.

Port 2 emits the high-ordzr adaress byte during feiches Trom external pragram memary and
during accesses 1o external data memaory that use 15-bit addresses (MCOVE @ OFTR). In this
applization, Port 2 uses strong Intzmal pull-ups when emiting 1. Duing accesses 1o extemal
data mamory thal use 5-b% addresses (MOVX & RI), Port 2 emits he contents of the P2 Spe-
oal Funcion Register.

Port 2 alsa recelves the high-arder address bits and some control signals during Flash pro-
gramming and verfication.

Port 2 15 an E-bit bidirectional S port with Internal pull-ups. The Port 3 gutput bufers can
sinkisource four TTL Inputs. When 15 ars wriltzn to Fart 3 pins, they are pulled nigh by the
Intzmal pull-ups 3N can be used a5 INpUts. As Inpuls, Por 3 ping that are extarnally being
pullied low willl source current (I, ) becauss of the pull-ups.

Port 3 recelwes some control signals for Flash programming and werication.

Port 3 also serves the funclions of varkous speclal features of the ATSESE1, a6 shown In the
toliowing table.

T8 S 51—

DRI R0



s AT 89551

RST

ALEPROG

XTALA1

XTALZ

Port Fin Attarnate Funotions
Fi.0 S0 [serial Input port)
FiA TXOD (serial cufm port)
Fi.2 W-::nerr'a Int=rrupt 01

]
=

£ NTT (mwtarnal Interrupt 11

Fa.4 T3 @mear 0 extemal Input)

i
i
i

T1 [@mer 1 exviemal Input)

Fil.E WR {exiemal data memory wribs shrobe)

]
[
=4

RO (mxternal data mamory read srobe)

Reset Input. A high on this pin for twe maching cycles while the oscillasor 1§ running resets the
devlce. This pln driwes High for 33 asclilator perleds after the Watchdog imes out. The DIS-
AT bitin SFR AUKR (acdress SEH) can be used to disable this *2aturz. In the defaul siate
af bit ISRTC, the RESET HIGH out feature |5 enabled.

Amdress Latch Enable (ALE) Is an autput pulse for latching the low byte of the address during
accesses 1o external memary. This pin IS also the program pulse input (FROG) during Flash
programming.

n narmal aperation, ALE Is emited af a constant rate af 1/5 the osclilator frequency and may
be used for external iming or clocking purposes. Mote, nowever, that one ALE pulse 15
sklppad during each access o exlemnal data memony.

i deslred, ALE operalion can be disabled by seting bit 0 of SFR locatlon BEH. Wih the bi set,
ALE Is active only during a MOVE or MOV C Instruction. Otheraise, the pin 1s weakly pulled
nigh. Setling the ALE-dsable bit has no effect If the microcontraller 16 In extemal execution
mode.

Program Store Enable (PSEN) Is the read strobe to xternal program memaory

When the ATE3S51 |6 exetuting code from external program memaory, PSEN I8 attivated
tiice each machine cycle, except that two TEEN aclvations are sklpped during each AcC26E
0 extarnal gata memary.

External Access Enable. EA must be strapped to GND In order b enable the device 1o fatch
oode from extemnal program memary lecations starting at DO00H up o FFFFH. Note, haweser,
hat If lock Bit 1 I programmeed, EE wil be Insermally latched on reset

EX should be sirapped fo W for intemal program executions.
This pin also recelves the 12-valt programming enable voltage (V) during Flash
programming.

nput ta the Invering ceciiator ampdfier and Input to the internal clock operating circul.

Output from the inverting cecliaior ampifier

B |



e A T 89551

Oscillator
Characteristics

Idle Mode

Power-down
Mode

XTAL1 and XTALZ are the Input and outpul. respeciively, of an Inverling amplifier that can be
configured for use as an on-chip oscillator, &6 shown In Figure 2. Elther a quartz crystal or
ceramic resonalor may be used. To drive the device from an external clock source, XTALZ
shauid be left unconnected while XTAL1 Is oriven, 38 shawn In Figure 3. Theme are mg requine-
ments on the duty cycle of the external clock signal, since the Input to the Intemmal clocking
clroultry Is through a divide-by-two filp-fiop, but minimum and maximem voliage high and loe
time specifcations must be observed.

Flgura 2. OEclliator Connections

—i—

Mok C1, CZ = 30 pF =10 pF for Crysfals = 40 oF =10 pF for Ceramic Resonators

Flgura 3. External Clock Drive Configuration

[ maE
[NTERHAL
CESCRLATTR ——— AR
SIGHAL

L

In l@le mage, the CPU puls Heer to sizen while &l the on-chip perlpherals remaln actve. The
mode 15 Invoked by software. The contant of the on-chip RAKM and all the speclal function
registars remaln unzhanged during this made. The lglz made 2an be lerminatzd by any
enabled Imermupt or by @ harowars reses.

Waote that when idie mase Is terminatad by 3 hardware resel, the device normaly resUmes pra-
gram execuilon from where it left off, up to two machine cycles before the Internal reset
algorithm takes contral. On-chip hardware Inhiblis access to Inbemal RAM in this event, but
access 1o the part ping ks nat inhibtted. To eliminate the possitiity of an unexpecied write to a
part pin when ldie mode |5 terminated by a resst, ihe instruction fallowing the one that Invokes
ile mode should not write to 3 port pin or fo external memary.

In the Power-down mode, the oscilator s stopped, and the Irstrucion that Invoies Power-
down Is the 1ast Instruchion executed. The an-chip RAM and Special Funciion Reglsters retaln
thielr values untll the Power-down made Is terminated. Exit from Power-down mede can be inl-
lated eliher by 3 nardware reset or by activation of an enabled extemal mbermupd Into TRITD or
INT1. Reset redefines the SFRE but does mat change the an-chip RAM. The reset should not
e achivated before Ve 15 restoned to ks normal operating level and must be held active long
enough to allow the oscliiator to restart and stablize.

SATE- 1N



Program
Memory Lock
Bits

Programming
the Flash -
Parallel Mode

Tabla 5. Status of External Pins During kle and Power-gown Modes

Mode Frogram Mamory ALE FEEN | FORTD | PORTH FORT2 | FORTE
dle rilerna 1 1 Data Crata Crata Crats
dle External 1 1 Flioat Ciata Acdress Cata
Fomer-down rilerna a a Data Crata Crata Craita
Fomer-down | Extarnal o a Flioat Crata Crata Craita

The AT393351 has three lock bits that can be e unprogrammed (U] ar can be programmed
(P} 1o obtaln the addiional featuras liskad In the fallawing table

Tabla &. Lock Sit Prolection Mode2s

Frogram Look BHs

LE1 LE2 LES Profwotion Typs
u ¥ u Mo program lock featres
2 P w [ ROV O Instructions sv=culed from sxiemmal program

mamiory ars disabied from feiching code byles from Inbernal
memory, EA s sampled and laiched on res=t, and further
programm ing of the Flash memory |s disablsd

3 P P u Jame as mode 2, but verly |5 also disabied

4 P F F Same as mode 3, but external execution It alzo disabied

When lock bit 118 programmed, e loghc level at the EA pin 1s sampled and latched suring
reset. If the dewice Is powered up without a reset, the (atch Inflallzes 1o 3 random value and
nodds that value untll reset s actlvated. The latched value of ER must agres with the current
ogic level at that pin In order far the device o funchion propery.

The AT89551 Is shipped with the on-chip Flash memary amay ready to be programmed. The
pragramming interface needs a high-voltage (12-volt) program enable signal and Is compat-
ble with conventional third-party Flash or EPROM programmers.

The ATEESS1 code memary array |s programmed byle-by-byie

Programming Algorithm: Before programming the ATEISS, the address, data, and contro
signals should b= set up according o the Flash programming mode table and Flgures 13 and
14. To program the ATEISS1, take the following steps:

1. Input ihe desired memory location an the address Iines.

2. Input the appropriate data byte on the data lines

3. Activate the comect combination of contral slgnals

£, Ratse SRV 1o 12V

Fulse ALE/FROG once to program a byte In the Flash aray or the lock bits. The byle-
wribe cycle |5 seif-timad and typleally takes no mare than 50 ps. Repaat sheps 1

through 5, changing the adaress and data for the entire array ar untll the end of the
object e |5 reached

Daia Folling: The AT32551 fealures Dala Poling 1o Indicate the end of a byle wite cycle.
During a write cycle, an atlempted read of the [ast byte writtan wil resuit In the complement af
e writien gata on PO.7. Once t1e-.\'1]|je;gcle nas been completed, Tue data ks valld on all out-
puis, and the next cycie may begin. Tals Poling may begin any tme atter a write cycle has
besn Inltiated

th |
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s AT 89551

Programming
the Flash -
Serial Mode

Serial
Programming
Algorithm

ReadyiBusy: The progress of byle programming can alsao be manliored by the ROY/S5Y out-
pu signal. F3.0 s pullad low after ALE goes high during programming to indicate BO5T. P30
Is pulld high agaln when programming IS done to Indicate READY.

Program Werlfy: if ook bils LE1 and LS2 nave not been programmed, the programmed coge
data can be read back via the address and data Ines for verfication. The status of e Indlvig-
ual lack bits can be verfizd drectly by reading them back.

Reading tha Signatura Bytea: The signature Dytes ans read by te §ams proceduns as a nor-
mal verfication of leations 0D0H, 100H, and 2004, except that P36 and P2.7 must b= pulled
1o a logle low. The valuss returned are a5 follows.

{00TH) = 1EH Indicates manufaciured by Almel
[100H} = 514 nmcatzs 32551
[200H] = DS

Chip Erage: In the paraliel pragramming made, a chlp erase oparation ks iniiated by using the
proper combination of control lgnals and by pulsing ALE/FRIDT low for @ duration of 200 ns -
500 ns.

in the seral programming mode, a chip 2rase operalion is Initiated by Issuing the Chip Erase
Insiruction. in tis moogs, Ship erase IS BeR-Umed and tkes about 500 mE.

Curing chip erase, a serlal read from any address location will retumn 004 at the data output.

Tha Code memory amay can be programmed using ihe seral ISP Interface while R5T Is
pulled i3 V.. The serial mterace consists of pins SCK, MOS! (Input) and MIST (output). After
RET Is set high, the Programming Enable nstruction needs o be axecuted first before other
aperations can be execwied. Before a reprogramming seguence ¢an occur, a Chip Erase
op=ratian Is required.

The Chip Erase operation tums the content of every memory iocation in the Code array inko
FFH.

Elther an external system clock can be supplied a1 pin XTAL1 or a crystal nesds to be con-
nected across pins XTALT and KTALZ. The maximum serlal cock (SCK) freguency should be
256 than 116 of the crystal requency. WHR @ 33 MHz osclliatar cloct, the madmum SCK fre-
quency |5 2 MHZ

Ta pragram and vestly the ATS9S51 In the serlal programming mads, the following sequence
I5 racommended:

1. Power-up seguence:
Apply power betwesn VOO and GRD pins.
Set RET pin 1o "H"
If 3 crystal s not connected across pins XTALT and XTALZ, apply 3 3 MHZ to 33 MHz
clock to XTALT pin and walt for at least 10 milllseconds.

2. Enable serial programming by sending the Pregramming Enable senal Instruction 1o
pin MOSKP 5. The freguency o the shiR clock suppled at pin SCKFP1.T needs to be
less thian the CPU clock at XTALT giided by 16.

3. The Code array Is programmed one byte at a fime In efher the Syte or Page mode.
The wrie cycle Is self-imed and typically takes less than 0.5 ms at 5v.

4. Any memary location can be verfied by wsing the Read instruction that refurns the con-

tent at the sedected address al serlal output MISCVF G,

At the end of a programming sesslon, RET can be sel low o commence normal device

op=ration.

w
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Serial
Programming
Instruction Set

Programming
Interface —
Parallel Mode

Powar-off sequance (If nesded):

Set KTALT to “L" (I 3 crysial Is not used).

SetRET L

TUM Ve poAWer off
Data Polling: The Data Poiling featurs k= alzo avallable In e serial moge. In this mode, dur-
ng a write cycle an attempted read of the last byle wiiten will result In the complement of the
MEB of the s2rial oufput byle on MIZC

Tne Instruction Set for Seral Programming follows a 4-bybe prosecol and ks shown In Table 8
on page 18

Ewvery code byle I the Flash array can be programmed Dy Lsing the appropriate combination
of controd slgnaks. The wisz operation cycle Is saif-imed and once Irisated, will aussmatizaly
e lEalf i completion

All major programming vendors offer waorldwlde support far the Atmel microconbrolier seres.
Please contact your local programming vendor far the appropriate software revision.

Table 7. Flash Programming Modes

BLES B POT-D PL3D P70
W= Ve RET FSEM PRO=3 ‘der PLE FLT PL3 PLE Fa.7 Duata Bddress
Warite Coafia Dalw 23 H L - - =y L H H H H Oy [ARE:] ATD
R Coda Data 23 H L H H L L L H H Dy Al18 AT
i
Wit Lokl B 1 2 H L — ) H H H H H X X X
- . i —a
Wit Look B 2 2 H L - o H H H L L X X X
i

rite Lock B8 3 B H L o H L H H L X X x
L £

. Fl.Z,
Md:Llhm 23 H L H H H H L H L FiLE X X
12,3 Fi.é4
Crip Emas o H L . e H L H L L X X X
Read Al ID 2 H L H H L L L L L 1EH D00 aoH
Resined Do 1D 23 L H H L L L L L 51H ooad 2aH
R Do 1D B H L H H L L L L L DEH iy ] ooH

HMofes: 1. Each PROG gpulse Iz 200 ns - 500 ns for Chip Erase

Z. Each PROG pulse I= 200 ns - 00 ns for Wik Code Data.

3. Each PROG puke I 200 ns - S00 ms for \Wrike Lock BRs.

4. ROWESY signal Iz sulput on 3.0 during programsming.

X = o't care.

AT O S 51—
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Figure 4. Fragramming the Flash Memory (Farslel Mode)
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Flgure 5. Wertlylng the Flash Memary (Farallel Koss)
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Flash Programming and Verification Characteristics (Parallel Mode)
Ty = 20°C 16 30°C, Ve = .50 5.5V

Syinibal [ e ™ Uaits
Vop Prograrmirg Suoey Wolsge 1S 125 v
. Prograrmmrg Juopy Crarest 10 s,
o Voo Sumoly Curvent 30 a4
[ Szt Fregusnty 3 1 HE
(- deress Sene © PROS Low g
th_._.‘ Agareas maed A.'J!‘.’lam:‘ "Hewn
o Daia Setuz b PRSS Low [T
losizy Tata Fiela Aner FRSS .
Lewaws P17 (EFABLE) Hign = Vep P
e Ve 2400 10 BRES Low 1 w
Laeini Wi T Ay 'ﬁ ] (=)
touse FRSS wem 02 1 ™
Iﬂ Asreas to Dok akd "“E
| ooy TAll Los b Do valls ¥y
| teuse Cata Mt Ater THABRE & o
| gy Fha High bz ToaT wow 1.3 3
_I'ﬁ Byls Wrike Cytle TimE L o] ]

B - P ERA ARG | VRN

BLG - BLY - FESEEES
— et =

POAT O -_—E B ot

AT89S551
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Flgura 7. Flash Memory S2rial Doanloading

ATEBEET

INSTRUCTICH
NEUT T

DTA. OUTFUT +—

CLOCH N —

333 MHz|
—_

!
H

I

[ B e
P1ERIED
[ Brs=oe

XTALD

KTALS
GND

RET

Flash Programming and Verification Waveforms — Serial Mode

Flgura &. Seral Frogramming Waveforms

AT89551
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Table 8. Serlal Programming Instruction Set

nctruotion
Format
Ingtrustion Byt 1 Eyts 2 Eyt= 3 Eyt= 4 Operabion
Programming Enable 1010 #4100 0101 oo TNNE  NENE THNY NN Enshbiz 3eral Frogrammieg
o110 10 whike BT Is hilgh
{Dutput)

Chip Erase 1010 4400 100x  ww NNKY  HNNN NHNY  WANE Chip Erase Flash memary
ATy

Readl Frogram Memory | 0010 0000 nw  Cogm | o acme 5kim pims | Read cats from Frogram

Byle Mode] €L memery In e byt mode

Write Frogram Eemory 0100 CCoO HEXNE = T T hﬁlz g Wirlls data o Frogram

[Byle Mo} T * * o mEmary In the byt made

wirile Lock Sasi 1010 4100 1110 00 &E | oo wooe MONE  NENE Wiite Lock bils. See Woke (2],

Read Lok Bits o210 odoo TEEN  NEKX TEEN  NEKX e ) ?Erx Read back cument status of

a ihe kock bits {a proprammed

ock bk reads back as a "1}

Read Bignatee Bytes'!! | 0010 1000 WE Y FERE [y oo Signatore Byle | Read Signature Byl

Read Frogram Memory | 0011 0000 wew =ogy | Syl Read data from Frogram

[Fage Mods| aL miEmery In e Fags Mods
{256 bybes)

Write: Frogram Memory | 0101 0000 aew oy | vkl Wirle daba to Frogram

[Fage Mods| €L miEmery In e Fags Mods
{256 bybes)

Mok=s: 1. The sigrature bytes ane not resdabie In Lock S8 Modes 3 and 4.

Z. B =3, B2 = 0 —#ode 1, no lock protection
B md, B2 = 1 —ffode 2, ook it 1 actiates \'l Each cf e lcck bits resds to be acthaled sequentally before
B =1, B2 = 0 —#fode 3, ook bil 2 activates Miode & can be exsouted.
B =1, B1 =1 —#dode £, lock bl 2 activated j’

After Reset signal 1s high, 20K should be low for at keast 54 system clocks before It goss high o Ciock In the enable data
bytes. Mo pulsing of Fe=sef signal Is: necessary 3T should be no Tasier har 1/1 6 of the sysiem clock at XTALY.

Fior Page ReadiWirlte, the data always starts from byte O to 255. After the command byle anc upper acdress byte are
atcred, sach byls tharsafter ks fraxtsd as dats woil all 255 oy are shited nfout. Toen the next insruction wil be ready 1o
be decoded.

AT B0 S 51 o —



Table 8. Serlal Programming Instruction Set

nctruotion
Format
Ingtrustion Byt 1 Eyts 2 Eyt= 3 Eyt= 4 Operabion
Programming Enable 1010 #4100 0101 oo TNNE  NENE THNY NN Enshbiz 3eral Frogrammieg
o110 10 whike BT Is hilgh
{Dutput)

Chip Erase 1010 4400 100x  ww NNKY  HNNN NHNY  WANE Chip Erase Flash memary
ATy

Readl Frogram Memory | 0010 0000 nw  Cogm | o acme 5kim pims | Read cats from Frogram

Byle Mode] €L memery In e byt mode

Write Frogram Eemory 0100 CCoO HEXNE = T T hﬁlz g Wirlls data o Frogram

[Byle Mo} T * * o mEmary In the byt made

wirile Lock Sasi 1010 4100 1110 00 &E | oo wooe MONE  NENE Wiite Lock bils. See Woke (2],

Read Lok Bits o210 odoo TEEN  NEKX TEEN  NEKX e ) ?Erx Read back cument status of

a ihe kock bits {a proprammed

ock bk reads back as a "1}

Read Bignatee Bytes'!! | 0010 1000 WE Y FERE [y oo Signatore Byle | Read Signature Byl

Read Frogram Memory | 0011 0000 wew =ogy | Syl Read data from Frogram

[Fage Mods| aL miEmery In e Fags Mods
{256 bybes)

Write: Frogram Memory | 0101 0000 aew oy | vkl Wirle daba to Frogram

[Fage Mods| €L miEmery In e Fags Mods
{256 bybes)

Mok=s: 1. The sigrature bytes ane not resdabie In Lock S8 Modes 3 and 4.

Z. B =3, B2 = 0 —#ode 1, no lock protection
B md, B2 = 1 —ffode 2, ook it 1 actiates \'l Each cf e lcck bits resds to be acthaled sequentally before
B =1, B2 = 0 —#fode 3, ook bil 2 activates Miode & can be exsouted.
B =1, B1 =1 —#dode £, lock bl 2 activated j’

After Reset signal 1s high, 20K should be low for at keast 54 system clocks before It goss high o Ciock In the enable data
bytes. Mo pulsing of Fe=sef signal Is: necessary 3T should be no Tasier har 1/1 6 of the sysiem clock at XTALY.

Fior Page ReadiWirlte, the data always starts from byte O to 255. After the command byle anc upper acdress byte are
atcred, sach byls tharsafter ks fraxtsd as dats woil all 255 oy are shited nfout. Toen the next insruction wil be ready 1o
be decoded.
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Serial Programming Characteristics

Figure 3. Zerial Programming Timing

MOS

X X

Tabla 9. Seral Programming Charatctersiics, T, = ~£0°C 0 35°C,

C &0 W = 4.0 - 5.5V (Uniess Othenwlse Notad)
Zymbal Faramater W Typ Max Unitts
e g Crscllator Freguency 3] 3 WHZ

Crscliaior Feriod £l s
BCK Pulzs Width High 1 s
SCK Pulse Width Low Bloym s
MOBI Belup o 30K High [ s
MOEl Hold after SCK High Lo s
SCK Low o MIS0 valis 12 16 3z ms
Chip Erase Instruction Sycle Time 500 s
b Serial Eyie Wiile Cycle Time S48 g w400 B

I m 13
VR~




Absolute Maximum Ratings*®

Cmerabing TEMPEratUnS . .o "HOTICE Sirzsses beyond those Isled under “ADsciube
Maximum RAatings" may cause permanent dam-
Slorage Temperature .. age o the device. This s a stress rading only and
furctonal cozmation of the device at these or any
Woltage or Ay Pln pther condflors beyond those Indicatsd In fhe
with Respect o Sround .o cperational sectons of this spectication Is raot
Impliec. Exposure 1o absolute maxieum rafing
Maxirmum Sperating Welbge .. &.6W conditions for extended pericds may affect
device relability
D Cutout CUMERE ..o e s 15.0 m&
OC Characteristics
The waluss shoan In this table ara valld for Ty = -40°C 1o B5°C and = £ 0V 1o 5.5V, unless olherwlse noted
dymbo Sarametar Gandition Mir Max UnEs
W, rout Low kg (Except EA) 05 0.2 W D1 W
nput Low \olkag 05 0.2 Wge 0.3 v
roat High Veoitage (Excepl XTALY, R2T) 02 Wpe=0.8 Voot S v
rout High voitage (XTALY, RET) 0.7 Wgg Ve S v
Dutpet Low Yollage™ [Foris 045 W
Ve 2,3} lgg = 15 mA
Dulpit Low Wolkage ™ D.4c W
Vet (Paort 0, ALE. FEEN) lpy = 3.2 mA
gy = =50 WA, Wpe m 2.4 W
=--ZE uA W
Dutput Hign Vollags ot Lo h
- (Ports 1,2,3 ALE.F gy = =10 uA v
gy = 500 54, Vg 2.4 W
Dutput Hign vollage lowt = -300 kA v
Va1 (Port 0In External Sus Mods) gy = =50 UA [
Legical 3 Input Cument (Forls ~=0 LA,
Iy 1.2,3) Vg = DASY
Legical 1 1o O Transhicr Current €50 LA,
n (Ports 1,2,3]
Iroat Leakape Cuwment (Fort 0, E3il] LA,
" EA)
RRAT Rezal Fuldowrs Resistor e 300 K
Sy Fin Capacilance o pF
Actie Mooe, 12 MHz s mA
Fower Supply Sumsnt ldie Mode, 12 MHz = i
[ Foaer-down Mode™ Ve = 5.5 50 LA
Mofes: 1. Under steady stale (non-Tansient) condlicns, oy must be externaly imited s follows

Maximum | per partpin: 10 mA
Famium |y per 8- port
Porid: 26 m& Ports 1, 2

315 mA
Maximum tosal I, for 2l oulput pins: 71

mA

18|y =wceeds e fmst condiion, Wy may excesd the reiated specticalion. Fins are rot guaranieed B0 Sink current grester

thar the Istzd best conditiens.
Z. Minimum gy for Power-doan Is 24,

48, T8 S 51—
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AC Characteristics

Under operating condibions, iaad capaciance for Port 0, ALEFROE, and PSEM = 100 pF; load capaciiance for all other
cutpuss = &0 pF

External Program and Data Memory Characteristics

12 MHz Cmolllator Varlaoles Ceolllator
Aymbo Faramatsr Min Mazx Min Max UnHe
i Cscllator Frequency a EE] Rtz
o ALE Pulse Width 127 e P | ns
tans Address Valld 1o ALE Low £3 foyo 25 ns
tax Address Hold After ALE Low 8 E-2- ns
tw ALE Low o Valid Instruciion in 233 ns
tm ALE Low bo FEEN Low &3 Lo 15 ns
tryma FEEN Pulse Width 205 Iy 945 ns
teurs FEEMN Low to valkd insfruction In 145 Hpyeg 6D ns
trom Input Instruction Hoki Atter FREN o o ns
tem Input Irstructicn Float After 55 topey 25 ns
{— FEEN o Address Vald 75 ey B ns
tame Address io Vald Instrucion In Skpyy-B0 ns
trpaz FEEM Low to Address Float 10 10 ns
towan O Fuise Widih 400 By 103 ns
o WH Pulza Wigh 400 Etyey-103 ns
trow RO Low to vald Data in 252 Stoyey-30 ns
— Daka Hold Afer =0 ] a ns
tosanz Ciata Float Afler 5T 57 Thpyey 28 ns
tuew ALE Low o vald Data In 517 Btz -150 ns
[ — Address fo Vald Data in 585 Blpyey 188 ns
- ALE Low to BT or WR Low 200 200 3y 50 Bty oy =50 ns
— Address io RD or WR Low 203 Ay TS ns
R Ciata valid b WR TransEon 23 topo =30 ns
— Ciata vald & WR High £33 Ployey-130 ns
— Dtz Hold Atter TR 3 E-2- ns
tpo sz D Low lo Address Fioat o o ns
(T RO or WR High to ALE High a3 123 Lo 15 toyey =25 ns

B |



External Program Memory Read Cycle
ETE T R

ALE

tay, :
— L e

| p—toriz [
e teu
[ I T
=OET O AD- AT L FIHETRIN b3 AD-RT =t
Lt
FORT 2 4 AE - A1 AR - AT

External Data Memory Read Cycle

|::|L-u.—' h—/
o b

il
s

iz

Fepen

Al - AT FHOM PCLI INSTH IN

taiaz
PORT 0 .+ fAD - A7 Fr0M M OR Lll'.,-iv DRI Ik

Sy ——]

FORT 2 ___ ] PRE - LY OR AR - A%E FROM DA X &% - AA FRCM PEH

A8, T8 S 51—
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External Data Memory Write Cycle

ta—o
AE ™

AT89551

L_\—/’

FIEN
-— -'J.M _""_I'ﬂli“l_"
—
e s
—fwn—s] o P e
— topim —
FORT 2 el RS - AD FROM HI O DL DTA, ST W WAD - A7 FROM PLLb—TRETH Ik

Lo
FORT 2 * PR - PR OR AR - AN

External Clock Drive Waveforms

% FROM OPH

M A - AMS FROM PCH

External Clock Drive

Fymbo Faramaisr Min Max Unitte
e Crscliator Fraguency c 33 MHz
tocy Clock Peros 20 rs
[— High Time 12 ns
toncx Low Timz 1z -
toacn Riz= Time £ -
Lot Fall Timz= 5 rx

SATE~TEN




Serial Port Timing: Shift Register Mode Test Conditions

The walues Ini this table are valld for Ve = 4.0V to 5.5V and Load Capacitance = 80 pF

12 WHz Ceo varisbis Deziliator
Jymbo Parameter Min Max Hin Bax Unite
. Zerlal Fort Clock Cycle Time 1.0 12y s
(P— Culput Dala Setup o Clock Rising Edge o0 10ty g -133 ns
banza Dulput Data Hold Af%er Clock Sising Edge E0 B0 ns
— rput Dty Hold After Clcck Rising Edge o o ns
tams Caock Rising Edge o Input Diata walld 700 A0y~ 133 ns
Shift Register Mode Timing Waveforms
IKETRUCTION | 0 | 1 | z 1 2 | 4 | = | E | 7 1 8 | —
MLE _I_I_I_f H_I : L e L
L

ek eI

bamn |-—-: |‘_ |au-!:c(

WERITE T SEUF, D T 3 M 3 W £ W 5 W B M T S
GUTFUT DA o f—] o gl

L CLEAS Al |
¥

NIPUT DATA BETR T

AC Testing Input/Output Waveforms!!!

Wi~ DB

sy

Mofes 1. A Imputs curing testing ane driven at Wy, - DSV for 2 logic 1 and D45V for a logic 0. Timing meazurements ars made at Wy,
min. for & logic 1 and '), max. for & loglc 3.

Float Waveforms!"

Notes 1. For Sming perposes, a port pin Is no longer flaaling when a 100 mv changs from load woltage ccours. A port pin begins 1o
finat when 8 100 my chamge from She loaded VeV, lawel socurs.

AT89551
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Ordering Information

dpead Fowar
MHz) Supply Ordaring Cods Facuags Oparation Range
2= 4.7V o 5.5V ATEIEE1-24AC 44 Coamimierchal
ATHIES ¥ O*C o TOFCl
ATEIEE1-24F0
ATEITE- Industrial
ATEIEE (=407 C o BE
ATEAEE-
13 4.5v fo 5.5V ATEIBS1-33AC Commierclal
ATEIES1-330C {I*C o TOCI
ATEAES1-33FC

|:| = Preiminary Avallabiiy

Package Typs
a4 &&-lead, Thin Plasfic Eull Wing Guad Flalpack [TEFP)
a4l £i-isac, Flastic J-eaced Chip Carrer (PLCC)
40F8 20-pir, /500" Wide, Flastic Dual Inline Fackages (FDIF)

R |



Packaging Information

444, &4-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Fiat Packaps (TQFR)
Dimeanslans In Milllmatars and |:|rl3"IE'5:-'

- SR o0
SN
amasns i
T 1
I Bi 5

3 1—1 ST A
L3UEN T —
R oL

1 1': _|| l?igml: J'ﬁln_!)%:‘l

“Controliing dimensizn: millmeters

44, 24-lead, Plastic JHeaded Chip Carmier (PLCC)
Dimenslons In Inches and (MIllmeters)

Lt A 0 - A

b g N
8 |
;'mm-'_-m‘ I :nln--:..-
g (i
am ey | 0% a8
TR : i

|
]
1

Tign
ELLTRE

|

R . § N
————| sEprzrREr 52 }‘ T 50,

‘-

40P, 40-pin, 0.E0D" Wide, Plastic Dual inlins
Paciage (FOIF)

Dimarzians In Inchies and (WIllimetars)

JEDES STANDWAT MES-011 AT

AT89551
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72 EXAR
A ...the analog pliz company™

XR-2206

Monaolithic
Function Generator

A A A A A

FEATURES

® Low-Sine Wave Distortion, 0.5%, Typical

® Excellent Temperature Stability, Z0ppm~C, Typ.
® Wide Sweep Range, 2000:1, Typical

®  Low-Supply Sensitivity, 0.01%Y, Typ.

® Linzar Amplitude Modulation

& TTL Compatible FEK Controls

& Wide Supply Range, 10V to 28

& Adjustable Duty Cycle, 1% TO 58%

June 1997-3
APPLICATIONS
& ‘Waveform Generation

& Sweep Generation
& AMFM Generation
® \VIF Conversion
®& F5H Generation

® FPhase-Locked Loops (WCO)

GEMERAL DESCRIPTION

The ¥R-22Z08 is a monolithic function generator
integrated circut capable of producing high quality sine,
sguare, firangle, ramp. and pulse waveforms of
high-stability and accuracy. The cutputwaveforms can be
bath amplitude and frequency modulated by an external
voltage. Frequency of operation can be sslected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suted for communications,
nstrumentation. and function generator applications
requiring sinusgidal tone, AM, FM, or FSK generation. |
has a typical drift specification of 20ppmi™=C. The oscillator
frequency can be linsarly swept overa 2000:1 freguency
range with an extemal control voltage, while maintaining
ow distortion.

ORDERING INFORMATION

Cperating
Part No. Package Temperature Range
XR-ZZ0EM 16 Lead 500 Wil COIF -55°C to +125°C
XR-2208P 18 Lead 200 Wil FOIF -40°C fo +85°C
XR-2208CP 18 Lead 300 Mil POIP 0°C to +70°C
XR-2208D 18 Lead 300 Mil JEDEC SO/C 0°C to +70°C




XR-2206

722 EXAR

A L 8 & W

Timin
Capachior

Timing
Reslstars

Fekl (E)

Voo GND O BIAS

@ @ @

1) SYRGO

Curent
Swamnes Hulprer

Snaper

amz (1)
P

WAVEAT (13,

waveaz (1)
o\

SYMAT @

svmaz (8)

Figure 1.

XR-2206 Block Diagram
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Z2 EXAR XR-2206
y— — / / // /

AME SYMAZ B SYMA2
7o SYMAT (1 SYMAL
MO VIENEAZ T wavEAD
Von VIEEAT T WAVEAT
TC1 GHD := @ho
TCZ SYNCD M syHoo
TR BlAS F BlAS
TR2 FSKI M Fek

16 Lead FD'F, CoIP 1'].3':'0“] 16 Lead S0IC (Jedec, 0.2007)

FIN DESCRIPTION

Pin & Symbol Type |Description
1 AMS Amplitude Modulating Signal Input.
2 ETO o Sine or Triangle Wave Qutput.
3 MO O Multiplier Cutput.
4 Viee Paositive Power Supply.
] TC1 Timing Capacitor Input.
] TC2 Timing Capacitor Input.
T TR1 o Timing Resistor 1 Cutput.
8 TR2 o Timing Resistor 2 Cutput.
g FSK Frequency Shift Keying Input
10 BIAS o Internal Voltage Reference.
1 SYMNCO o Sync Output. This cutput is 3 open collecior and needs a pull up resistor to Ve,
12 GHD Ground pin.
13 WAVEA Wave Form Adjust Input 1.
14 WAVEAZ Wave Form Adjust Input 2.
15 SYMAT Wave Symetry Adjust 1.
18 SYMAZ Wave Symetry Adjust 2




XR-2206 7 EXAR
/[

DC ELECTRICAL CHARACTERISTICS
Test Conditions:  Test Circuit of Figure 2 Voo =12V, Ty = 25°C, C = 0.04uF, Ry = 100kL2, Ry = 10k}, Ry = 25k
Unless Otherwise Specified. 54 open for friangle. closed for sine wave.

XZR-220EMIP XR-2208CPID
Parameters Min. I Tvp. | Max. | Min. | Typ. | Max. | Units | Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 v
Split-Supply Voltage +3 +13 +5 +13 v
Supply Current 12 T 14 20 mé Ry = 1060
Oscillator Section
Max_ Operating Freguency 0.3 1 0.5 1 MHz | C=1000pF, Ry = 1kt
Lowest Practica’ Frequency 0.1 001 Hz C = 50uF, Rq=2h0
Freguency Accuracy =1 +d4 =2 e of f,
Temperaiure Stabfty +10 +30 +20 ppmi=C
Freguency
Sine Wave Amplitude Stability? 4300 4800 ppmicC
Supply Sensitivity 001 01 001 Y
Sweep Range 1000:1 | 2000:1 20001 fu="HL
Sweep Linearity
101 Sweep 2 2 ) f = 1kHz. fy = 10kHz
1000:1 Swesy 8 8 £ fL = 100Hz, fy = 100kHz
FM Distortion 01 0.1 e +10% DCeviation
Recommended Timing Components
Timing Capacster: C 0.0 100 ] o0.0om 100 uF Figure &
Timing Resstors: Ry & Ry 1 2000 1 21000 ki
Triangle Sine Wave Ouiput! Figure 3
Triangle Ampiude 160 180 myike | Figure 2, 54 Cpen
Sine Wave Amplitude 4 60 ED 60 mvik | Figure 2, 54 Closed
Max. Dutput Swing i i Vp-p
Cutput Impedance i LY i 1] e
Triangle Linearity 1 1 Y
Amplitude Stability 05 0.5 dB For 1000:1 Sweep
Sine Wave Distortion
[ Without Adjustment 25 35 R =T
With Adjustment 04 1.0 0.5 15 Y See Figuwe 7and Figure 8
Notes

T Quiput amplifude is directly proportional fo the resistance, Rz, on Fin 3. See Figure 2
< For maximum ampiitde stability, Ry should be 3 positive temperature cosfficiant resistor
Bold face parameters are covered by production test and guaranteed over operating tempearaiure range
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-ZZDGMIF ¥R-Z206CFID

Parameters [Win T Typ- [ Max | Min_ [ Typ. | Max. | Units |Conditions
Amplitude Modulation

Input Impedance ] 100 D [ 00 5]

Modulation Range 100 100 %

Camier Suppression 55 58 dB

Linearity 2 2 % For B5% modulation
Square-Wave Output

Amplitude 12 12 Vpp |Measured at Pin 11.
Risa Time 250 250 ns |C.=10pF

Fall Time 50 50 ns Gy =10pF
Saturation Voltage 0.2 04 02 | 08 v oo fiL=2ma

Leakage Current 0.1 20 01 100 wA  |Veo=28v

FS¥ Keying Level (Pin 8) 0.8 14 24 0.8 14 24 v See section on circuit controls
Reference Bypass Voltage 29 LR 33 | 25 3 35 ¥ |Measured at Fin 10.
Notes

T Qutput amplifude is directly proportional for the resistance, Rz, on Pin 3. See Figure 3.
2 For maximum amplitude stabilify, Ry should be a positive temperafure coefficient resistor.
Bold face parameters are covered by production fest and guaranteed over operating femperature range.

Speciflications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply - ... ... ... . ... ............. 26V
Power Dissipafion ........ . ............ 760mW
Derate Above 25°C ... .. ... ... . ... BmWPC

Total Timing Current ... ... ......_........... BmA

Storage Temperature ... ... ... .. -85°C fo +150°C

SYSTEM DESCRIPTION

The XR-Z208 is comprised of four functional blocks; a
voltage-controlled oscillator (WVCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a s=t of
currant switches.

The VCO produces an cutput frequency proportional to
an input current, which is set by a resistor from the timing

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
szlzct one of the timing resistor currents, and routes itto
the WCO.
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Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-5hift Keying

The XR-Z208 can be operated with two separate timing
resistors, Ry and Rg, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13. Depending on the
palarity of the lagic signal at Pin 9, either one or the other
of these fiming resistors is actvated. If Pin 8 is
open-circuited or connected to a bias voltage 2= 2V, only
Ry iz activated. Similary, if the voltage level at Pin 8 is
=1V, enly R;is activated. Thus, the cutput frequency can
be keyed betweaen twao levels. fj and f, as:

f; = 1/R4C and fz = 1/R2C

For split-supply operation, the keying voltage at Pin 8 is
referenced to V.

Cutput DC Level Control

The dc level at the output (Fin 2) is approximately the
same as the dec bias at Pin 3. In Figure 11, Figure 12 and
Figure 13, Pin 3 is biased midway betwesen V+ and
ground, to give an output de level of &+ /=12,

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal cutput from the XR-2206. The potentiometer,
R4 at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V42, and the
typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, addiional adjustments can be
provided as described in the following section.

The circuit of Figure 77 can be converted fo split-supply
operation, simply by replacing all ground connections
with W For split-supply cperation, Rz can be directly
connected o ground.
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With External Adjustment:

The harmonic content of sinuscidal output cam be
reduced to -0.5% by additional adjustments as shown in
Figure 12, The potenfiomster, R, adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. Set Rp at midpoint and adjust Ry, for minimum
distortion.

2. With Ry set as above, adjust Rg to further reduce
distoriion.

Triangle Wave Generation

The circuits of Figure 17 and Figure 12 can be converted
fo triangle wawve generation, by simply open-circuiting Pin
13 and 14 {i.e., 51 open). Ampltude of the fnangle is
approximately twice the sine wave output.

FSK Generation

Figure 13 shows the circuit comnection for sinuscidal FSK
signal cperation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
R4 and Rg; the output is phase-confinuous during
transitions. The keying signal is applied fo Pin 8. The
circut can be converted to split-supply operation by
simply replacing ground with W~

Pulse and Ramp Generation

Figure 14 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FEK keying
terminal (Pin 8} is shorted {o the square-wawve cutput (Pin
113, and the circuit automatically frequency-shift keys
itself between ftwo separate frequencies during the
positive-going and negative-going ocutput waveforms.
The pulse width and duty cycle can be adjusted from 1%
to B9% by the choice of Ry and Rz. The values of Ry and
Rz should be in the range of 1kL} to 2ML.

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The frequency of oscillation, f;. is determined by the
external iming capacitor, C. across Pin 5 and 8, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

amd can be adjusted by varying either R or C. The
recommendead values of R, for a given frequency rangs.
as shown in Figure 5. Temperature stability is optimum
for4kLl < R < 200k Recommended values of C are from
1000pF to 100uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total timing
current, I, drawn from Pin 7 or 8:

. 320ir{ma)
T TewE

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linsarly with IT. over a wide range of
current values, from 1wA to 3mA. The frequency can be
controlled by applying a control voltage, Vo, to the
activated timing pin as shown in Figure 10. The freguency
of oscillation is related to VG as:

1

: B, Ve,
f= R.I'\1_ Hz

r-?r:{1‘ - 3/

where V¢ is in volts. The voltage-to-frequency conversion
gain, K, is given as:

. pi 0.32
He gffale= - ——
ool ReC

(=}

Hz{ W

CAUTION: For safety operation of the circuit, & showld be
fimited fo << ImA.
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Cutput Amplitude:

Maximum output amplifude is inversely proportional to
the external resistor, Ri connected fo Pin 3 (ses
Figure 3). For sine wave output, ampltude is
approximately 80m\ peak per k2 of R4 for triangle, the
peak amplitude is approxmately 160mY peak per kL2 of
Rz Thus, for example, Rz = S0k2 would produce
approzimately 13V sinusoidal cutput amplitude.

Amplitude Modulation:

Cutput amplitude can be modulated by applying a dec bias
and a modulating signal to Pin 1. The internal impedances

at Pin 1 is approcamately 100kL2. Qutput amplitude varies

inearly with the applied voltage at Pin 1. for values of do
oias at this pin, within 14 volts of Veg/2 as shown in
Figure §. As this bias level approaches Vo o/2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This property is suitable for phase-shift
keying and suppressed-carmier AM generation. Tota
dynamic range of amplitude modulation is approxamately
55dB.

CAUTION: AM control must be used in conjunction with 3
well-reguiated supply since the output amplifude mow becomes
a function of Vog.

& k3

i)
i

-.rE$

il
[ B

Figure 15. Equivalent Schematic Diagram
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16 LEAD CERAMIC DUAL-IN-LINE
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(300 MIL CDIP)

Rev 1.00
SO e e e e,
18 N
2
L B
g e g e e e e gy e
-

BESE
Flane
L iy
- r-‘ L o
| ud
INCHES MILLIMETERS
SYMBOL MIN MAK MIN Max
A 0. 100 0200 254 5.08
Ay o.ois [U0&E0 0.3E 1.52
B o.oid 0L026 .36 065
B4 0.045 [UOGS 1.14 1.65
c 0.00E 018 0.20 045
[x] O.740 0840 18.50 21.24
Eq 0.250 0310 .35 T.67
E 0.300 BSC 762 BSC
B 0.130 BSC 2.54 BEC
L 0125 0200 2.1E 5.08

Node: The conirol dimension [s the Mch column

XR-2206
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Saating
Plang

16 LEAD PLASTIC DUAL-IN-LINE
(300 MIL PDIP)

Rey 1.00

eS il el

e .
-] B1
INCHES MILLIMETERS
STYMBOL MIN Max MIN MAX
A 0.145  0oM0 368 5.33
Ad 0.015  0u070 0.38 i1
Az 0115 D195 292 4.85
0.014 [uo24 0.36 0.56
Ey 0.030 0uOT0 0.7E -]
= 0.00E 0u014 0.20 0.33
0.745  [0.840 18.92 21.34
0.300 0.325 762 E.26
= 0.240 0250 .10 7.1
E 0.100 BSC 254 B3C
Ea 0.300 BSC T.62 BESC
ez 0.310 0430 7.7 10.82
L 0115 D160 2492 4.06
o i 157 o 15

Moter The condrol chmension s the Mch coiumn

72 EXAR
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16 LEAD SMALL QUTLINE
(300 MIL JEDEC SOIC)

Rey 1.00

AAAAAAARA

—

1

o
HHHOHEEY

Sl ks

—+lle— o
~
|-I—-

INCHES MILLIMETERS

SYMBOL MIN MAX M Max
A 0093 0904 2,38 265
Ayq 0004 0042 0.10 ]
B L3 00H 0.32 05
C 002 0043 0.23 naz
C 0396 0413 1010 1050
E 0291 028 7.40 7ED
£ 0.050 BSC 1.27 BSC
H 0324 0419 1000 1085
L LME 005D 0.40 127
a 0" 3° 0° &

Node: The control dimensisn s e mimeler oo
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XR-2211

FSK Demodulator/
Tone Decoder

AR A A A A

FEATURES

Wide Frequency Range, 0.01Hz to 300kHz
Wide Supply Voltage Range, 4.5V to 20V
HCMOSTTL/Logic Compatibility

F5k Demodulation, with Carrier Detection
Wide Dynamic Range, 10mV fo 3V rms
Adjustable Tracking Range, +1% to 80%

Excellent Temp. Stability, +50ppmi™C, max.

June 1387-2
APPLICATIONS
& Caller ldentification Delivery
& FSK Demodulation
® Data Synchronization
® Tons Decoding
& FM Detection

® Carrier Detection

GEMNERAL DESCRIPTION

The ¥XR-2211 is & monolithic phase-locked loop (FLL)
system especially designed for data communications
applications. It is particularly suted for FSK modem
applications. |t operates over a wide supply voltage range
of 4.5 to 20V and a wide frequency range of 0.01Hz to
200kHz. 1 can accommodate analog signals between
10mV and 3V, and can interface with conventional DTL.
TTL, and ECL logic families. The circut consists of a basic
FLL for tracking an input signal within the pass band, a

quadrature phase detector which provides camer
detection, and an FEK voltage comparator which provides
FE5K demodulation. External components are used o
ndependently set center frequency, bandwidth, and output
delay. An internal voliage refersnce proportional to the
power supply is provided at an cutput pin.

The XR-2211is available in 14 pin packages specified for
military and industrial temperature ranges.

ORDERING INFORMATICON

Cperating
Part No. Package Temperature Range
XR-2211M 14 Pin CDIF (0.3007) -55°C to +125°C
XR-2211H 14 Pin CDIF (0.3007) -40°C fo +85°C
XR-Z211P 14 Pin PDIP {0.2007) 407G {o +85°C
XR-2211ID 14 Lead S0IC (Jedec, 0.1507) -40°C fo +85°C
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FIN DESCRIPTION

Pin # Symbaol Type |Description
1 Voo Positive Power Supply.
2 ME Receive Analog Input.
3 LDF O Lock Detect Filter.
4 GEMD Ground Fin.
5 LD o Lock Detect Cutput Mot Ths output will be low if the WVWCO is in the capiure range
i LDOG O Lock Detect Qutput. This output wil be high if the WCO s in the capture range.
T 3} O Data Qutpul Decoded FEK outpui
8 COMP | FSK Comparator Input.
] c Mot Connected.
10 Wags O Internal Voltage Reference. The wvalus of Vigg= is Woo/2 - 850m\.
11 LD o Loop Detect Cutput. This ocutput provides the result of the guadrature phase detection.
12 TIM R Timing Resistor Input. This pin connects to the timing ressstor of the VOO,
13 TIM C2 Timing Capacitor Input. The timing capacitor connecis between this pin and pin 14,
14 TIM 21 Timing Capacitor Input. The timng capacitor connecis betwsen this pin and pin 13,
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ELECTRICAL CHARACTERISTICS
Test Conditions: Voo = 12V, Ty = +25°C, Ry = 30K, Cg = 0.033uF, unless otherwise specified.

Parameter Min. | Typ. | Max_ | Unit | Conditions

General

Supply Voltage 4.5 20 W

Supply Current 4 T mA R = 10KL:. See Figure 4

Cscillator Section

Freguency Accuracy 1 i £ Dieviation from fp = 1R, 5

Freguency Stabity

Temperature +20 50 opmi®C | See Figure 8.
Poweer Supply 0.05 0.3 TN Vep = 12 41V See Figure 7
0z A Voo = £5V. See Figure 7
Upger Frequency Limit 100 00 kHz R = 8.2k, Cy=400pF
Lowest Practical Operating 0.0 Hz R =280, Cp=50uF
Frequency
Timing Resistor, Ay - See
Figure &
perating Range 3 2000 2]

Recommended Range ] KL Siee Figure Tand Figure 8.
Loop Phase Dectector Section
Peak Cutput Current #1350 200 300 wh Measured at Pin 11
Output Orffset Cumrent 1 ud
Cutput Impedance 1 e
Maximum Swing e =5 v Referenced to Pin 10
Guadrature Phase Detector Measured at Pin 3
Peak Cutput Current 100 300 wh
Cutgut Impedance 1 L
Maximum Swing i Ver
Input Preampt Section Measured at Pin 2
Input Impedance 20 %]
Input Signal

Voltage Required to

Cause Limiting 2 10 mV mms
Notes

Parameters are guaranteed over the recommendead oparating condittons, but are not 100% fested in production.
Bold face parameters are covered by production fest and guaranised over aperating tempearature rangs
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

Test Conditions: Vge =12V, Ty = +25°C, Ry = J0KL, Cg = 0.033uF, unless otherwise specfied.

Parameter I Min. I Typ. I Max. I Unit [ Cenditions
Voltage Comparator Section

Input Impedance 2 [ Measured at Pins 3 and B
Input Bias Current 100 né,

Votage Gain 85 o dB A= 5.1k

Output Voltage Low oo 300 my lz=3ImA

Cutput Leakage Cumrent D.01 10 i W =20V

Internal Reference

Voitage Level 49 53 3T W Measured at Pin 10
Cutput Impedance 100 L] AC Small Signal
Maximum Source Current ED wh

Notes

Parameters are guaranieed over the recommended oparating conditions, buf are nof 100% fested in produchion.
Bold face parameters are covered by production test and guaranteed over operating lemperature range.

Spacifications are subject to changs without notice

ABSOLUTE MAXIMUM RATINGS

Fower Supply .. .. . . 20
Input Signal Level ... ... .. .. L lL IV rms
Power Dissipation ....... ... oo S00mw

Package Power Dissipation Ratings

0 I TE0m\WW
Derate Above Tp=25°C .. ... ... ..... BmW/=C
PP e BO00mWW
Derate Abowve Ty =25°C ... .. ... ... B0mW~C
L0 L 390mWW
Derate Above Tp=25°C .. ... ... ...... SmW/C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is constructed from an
input preamplifier, analog multiplier used as a phass
detector and a precision voltage controlled oscillator
(WIZO). The preamplifier is used as a limiter such that
input signals above typically 10mV rms are amplified to a
constant high level signal. The multiplying-type phass
detector acts as a digital exclusive or gate. lis culput
{unfiltered) produces sum and difference frequencies of
the input and the VCO cutput.  The VCO is actually a
current controlled oscillator with its normal input current
{fr) set by a resistor (Rp) to ground and its driving current
with a resistor (R4) from the phase detector.

The output of the phase detector produces sum and
difference of the input and the VOO frequencies

(internally connected). When in lock, these frequencies
are figg+ fippn (2 times figy when in lock) and fiy - fpeo (0Hz
when lock). By adding a capacitor fo the phase detector
output, the 2 times fiy component is reduced, leaving a
DC voliage that represents the phase difference between
the twa frequencies. This closes the loop and allows the
WICO to track the input frequency.

The FSK comparator is used to determine if the WCO is
driven above or below the center frequency (FSK
comparator). This will produce both active high and
active low outputs to indicate when tha main PLL is in lock
(guadrature phase detector and lock detector
comparatar).
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FPRINCIFLES OF OPERATION
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Figure 2. Functional Block Diagram of a Tone and FSK
Decoding System Using XR-2211
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Figure 3. Generalized Circuit Connection for
F5K and Tone Detection
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DESIGN EQUATIONS

{All resistance in L, all frequency in Hz and all capacitance in farads, unless otherwise specified)
(See Figure 3 for definition of components)

1. WCO Center Frequency, fo:

2. Internal Reference Voltage, Vges (measured at pin 10):

Vigr = I: Li.'_:r -]—EEEI.".".'L"' in volts

3. Loop Low-Pass Filier Time Constant,

r = £ R, (seconds)

where:
- Ry R "I
" Ry + Rg

if RE is co or Cp reactance is oo, then Rop = R1

4. Loop Damping, :

! {1250-c,)
¢ J=e
Note: For dervation/zxplanation of this egquation, please see TANDIT.

5. Loop-fracking

Af
bandwidth, == =
1)
Af _ By
fa H,
Tracking
Eandwidth
AP Af
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g. F5K Data filter fime constant, tF:

Re- Re

S TRy + R

Cp (seconds)

Loop phase detecior conversion gain, Kd: (Kd is the differential DC voltage across pin 10 and pin11, per unit of
phase error at phase detector input):

Vagr - H'||: wolt ]

10, 000w | radian

Ky=
Notfe: For dervationfexpianation of this equabion, please see TAN-OTT.

2. WCOconversion gain, Ko: (Ko is the amount of change in WC O frequency, perunit of DC voltage change atpin 11

» _og ( radian/ second)
T W Gy Ry | volt .I

8. The filter transfer function:

Fis) = m at 0 Hz S =Jwandw =0
10. Total loop gain. K

- . I R A 1

Kr= KokiRis) = | s oo00,1m, + R _.I[semnds]

11. Peak detector current lg:

(- _ )
Iy = :E—FE“::] (Ve 0 volts and [y in amps)

Note: For dervationfexpianation of this equation, please see TAN-OTT.
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APPLICATIONS INFORMATION

FSK Decoding

Figure 10shows the basic circuit connection for FSHK deceding. With reference to Figure 3 and Figure 10, the functions
of external components are defined as follows: Rp and Cp set the PLL center frequency, R4 sets the system bandwidth,
and 4 sets the loop filter ime constant and the loop damping factor. Crp and R= form a one-pole post-detection filker for
the FSK data output. The resistor Rg from pin 7 fo pin 8 introduces positive feedback across the FSK comparator to
facilitate rapid transition between cutput logic states.

Design Instructions:

The circuit of Figure T0can be tailored for any FSK decoding application by the choice of five key circuit components: Ry,
R4, Cg. G4 and Cg For a given set of FEK mark and space frequencies, f and fy. these parameiers can be calculated as
follows:

{All resistance in L'z, all freguency in Hz and all capacitance in farads, unless otherwise specified)

a) Calculate PLL center frequency, fo:

. e
fa= JF-Fa

by Choosevalue offiming resistor Ry, tobe inthe range of 10KL fo 100KLY. This choice is arbitrary. The recommended
walue is Rip = 20K, The final value of Rp is normally fine-tuned with the series potentiometer, Ry,

Ry

Ro= Ro+ =

c) Calculate value of CO from design equation (1) or from Figure 7

d) Caloulate R1 to give the desired tracking bandwidth (See design eguation 5).

Ry fy
R. = - .
YRR

el Calculate C1 to set loop damping. (See design equation £):
Mormally, ¢ = 0.5 is recommended.

1280-C
I:L1 - R, - gzc
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fi  Theinputtothe XR-2271 may sometimes be too sensitive to noise conditions on the input ine. Figure 4 illustrates
a method of de-sensitizing the XR-2211 from such noisy line conditions by the use of a resistor, Rx, connected
from pin 2 to ground. The value of Rx is chosen by the equation and the desired minimum signal threshold level.

(V, Y
V,, minimum (peak) = V-V, = AV + 2.8mV offsef = 'E“r% or R, = 20,000 %—' |
(20, ) | I

Win minimum (peak) input voltage must exceed this value fo be detected {equivalent to adjusting W thresheld)

—————— T2 Phase
| b Dedecior
(: Va Wb
20 20K

|
Visgr Ei -
|

Figure 4. Desensitizing Input Stage

g) Calculate Data Filter Capacitance, Cg:

o _Re+ RiyRy
Ruww = T8, + R, + Ry

0.25 1
Cr = (R Baud Rate) Baud rate in o nds

Note: Al values except Ry can be rounded fo nearest standard vailue.



XR-2211
-/ / /4

Ry (L)

20
£
z Fy=3kKgE | |
= 1
=
-3 LT | =T Re=10Ka2
=
& 5 ..a-'_."'_"’:r-"""'ﬂ___ -'f""'"'_._
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Figure 5. Typical Supply Current vs. V+
(Logic Outputs Open Circuited)
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Design Example:

1200 Baud FSK demodulator with mark and space frequencies of 120072200,

Step 1: Caleculate fo: from design instructions

(a) f,= 41200-2200 =1624

I

Step 2: Calculate Ry : Rg =10K with a potentiometer of 10K, (See design instructions (b))

(B Ry= 104 |"2—':'| = 15K

Step 3: Caloulate Cp from design instructions

1

(e} Co= Y5o00-1624

= 20nF

Step 4: Calculate Ry : from design instructions

. 20000-1624-2

(a) R, [2200-1200)

= 51,000

Step 5: Caloulate Gy : from design instructions

- 1260-38nF

(&) & = Sigmgos = 39°F

Step 6: Calculate Re : R should be at least five times Ry, Rg = 51,000.5 = 255 HQ
Step 7o Calculate Rp - Rg should be at least five times Re Rp = 255,000-5 = 1.2 ML

Step 8: Calculate Ragy

(Re + R)R,
i i e =1
Rsvu = [Re+ R, + Ry 240H
Step B Calculate Cg
Cpm —225 o qpF

| Ry Baud Rate)

Note: AN values except Ry can be rounded to nearest standard value.
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Figure 10. Circuit Connection for FSK Decoding of Caller ldentification Signals
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FSK Decoding with Carrier Detect

Ve
o
z 7
FSK
Comp.
10 N
L
<+
’ Vi
Voo
Fine
Tune RLZ RL3
51K 4 51K
G LDoo B
+ } *
Logle Culput
- Or
5 LDOGMN 1T
Lack
%E'.El:-'.
omp.
Fp Eo
470K Edn
Figure 12. Circuit Connection for Tone Detection
frequency approaches the capture |bandwidth.

The lock detect section of XR-2211 can be used as a
carrier detect option for FS5K  decoding. The
recommended circuit conneclion for this application is
shown im Figure 71. The open collector lock detect cutput,
pin &, is shorted to data output (pin 7). Thus, data cutput
will be disabled at "low™ sfate, until there is a carrier within
the detection band of the PLL and the pin § cutput goes
‘high” to enabkle the data cutput.

Note: Data Quiput is “Low” When No Camier is Fresant

The minimum value of the lock detsct filter capacitance
Cp is inversely proportional to the capture range, £Afc.
This is the ramge of incoming frequencies over which the
loop can acquire lock and is always less than the tracking
range. ltis further limited by C4. Formost applications, Afc
= Aff2. For Rg = 470KL, the approximate minimum walue
of Cg can be determined by:

18 - Feop
5 = — CinuF and fin Hz.
Cu;-‘“_ inuF and fin Hz
CinuF and f in Hz.

With values of Cp that are foo small, chafter can be
observed on the lock detect output as an incoming signal

Excessively large values of Cp will slow the response time
of the lock detect output. For Caller 1.O. applications
choose Cg = 0.1uF.

Tone Detection

Figure 12 shows the generalized circuit connection for
tone detection. The logic outputs, LODOQN and LDOG at
pins 5 and & are normally at “high™ and “low” logic states,
respectively. When a tone is present within the detection
band of the PLL, the logic stale at these outpuls become
reversed for the duration of the input tome. Each logic
output can sink SmA of lead cument.

Both culputs at pins § and 8 are open collector type
stages, and require extermnal pull-up resistors Rpg and
R z. as shown in Figure 12

With reference to Figure 2 and Figure 12, the functions of
the external circuit components can be explained as
follows: Rg and Cp set WCO center frequency; Ry sets the
detection bandwidth; C4 sets the low pass-loop filter ime
constant and the loop damping factor.
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Design Instructions:
The circwit of Figure 12can be oplimized for any tone detection applcation by the choice of the § key circuit components:
Rpg. Ry. Cg, C4 and Cg. Fer a given input, the tone frequency, fz, these parameters are calculated as follows:

{All resistance in L1's, all frequency in Hz and all capacitance in farads, unless otherwise specified)

a} Choose value of timing resistor B to be in the range of 10KL) 1o S0KLY This choice is dictated by the max./min.
current that the internal voltage reference can deliver. The recommended valua is Rg = 20KLQ. The final valus of Ry
is normally fine-tuned with the series potentiometer, Ry

b} Calculate value of Cg from design equation (1) or from Figure 7fg = fig:

¢} Caloulaie Ry to sei the bandwidth +AF (See design equation 5):

Ryf2

Af

Ry =

Nofe: The fotal detection bandwidth cowvers the freguency range of i 217
d) Calzulate value of G4 for a given loop damping factor:

MNaormally, 5 = 0.5 is recommended.

1250-C,

Cy= R.g?

Increasing C4 improves the out-of-band signal rejection, but increasas the PLL capture time.

e} Calculate value of the filker capacitor T . To avoid chatter at the logic output, with R = 470KLE, Cp must be:

1

[}

Cp =

CinuF

&

Increasing Cpg slows down the logic output responss fime.

Design Examples:
Tone detector with a detection band of + 100H=:

a) Choose value of timing resistor Rp to be in the range of 10KL to 50K, This choice is dictated by the max.‘min.
current that thie internal voltage reference can deliver. The recommended value is Ry = 20 KL The final value of By
is normally fine-tuned with the series potentiometer, Ry,

b} Calculate value of Cg from design equation (1) or from Figure G fg = fio:

1 1

—_— O e = R =
R,  25pooT000 - oonF

Gy =
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c) Calculate Ry to set the bandwidth +Af (See design equation 5)

i

Ry fsr2 20,000-1, 000-2
Ry= aF - Tl = 400K

Note: The toral detechion bandwedth covers the freguency range of

o 2Af
d) Calzulate value of Cp for a given loop damping factor

Marmally, ¢ = 0.5 is recommended.

1280-C
c,= =

1250-50-10-#
Ryg*

= = B 7FnE
300, 00005 © O-29eF

Increasing C4q imgroves the gut-of-band signal rejection, but increases the PLL capfure time
=) t

Calculate value of the filter capacitor Cg

16 . 18 . onepe
Cp= T zcne.:-ﬂm-

Increasing Cp slows down the logic output response time

fi Fine tune center frequency with 5KL potentiometer. Ry
Voo
Pl
( l
L
2 E Ry Intemal
_l>_, veo | _{:,_. Dinf Reserente
JeF 12 Rz ;
'1|:-l.
pa

Guad

£
O— LDOD
Endss C— LDoan

5
Lock
Detect
comp.

Figure 13. Linear FM Detector Using XR-2211 and an External Op Amp
{See Section on Design Equation for Component Values.)

XR-2211

To avoid chatter at the logic output, with Rg = 470KL, Cg must be

p—
Demadulated
Cutput

I
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Limear FM Detection

KR-2211 can be used as a linear FM detector for a wide
range of analog communications and telemstry
applications. The recommended circuit connection for
this application is shown in Figure 73. The demodulated
ouiput is taken from the loop phase detector output (pin
11}, through a post-detection filker made up of RF and Cz
and an external buffer amplifier. This buffer amplifier is
necessary because of the high impedance cutput at pin
11. Mormally, a non-inverting unity gain op amp can be
used as a buffer amplifier, as shown in Figure 713,

The FM detector gain, i.e., the output voltage change per
umit of FM deviation can be given as:

v H'|' '-""«e'e.L
Veur = TooR,

wheare ¥R is the internal reference voltage (Wgep =V 12
- GE0mV). For the choice of external components Ry, Rp.
Cp. Cy and Cg. see the section on design equations.

© i e .
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14 LEAD CERAMIC DUAL-IN-LINE
(300 MIL CDIP)

Rev 1.00

l

| By S Sy S | II.I

— = o

e SETRAREAR 1+
S A1 Wm@f— A
o e

INCHES MILLIMETERZ
SYMBOL MIN MK M MK
& 0.100 0200 2.54 5.08
9 0013 0.060 0.36 1.52
B 0014 0.026 036 0.65
=0 0.043 [LOES 1.14 165
© 0.008 [.013 0.20 045
D 0.E35 0785 17.40 1982
Ex 0.250 0310 B35 7.E7
E 0.3 BEC TEZBEC
e 0.1 B3C 154 BEC
L 0,123 0200 316 508
o o 157 o 157

Mode: The conirol imension s the ol column

XR-2211
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14 LEAD PLASTIC DUAL-IN-LINE
(300 MIL PDIP)

Rev 1.00
2 s |
[ - Eq
.

k! f &
Saating __A 9 WFFFEF —l
Plang L & ]_ ]_ -
T e K J L -
B
] B4

INCHES MILLIMETERS
SYMBOL MIN MaX MIN MaX
A L1148 0.210 3.6E 233
Ay s 207 0.3E 178
Az 0115 0185 2.92 435
0.014 J.02£ 0.3E 056
By 0U030 2.070 0.7E 1.78
0U00E 2012 0.20 035
&) 0725 0.783 15.42 2018
0300 0.323 7.62 B.26
E4 0240 0.260 &.10 7.1

e 0.100 BSEC 254 BSC

B 0.300 BSC 7.52 BSC
Es LMD 0.430 TE7 1032
L D115 0160 282 408
o ° 15° 0= 157

MNode: The conir) Simension is the nch column

72 EXAR
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14 LEAD SMALL OUTLINE
(150 MIL JEDEC S0QIC)

MARay 1.00

HHHHHHH‘ f

i
|

= -

LI I LI r
wre TR SR 1%,
Plang _.| B |‘ --l l--_:_ 'F }f i

INCHES MILLIMETERS
SYMBOL MIN Max MIN Max

A (R 2.0€3 1.3% 173
Ay [.004 2070 Q.10 025
E g Q.02 Q.33 ]
c p.oar 2090 n.1e 02s
X 0337 1344 3.55 BTS
E IR ELE URET) 3.60 4.00
g 0.050 BSC 1.27 BEC
H 0228 2244 5.60 £20
L DLE Q.020 0.40 127

- 3" - g

o
Mode: The coniro! aimension is fhe miimaier cHwmm



