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; Program : ROBOT WIRELESS
ONEWIRE BIT P2.0  ; Wire Interface DS1820
LCD_RS BIT P2.1  ; LCD Module Register Sclect

LCD_EN
RELAY]1

B_WARD

TR_45

TR_135

TL 45

TL_135

TR_SELF EQU n'
TL_SELF EQU o
TEMP EQU '
STOP EQU it

STOP_TR45 EQU 040




STOP_TR135 EQU 080

STOP_TL45 EQU 040

STOP_TL135 EQU 080

FLAG EQU 020H " -; User FLAG

RX_OK BIT FLAG.0; Define BUSY as bit
BUSY BIT FLAG.1; Define BUSY as bit

SET TEMP BIT FLAG.2 ; Initial condition set temp

WAIT TX_OK
FW_OK
BW _OK
TR_OK
TL_OK
FLAGI

TX_DATA
BUFFER
STACK

ORG 0000H

AJMP Main_Prograin

ORG 0003H

AIJMP SENSOR_ON

ORG 0023H

AJMP SERIAL_PORT_INT

; MAIN PROGRAM




Main_Program: ORG 0030H

CLR MAIN_SW_M

MOV PO.#O ; Clear Databus
CLR LCD_EN ; Clear LCD Enable
CLR LCD_RS ; Clear LCD RS
MOV P1,#000H

CLR RX_OK

MOV TH1,#0E8H ; 1200 bps

MOV SCON,#040H ; MODE | RX disable

SETB TR1 ; Start TIMER 1

ACALL DS1820 ; initial temp.
SET_TEMP_OK: CLR SET TEMP

SETB PSW.3 ; Initial register bank 1

MOV R7,#0

MOV R6,#0




WAIT Pl

PASS2:

MOV
MOV
CLR
ACALL
ACALL

ACALL

ACALL

R5.#0
R4.,#0

PSW.3 ; Return to register bank 0

DELAY_100ms

INIT_LCD ; Call LCD Initial subroutine

TITLE SYSTEM

DELAY 10ms ; Wait system OK

WR_LCD

WAIT TX_OK
WAIT LAMP
WAIT LAMP2
DELAY _Is
WAIT LAMP
WAIT LAMP2
DELAY ls

AMP DESPLAY




AJMP

WAIT: JB
B
B
JB
JB
PASS3:
WAIT3:
CLR
CLR
AJMP
PASSI: AJMP
SERIAL_PORT_INT: PUSH
JBC
SER_TX: CLR

WAIT PLL

FW_OK,PASS3
BW_OK,PASS3
TR_OK,PASS3

TL_OK,PASS3

TEMP OK,PASS3

TEMP_OK

FAIL_OK
WAIT _PLL
ACKNOWLEDGE

ACC
RI,SER_RX ; RX or TX?

TI 3 SER.TX

aitData from Rx"




SER_TX_WAIT:

SER_EXIT:

.
b

ACKNOWLEDGE:

3

COMPARE

COMPARE

MOV
IJBC
AIMP

CLR

SBUF, TX_DATA ;Send data to PC
TIL,SER_EXIT

SER_TX WAIT; Wait until send data finished

RX OK ; Clear Rl
A,SBUF ;Get data to ACC
@R1,A

R1

;Set RX. OK received data OK

SET_ADDR_LCD

DPTR,#OP_FW2
WR_LCD

PSW.3

R7#0

PSW.3
INTO_CONDITION




ACALL FORWARD

SETB FW_OK
CLR BW_OK
CLR TR_OK
CLR TL_OK
CLR TEMP_ OK
CLR FAIL OK

CHECK_BW:

BACKWARD"

CLR FW_OK
CLR TR_OK
CLR TL_OK
CLR TEMP_OK
CLR FAIL,_OK
AIMP WAIT RX
CHECK_TR45: CINE @R1,#TR_45,CHECK_TRI35 ;Turn right 452

ACALL LED CLR




ACALL INTO_CONDITION

CLR FW_OK
CLR BW_OK
CLR TR_OK
CLR TL OK
CLR TEMP_OK
CLR FAIL_OK

CHECK_TL45:

CLR BW_OK
CLR TR_OK
CLR TL_OK
CLR TEMP_OK
CLR FAIL_OK
ATMP WAIT_RX
CHECK_TL135: CINE @R1#TL_135,CHECK_TR_SELF; Turn left 135 ?

ACALL LCD_CLR




MOV DPTR #OP_TR451; LCD Show "ROBOT TR 45"

ACALL WR_LCD

MOV LCD_ADDR #040H
ACALL SET_ADDR_LCD
MOV DPTR#OP_TR452
ACALL WR_LCD

SETB PSW.3

MOV LCD_ADDR #040H
ACALL SET_ADDR_LCD
MOV DPTR#OP_TR1352
ACALL WR_LCD

SETB PSW.3

MOV R7 40

CLR PSW.3

ACALL TURN_RIGHTI135




CHECK_TR_S}

DPTR #OP_TL1351; LCD Show "ROBOT TL 135"
WR_LCD

LCD_ADDR #040H

SET_ADDR_LCD

DPTR,#OP_TL1352

WR_LCD

PSW.3

LCD_ADDR #040H

SET_ADDR_LCD
DPTR#OP_TR2
WR_LCD

PSW.3

R7,#0

PSW.3 -

TURN_RIGHT SELF




ACALL INTO_CONDITION

SETB TR_OK
CLR FW_OK
CLR BW_OK
CLR TL_OK
CLR TEMP_OK
CLR FAIL_OK

CHECK_TL SELF:

CLR FW_OK
CLR BW_OK
CLR TR_OK
CLR TEMP_OK
CLR FAIL_OK
AJMP WAIT_RX
CHECK_TEMP: CINE @R1#TEMP,CHECK_STOP

ACALL LCD_CLR




MOV DPTR,#0OP_TEMP1;LCDShow"CHK TEMPERATURE"

ACALL WR_LCD

MOV LCD_ADDR,#040H
ACALL SET_ADDR_LCD
MOV DPTR#OP_TEMP2
ACALL WR_LCD

SETB PSW.3

CHECK_STQF

MOV LCD_ADDR,#040H
ACALL SET_ADDR_LCD
MOV DPTR#OP_STOP2
ACALL WR_LCD

SETB PSW.3

MOV R7,#0

CLR PSW.3

ACALL STOP_ROBOT




OTHER:

ERROR:

CLR
CLR
CLR
CLR
CLR
AIMP
CLR
ACALL

FW_OK
BW_OK
TR_OK
TL_OK
TEMP_OK
FAIL OK

WAIT RX

BW_OK
TR_OK
TL_OK
TEMP_OK
MAIN_SW_M
WAIT RX
PSW.3

LCD CLR




OK1:

AJMP

DPTR #DATA ERRORI
WR_LCD
LCD_ADDR,#040H
SET_ADDR_LCD

DPTR #DATA_ERROR2
WR_LCD

FW OK

FAIL_OK
P1,#00001010B
DELAY_ImS
DELAY lIms
MAIN SW_M
P1,#0

WAIT PLL
WAIT

; Data error




INTO_CONDITION:  CLR EN_INTO
CLR ITO
RET

)

; OPERATE

FORWARD:

ACALL DELAY lms

ACALL DELAY_Ims

MOV P1,#00001111B ; Drive motor left - right
ACALL DELAY 1lms

ACALL DELAY _Ims

SETB MAIN_SW_M

RET

TURN_RIGHT4S: MOV P1,#00001010B




ACALL DELAY Ims

ACALL DELAY Ims

CLR MAIN_SW M

ACALL DELAY 1ms

ACALL DELAY Ims

MOV R2 #000H ; Clear counter
MOV P1,#00001100B 5 Drive motor left - right

MOV R2,#000H ; Clear counter
MOV P1,#00001100B ; Drive motor left - right
ACALL DELAY 1lms

ACALL DELAY Ims

SETB MAIN SW_M

CINE R2,#STOP_TR135,$ ; Check sensor
MOV P1,#00001010B ; Stop motor

ACALL DELAY Ims




CLR MAIN SW M

MOV P1.#0
" RET
TURN_LEFT45: MOV P1,#00001010B
ACALL DELAY 1Ims
ACALL DELAY lms
CLR MAIN_SW_M

TURN_LEFT135:

ACALL DELAY 1ms

CLR MAIN _SW M

ACALL DELAY 1ms

ACALL DELAY Ims

MOV R2,#000H ; Clear counter

MOV P1,#00000011B ; Drive motor left - right
ACALL DELAY Ims

ACALL DELAY Ims




SETB MAIN'SW M

CINE R2#STOP_TL135,% ; Check sensor
MOV P1,#00001010B ; Stop motor

ACALL DELAY Ims

CLR MAIN_SW_M

MOV P1,#0

RET

TURN RIGHT SELF: MO

TURN_LEFT ¢

ACALL DELAY Ims
ACALL DELAY Ims
MOV P1,400000011B
ACALL DELAY _lms
ACALL DELAY Ims
SETB MAIN SW M
RET

STOP_ROBOT: MOV P1,#00001010B




ACALL DELAY Ims

ACALL DELAY Ims
CLR MAIN SW_M
MOV P1#0

RET

.
b

; INTO When sensor on

3

SENSOR_ON:

DS1820:

B BUSY,PRES_CHK_LOOP ; Wait for Busy
NOP ; Delay

NOP

NOP

NOP

ACALL DS1820 RST ; DS1820 Reset
ACALL DS1820 PRES ; DS1820 Presence

MOV ONEWIRE_DATA,#0CCH ; Write Skip ROM




WRITE_0C:

WRITE NEXT:

DS1820 WR
ONEWIRE DATA #0BEH

DS1820 WR

DS1820 RD : Read DS1820
TEMP_DT,ONEWIRE_DATA

DS1820 RST . DS1820 Reset

DS1820 PRES ; DS1820 Presence

; Set Address 40H

WRITE NEXT ; Jump to write LCD
LCD_DATA#('

WRCHAR_LCD

LCD DATA#"'

WRCHAR_LCD

LCD_DATA#C'

WRCHAR_LCD

LCD DATA®#"'




ACALL
SET TEMP OK I:  RET

.
3

; HEX Code send to PC

.
’

HEX_LCD: PUSH

HEX2 LC

PASS 1:

PASS 2:
ADD
MOV
B
ACALL

PASS_3: POP

WRCHAR_LCD

ACC

A,LCD_DATA ; Get Data

A #O30H ; Convert to ASCII
LCD DATAA

SET_TEMP,PASS 3

WRCHAR _LCD

ACC




; DS1820 Data Read

bl

DS1820_RD: MOV R4 #8 ; Set loop 8 times
CLR A

DS1820 RD LOOP: CLR ONEWIRE
NOP
NOP

S
)

I\
\

20\

S,

A
-

g/%‘?m

=

; DS1820 Data Write

)

DS1820_WR: ; Set loop 8 times

MOV A,ONEWIRE _DATA ; Get ONEWIRE DATA
DS1820_ WR_LOOP: RRC A ; Rotate ACC. with Carry Flag

JNC DS1820 WR_L ; Carry Flag was set ?

CLR ONEWIRE

NOP

NOP

NOP

NOP




DS1820 WR_L:

DS1820_WR 1

ONEWIRE ; Sct ONEWIRE
ONEWIRE DELAY ; Delay 75 us
DS1820 WR _NX ; Jump to next write

ONEWIRE
ONEWIRE DELAY  ; Delay 75 us

ONEWIRE

.
b

; DS1820 Receive Presence Pulse

DS1820 PRES:
DS1820 PRES 1:
DS1820 PRES 2:

MOV
MOV
JNB

DINZ
DINZ

R4 #8 ; Set Loop wait 1

R3,#0 ; Set Loop wait 2
ONEWIRE,DS1820 PRES 3
R3,DS1820_PRES 2 ; Wait loop check 2
R4,DS1820_PRES_1 ; Wait loop check 1




DS1820_PRES_3:

INB
MOV
DINZ
CLR
RET

ONEWIRL,$
R4,#8

R4.$

BUSY

; Wait until ONEWIRE sct

; Clear BUSY Flag

b

; INITIAL .LCD DISPLAY

.
b

TITLE_SYSTEM:

LOOP _LCD L_SHF:

MOV

ACALL
ACALL
ACALL
DINZ
MOV
ACALL
MOV

R4.#8

LCD_LSHF

DELAY_100ms
DELAY_100ms

; Set Loop 8 times

; Left Shift LCD Display

R4,LOOP_LCD_L SHF ; Do until 8 times

LCD_ADDR,#000H ; Set Address 00H

SET_ADDR_LCD

DPTRA#TITLE 5 ; LCD Show "SYSTEM.."




LOOP LCD R_SHF:

ACALL
MOV

ACALL

WR LCD
LCD ADDR,#040H ; Sct Address 40H

SET_ADDR_LCD

DPTRH#TITLE 6 ; LCD Show "...OK..."
WR_LCD ; 40H-47H (Increase automatic)
DELAY Is
DELAY Is

; Set Loop 8 times

b

MOV DPTR#WAIT2
ACALL WR_LCD
RET
OP_CHK _DATA: MOV DPTR,#OPERATINGI
ACALL WR_LCD ; O0H-07H (Increase automatic)
MOV LCD_ADDR, #040H
ACALL SET_ADDR_LCD




MOV

DPTRHAOPERATING2

ACALL WR_LCD
RET

; LCD Initialize

INIT _LCD: ACALL DELAY 10ms

LCD_CLR:
ACALL LCD CLK ; Pulse L.CD Clock
RET

; LCD Return Home

LCD_HOME: CLR LCD_RS
MOV P0,#00000010B ; Return Home
ACALL LCD CLK ; Pulse LCD Clock




RET

b

; LCD Display Off

LCD_OFF: CLR LCD_RS ; Clear LCD_RS Pin for order
MOV P0,#00001000B ; Display Off
ACALL LCD_CLK ; Pulse LCD Clock

.
bl

; LCD Clk

LCD CLK:

RET

; LCD Left Shift Display

LCD_LSHF: CLR I.CD RS
MOV PO,#00011000B ; Left Shift Display
ACALL LCD CLK ; Pulse LCD Clock

RET




’

; LCD Right Shift Display

3

LCD_RSHF: CLR L.CD RS
MOV P0,#00011100B ; Right Shift Display
ACALL LCD CLK ; Pulse LCD Clock

.
k)

; Set LCD Address

SET_ADDR

ACALL LCD CLK ; Pulse LCD Clock
INC DPTR ; Increase Pointer
INC RO ; Increase loop counter
CINE RO#8,WR_LCD 1 ; Do until 8 times
RET

WRCHAR_LCD: SETB LCD RS
MOV PO,LCD_DATA

ACALL LCD CLK




ACALL LCD ON
RET

k)

; Delay time ONEWIRE DELAY, LCD_DELAY, 50u, 100u, Im, 10m, 100m, 1s

.
2

ONEWIRE DELAY: MOV R6,AO12H ; Each loop = 75 us

5

ONEWIRE DELAY_1: NOP

0 us

DELAY _1ms: A ach loop =1 ms
DELAY Ims I:

NOP

DINZ R6,DELAY Ims_1

RET
LCD DELAY: MOV R7,#002 ; Do 2 times
LCD_DELAY_I: MOV R6,#0E6H ; Each loop =1 ms
LCD DELAY 2: NOP

NOP

DINZ R6,LCD DELAY 2




DELAY_10ms: -
DELAY_ 10ms_1:
DELAY 10ms_2:

DINZ
RET
MOV
MOV
NOP
NOP

DIN7.

R7,LCD_DELAY 1

R7,#010

R6,#0E6GH

RODELAY 10ms 2

; Do 10 times

; Each loop =1 ms

TITLE_1:
TITLE_2:
TITLE 3:
TITLE_4:
TITLE_5:
TITLE_6:

OPERATINGI:

DB
DB
DB
DB
DB
DB

DB

'VEHICLE'
'ROBOT BY'
'USING...
'COMPUTER'
'SYSTEM..!
10K

'OPERATE"




OPERATING2: DB
WAITI: DB
WAIT2: DB
WAIT _TX ONI1: DB
WAIT_TX_ON2: DB
DATA_ERRORI1:DB
DATA _ERROR2:DB
FAIL CON1: DB
FAIL CON2:
OP_FW1:
OP_FW2:
OP_BW1:
OP BW2:

OP_TL451:
OP_TL452:
OP_TL1351:

OP_TL1352:
OP_TRI:

OP_TR2: DB
OP_TLI: DB
OP_TL2: DB

OP TEMPI: DB
OP TEMP2: DB
OP_STOPI: DB
OP_STOP2: DB

END

'CHK DATA'
'WaitData'
" from Rx'
'Wait Tx '

lON ]

'Data err'

'RNRIGHT.'

ROBOT TU'
‘RNLEFT..
'CHK.TEMP"
'ERATURE!
'ROBOT...
'STOP....!
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Private Declare Sub Sleep Lib "kernel32" (ByVal dwMilliseconds As Long)
Private Sub Commandl1_Click ()

Label2.Caption = "STOP"

MSComm]1.Output = "I"

End Sub

Private Sub Commandl
End

End Sub

MSComm1.Outy
End Sub

Private Sub Command3 _Click()
MSComm1.Output ="1"

Sleep (400)

Label2.Caption = "FORWARD"
MSComm!.Output = "F"

End Sub

Private Sub Command4_Click()

————



MSComm1.Output = "I"

Sleep (400)

Label2.Caption = "TURN RIGHT 45"
MSComm!.Output = "A"

End Sub _

Private Sub Command5_Click()

MSComm]1.Output = "1"

Sleep (400)

End Sub

Private Sub Command8_Click()
MSComm]1.Output = "I"

Sleep (400)

Label2.Caption = "TURN LEFT 135"
MSComm]1.Output = "I"

End Sub

Private Sub Command9 Click()




MSComm1.Output ="1"

Sleep (400)

Label2.Caption = "TURN LEFT"

MSComm1.Output ="o"

End Sub

Private Sub Form KeyDown(KeyCode As Integer, Shift As Integer)
MSComm1.Output ="1"

Sleep (400)

Select Case KeyCo
Case 96: C

End Select
End Sub
Private Sub Form_Load()
MSComml.CommPort = 2
MSComm1.Settings = "1200,N,8,1"
MSComml1.InputLen =0
MSComm]l.PortOpen = True

End Sub
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NOTICE

EXAR Corporation reservesitheight to make changes to the products contained in this.publication in order to im-
prove design, performance or reliability. EXARCorporation assumes no responsibility-{or the Use of any circuits de-
scribed herein, conveys no license under any patent orether right; and makes no representation that the circuits are
free of patent infringement. Charts‘and s¢hedules contained here in are only for iffustrétion purposes and may vary
depending upon a user’s specific application? While the information in this publication has been carefully checked;
no responsibility, however, is assumed for inaccuractes.

EXAR Corporation does not recommend the use of anyofits-preducts’in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system cr to significantly
affect its safety or effectiveness. Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the

user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1995 EXAR Corporation
Datasheset June 1997

el viv]

Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.




XR-2211

22 EXAR

TEOM'

pr AR il il
i

AR S
i A’P% 0 AR
T Pty ol o gl

23




«««««

XR-2211

> i)

Notes

CTOM

il o
B

b Lo n 2 idl
okt ogieto ol ]

>
22

W Re30\ . f S Y S




720 EXAR

__Rev.3.01.

14 LEAD SMALL OUTLINE
(150 MiL JEDEC SOIC)
Rev. 1.00

DUSP  \J——

A

8

HAAAANA

r———— T >

H
,_ |
o 5 ‘

nAAE A LW

Seating
Plane

SR

NH= 5%

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.053 0.069 1.35 1.75
A4 0.004 0.010 0.10 0.256
B 0.013 0.020 0,33 0.54
Cc 0.007 0.010 0.19 0:25
D 0.337 0,344 855 8,75
E 0.150 0.157 3.80 4.00
e 0.050 BSC 1.27 BSC
H 0.228 0.244 5.80 6.20
L 0.016 0.050 0.40 1.27
o. 0° 8° 0° 8°

Note: The control dimension is the millimeter column

7 7 72777 T TEOM




XR-2211

14 LEAD PLASTIC DUAL-IN-LINE
(300 MiL PDIP)

Rev. 1.00

14 e !
1 7 5’
LT LI 8 LT LT LT ]
>~
Aq \ %
Fane. LN Z IEEET TE
i P2 L&
¢ B,
INCHES MILLIMET RS
SYMBOL MIN  MAX MIN.~ MAX
A D145 W G210 3608 533
Ay 0.015- 0070 0.38 [\ A4.78
Ao 0:115) - 0:185 2077 /495
B 0.014 07024 b6~ (56
B 0g%0. _ 0.070 076 ¥
c 0.008 * @014 ged\ © 038
D A 18,42°°30,49
E 0.300 0.395 763 8.6
B 0.240  0.280 6.10 7.11
o 0.100 BSC 2.54 BSC
ea 0.300 BSC 7.62 BSC
eq 0210 0.430 7.87 1092
L 0.415__ 0.160 2092 406
o . 15° 0° 150

Note: The control dimension is the inch column

oM
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14 LEAD CERAMIC DUAL-IN-LINE
(300 MiL CDIiP)
Rev. 1.00

oy
o
MIA 4=
57
M m
4

Base Arls . l I
Plane ¥ A A

e AN
e

B

Yy =

A

INCHES MILEIMETERS
SYMBOL MIN MAX MIN WAX
A 0.100 0,200 2.54 5.08
Aq 0.015 0.060 0.38 1.62
B 0.014 0.026 0,36 0.68
B1 0.045 0.065 1,14 1.85
c 0.008 0.018 0.20 0:48
D 0.685 0.785 17.40 19.94
= 0.250 0.310 6.35 7.87
E 0.300 BSC 7.62 BSC
e 0.100 BSC 2.54 BSC
L 0.125 0.200 3.18 5.08
o 0° 15° 0° 152

Note: The control dimension is the inch column

Poirvsoi g S
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Linear FM Detection

XR-2211 can be used as a linear FM detector fora wide  The FM detector gain, i.e., the output voltage change per
range of analog communications and telemetry  unit of FM deviation can be given as:

applications. The recommended circuit connection for

this application is shown in Figure 13. The demodulated Ry

output is taken from the loop phase detector output (pin Vour = 160_’/;”

11), through a post-detection filter made up of Rg and C, 0

and an external buffer amplifier. This buffer ampiifier is

necessary because of the high impedance output at pin  where VR is the internal reference voltage (Vrep=Vce 2

11. Normally, a non-inverting unity gain op amp can be - 650mV). For the choice of external components R4, Ry,
used as a buffer amplifier, as shown in Figure 713. Cp, Cq and Cg, see the section on design equations.
AT {‘ ————— e I SIS\ 2 Z SN~ ——— |
1
220k g SO @

Output Input

! A
p‘—’ﬁ’j‘r& i Lock

4 !
I | [ |
| | I !
I 010 I 2,/ N i JARE S J N, Detect | i
| | y: ﬁpm Fifer | |
F
! 2 s ok FEe . &l .
i 1 ) 5 ey B | i
| ,20K | i ;—‘; | lLock Detect
| i I f ' i ~h | Outputs
! !
| | Y] | B\ e
|
B ' ([& ' © HeON | |
| - % [ |
R | A2 382 AN e [ A AVAYAYAT AL gia s Sidi N ol JELD N R
Internal Voltage Input Preamplifier Quadralure Lock Detect
Reference and Limiter Phase Detector Comparator

Timin
Capacitor

Deteetor |
Output

FSK

Data

; K
A } " ['Fsk
f/rg:x Lo [ L_{Loop Iﬁ(;’r'r?!naralor
f

|
> ;

|
1
T — ! Output
et
o Tk ; oK @ <™ |
é l 0 Resistor i Y 1 | 1
Gound|__ _ _ _ _ __ R e R 3
Veltage Controllcd Loop Phase Deleclor FSK Comparator
Oscillator

Figure 14. Equivalent Schematic Diagram
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c)

XR-2211
Calculate R4 to set the bandwidth +Af (See design equation 5):

_ Ryfy2 _ 20,0001,0002
= —F = 100 = 400K

Note: The total detection bandwidth covers the frequency range of fo +Af
d) Caiculate value of Cq for a given loop damping factor:
Normally, ¢=0.5is recommended.

_ 1250-C, _ 1250-50-10-° _
Ci=—gz = z00,0000.5 ~ 0-25PF

Increasing C4 improves the out-of-band signal rejection,-butincreases the PLL capture time.
e)

(o]

Calculate value of the filter capacitor Cp_.-T0 avoid chatter at the logic'output, with Rp = 470KQ, Cp must be

Cp =1 2—21—()%280nF

N
-

Increasing Cp slows down'the logic output-respense time.

f)  Fine tune center frequency with SKQ. potentiometer, Ry,

Vee
Ve
o
Loop | 41 8 .
~ Phase, FO—4¢——9 O N T > —-0
Detect = ¢ /‘O AD Demodulated
1 =
:_l:— FSK - Qutput
= { Comp ==
2 io g 9 Internal l
H }_o \ VCO AR Reference =
v "y
FM 0.1uF 14% 13 Ro =
nput
I . 6
>_3_ v -__L_— —t LDOQ
= B - ' LDQ@N
: — ase - LDOA!
Detect 5

Lock
Detect
Comp.

LT BT

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

_Rev.3.01
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Design Instructions:

The circuit of Figure 12can be optimized for any tone detection application by the choice of the & key circuit components:
Rg, R1, Cg, C1 and Cp. For a given input, the tone frequency, fg, these parameters are calculated as follows:

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

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

h) Caleulate value of Cg from design equation (1) or from Figure 7 fg = fo:

-

Co=

Ry fs
c) Calculate Rq to set the bandwidth +Af (See design equation 5):

R1 - Ro'f0'2

af

Note: The total detection bandwidth e¢overs the frequency range of fp +AT
d) Calculate value of C4 fora givenloop damping factor:

Normally, ¢ = 0.5 is recommended.

—_

co>—b; C inuk

Increasing Cp slows down the logic output response-time.

Design Examples:

Tone detector with a detection band of +.100HZ:

a) Choose value of timing resistor Ry to'betin the range of 10KQ ta,50KE2. This choice is dictated by the max./min.
current that the internal voltage reference can deliver. The recommendedwalueds Ry = 20KQ. Thefinal value of Ry

is normally fine-tuned with the series potentiometer.Rx.

o
~-

Calculate value of Cq from design equation (1) or from Figure 6 fs = fo:

Gy= =t 1 = 50nF

~ Ryf. _ 20,000-1,000

oM




XR-2211

@
Viee
Loop 1 8
~ Phase —-&)i | O—+ )
—\N\N\— Detect Gy l ] O
I 2§OPF L FSK
= 5% R4 Comp.
200K 10
2 12 % internal
>—-{ » -—O-{ 0-1“E.EO Reference
0.1uF 14 { Ro ::l—:‘
20K ’ Vce
Tone Co 5y 1%
input >-:|_ 50nF ° Ve 1
= Re  fios
5K Tune RL2 < RL3
~$ 51K § 51K
6 LDOQ l B e
Quad gist8 ! - Logic Output
— Phase o P O
Detect 3 5 LDOQON g
S e
8 etec
Rr 41, Cp Comp
470K guhP
=
Figure.12. Circuit,Connection for Tone Detection
FSK Decoding with Carrier Detect
The lock detect section of XR=2211 can be used as a frequency | \/approaches —the capture bandwidth.

carrier detect option ' for ESK decoding. The
recommended circuit connection for this/appiication ‘is
shownin Figure 11. The open collectorlack detectoutput,
pin 6, is shorted to data output (pin 7). Thus, dataoutput
will be disabled at “low” state, untilthere is a-¢arrier within
the detection band of the PLL and the pin 6-output goes
“high” to enable the data output.

Note: Data Output is “Low” When No Carrier is-Fresent.

The minimum value of the lock detect:filter capacitance
Cp is inversely proportional to the capture range,“+Afc.
This is the range of incoming frequencies overwhich'the
loop can acquire lock and is always less than thedracking
range. ltis further limited by C4. For most applications, Afe
> Aff2. For Rp = 470KQ, the approximate minimum value
of Cp can be determined by:

16

CD>Af

CinuF andfin Hz.

CinuF and fin Hz.

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

PR30l f o S

Excessively largevalues of Cowill slow the responsetime
of .the lock detect output. “For Cailer I.D. applications
choose Cp = 0. TuF.

Tone Detection

Figure.12°shows“the generalized ¢ircuit connection for
tone detections The logicioutputs; LDOQN and LDOQ at
pins 5and 6 are normally at*high” and “low” logic states,
respectively. When a tape is present within the detection
band of the'PLL, the'logic state at these ouiputs become
reversed.for-the.duration of the input tone. Each iogic

output-ean sink 5mA of load current.

DAtk e At nina

[wiO24R] uutpuno at 'Jhlo e

5 and € are open collector type
stages, and require external pull-up resistors Ry, and

Ry 3, 2s shown in Figure 12.

With reference to Figure 3 and Figure 12, the functions of
the externai circuit components can be explained as
follow5' Ro and Co set VCO centerfrequency; R4 sets the
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Vee
Re I
BW"/ SR!fK
1.8m 5% 5
Loop 14 4 8 o
~ Phase QO Be 7/8\L>—(\-——N 7 5%

—,——— A
Detect L ¢ 5% ¢ /—0—4 ata
T o7 1nF L 1o -Fsk Bt
< = Comp.

35.2K
2 12 1% Yy Internal
Input H s VCO 0.1 uEEO Reference
1pF
/

(V]
>__|_ 270F 5% VCO

= Fine
_ > Rx  Tune

) 20K
LDhoQ
Quad = ] *
‘- Phase - LDOQN

Detect
Yook °

Detect
Gomp.

Figure 10. Circuit Connection forlFSK Decoding of Caller/ldentification Signals

Rg 4
ANA % R
Lag, ix R 8 5. 1K
o Foass = 3 vf“——i;——(}——————‘} 7
Detect Q A AV
% RERRRND L1 FEK
= T Comp,
Input 2 VGO 1:2 E i r“g)—“-l I
Signal >—{ 3 oA Reference
0.AnF 14 13 f =

6
N LDOQ
L Quad l C
Phase %
Detect 35 !

LOCK
CDetect
omp.
RD I CD p

5 LDOQN

Between 400K and 600K

Figure 11. External Connectors for FSK Demodulation with Carrier
Detect Capabhility

PR30\ . M TCOM




Design Example:

1200 Baud FSK demodulator with mark and space frequencies of 1200/2200.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:
Step 7:
Step 8:

Step 9:

Note: All values except Ry can be rounded to nearest standard value.

Calculate fo: from design instructions

(a) f, = /1200-2200 =1624

Calculate Rg : Rg=10K with a potentiometer of 10K. (See design instructions (b))

() R, = 10 + (129) — 15K

Calculate Cq from design instructions

_ 1 _
(© Co= 755001622 = 9

Calculate R4 : from design instructions

_ 20000162442
() Ry (2200—1200)

= 51,000
Calculate C4 : from design instructions

_ 1250:89nF-
@ Ci = 37000052 P 1

Calculate Rg : R should be atleastfive times Ry, Rg = 51,000:5 = 255 KQ
Calculate Rp : Rg shouid be ‘atieast five.times R, Rg = 255,000:5/= 1.2 MQ

Calculate Rgyy -

(Re H\R)'Rs

RSUM = m v 24OKQ
Calculate C .
Cr = s Y

(Reuw Baud Rate)

TOM
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A Y 5 T

Ro(KQ}

20

15

Supply vs. Current (mA)
>

=
L+

\

o
e

|~
L]
—

Ro>100K

4

6 8 10

12 14 16

18

20 22 24

Supply Voltage, V* (Volts)

Figure 5. Typical Supply Current vs. \V+

{Logic Qutputs Open

Circuited)

NI

Ro SIKSZ

LN
N TIN

Ry=10KQ

NN

0.1

Co( uF)

N Ro=20K(

NN

N

Ry=40KQ

N\

\\
i
\\‘
N\

N

N

NTX

X

™ Ry=80KQ
AN .

N,
N,

N

N T N
Ry=160KQ
AN

N

N

1000

fo(HZ)

10000

Figure 67 VCO Frequeney vs. Timing Resistor

1,000
) A X/T 1
N g5=0.001.F
\ \¥) = !
1,02
\\ - \\ fo,= 1kHz 4 5
\ b R A
N\ N C0=0.0033 F\ &'\ 5\ s e
0=0.0033u @
00 S0 00 o N s
1 - ! ‘; ///
IR (IR od 6 ¥ o0l T
| Co=0.1uF | N X R g Y / Curve| Ry
B N >N S Vi 21 3K
NN cgEo.osshir 2SRy 5 1 20k
N H 4 | 100K
| Co=0.33uF 0.67 § . {300K
10 - Y 47776 4802 146 /18 20 22 2a
0 1000 10000
> V+ (Volts
fa(Hz) : }
Figure 7. VCO Frequency vs. Timing Capacitor Figire 8. Typical fgwvs/Power Supply
Characteristics
°
- +1.0
- | ! 1Vig
\3 “05101(
S I / 500K
>
g R°=\5()‘K\$ //’—
2 ‘e 50K
g Ro=500K_~ \\ 10K
w /r \
B 08 A V+ =12V
£ Ro=1M02 Ry =10R,
E f =
S 0 6] kHz
z 50 25 0 25 50 75 100 125

...Rev. 3.01

Figure 9. Typical Center Frequency Drift vs. Temperature

./ [ S

Temperature (°C)
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from pm 2 to ground. The value of Rx is chosen by the equatnon and the deswed minimum sngnal threshold Ievel.

20,000

V/N minimum (peak) = Va-Vb = A4V £ 2.8mV offset = VREF(ZO 000 + R )
X

or Ry = 20, ooo( = 1)

Vin minimum (peak) input voltage must exceed this value to be detected (equivalent to adjusting V threshold)

[—T““O Vee
L

AN
NN

1
T-————————— To Phase
7777 > Detettor
¢
20K L‘)‘E;‘J % 20K

bisi
. input

o
x
{”———v\/v
12312 19 o= A

P——— NN

VREF

Figure 4. Desensitizing Input-Stage

g) Calculate Data Filter Capagitance, Cg:

R. = —tRet Ri)Ro\
T (Ri+ Re+ Ry
_ 0.25 ; 1
Cr = (R, Baud Rate) BautNa I srmms

Note: All values except Ry can be rounded to nearest standard value.

TEM

Nt




APPLICATIONS INFORMATION

FSK Decoding

Figure 10 shows the basic circuit connection for FSK decoding. With reference to Figure 3 and Figure 10, the functions
of external components are defined as follows: Rgand Cg set the PLL center frequency, R4 sets the system bandwidth,
and C sets the loop filter time constant and the loop damping tactor. Cg and Rg form a one-pole post-detection filter for
the FSK data output. The resistor Rg from pin 7 to pin 8 introduces positive feedback across the FSK comparator to
facilitate rapid transilion between ouipul logic stales.

Design Instructions:

The circuit of Figure 10can be tailored for any FSK decoding application by the choice of five key circuit components: R,
R4, Cg, C1and Cg. Fora given set of FSK mark and space frequencies, fg and f4, these parameters can be calculated as
follows:

(All resistance in Q's, all frequency in Hz andall.eapacitance in farads, unless atherwise specified)
a) Calculate PLL center frequency, fo:

fozm

b) Choose value oftiming resistor Ry, to be inthe range of 10K (2 to 100KS2. This choiceis arbitrary. The recommended
value is Rg = 20KQ. The finalvalue of Rgis normally finertuned with the series potentiometer, Ry.

RO= Ro+"R;'/"Y

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

e) Calculate C1 to set loop damping. (See design equation 4):
Normalily, ¢ = 0.5 is recommended.

o - 1250:C,

1 R1' ;2

oM




6. FSK Data filter time constant, tF:

Rs - Re
(Rg + Ry

Tp = -Cr (seconds)

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

K = Vieee © Ry[ volt
9 10,000 | radian

Note: For derivation/explanation of this equation, please see TAN-011.

8. VCO conversion gain, Ko: (Ko is the amount of change.inMGOfrequency, per unit of DC voltage change at pin 11):

o 2 _ ('radian/second')
4 MG R volt

\

9. The filter transfer function:

= ._..._..__.1 = =
F(s) = T+ SR at0 Hz S =uJwandw = 0

10. Total loop gain. K

/ e Tk
K; = KoKy F(s) = (5’(-)00.00.(,?1 —= RF))[secondSJ

11. Peak detector current Ia:

V . ;
Iy = 5(—)—”"—5%6 (Vree in volis=and |,4in amps)

Note: For derivation/explanation of this equation, pleasa.see TAN-017,

" Rev.3.01 ey S8 ] e ' T@Mm
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DESIGN EQUATIONS

722 BEXAR

(All resistance in Q, all frequency in Hz and all capacitance in farads, unless otherwise specified)

(See Figure 3 for definition of components)
1. VCO Center Frequency, fo:

_ 1
fo - Ro'Co

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

Vier = (-\-/% )—650mV in volts
3. Loop Low-Pass Filter Time Constant, t:

T = CyRpp (s€CONdS)
where:
Fre
B = | A
PP (R1 + R: )

if Rg is co or Cg reactance is coythen Rpp.=LR1
4. Loop Damping, ¢:

Yy
|

{ 1250-00)
\ R1'C1

Note: For derivation/explanation ofthis equation, pléase see TAN-011.
5. Loop-tracking

bandwidth, = 4f

fo
Af _ Ry

i R

P — Tracking
Barzdwidth

(—-—Af—b’(——m————)

oM
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mmh
i

Loop Data
Filter Filter FSK
—>o Det|-> Y.

Output
M —>>—<v
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ron
Comp
L.
b VCO
Input —
Preamp
¢
L3

¢ DetF D

L.ock Detect Llock Detect
Fiiter Comip

Lock Detect
M4 Guitputs

Svete

J e~

Figure 2. Functional'Block Diagram of.a Tone and FSK
Deceding

m Uging XR-2214
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XR-2211

PRINCIPLES OF OPERATION

Signal Input (Pin 2): Signal is AC coupled to this
terminal. The internal impedance at pin 2 is 20KQ.
Recommended input signal level is in the range of 10mV
rms to 3V rms.

Quadrature Phase Detector Gutput (Pin 3): Thisis the
high impedance output of quadrature phase detector and
is internally connected to the input of lock detect voltage
comparator. In tone detection applications, pin 3 is
connected to ground through a parallel combination of Rp
and Cp (see Figure 3) to eiiminate the chatter at iock
detect outputs. If the tone detect section is not used;pin.3
can be left open.

Lock Detect Qutput, Q (Pin §): The’output at pin6.ds at
“low” state when the PLL is out of lock and goes t6 “high”
state when the PL.L is locked. Itisan open collector tyne
output and requires a pull-up resistor,;"R|,to Vee for
proper operation. At “low” statg, it can sink-up to 5mA of
load current.

Lock Detect Complement, (Pin'5): The outputatpinb is
the logic complement of the lock datect output at pin 6.
This outputis also an open collector type stage which can
sink 5mA of load current at low_or “on’ state!

FSK Data Output (Pin 7): This outputisaneopen collector
logic stage which requires a pull-up resistonR o Ve for
proper operation. It can sink §mA-of load current. ¥When
decoding FSK signals, FSK data output is at “high” or “of
state for low input frequency, and at“low” or “on” state for
high input frequency. If no input signal is present,.theiogic
state at pin 7 is indeterminate.

FSK Comparator Input (Pin 8): Thiswis the. high
impedance input to the FSK voltage “eomparator.
Normally, an FSK post-detection or data filter is
connected between this terminal and the PLL phase
detector output (pin 11). This data filter is formed by Rg
and Cg (see Figure 3.) The threshold voltage of the
comparator is set by the internal reference voltage, Vrer,
available at pin 10.

Reference Voltage, Vger (Pin 10): This pin is internally
biased at the reference voltage ievel, Veeg: Vrer =Vec /2
-650mV. The DC voltage level at this pin forms aninternal
reference for the voltage levels at pins 5, 8, 11 and 12. Pin

72 EXAR

10 must be bypassed to ground with a 0.1uF capacitor for
proper operation of the circuit.

Loop Phase Detector Qutput (Pin 11): This terminal
provides a high impedance output for the loop phase
detector. The PLL loop filter is formed by R4 and C;
connected to pin 11 (see Figure 3.) With noinput signai, or
with no phase errorwithin the PLL, the DC level atpin 11 is
very nearly equal to Vggp The peak to peak voltage swing
available atthe phase detector outputis equal to 2 x Vrgr

VCO Contral Input (Pin 12): VCO free-running
frequency is"determined by external timing resistor, R,

connected frorn this, terminal to ground. The VCO
free-running frequency, fas.is:

1 h
e
o Ro’ CO H7

where \Cq is-the timing capacitor.across pins i3 and 4.
For optimum temperature- stability, Rg ‘must be in the
range.of 10KE2 to 100KE (see Figure 9.)

This terminal-s-afow impedance point, and is internatly
biased at a DG level equal to Vggr The maximum timing
current. drawn-from gin 12 must belimited to < 3mA for
proper operation-of the circuit.

VCQ Timing” Capagitor~(Pins" 13 /and 14): VCO
frequency is-inversely proportionalto the external timing
capacitor, /Cq,<Connected across’ these terminals (see
Figure 6/)=Cg must be non-polar,/and in the range of
200pF _to\10uF.

VCOFrequency Adjustment: VCO can be fine-tuned by
connecting a pétentiometef, Ry, in series with Rpat pin 12

(see-Figura 10.)

VCO-Free-Running Frequency, fo: XR-2211 does not
havea'separate VCO output terminal. Instead, the VCO
outputs are internally connected to the phase detector
sections of the circuit. For set-up or adjustment purposes,
the VCO free-running frequency can be tuned by using
the generalized circuit in Figure 3, and applying an
alternating bit pattern of O’s and 1's at the known mark
and space frequencies. By adjusting Rg, the VCO can
then be tuned to obtain a 50% duty cycle on the FSK
output (pin 7). This will ensure that the VCO fg value is
accurately referenced to the mark and space frequencies.

M



DC ELECTRICAL CHARACTERISTICS (CONT'D)

Test Conditions: Vgc =12V, Ty = +25°C, Rp = 30KQ, Co = 0.033uF, unless otherwise specified.

Parameter [ Min. l Typ. ! Max. Unit | Conditions
Voltage Comparator Section

Input Impedance 2 MQ Measured at Pins 3 and 8
Input Bias Current 100 nA

Voltage Gain 55 70 dB R, = 5.1KQ

Output Voltage Low 300 500 mvV lc = 3mA

Output Leakage Current 0.01 10 A Vo= 20V

Internal Reference

Voltage Levei 4.9 5.3 o V Measured at Pin 10
Output Impedance 100 AG,Small Signal
Maximum Source Current 80 pA

Notes

Parameters are guaranteed over the recommended-operating-.conditions, but are nat-100% lested in production.

Bold face parameters are coveref By productionlestendgiare

#icod overgperzl-tempnarature rang8y

Speclifications are subject to change without notice

ABSOLUTE MAXIMLUM RATINGS

Power Supply ....... . ... L0 LT 20V
Input Signal Level ... .. L. 0. L e 3Vrms
Power Dissipation ........... .00 0 900mwW

Package Rower Dissipation Ratings

e ATVERANY Ol ——————— B A S B 750mwW
Derate Above Ta=26°C 9.l . L. 1h.. 8mwi/°C
RESReRne A 2. 410 A . ..~ 4. 800mwW
DeraterAbove Tar= 25°CTu. b v o b 60mW/°C
SOIC . [Wtld. . e Ylmg: ..o N E ... 390mwW
Derate-Above Ta=256°C ... .. % . l...... S5mW/eC

SYSTEM DESCRIPTION

The main PLL within the XR-2211 isicopstrdcted from an
input preamplifier, analog multiplier used as a phase
detector and a precision voltage controlied. osciliator
(VCO). The preamplifier is used as a limiter'such-that
input signais above typically 10mV rms are amplified to-a
constant high level signal. The multiplying-type phase
detector acts as a digital exclusive or gate. lts output
(unfiltered) produces sum and difference frequencies of
the input and the VCO output.  The VCO is actually a
current controlled osciliator with its normal input current
(fo) set by a resistor (Rg) 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 VCO frequencies

. Rev.3.01

{eteraally connected). AWhepfinflock, these frequencies
are fint.fvco (2timesfyy whenin lock) and fiy - fyco (0Hz
whemlack).|By adding a.capacitor to the phase detector
output, the 2.timesfijy component is reduced, leaving a
DC voitage-that represents the phase difference between
the two frequencies. This closes the loop and allows the
VCO to track the input frequency.

The FSK comparator is used to determine if the VCC is
driven above or below the center frequency (FSK
comparator). This will produce both active high ard

active low outputs to indicate when the main PLLis in lock
(quadrature
comparator).

phase detector and lock detector

TOM



XR-2211

ELECTRICAL CHARACTERISTICS
Test Conditions: Vge = 12V, Ta = +25°C, Rg = 30KQ2, Co = 0.033uF, uniess otherwise specified.

| Parameter J Min. Typ. Max. ] Unit | Conditions
General
Supply Voltage 48 20 V
Supply Current 4 7 mA Rg > 10KQ. See Figure 4.
Osciliator Section
Frequency Accuracy +1 +3 % Deviation from fo = 1/Rg Co
Frequency Stability
Temperature +20 +50 ppm/°C | See Figure 8.
Power Supply 0.05 0.5 Yol Vee =12 +1V. See Figure 7.
0.2 %/ Vcea= +5V.See  Figure 7.
Upper Frequency Limit 100 300 KHz Rg = 8:2KQ, Cy = 400pF
Lowest Practical Operating 0.61 Hz Rp = 2MQ,wCo= 50pF
Frequency
Timing Resistor, Ry - See
Figure 5
Operating Range 2000 KQ
Recommended Range KQ See Figure 7 and™~Figure 8.
Loop Phase Dectector Section
Peak Output Current +150 +200 +300 1A Measured-at Pin 41
Output Offset Current 1 uA
Output Impedance 1 MQ
viaxirmurm Swing +4 A6 V Referenced 0 FPin 40
Quadrature Phase Detector Measured at-Pin 3
Peak Output Current 100 300 PA
Output Impedance 1 Me
Maximum Swing " Vpp
Input Preampt Section Measured.at Pin 2
Input Impedance 20 KQ
input Siginal
Voltage Required to
Cause Limitin 2 10 0\

Notes

Parameters are guaranteed over the recommended operating conditions, but are not 100% tested in production.
Bold face parameters are covered by production test and guaranteed over operating temperature range.
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PIN CONFIGURATION
Ve Ifc ~ @ mmvct Ve =3t 1 14 1= TIMC1
INP [2] 13 TIM C2 INP | 2 13 [2 TIMC2
LoF [2] [1d TIMR LDF = s 2 B TIMR
oD [A] =1 LDo GND | 4 1 B2 100
LDOQN [5| 10 VRer LDOON =] 5 10 | Vger
Looq [e] 5] NC LboQ =l s |2 NC
Do [7] (5] CoOMPI DO =7 8 P COMP |
14 Lead CDIP, PDIP (0.300”) 14 Lead SOIC (Jedec, 0.150”)

PiN DESCRIPTION

Pin# Symbol Type |Description
1 Vee Positive Power Supply.
2 INP | 2eceive Analogilhput
3 LDF e} Lock Detect Fiiter.
4 GND Ground Pin,
5 LDOQN Q Lock Detect OutputNot.- This outputiwili be low-if the VCOQ'is’in the capture range.
5 LDO 0} Lock Datect Cutput Thisioutpitwilbbehighifthe VCOjisiinithe capture.range.
7 DO 0 Data Output. .Decoded FSK output.
8 COMP | | FSK ComparatorInput.
9 NC Not Connected,
10 VRer ¢} Internal'Voltage Reference: Thewvalue of Viggr, is Vioc/2 - 850mV.
11 LDO 0 Loop Detect Output. This output provides the resuit-of the quadrature phase detection.
12 TIMR | Timing Resistor Input. This-pin“‘connectsto the timing resistor of the VCO.
13 TIMC2 ! ming Gapacitor Input. "The timingcagacitcrtonnects betweenthis pin and pin 14.
14 TIM C1 | Tummg Capacitor Input.. The timing capacitor connects between this pin and pin 13.

~_Rev.301 gi? i Y - TOGYM
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BLOCK DIAGRAM
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Figure 1. XR-2211Block Diagram
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FEATURES

®
®
[ ]
®
®
(]
°

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

FSK Dermodulation, with Carrier Deiection
Wide Dynamic Range, 10mV to 3V rms
Adjustable Tracking Range, +1% to 80%
Excellent Temp. Stability, +50ppm/°C, max.

XR-2211
FSK Demodulator/
Tone Decoder

June 1997-3
APPLICATIONS
e Caller Identificatiqn Delivery
e FSK Demodulation
® Data Synchronization
e Tone Decoding
e FM Detection

e Carrier Detection

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop-(PLL)
system especially designed for’ data” communications
applications. it is particularly suited for FSK| medem
applications. It operates over a wide supply voltage range
of 4.5 to 20V and a wide frequency range of 0.01Hzto
300kHz. It can accommodate analog signais between
10mV and 3V, and can interface with conventional DT
TTL, and ECL logic families. The Circuit consists of a basic
PLL for tracking an input signal-within the pass band, a

quadrature  phase-.detector whigh', provides carrier
detection, andan FSK voltage comparater which provides
FSK. demodulation.- Exterival .components are used to
independently set centerfrequency, bandwidth, and output
delay. ‘An (internal voltage reference proportional to the
power supply is provided-at an output-pin.

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

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2211M 14 Pin CBiP (0.308%) -5520'to #125°C
XR-2211N 14°Pin CDIP (0.300") -40°C to'+85°C
XR-2211P 14 Pin PDIP.(0.300"%) <40°C to +85°C
XR-2211ID 14 Lead:SC!C{dedec, 0.150") ~40°C to +85°C

__Rev.3.01:
©1992

A B T S LT

oM’

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 ¢ (510) 668-7000 ¢ FAX (510) 668-7017
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XR-2206

NOTICE

EXAR Corporation reserves the right to make ‘changgsto the products coantained-in-this publication in order to im-
prove design, performance or reliability. 'EXAR Corporation assumes no responsipility fordhe useof any circuits de-
scribed herein, conveys no licensewundenany patent or other rightyand makes norepresentationthat the circuits are
free of patentinfringement. Charts and schiedules contained here.inareonly for illustration purposes and may vary
depending upon a user’s specific application.”While the information in this*publication.has’been carefully checked;
no responsibility, however, is assumed for inaccuragies.

EXAR Corporation does not recommend the use ofany of its‘productsiin life.support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affectits safety or effectiveness. Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1972 EXAR Corporation
Datasheet June 1997
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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16 LEAD SMALL OUTLINE
(300 wiL JEDEC SGIC)
Rev. 1.00

=}
4

16 9 T'
1 !

E H

; KN\
o) . l’
|

Seating ' AW

Plane —T~ _,‘ elq- -DH“‘ ;}—,——

INCHES MILEIMETERS
SYMBOL MIN MAX MIN MAX

A 0.093 0404 2.35 2.85
Aq 0.004 0.012 0.10 0.30.
B 0.013 0:020 0:33 0.51
C 0.009 0.013 0.23 0.32
D 0.398 0.4%3 10.10 10.50
E 0.291 0.299 7.40 7.60
& 0.060 BSC 1.27 BSC
H 0.394 0.419 10.00 10.65
L 0.016 0.050 0.40 1.27
o 0° 8° 0° 8°

»

S o
7:
I

Ke |

XR-2206
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16 LEAD PLASTIC DUAL-IN-LINE
(300 MiL PDiP)
Rev. 1.00

e . ra e e

18 S

D
1 8

L L L T O T L

7 aBINSN, NN
S H@%ﬂﬂﬂﬂﬂﬂﬁ

o

fe 71 -3

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.145 0:210 3.68 5.83
Aq 0.015 0,070 0.38 1.78
Ao VA5 0195 192, 495
B 0.014 0:024 0.36 0.56
By £.030 0.070 0.76 1.78
C 0.008 0.014 0.20 0.38
D 0:745 0.840 18.92 21.34
E 0.300 0.325 7.62 8.26
Eq 0.240 0.280 6.10 7.1
e 0.100 BSC 2.54 BSC
ea 0.300 BSC 7.62 BSC
eg 0.310 0.430 7.87 10.82
L 0.115 0.160 2.92 4.06
o 0° 15° 0° i5°

Note: The control dimension is the inch column

P orif S ) Y S
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16 LEAD CERAMIC DUAL-IN-LINE
(300 MiL CDIP)
Rev. 1.00

o 8 e T s T s Y o s e 0 s

{ 16 a

g 2

LT LT SFULEF LT

Base
Plane

Seating
Plane

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.100 0:200 2,54 5.086
Ay 0.015 0.060 0:38 1.62
B 0.014 0.026 0.36 0.66
B4 0:045 0.065 114 1.65
¢ 0.008 07098, 0.20 0.48
D 0.740 0.840 18.80 21.34
£4 0.250 G.310 6.35 7.87
E 0.300 BSC 7.62 BSC
e 0.100 BSC 2.54 BSC
L 0.125 0.200 3.18 5.08
o 0° 15° 0° 15°

Note: The control dimension is the inch column

TEOM
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Output Amplitude:

Maximum output amplitude is inversely proportional to
the external resistor, R3, connected to Pin 3 (see
Figure 3). For sine wave output, amplitude is
approximately 60mV peak per kQ of Rg; for triangle, the
peak amplitude is approximately 160mV peak per kQ of
Rs. Thus, for example, R3 = 50kQ would produce
approximately 13V sinusoidai output amplitude.

Amplitude Modulation:

Output ampilitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance

VR Veg H

® [f B @

1WV256 | 14

B® B iv % ﬁi ] L]

at Pin 1is approximately 100k€2. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 14 volts of Vge/2 as shown in
Figure 6. As this bias level approaches Vcc/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-carrier AM generation. Total
dynamic range of amplitude modulation is approximately
55dB.

CAUTION: AM control must be used in conjunction with a
well-requlated supply. since the output amplitude now becomes
a function of Vee.

16 6 13 1
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With External Adjustment:

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

i. Set Rg at midpoint and adjust Ra for minimum
distortion.

2. With Rp set as above, adjust Rp to further reduce
distortion.

Triangle Wave Generation

The circuits of Figure 11 and Figure 12 can.be converted
to triangle wave generation, by simply open-girguiting Pin
13 and 14 (i.e., S open). Amplitude-of the triangleis
approximately twice the sine wave output:

FSK Generation

Figure 13shows the circuit connection far sinusoidal FSK
signal operation. Mark and space frequencies can he
independently adjusted by the choice of timing resistors;
R1 and Ry the output is ‘phase-continueus during
transitions. The keying signal is applied to-Pin9.-The
circuit can be converted to split-supply operation by
simply replacing ground with \/-.

Pulse and Ramp Generation

Figure 14 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9) is shorted to the square-wave output (Pin
11), and the circuit automaticaily frequency-shift keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
to 99% by the choice of Ry and Ry. The values of R4 and
Rz should be in the range of 1kQ to 2MQ.

XR-2206

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The frequency of osciliation, f,, is determined by the
external timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

fo=éHz

and can be adjusted.by varying either R or C. The
recommended values of Ry for a given frequency range,
as stiown.in-Figtre 5. Temperature stability is optimum
for4kQ <R <200kQ.Recommended values of C are from
30Q0pFIopLL0UE.

Frequency Sweep.and Modulation:

Frequency.of-oscillation'is propertional to the total timing
current,\l-drawn fromPin7"or 8:

1320/3(mA)

f= O E) Hz

Timing terminals (Pin'7 or 8).are low-impedance points,
and are internally-biased at +3V, with respect to Pin 12,
Frequency varies linearly with ITj;over a wide range of
current values. from 1uA to 3mAnThe frequency can be
controlled “by @applying“a control voltage, V¢, to the
activated timingpinas.shownin Figure 10. The frequency
of‘oscillationisirelated to VC as:

A% —1—(1 7 40 ———V—c—))i‘iz

RC Rc\ 3

where V¢isin volts. The voltage-to-frequency conversion

oain. K. is aiven as:
gain, K, Is g'ven as:

K= offoV, = - %32

Fe MV

CAUTION: For safety operation of the circuit, Iy should be
limited to << 3mA.

TEOM
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Vee
o
ey
=21
g::mF f= C[R1 = Rz]
4 4
R
--1.6 \ 2 = 1
__;_—L 5 - Duty Cycle -
€ M And x15
T 6 ' Sine 14
| *|] Shaper
9 %13
Rq il c ]
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+
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<" VN AL Ve
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Vee &1
5:.1K S.\{4 |

Figure'14. Circuit.for Pulse and RampGeneration.

Frequency-Shift Keying

The XR-2206 can be operated‘with two separate timing
resistors, Ry and Ry, connected to'the timing Fin'7 and 8,
respectively, as shown in Riguré 13. Depending on the
polarity of the logic signal at Rin 9, ither one or the other
of these timing resistors is, activated. If Pin 9iis
open-circuited or connected to abias voltage = 2V,.anly
R1 is activated. Similarly, if the voltage levetat Pin @ is
<1V, only Ry is activated. Thus, the output frequency can
be keyed between two leveis. f1 and fy,'as:

f1= 1/R4C and fp = 1/R,C

For split-supply operation, the keying voltage at Pin 978
referenced to V-,

Output DC Level Control

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figure 11, Figure 12 and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc ievei of ~ V7/2.

W A 8 LA A0 &9 &5

V. Rev.

APPLICATIONS INFORMATION
Sine'Wave Generation

Without External-Adjustment

Figure 11/shows the circuit connection for generating a
sinusoidal eutput fromthe XR-2206/The potentiometer,
R4 at\Pin"Z, provides the desired frequency tuning. The
maximum output swingeis greater than V*/2, and the
typical distortiom, (THD) is” <72.5%. If lower sine wave
distartion) is| desireds” additional adjustments can be
provided as des€ribed in the following section.

The-circuit of Figure 11 can be converted to split-supply
operation, simply by replacing all ground connections
with V-, For split-supply operation, Rz can be directly

connected to ground.

TOM
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Figure 12. Circuit for Sine Wave-Generation with Minimum Harmonic Distortion.
(R3Determines Qutnut'Swing - See Figure(3)
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Figure 9. Frequency Drift versus Figure 10. Circuit Connectionfor Frequenc Sweep.
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Figure 11. Circuit tor Sine Wave Generation without External Adjustment.
(See Figure 3 for Choice of Rj)
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2206M/P XR-2206CP/D N
Parameters Min. l Typ. [ Max. | Min. [ Typ. l Max. | Units | Conditions
Amplitude Modulation
Input Impedance 50 100 50 100 ke
Moduilation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% medulation
Square-Wave Output
Ampiitude 12 12 Vp-p | Measured at Pin 11.
Rise Time 250 250 ns Cy =10poF
Fall Time 50 50 ns CL=10pF
Saturation Voltage 0.2 0.4 02 0.8 Vv i = 2mA
Leakage Current 0.1 20 01 100 pA Ve =26V
FSK Keying Level (Pin 9) 038 1.4 24 0.8 14 2.4 v See sectien on circuit controls
Reference Bypass Voltage 29 3.1 3.3 akb B 8.5 V. Measured at Pin 10.

Notes

f Output amplitude is directly proportional to the résistance, Ry, .on Fin 3. 8ee Figuré 3.
2 For maximum amplitude stability, R3 should be a positive temperature coefficient resistor.
Bold face parameters are covered by production-test and-guaranteéd over operating-temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply .............. o e 26V
Power Dissipation ............ ... 0. % . 750mW
Derate Above 25°C . ................. . SmW/°C

........................

TotalFiming Current
Storage. Jemperature

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier

and sine-shaper; a unity gain buffer amplifier; and
current switches.

asetof

The VCO produces an output 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
FEK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the currents, and routes it to

the VCO.

timing resistor

TOM'



XR-2206

DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Veec= 12V, T = 25°C, C = 0.01uF, Ry = 100kQ, R, = 10kQ, Ra = 25kQ
Unless Otherwise Specified. Sq open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. I Typ. l Max. | Win. ! Typ. I Max. | Units | Conditions
General Characteristics
Single Supply Voltage 10 28 10 26 \
Split-Supply Voltage +5 +13 +5 +13 \Y,
Supply Current 12 17 14 20 mA Ry > 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz | C=1000pF, R4 = 1kQ
Lowest Practical Frequency 0.01 0.01 Hz C =50uF, Ry=2MQ
Frequency Accuracy +1 +4 +2 %-.0f fs. | fo = 1/R4C
Temperature Stability +10 +59 20 ppm/°Cy 88C < Tp < 70°C
Frequency R4 =R, = 20kQ
Sine Wave Amplitude Stability2 4800 4800 ppm/°C
Supply Sensitivity 0.04 0 0.01 %N TV Low 210V, Vuigh = 20V,
R;=Ry'= 20kQ
Sweep Range 1000:11 2000:1 2000:1 fu=fL |fy @Ry = 1kQ
f. @ R4.= 2MQ
Sweep Linearity 7
10:1 Sweep 2 % fL'= ikidz, fiy = 10kHz
1000:1 Sweep 8 % f = 100Hz, fy; = 100kHz
FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing Components
Timing Capacitor: C 0:001 100%:40.001 100 uF Figure.5
Timing Resistors: R4 & R, 1 2000 1 2000 k©,
Triangle Sine Wave Output’ Flgure3
Triangle Amplitude 160 160 MVIKS o\ Figure 2, 31 Open
Sine Wave Amplitude 40 60 80 60 mV/kS2 | Figure 2, S4 Closed
Max. Output Swing 6 6 Vp-p
Output Impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 0.5 05 dB For 1000:1 Sweep
Sine Wave Distortion
Without Adjustment 2.5 2.5 % Rq = 30k
With Adjustment 0.4 1.0 0.5 15 % See Figure 7 and Figure 8

Notes

! Output amplitude is directly proportional to the resisiance, Rz, on Pin 3. See Figure 3.

For maximum amplitude stability, R3 should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.
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AMS! E' E SYMA2 AMSI i 1 = 6 b SYMA2
810 [2] 15] SYMAT sT0 |2 5|3 SYMAT
Mo [5] 4] WAVEA2 Mo =| 3 1l WAVEA2
Vee 4 113] WAVFA1 Ve = | 1l waveas
TC1 [5] 2] GND TC1 =5 2|2 GND
Tc2 [6] 1] sYNCO TC2 =l s 12 SYNCO
TR [ 0] BIAS TR1 =3|7 10| BIAS
TR2 [&] ﬁ FSKI TR2 =l|s 9 |3 FsKI

16 Lead PDIP, CDIP (0.300%) 16 Lead SOIC(Jedec, 0.300”)

PiN DESCRIPTION

Pin # Symbol Type' |Description
1 AMSI | Amplitude”Modulating Signal Input.
2 STO Q Sine or Triangle Wava Outsut.
3 MO o Multiplier Output.
4 Vea Positive Power Suppiy.
5 TCH1 | Timing Capacitor input,
8 TC2 | Timing Capacitor Input!
7 TR1 0 Timing Resistor4 Output.
8 TR2 O Timing Resistor 2 Gutput.
9 FSKI ! Fraquency Shift Kaying Input,
10 BIAS ¢} InternalVoltage'Reference.
1 SYNCO O Sync Quiputy This output is-aopen coiigctorand needs a-plili upsesistor to Vee.
12 GND Ground pin.
13 WAVEA1 ! Wave FormAdijust Inpit' 1
14 WAVEA2 | Wave Form Adjust.Input.2.
15 SYMA' | Wave Symetry Adjust 1.
16 SYMA2 l Wave Symetry Adjust 2.

™
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Monolithic
Function Generator

N/
20 EXAR
...the analog plus company**

June 1887-3

FEATURES APPLICATIONS

e Low-Sine Wave Distortion, 0.5%, Typical = WievemnT SeeERRan
é Excelient Temperature Stabiiity, 20ppm/°C, Typ. & Sweep Generation

o Wide Sweep Range, 2000:1, Typical e AM/FM Generation

@ Low-Supply Sensitivity, 0.01%V, Typ. & VIE Conversion

e Linear Amplitude Modulation

QI Mamans 5o
N LTlhicialull

TTL Compatible FSK Controls
Wide Supply Range, 10V to 26V
Adjustable Duty Cycle, 1% TO 99%

@

GENERAL DESCRIPTION

The,{ circuits s

The XR-2206 is a monolithic function generator
integrated circuit capable of producing.high-quality sine;
square, triangie, ramp, and puise waveforms of
high-stability and accuracy. The outputwaveforms can be
both amplitude and frequency medulated by an external
voltage. Frequency of operation “can_be ' selected
externally over a range of 0.01Hz tosmore than 1MHz.

ideally suited “for communications,
instrumentation, rand function generator applications
requiringssinusoidai ione,-AM, FM, or.FSK generation. it
hasatypicaldrift specificationof 20ppm/°C. The oscillator
freguengycan’balinearly swept over.a 2000:1 frequency
range with-an external control.voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead! 300 Mil CDIP -55°C tog+1252C
XR-2206P 16-Lead 300 Mil-RDIP —40%C tc +853C
XR-2206CP 16 Lead"300 MiLPDIP 0°C to*+70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C
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