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Abstract .

Nowaday; data management has been developed, It is necessary
o +transfer rapidly the correct messages and data from one place to
another. A new concept for communication system is developed by
changing digital signal to electrical signal and transmit through
conductor, but there is limitation with short distance, caused from
loss in +transmission line. The proper means by changing digital
signal to radio frequency range has been used, we can send in longer
distance, and can be transmitted through telephone communication

i

network.

~

= e FSK Modem is new equipment developed for this purpose. The
~

correctly messages .and data can be rapidly transmitted with long

distance.,
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C 35 .01 UF 50V
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U1 LM 386 ¥

u 2 PC 4 W 35V Q 1-2, Q7 2N3904

U MC 1488 Q4 LM 7905 CT
U 4 WMC 14€8 Q5 LM 340 TS
U5 8806

U e 8812
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D 1-5 Zener Dicde

CN 1 Adaptor RS 232

3P 1 Spearein .

T 3 Line interiace
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7Z° EXAR

XR-1488/1489A

Quad Line Driver/Receiver

GENERAL DESCRIPTION

The XR-1486 15 a monolithic quad line driver designed
10 interface data terminal equipment with data commu-
rications equipment in conformance with the specifice-
tons of ElA Standaid No RS232C. This extremely ver-
.gaite integrated ciicun can be used 10 perform a wide
tange ‘of applications Fealues such as ouipul cuirgnt
wniting . independent posltive and negative power sup-
ply onving glements, and compatiphity with all D11 end
TTL logic families greatly enhance the versattlity ¢! the
circuit.

The XFR-14834 is a monolithic quad Jline receiver de-
signed 1o interlace dala terminal equipment with data
communicainns equipment. ihe XR-1489A quad re-
ceiver aiong with its compznion circuit, the XR-1488
quad driver, ptovide z complete interlace system be-

een DTL of TTL logic levels and the RS232C delined
.Jltage and impedance levels.

ABSOLUTE MAYIMUM RATINGS

Pov.er Suppt;

XR-14E8 + 15 Vac
XR-1+59A +10 Vde
Power Dissipation
Ceramic Pacrage 1C00 mwW
Derate above +25°C 67 mwi“C
Ptastic Package 650 mwi“C
Detale above +25°C 5 mw/*C

ORDERING INFORMATION

Part Number Package Operating Temperature
XR 1488N Ceramic 0°C 1o +70°C
XR-1488P Plastic 0¢C 10 +70°C
XR-1488AN Ceramic 0<C 1o +70°C

XR-1483AP Plastic 0°C 1o +70°C

FUNCTIONAL BLOCK DIAGRAMS
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SYSTEM DESCRIPTION

The XR-1488 and XR-1489A are a matched set of quad
line drivets and line receivers designed for interfacing
between TTL/DTL and RS232C data communication
lines.

The XR-1488 contains four independent split supply line
drivers, each with 2 £ 10 mA current limited output. For
RS232C applications, the slew rate can be reduced to
the 30 V/uS limit by shunting the oulput 10 ground with a
410 pF capacitor. The XR-1489A contains four indepen-
dent line receivers, designed for interfacing RS232C to
TTUDTL Each receiver fealures independently pro-
grammable swilching thresholds with hysteresis, and
input protection to 30 V. The output can typically
source 3 mA and sink 20 mA.
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XR-1488/1489A

ELECTRICAL CHARACTERISTICS

Tes! Condltions: (V+ = +9.0 £1% Vdc. V™

~9.0 4+ 1% Vdc. T = 0°Cto +70°C, unless otherwise noted)

XR-1488 LiMITS
PARAMETERS T MIN TYP MAX | UNITS CONDITIONS
Forwatd Input Current 1.0 1.6 mA Vin = 0 Vdc
. Reverse Input Current 10 phA Vin = +5.0 Vde
Outpu! Vollage High Vdc Vin = 0.8 Vdc,
R = 3.0 k2
¥+ = +490Vdc, V- = -8.0Vdc +6.0 +70
¢t = +132Vde, V- = -13.2Vdc +8.0 +105
| Curput Yollage Low Voc Vin = 1.9 Vdc,
Ry = 3.0kD
v+ = +90Vde, V- = -9.0Vde -6.0 ~7.0
v+ = +13.2Vde, V- = -13.2Vdc -9.0 -10.5
Positive Output Short-Circuit Current~ +6.0 +10 +12 mA
Negative Oulput Shori-Circuit Current -6.0 -10 -12 mA
Output Resistance V¥ =V~ =10 300 Ohms Wot = =220V
Positive Supply Current (R| = o) mA
Vin = 1.9Vdc, V+ = +8.0Vdc +15 +20
Vin = 0.8Vde, V+ = +9.0Vdc +4.5 1 6.0
Vi = 1.9 Vdc, v+ = 412 Vdc 415 i25 |
Vip = 0.8Vde, Vt = +12 Vdc 455 170 ¢ ‘
Vin = 1@ Vde, V¥ = +15Vde ‘ L f ; '
____‘\’in'-'GBVd':._\_"' = +15Vde i L ’ I ~ . ‘
Negative Supply Cutrent (R = =} wh .
Vin = 1.8 Vde, v~ = —-9.0Vdc ~13 -~ 47 l !
Vin = 0.8 Vdc, vV~ = -8.0 Vdc bl 0 ! !
Viq = 1.8 Vde, V— = —12Vdc - 18 -23 : :
Vin = 0.8Vde, V— = —12Vde 0 0 ;
Vip = 1.8Vde, V™ = - 15 Vde ~34
Vip = 0.8Vdc, vV~ = —15Vde -2.5
Power Drissipation mwW
v+ = 00Vde, V™ = -8.0Vde 333
V+ = 12Vde, V~ = 12Vdc 576
Swilching Characteristics (V¥ = +9.0 £1% Vdc, V™ = —9.0 +1% Vdc, T = +25°C)
Propagation Delay time (tpd+) 150 200 ns 2| = 30kand 15pF |
Fall Time 45 75 ns 7y = 3.0kand 15 pFJ
Propagation Delay Time (‘pd_) 65 120 ns Zp = 3.0kand 15 pF
Rise Time 55 100 ns 2 = 3.0k and 15 pF
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ELECTRICAL CHARACTERISTICS

st Conditions: Response contiol pin is open.

unless otherwise noted)

XR-1488/1489A

(V+ = +5.0Vdc 1%, 75 = 0°Clo +75°C,

. XR-1489 LIMITS
PARAMETERS o MIN 0 TYP [ MAX UNITS CONDITIONS
Positive Inpul Current mA
Vjp = +25Vde 3.6 83
Vip = +3.0Vde 0.43
Negative Input Cutrent mA
v ¥in = —25Voc -36 -
’ 8.2
Vin = —3.0 Vdc -0.43
*input Turn-On Thresholc Vallage Vdc
s = +#25°C, Vo =C45V .75 1.85 2.25
input Turn-Off Threshold Voltage ’ Vde Y = ~0.5mA
Ty = +25°C. Vg 225V 0.75 08 1.25
Oulput Voiiage High -Ydc I = -0.5mA
Vin, = 075V 26 4.0 5.0
Input Open Circuit 26 40 5.0
| Ouiout Volizge Low 0.2 0.45 Vdc Vigr= 30V,
I = 10 mA
Qutput Shoit-Circuli Current 3.0 mA
Power Supply Current 20 26 mA Vin = +5.0 Vdc
Fower Dissipation 100 130 mw Vip = +5.0Vde
Swiching Charactsristics (7 * = 5.0 Voc 21% Tp = +25°C) - -
Fropagation Delay Time {ipy i) 25 | 65 ns f Hp o= 28K |
Rise Teme 120 175 ns | Ry = 3d80
-Tpxopagahon Detay Time (1pp} 25 5¢ ns Ry = 380 &0
Fait Time 0 | 20 ns Rl = 280 k0
. —
¢
L
EQUIVALENT SCHEMATIC DIAGRAMS
§ XR-1488 XR-1489A
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Application Note AN-05

rri-State FSX Modem Design
Using ¥E-2297 And XR-2211

INTRODUCTION

19,

hjs application note describes the desien principle and the operation of “yri-state” freouency-shift keved (FSK) Modems for indus-
4l process CONrol SvSIems. Comparec 10 conventional “'bi-state” Modems which utilize only the mark and space frequencies, the
i.state Modems utilize z third frequency, calied the “carner signal™. for additional command and control functions. This carrier-
ontrol feature allows each Modem svsiem connected 10 2 central processor (CPU) 1o be interrogated or activated, one at 2 time,
Athout interference from the other MoGerm transmitters or receivers within the same system.

e design and operation of conventionai bi-state FSK Modems using the XR-2206 modulator and the XR-2211 demoduiator are
overed in Exar's Appiication Note AN-01. This applicatior ‘note extends thes? basic concepls 10 the design of FSK modulators
~ damodulators with 1ri-siate Uperauen capapiity.

acquisition systers is nornally made up of a microprocessor
2ions with its A/Dranc D/A converter circuitry which irverface

ith the sensors and the control machunery; and an FSK
Modem which interfaces with the telephone wires going back
(0 the certra, command umit. the CPL.

UNDAMENTALS OF TRI-STATE OPERATION

n z wide varizty of indusirial process control applications. it
s necessa’’ 10 have 2 numiDer of separate s2nsoTS and control-
ers zctivaied by 2z cemiralized computer of processing unit
CPU): This can be achieved by operating a number of separate
CSK: modulzior/demodtiator (Modem) siations Over a com- In suth @ complex prccess CORUCI sysiem the FSK Modem
n#n se1 of rzlephone 'ines and address ic them, one 2t 3 time, stations piay 2 crucizlrole in interfacing the distibuted con- |

om the CPU The simplifieC biock diagram of such a process trol stations with the CPU. The Modem arrays are selectively

control svsiem s showt in. Figure 1. In many cases. such z “interrogaiec” by the TPU. one at 2 time. by cperaiing them
precess controlied svsiem #iso makes use of the “distributed- unde: so-calle¢ “carrizr-control”  moce, ie.. they are z¢-
nieiligence” concept by emploving & separalé daia acquisi- dressed o1 enable¢ on!y when 2 specific carrier-icne Is sert out
rion svsiesn. 2t each contror Ttation Such an inrelligen: data from the CPL.
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Figure 1. Simplified Block Diagram of a Complex Process Control System with muitiple FSK Modems.
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I, conventional operation of FSK Modems. one operatzs them
ir. their “pi-state”™ mode. i.e.. the mnformztion 10 be trans-
miited or received is avzilable in rwo states. corresponding 10

_either 2 mark or a space frequency. In a2 complex process

e

conuro) svsiem, suc}g as the one shown in Figure 1, the versa-
tilitv of the system™can be greatly enhanced by operating the
FSK moduiator and the demodulator in 2 ‘“‘mri-state™ mode
where the information to be transmitted or received is avail-
.able in fhree states, i.e., 2 “mark™ or 2 “space” frequency, or
LI . e A . P ’

Y2 “carrier” signal, which is normally a tone having 2 freguency
half-way between the mark and space frequencies.

Lfigure 2 shows a detaled block diagram of 2 compiete tri-
state FSK Modem system. The systern is made up of five
blocks: T ’

FSK transmitter or encoder which converis the
input datz orlogic signals inio transmitted “mark”,
“space” and “‘carrier’’ tones.

(A)

FSK recewver or decoder which converis the {re-
guency signals sent over- the telephone lines into

binary logic signals. -

Transmnitier band-pass filter whickt barc-limits the
frequency ontput of the transmittés 19 the al-
jocated transmitter bandwidth.

Receiver band-pass filter which limits the incoming
signals 10 those freguencieshich fall within the
allocated receiver bandwidth.

1.,

[¢]
g
~

A “line hybrid”. or 2 4-wire 10 2-wire transformer,
which izolates or decouples ihe transmitter output
from the receiver input.

The Grst 2 blocks. i.e.. the FSK transmitier and the receiver,

are the essertal part of the Modem system. The temaining
Siree biocks. namelv theractive fihers and-the iine-hybrid are

suppon wircuits. depending o the frequency-band reguire-
merts o7 the necessary telephone line interconnections.” De-

descriptions ang design exampies for these active filters-
en in Exar’s Appiication Note AN-03.

~

Tne tri-state Modem is designed 10 operate in Two separate {re-
quency bands: A “iransmit-band” for the transmitted data,
and 2 “receive-band” for the incoming frequencies. In certain
operating modes, such as the half-duplex operation, these fre-
quency bands may be one and the same. In its most general
case, the frequency information associated with the 1n-state
Modem svstem of Figure 2, is concentrated in fhree discrete
frequencies in each of the transmit- and receive-bands. These
are:

Transmit-Band (transmitter output):
fT1 = Transmitter “mark’ frequency

2 T~ = Transmitter “‘space’ frequency

+ ey

To = Transmitter “carrie:” or “zenter” freguency

ARSI A CONTROR

oyt . W .
——
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- e N 3 —
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.Figure 2. Block Diagram of 2 Tri-State' FSK:Modem System.
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“

Receive-Band (receiver input):

fR] = R‘eccij;/cr*‘»m;rk"‘ frequency

fr~ = Receiver “epace™ frequancy

7 “ A ¢ e

= Receiver ™oarrier™ or “eenter” {requency

L aa e, e = o

ety

RO
Normallv the “maik” and “specs’ frequencics are chosen o
be near the opposite ¢dges of the jeceive. or transmii-band,
and the “carries” frequency_is chiosen 1o be at the cenier of

the corresponding band. = : ..

When activated by the C@/Eélﬁlé 'égnt'rol, the tri-state
transmitier generaies gither the ‘FSK-mark/space frequencies
(i.e., frequencies fT1 and fT72) or the cdrrier frequency, fTp.
The carsier frequency is activated by the “carrier control” in-
put, and can over-ride the input dzm,

The tri-state receiver proviges two outputs: A binary-data-out-
put, when activated bY ?w.inpm.mark/spm frequencies (i.e.,
fR] and fro), and 2 log signal to control or enable the trans-
mitter, when the receive-camer frequency, fRQ, is present. As
an option. it may have & dual-mode operation capability which
can provide serial dats outputs for half-bandwidth deviations
of the input signal, i-£-. for FSK signals comprised of center-
to-mark or center-to-space frequency shifts. The data outputs

corresponding to this mode of operation are shown as outputs

. P o)
D anc Do of Figure -



MODES OF OPERATION

The generalized iri-state Modem sysiem of Figure Z can oper-
te in 2 multiplicity of modes. Some oI these are oudined
below:

Answerback Under CPU Controi: The Modem wili be in 2
stand-by mode. with the transmitier disabled, and with the re-
ceiver in a stand-by condition with its daia output disabled.
It will be activated only when an “interrogate” tone at the re-
ceiver center frequency, fRQ, is transmitted by the control
M'odcm unit associated with the CPU (see Figure 1). This tone
i¥ detected by the receiver; it activates the transmitter via its
enable/disabie control and instructs the local microprocessor
to transmit its status information. via the local transmitter.
This data is transmitted as an FSK signal made up of the trans-
mit mark and space {requencies. fT] and fT2. When the infor-
mation ‘transmission is.complete. or when the “interrogate™

tone is discontinued. the entire Modem sysiem again reverts

back 10 iis stand-by mode.

Receive Undes.CPU Control: In .this mode of operation. the’
transmitier remains disabled, the receiver is at its stand-by
mode with its data output disabled. When the FSK data is
sent by the CPU Modem transmitter. at mark/space frecuen-
cies of fR] and fR-. the data output is enablec and the de-
coded binary data is {ed-ints the local microprocessor. Since
the “center” receive-frequency, fRQ is not transmitted. the
“ransmirier remains aisabled.

-*

Priority-Transmit Request:.In arn “smergency’ situarion, the
local transmitter can ce activated. by its carmer<ontrol input.
which causes i1 10 transit a tone. fTQ. at its center irequency.
When this tone s received by the CPU, it will be treated as a
priority-request to transmit information: antd the CPU will im-
mredistely “interrcgate” the cormespending locd Modem by
sencing out its 2ddress ione. at irequéncy 'RQ.

1

Figure 2. for haif-bandwidth deviatons of the input FSK
signal. In this mode. the input data will be in the form of
center-to-mark frequency shifts for one channel. and center-

tospace shifts for the other. This mode of operation allows _

two separate seis of data or control instructions to be trans-
mitted within the same channel bandwidth, provided that
oniy one of these channels is used at any one time.

Dual-Chanpel Transmit: As an option, the transmitier can also
transmit two separate channels, using half-bandwidth devia-
tions of the transmit signal. In this case, the outgoing data will
be encoded with center-to-mark transitions of the transmitter
frequency in one of the channels; and with the center-to-space
transitions in the other. However, similar to the case of the re-
ceiver, only one or the other, and not both, of these half-
bandwidth channels can be “on” at a given time.

XR-2207 AS A TRI-STATE FSK TRANSMITTER

The XR-2207 is 2 monolithic .voltage<ontrolled oscillater
(VCOY. cirzuir with excellent temperature stability. It provides
simultaneous triangle and:square wave outputs and can be
keved to any one of four pre-programmed frequencies. by
means of. external logic signals. These four discrete frequencies
are’ pre-programmed- by the choice. of {our external timing
resiszors. ’

Figure 3 shows a functional block diagram of the XR-2207
menolithic FSK generator chip. The circuit is comprised of
four functonal blocks: a variable-frequency oscillator whick:
generates the basic periodic waveforms; four current switches
actuated by binary keying inputs: and buifer amplifiers for
both the triangle and square wave outputs. The internal cuirent
switches transfe; the oscillator current ic any of four external
timing resistors to produce four discrete frequencies which ar

selected zccording to the binary logic levels at the keying ier-
minais.
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- Figure 3. Functional Diagram

”

Generator.

of XR-2207 Monolithic FSK

Logic Level ) )
— Active Timing Resistor | Output Frequency
Pin8 | Pin 9
L L Pin & S =
! CoRy
L l H Pins 6 and 7 PO
| T CoRy  CoRy
- . - - 1 -
H L Pin
‘ CORB
H 1 H Pins < and ¢ -
) ) CQR:\ C,}RJ

TABLE 1. Ourput Frequency of the XR-2207 as a functdon of
the Keving Logic.

{*Frequency in Hz. R in Ohms and Cin Farads.)
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Figure 4. Tr-State FSK Transmitter using the XR-2207.

timing resisiors. Ry through Ry. The keyingrterminals switch
these ex:ermal resistors in and out ol the circuit and thus.
control the operzting frequencv. Tagle | shows the four
discrete frequencies which can be obiained zs 2 function of
four logic siates at pins 8 and 9. It snouid be noted that the
frequency is inversely proportional 10 the tming resistor
sonnected 1o the gervared timing pin. Thus. for exampie. if
only one of the iiming pins. sav pia J, is activated. yet its
- associated resistor, R3 is left open-ircuited (fe.. R3 = =) the
oscilator wili be keved “off” since this corresponds 10 a
. ‘zero-frequency’ state.

onnection of the
transmitter. The
o set ithe three dis-
accordance with the

o

<

R 1 1 1
2 = i = : - : 3 o ——
7R, TT2TER; T GR,  'TOTGHR,

It shouid be noted that pin £ is left open circuited (iz..
R3 = oo, This allows the circunt 1o be keyed “off”, or dis-
adled. by zpplving 2 “high” logic state ic pin 8 and a “Tow™
iogic stzte 10 pin 9 (see Table 1).

Tne “unczons of the three control terminais can be descrised
as foilows:

A, FSK Darta Input: The serial binary data is applied
10 this terminal. With the carrier control at “low™
ar.d Enabie/Disabie :cntrel 2t *high"” siate. the
Simary data causes the iransmitter to generate the

e mar¥ and space recuencies. iT; and (T3,
» B.  Enabie/Disabie Contwoi: When tis input is at
>" “low' state, the ronomitier s disapled.

. ... .Carrier-Control: When this terminal is at “high”
state. the izansmitte; g2nerates a continuous tone
at frequency {T0-

With the external logic circuitry as shown in Figure 2. Carrier-
Control can over-ride both the Enabie/Disable or the FSK dara
inputs. A detziled truth-iable of the circuit outputs is given in
Table 2. for various states of the three conuoi inputs.

-

XR-2211 AS A TRI-STATE RECEIVER -

The XR-2211 is a monoiithic FSK demodulator which oper-
ates on the phasedocked loon principie. In addition to the
basic PLL system. the monciithic chip aiso sontairs o guac
rature-ietecior circuit which produces ¢ siegmal

Basic Bi-State Operaticn: 5
in conventional bi-stgte Modems. is

CONTROL TRANS- TR.
INPUT LEVEL]LEVEL{MITTER MITTER

OUTPLT
FREQUENCY
|OFF | TRANS.

STATES

W
g
.
O

—
I

e o
k]
2

(o | CARRIER
: | ONLY

L L B |OFF | MITTER OFF
L |H L L i1 TRANSMIT
Hin!iL |H L lf1- DATA
L|LIHIHE H Fads | TRANSMIT
L |H

H

I
i
!
i
i

TABLE =. Tri-State Transmitier Operating Modes as a func
tion of Control Inputs.
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xar’s Application Newe AN-01. Ir wil be brefly reviewed
elow’ —

he basic crcuit connetdon’ior the XR-2211. for bi-state- FSK
etection is shown in Figure 6. The center frequency is deter-
sined by fg = {1/C; Ry} Hz, where capacitance-is in farads and
.sistance is in okms. ip should be calculated to fall midway
etween the mark and spaze frequencies.

e tracking range (2Af) is the range of frequencies over
Qish the piiaseSocked loop can retin lock with a swept

nout signal - This range is determined by the formuia:

A S e 'y - -
; L™ —1 (R410/R:'.' }Ju'.
should be made eguai to, or siighdy less than. the dif-
wenge berween the mark and space fequencies. For optimum
ofiity the recommended range of veiues Jor Ry is between
0 0 4nd 100 kL

-

Figuré 6. XR-2211 2s 2 Bi-State Receiver with Tone-Detection
Capability.

The capture range (=Afc) is -the range of freguencies over
which the phasedocked loop can acquire lock. It is always less
than the tracking range. The capture range is limited by C2,
which, in conjuncton with Rs, forms the loop fiiter time con-
stant. In most Modem applications. ¢ is chosen 1o be = 80%
10 95% of the tracking range, &1

The bi-state FSK datz flter, made up of RF and CF removes
the jitter from the demcdulated FSK signal. Similariy, the
iock-getect filter capacitor (Cp) removes chatter from the
lock-detect-ourput. With Rp = 510 k€, the.minimum value of
Cp can be determined by: Cp (uf) = 16/capture zange in Hz.
The XR-2211 has three NPN open collecor outputs, each of
which is czpabie of sinking up 10 5 m! .Pin 7 is the FSK data
outpul, pin 3 is the Q iock-deres: gurpul. which goes low
when a carrer is gerected. and pin 6 is the Q Jock-detect out-
pui.'which goes high when jockis detecied. If pins 6 and 7 are
wired together. the output signei from wess terminals will
orovide data when FSX is appiiec and will be “jow” when nc

cafrier is prasent.

v

Wi ——
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| 24TAOUTPUT O_.C
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Figure ~. Circuit Connection for Operating XR-2211 as a Tri-State FSK Rece:ver
.
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gy wnich generate the reference volizge

Tri-State Operation: Tne XR-2231. FSK demoduiator circuit
sar oe mace ic sperate as a in-siate receiver (see Block B of
zu z <he circuit configuranon shown in Figure
Wit reference 1c the Figure. the Sasic operation of the circuit
can be descritec 2s follows:

The basic FSK decoding funcdon, ie.. converting the in-
commng “mark” and “space” signals at frequencies fr)] and
fR-, is performed in the same manner as in the bi-state case
and the resulting output is-availabie at pin 7 of XR-2211.Pin 7
is zonnected 1o the tone-detect output, and then gated by the
compiement of the carrier-detect output. Thus. the “Data
Ourpn1™ termihal will be enabied only when the mark and
space frecuencies are present, but nor when the receive<carrier,
fRro, is present.

The ex:ernal voitage comparators shown in Figure 7 age added
10 the circuit to distinguish PLL output voltage levels cor-
responding 10 varjous input frequencies. Their function can
be uncersiood by referring to Figure 8,.which shows the

XR-2Z31  frequency-to-voltage transfer characieristics, at |
pin 11. The »cha, levels and polarities shown. are relative
1o the XR-221) .intemal reference voliage, Vig, at pin I0.

The mark and space frequencies. fR] and R, generate the
maximum d< levei shifts VR) and VR>, that are sensed by
the miema FSK-comparator (see Figure 5) which is internally

biasz¢ from the referance voltage. ViQ.

i

ne :xr2rmai comparators. Comp. A and Comp B of Figure 7.
e hizsed at ,olt._g- levels V 4 and Vg, 1t an“w"**nntelv haif-
way detwesn VR] 2nd VR2, 10 15D 2t frequencies f:, and fg,
hich nalf-way herween mark-to-ceriter and space-io-
encv shifts. This biasing is achieved with the ex-
ive dividers. R, RB, RX and Ry of Figure 7,
leveis, VA and V3.
w3t respect o the YR"‘]‘ niera’ reference at pin 10. It
should be noted Lh"t Jue vaiues of the resistnrs, (R4 + RB)

sessible {rypicaly in ex-

rv-ﬂ "-7\'

<
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Figure 'S. XR-2211 Frequency-to-Voltzge Transfer Characte
istics: (Notez Vg ‘and‘-)/m are the BC voltage levels at pins 1
&nd. Y0, Tespectively ) .- -

cess of 100 k) to avoid disturbing the voltage level at pin 1(

The output-of. pin 11 is fiitered by RK and CK ard is used 1
drive the exiernal voltage comparators. The outputs of thes
comparators are then connected through the exiemal iogl
gates, to produce the carrier-detect cr the enable/disabi
signal. The Tesuiting logic output will be normally at a ‘]ow
state, and.will go “high™ oniy when the carrier signal. {RQ,
present. This logic signal is normaly :‘.sed for tranamitie
enable/disable control, as shown in Figure 2

The logic levei changes at exiemal cOmMPparaior .HUIPULS oo
respond 10 mark-to<carrier oI space-id-carrier frequency sl
(see Figure 8): thus, these ouipuis can be utilizeC as oovor“

“Dual-Mode Monijtor™ ouiputs, Dy and D of Figure
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able FSK Modems Featuring the XR-2207, XR-2206 and XR-2211 §

= INTRODUCTION

uepey shift keying (FSK) is the most commonly-used method for transmitting digital data over telecommunications links. In order
&ESK_ 2 mogulator-demodulator (modem) is needed to translate digital 1's and O’s into their respective frequencies and back again.

Applications Note describes the design of a medem using siate-of-the-art Exar devices specifically intended for modem application.

devices featured in this Applicatior. Note are the XR-2206 and XR-2207 FSK moduiators, and the XR:221] rSK demodulator

arrier-detect capability. Because of the supencr freguency suability (typically 20 ppm/°C) of these devices, 2 properiy Gesigned
o using them will be virtually {ree.of the temperaiure and veltage-dependent. drift probiems associated with many other designs.
Gition. the demodwmator performante 1vindependent uldncoming signai-strengih variztion over 2 60 ¢B dynamic range. Because
voltages are generated ternzily, the exiernal parts count is much iower than i most other designs. The mogem designs shown in
Applications Note can be used with mark and space frequencies anywhere from several Heriz 1o 100 kiloHertz.

-~ THE XR-2206 FSK MODULATOR

TURES Potentiomeicrs Rg znd Rg should be adiusted for minimum
Mtbrezily 20 ppm°C temperatuie siz5iy xotaf' har.momc distortion/In appmauor}s wnere' m.m—maJ dis-
o pEv tortion is unnecessary, p 15 and 16 may be ieft open-
~oice of 0.5% THD sinewave. tnengie, 0 scuarewave circuited and Ry may be replaced by 2 fixed Z0CT sesistor)in
e ’ i ’ applications where & trianguia: output wavefom. s sausfactory,
- pins }3 thru 16 may be l=ft open-circuited.

hase-conun FSK output

The output imped at pin 21 abcut 60GSE v-iih AC cou.

nce
pling normally ©e use d

A e n Y g T e . I4d [Ea
LOW DOMWERTSUDDY SENST '1\ fouie Ny .

g o singie supDly .pereucr i

Qv 2X181000 D3I Count

RATION
—T = —=
L =
ng the spectral “‘% “Tas | .
SINE OF TRIANGLE —_— ‘__,_‘_.r—-v—: gﬁ
fer

XR.2206 isideal ior FSK applications requinn

v of a sinusoidal output wavefonm. It off] =

)S compatibility, excellent frequency stzbility, 2nd ease “Ju B B,
plication. The XR-2206 can typicaliy provide 2 3 volt p-p A0 pa B

5 TTL and k5 ou'rru'.,,___.'h_.:"_::}_.

TV O BE
v =~ xazoe

:: nF —1 ——— ——
. ! ic dist - . od —_ - L L= - = = -
ave o’utput..Toxz_.hlarfnomc ms.\oruor. can be tnmmed 1¢ = --,:_,1- o o
i left untrimmed. it is approximateiy Z.5%. i ] ':_—_«)—-__,__{ SOUAREWAVE
: . — E E: FSK DUTPYT
n 3~ A.é.’ | genm
circuit connecuor for the XR-2206 FSK Generator is § é otis 8
I . . N . Fs Bye PR v
, in Figure 1. The datz input is appheg to pin 9. A high T2 jaiad
s . e —_
signal seiecis ihe freguency & Hz: 2 low leve] =
- Y r vl ) 'y M . . -_—-"'_'/‘
selecis the freguencv (1R~ C 4\ Hz. (resistorsin ohms and
~11w\n farads). For O’DLT’Twu’S_L.b R, an¢ R- should
whin the ranges o ’\O k& tc OO 1‘.. ne vO].:Qﬂ appned
g S should be seiected 1o iui’ berweer zround and V4,
gZ%er anc uncersoitage mz: Zomoge ine device. Tioure ¢ The XR-220€ Sinusoidal FSK Generator

§

“
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S fsTRes o -supply 2nd is C/MOS compatible. Table | shows

b

A

hore. .:-9' ::.';'s operztion, current intopin 12 snouwic be limites

-The squarewave output has an NPN open-colie

THE XR-2207 FSK MODULATOR

FEATURES

e Typically 20 ppm/°C 1emperature siability
e Phase-continuous FSK output
e Provides both triangle and squarewave outputs

e  Operates single-channei or two-channei multipiex

>e Inputsare TTL and C/MOS compatible

e  Split or singie power supply operation
e Low power supply sensitivity (0.15%/V)

e Low external parts count

OPERATION

The XR-2207 15 2 stable FSK penerator which
those opiicztions where oniy z inangie O squarewave Oulpu:
is require€. 111s capable of either single-channe] or two-channel
mulupies cperation, anc can be use easiy with erther spiit or
sipgie power suppiies.

\

Figure 2 snows the XR-2207 using 2 singie-supply and Figure 5
shows spiit-supply operation. When usec as an FSK modulaior
£ anc @ provice the digitel inputs. Wher the 2207 s used
upply, the threshold at these pins is aporeximately
+2 vo'ts, wruch is a level that i1s compatible with both TTL an¢

CMQOS lows forms. When used with 2 singe supply. the thresh-

pins

how 18 seiezt the timing resisiors Ry thruR, o determune the
HuTRUL 1'. e3uzncy based upon the jogc jevels apphec 10 pihs &
and ¢. For cotimum stability, tne vajues of R, anc R should
pegaiezied tc fall between 10k and OO RIL
Wik i & proundec, pn § serves as the gzia mpu
leve, w2} applied 1o pin & will disabie the

srnznner, pin 7 of the XR-2Z07 servs

cut For two-channei mulliplex operati
¢ shouid be connected assnown by the dotied lines.
channe! operation, pins 4 and S should be left open-circuited.)

The XR-2207 provides two outpuls. a squarewave 2t pin 13
and 2 triangiewave at pin 14. When used with 2 split-supply,
the trianglewave peak-to-peak amplitude is egual 1o V- and
the Gc jevel is near ground. Direct coupling is usually used.
With z single-supply, the peak-to-peak ampiitude is 2pproxi-
mateiv equal to %V+; the DC level is at approximately mid-
suppiv ané AC coupiing is usually nezessary. In either case, the
outpu: impedance is typically 109 anc s intemally protected
agains: shori circults,

n

clor coniigura-

Vion When connected as shown in Figure 2 or 3 this output
vciizge will cwing between V- 2znd the voliage 2t pin 1Z.

w20 m

v
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i
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}
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Figure 2. The XR:2207 FSK Mocuizior Sing's-Supply Ope:au
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Figure 3. The XR-2207 FSK Moculaior Spili-Supply Operan
TABLE 1
XR-2207 FSK Input Control Logic
Logic Level ) . .
Active Timing Resistor | Output Erequenc
Pin8 | Pin 9
)
P' —_—
L L iné CoR,
L H Pins 6 anc 7 Lo,
]
H L in § -
Pin ok,
i ]
H Tins £ and 3 — =
H H ing £ an Cok, | Cofe
Units. Remstors — Oem: Capacitors — Farads, Frequenty —
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potn rugh compareG 10 the baud rate. (i.e.. for a 300 bauc
channei. mark and space irequencies of 2025 Hz and
~~n¢ Hz would result in significandy Jess pulsewidth jitter
than 200 Hz and 50 Hz).

e For any given.pair of mark and space frequencies. there is
a2 limit 1o the baud rate that can be achieved. When maxi-
mum spacing between the mark and space frequencies is

For narrower spacing. the sunumum rauo shouic be abo
67%

®  The values shown in Tabie 2 may be scajeC proportionat
for mark and-space frequencies, maximum baud rate. a
(inversely) capacitor value. It is best to retamn (appro
mateiy) the resistor values shown.

& use (where the ratio is close 1o 2:1) the relationship .
-« - — e
7 — et —
. /ma.rkspac:frequen::) difference (Hz) > 839
3 maximurm data rate {baud)
. e - —rert?
shouid be observed.
TABLE 2 ‘
Recommended Component Values for Typical FSK Bands
FSK Band | XR-2207 -~ XR-3206 ﬁj{,\ XR-221]
) | Ry 1Ryl Pn. ? !
Baud | g | gy E“ 1;13 o | Co |Rea Rép i RosiRop| C3 |Rop ‘Reg R 1€ | G | G G
Rate | i 34 | RsB | Raa | Bap | DT Lo o ! Q Fa
300 11070112701 10 | 20 | 100 | 100} .039} 10 | 18 | 10 | 20 |.039 10 | 18 |100}.039] .01] .00%.
i ! i WeamE | 2BaLk a1 ¥ | o -
300 2025‘2225 10 | 38 | 150.0 160} .C22 1 10 i 16 ¢ 10 I 18 1.0221 10 1 e 12001.002:0.0047  .00F
i | I fw{.n)‘ I ¢¢i,&&;\¢- 20% k. } !
0 | i200 0200 2000 30 20 | 36 1.022 110 i 16 + 2C i 30 |{.022] 10 i li a0 AP 51 | .0027
Uruts. Freguency — Hz, Resistors — kO, Capacitors — uF 2 “bh v 370 TR T e
S : - DESIGN EXAMPLES
L 4

L; A sign 2 moaem to handle 2 1C kilobaud data rate. using
2" “whe minimum necessary bandwidth.

i, Frecuenzy Czlculauon

e i e st

Bessuse we want 12 use the minimum poisible bang

anc the lower {requency:

0.53x 1&.5kHz = 10.175 kHz.

2 Component Seiection
a. Forthe XR-2207 FSK modulator,set Ry =30k
Now, seleci 2 value of C 10 generate 10.175 kHz2
with R, : _

10.175 kHz = 1/(Cq x 30.000) :Cg = 3300 pf

To choose R4:

Sl N 16.500kHz - 16378 kHz = §325 kHz =
A
L 1/CoR5 L\ Ry = 36kl
.
v A 200¢ choice woulc be to use 10 k& potenuom:
eters for Ry, and R:A. anc tc set Ryg = 24 k2

b. For ithe XR-2206. we car. make R oua: x{

znd C. ecual to O zbove To grrermine
- 0r0038>/"‘?

r

Use- 3 JOKT ‘potentiometer for B, znd

A = 25
'\'.‘2‘!5 i ¢ k
\0!“7‘{ s+ Qq '\, -
o For the XR.225 0 demoduizion, we ness

determine R, end C;. Firsi, fo = (fL + fy)
+ 183002 = 14338 VHz Twer
) then 1/(C, x 22.000) = 18]
C, = 2790pF ~ 2700 pF. With that valle oi
the precise vaiue of R, is now 25.8 k2. Se
Rep=18kQandusez 10k for Ry

3. Frequency Component Seiecuon

a. To calculate Rg, we {irst need our Af, whx
18.500 - 10.175, or 8.325 kHz.
b *a
8325 = (25,800 x 14338)/Ry .
Rg =444 k0D =47k,

% C,/Cs. T

b. To determine C, use { = &2
C,=%C,;Cy=670pF.

2050 27
c. To select Cp. we use 7p = [03/(baud r:
seconds.
7¢ = 0.3/10.000 = 30 usec. .
with

Ry = 100 k2. Cy = 30C pF



ccr Range Seiecuon

F 4N

To seieot CD, jet us start with the aciual jock range”
Af=R,ig/Re H2= 7870 Hz.

1§ we assume z caprure range of 80%,

afe = 6296 Hz

therefore. our total capture range or =Af- is 12.592 Hz.
Our minimum value for Cp is (16/1-,592) uf or
0.0013 uf.

»  Compieted Circuit. Exampie

B, o

See Figure 5.

Design 2 3 kilobaud modem to operate with low output
jitter. The bandwidth available is 13 kHz.

For thit moaem, we can take the values fiom = fo
300 baud moocem operanng 2t 1070 Hz ané IZ
multiply our baud.rate and mark and space {regue
10. anc divide all capacitor vajues on the 12b
Resisior values should be jeft as they are.

Desiz 2 2 channe! multiplex FSK modulator to operate
ai the following pairs of mark and space frequencies:
€00 Hz and 9990 Hz, and 1400 and 1700 Hz. (Each of these
channais couid handie ebeut 400 baud.)

M; task. we wiil use the XR-2207.

rsigegZzrion nere Is that, i DDSS)D]C we wzantl 1o KC"D the
CSliing resisiances all between ]C)\.. and 100;(

The only rea}

is lﬂss tkar. .!, SO we
T I’.avc no troublc meeu’ng this criterjor..
ovr mzximum frecuency with 2n R of zhew:
rove 1700 = "HO4 x

TR -3 2] ..f.'u' a, e

17 we set
S0 k&2, we
3(‘0,,; Cp = £.L29 ol which s
q

%
C.03% uf,

Calcuizung R, using 600 Kz anc C.023 u
505k} We can use Ry = -“ };.C“. anc RLA = ]Oko.
For Ry, we pet 10} k0. Use Ryp = 01 k2 anc Ry, =
20kS1. To determine Ry, use: 1400 Hz = 1/R3C, which
gvesus R: = 21.6 k2. Use Ryp = 18 k2 anc R3, = Sk
R, mus: generate & 300 Hz snift 10 frequency, the same 2s
R,. Therefore set R4 equal 1o R,.

v- g ¥ ve
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outrur | =0 = y .,
ro~ = o> A - 4K
- v a, — B -
i = ra) e
1 = xhz0¢ i
—T —
¢ 5““\'\(' = '—E 2 - l SOUAREWAVE
V‘ | ‘T—&L N —e e AREN
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o] 1 R, Covons Yoo Ovtast Aornt
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Y D ko~ 25% Th
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ve
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Fieurc 5. Full Duplex FSK Modem Using XR 2206 and
XR»ZZ‘H {See Tobie Tior Camponent Vajuer)

ADJUSTMENT PROCEDUKE

ORIV a:’_éustm:nu nat are teguired with anv of the circuits
this appligation noie are those for {requency fine tuning.
hough these adjusiments are fairly simpie and straight-
ward, tnere are 2 couple of recommendations that should
‘ollowed

> XR-2207:

Always adjust the lower frequency {irsi wath
R,g of R3g 2nd a jow level or pin 9. Then
_with a high level on pin 9. adjust the high fre-
quency using Ry or R.p. The second adjust-
ent affects only the high frequency. whereas
the first adjusiment affects both the jow and
the high frecuencies.

uppe: and lower [requency adjustments
s0 the sequence is not impor-

L h221]

e —————————

ané VCG fiecuency may be anywheare withr,
the lock range. There zre several ways that
zzn be monitored:

. Short pin 2 to pin 10 and measure {j at
pin 3 with Cpy disconnected;

2. Open R¢ and monitor pin 13 or 14 with a
hlgh impedance Drooe or
3. Remove the resistor between pins 7 and §

and fing the input frequency at which the
FSK outiput changes State.

Nore: Do NOT adjusr the center frequency of
the XR-2211 by monitoring the riming capaci-
ror frequency with everyrhing connecited and
no inpur signal applied.

For further
XR-220¢ =nc
sheels

. we gel R\ = \

t
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Precision PLL System Using the ..
XR-2207 and the XR-2208

-~

Q wdofe

INTRODUCTION ’ .
The phase-locked loop (PLL) is a versatile system block. suitable for 2 wide range of applications in datz commun;zations and signz.
conditioning. In most of these applications. the PLL is required to have 2 highly stable and predicizdie center frequency and 2 wel.-
controiled bandwidth. Presently available monolithic PLL circuits often lack the freguency stabiiny 2né the versatihty reqinsec ir

these apphcations.

Thic applization note describes the design and the application of two-chug PLL svsiem using the XR-2207 anc the XR-2208 mc-c-
iikis ayrcuite, Tre XR-2207 is ¢ precision voitage controlled oszillatar AVCO Y sircunt with exceiient temperaiure swabiliny 1220

< . PR . ey - . N . . ,
opm  C. iypical) and linear sweep capability. The XR-2206 is an cperational muluiolies which comoine: & fous quzorant mulin
. .

ain operationa) amplifier in the same package. Both circuits are designea 10 interface directly with each other wirn:
iU number of extesnal components. Their combinzuion {unciions s 2 high performance PLL. with the XR-2207 formun:

Wiis 1
estion of tne locp.-and the XR-2208 serving as the phasz-detecior and foor amplifier.
41 compared with the presently avaiiable singlechip PLL curzuite sutr 2sth XR-210 or the Harnis H

e, dessrived in thispapes offersapproxymaieiy @ factor of 10 improvement in lemperature swaziiy
s

3
lail
<
(48]
O
1Vl

™

vsiem can onerate from 0.01 Hz 10 100 kBz. and its performanze characiensiics canbe tziier

four external.cemponents,

with the chowce o onj

L

NITIONS OF PLL PARAMETERS

o,
a i€ Shase-iocked Joop (Pi.LYis a umaue anc versatile feedback

3 .= 3 . . ~ .
ssiern ‘that provides frequency seieciive iuning and filtering

.
Ve v, o
INeUT PRASE L

L O PASS . f '
SIGMAL TOMPARATOR CELTER O Ve B |

|

|

|
withoui :he need for coils dr induciois. 1+ consists of three 3 i
.sasic functionai Siocks: phase comparaior, low-pass fliter. ang i ) E
H {

i

i

4

Hator.imerconnsc.oC 53 chowr in Figure
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sunlizd 1o the syt.zm ne ersor voliage,
4
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The VOO operates zle s2t rmz-running”
,

mput nignas iy zpohied
; oomranes the phas
ine VOO drequensy and gener

- is r2lated 1o the phase and frequency Gil-
e iwo signals. This e1ro i

{igu-e 1. Elocw Diagram oia Phaseel wiked Loot.

& ‘
;\ FREOUENCY

i signui. 2xcept for & finitg pnase difference. o o i

—— IHCREASING ‘

FREQUENCY Iy !

~ N N . . vid :

Two key pzremeters of @ phase-locked loop sysiem are s . i
. )

“jock™ and “saoture” ranges. These can be defined as follows L e tee e

-~

~e band of freguencies in the vizimity of J,
. A [s]

over which the Pl car. mainiain lock with an inpui signa. It
13 aisc know- 23 tne “lracking T of “holding” range. Lock rang? ' l\\
. ! Y
L=

s2¢ a5 tne ovesall loop gain of the PLL isincreasec.
FREQUENCS

\I ——— DICREASING
FREOULNCY 1,

ne nand of frequencizs in the vicimity 07 i¢
esiablish or acouire iock with un mpul |

oy the “accumsnen”
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