XR-2211
FSK Demodulator/Tone Decoder

The XR-2211 is 2 monolithic phase-locked loop (PLL) system especially designed for daggtommunications. It is particularly
well suited for FSK modem applications. 1t operates over a wide supply voltage range of 4.5 to 20V and a wide frequency
range of 0,01 Hz to 300 kHz. It can accommodate analog signals between 2 mV and 3V, and can interface with conventional
DTL, 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 which provides carrier detection. and an FSK voltage comparator which provides FSK demodulation
Externzl components are used to independently set center frequency, bandwidth, and output delay.

FEATURES ABSOLUTE MAXIMUM RATINGS

Wide Fequency Range 0.01 Hz to 300 kiiz Power Supply 0¥

Wide Supply Veltage Range 4.5V to 20V Input Signal Leve! 3V rms

DTL/TTL/ECL Logic Compatibility Power Dissipation

FSK Demodulation, with Carrier-Defection Ceramic Package: . 750 mW

Wide Dynamic Range 2mV¥to3 Vrms Derate above T = +25°C 6mV/C

Adjustable Tracking Range (1% to *80%) . Plastic Package: 25 mW

Excellent Temp Stability 20 ppm; C, typ. Derate above Ty = +25°C 5.0 mW/°C

APPLICATIONS AVAILABLE TYPES

FSK Demodulation ;";2';‘:';';" gcm.e Opg'sn:icﬂg T:;"zg?éme

Data Synchronization - ramic - to

Tone Decoding XR-2211CN Ceramic 0°C to +75°C

) : XR-2211CP Plastic 0°C to +75°C

FM Detection : . - 1o

Carrier Detectic XR-2211N Ceramic ~-40°C to +85°C
arrier petection XR-2211P Plastic

~40°C to +85°C
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~ CHARACTERISTICS

ons: V¥ = +12V, T, = +25°C, R, = 30 KQ,Cy=0.033 uF. See Fig. 2 for component designation
Sy 00t A 0 0
-QL » — - o

XR-2211/2211M XR-2211C
E CHARACTERISTICS UNITS CONDITIONS
L_ , MIN. | TYP. | MAX. [MIN. [ TYP. [MAX,
——
GENERAL
Supply Voltage 4.5 20 4.5 20 v
Supply Current 4 7 5 9 mA § Rq 210 XQ. See Fig. 4
OSCILLATOR SECTION
Frequeacy Accuracy 1} 13 ti % FDeviation from fg = 1/RgCop
§  Frequency Stability Rj=oo
Temperature £20 | 50 120 pa@r C | See Fig. 8.
Power Supply 0.05 0.5 0.05 %V [ V¥=1211V. See Fig. 7.
0.2 0.2 1 %V |vt=5105V See Fig. 7.
Upper Frequency Limit 100} 300 300 kHz | Rg =8.2 K2, Cg = 400 pF
Lowest Practical
Operating Frequency 0.01 0.01 Hz Ry =2 MR, Cg = 50 uF
Timing Resistor, Ro See Fig. 5.
Operating Range 5 2000 5 2000 KQ
Recommended Range 15 100 15 100 K2 { See Fig. 7 and 8.
LOOP PHASE DETECTOR SECTION
Peak Output Current +150 | £200 ! £300 }=*100 | +200 |2300 HA ]| Measured at Pin 11.
Output Offset Current +1 £2 UA
Output Impedance 1 1 MQ
Maximum Swing t4 | s t4 | 25 V | Referenced to Pin 10. |
[SSASRATERETHASE De1eC UK | Measured ay Pin 3.
V‘v;’eak Output Current 100 150 15¢C HA
Output Impedance 1 1 MQ
Maximum Swing 1L 11 Vop
INPUT PREAMP SECTION : Measured at Pin 2.
Input Impedance 20 20 K2
Input Signal
Voltage Required to Cause Limiting 2 10 2 mV rms
VOLTAGE COMPARATOR SECTIONS
{nput Impedance 2 2 MQ I Measured at Pins 3 uad 8.
Input Bias Current 100 100 nA
Yoltage Gain 55 70 55 70 dB {RL =5.1 KQ
Output Voltage Low 300 300 mV e =3 mA
Output Leakage Current .01 .01 HA IV =12V
INTERNAL REFERENCE
Voltage Level 4.9 5.3 5.7 14.75 5.3 | 5.85 V | Measured at Pin 10.
Output Impedance 100 100 Q

swk Ay A Y

System Using XR-2211.
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Figure 1, Functional Block Diagram of a Tone and FSK Decoding Figure 2. Generalized Circuit Connection for FSK and Tone Detection.
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XR-2211 FSK Demodulator/Tone Dacodor
Daescription

The XR-2211 is a monolithic phase-focked loop (PLL) system gspe-
clally designed for data communications. It is particularly well suited
for FSK modem applications. It opsrates over a wide supply voltage
rangs of 4.5 to 20 V and a wids frequency range of 0.01 Hz to 300
kHz. It can accommodate -analog signals betwaen 2 mV and 3 V,snd
can interface with convantional DTL, TTL, and ECL logic families.
The circuit consists of a basic PLL for tracking an input signat within
the pass band, 8 quadrature phess datactor which provides carrier
detection, and an FSK voitage compsrator which provides FSK
demodulation, External components are used to independently set
center frequency, bandwidth, and output delay,

Features

* Wide Frequency Range 0.01 Hz to 300 kHz

®  Wide Supply Voltage Range 45Vtio20V

* DTL/TTL/ECL Logic Compatibility

¢ FSK Demodulation, with Carrier Detection

¢ Wide Dynamic Rangs 2mVte3V ms

¢ Adjustabla Tracking Range (1% to *80%)

® Excellent Temp. Stability 20 ppm{°C, typ.

Applications

= §SK Demodulation

e Data Synchronization

o Tone Decoding

s  FM Detection

e Carrier Detection

Absolute Maximum Ratings

Power Supply 20V

Input Signal Level 3V rms

Power Dissipation 6256 mW
Derate above Ty = +25C 5.0 mW/C

Operating Temperature 0°C to + 75°C

VICE TO THE EXPERIMENTER
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Description Of Circuit Controls

Signal Input (Pih 2): Signal Is ac coupled to this terminal. Tha internal
impedance at Pin 2 is 20 K$2, Recommsandsd Input signas! leval Is in
the rangs of 10 mV rms to 3 V rms,

Quadraturs Phase Detector Output (Pin 3): This is the

peadance output of quadrature phase datector and is Intern-,ly con-
nected to the input of lock detect voltage comparator. In tone detee-
tion applications, Pin 3 is connected to ground through a paratlel
combination of Rp and Cp (see Figure 2) 10 eliminate the chatter
8t lock detect outputs. If the tone detect section Is not used, Pin 3
can be left open circuited,

Lock Detect Output, Q (Pin 5): The output at Pin 5 is at *high' state
when the PLL is out of iock end goes to “low” or conducting state
when the PLL is locked. It is an open coliector type output and
requires 8 pull-up resistor, R}, to V+ for proper operation. At “low”
state, it can sink up 10 5 mA of load current,

LoO¢ DATA
FILTER FILTER

Fsut
ouTPUT
~Hx B
3 FEK
o[ Ccour.
veo
iNPUY

PREAMP v

©
LOCK DETECT
ouTIUTS

o

LOCK DEYICT  LOCK DEYEC!
FILTER comr

s1oan Ry Moy
v
roantt Ry .
A
]
~ FIK
FSK outRT
coxw
2 INTERNAL
REFEAENCE
W T
“
’RE 3
A .
INPUY
SIGNAL ” | M LOCH-DETECT
M - auTrUTS
i o-DEY Vﬁ__o )
= 2 Locu 0
DETECT
- cour
Ap 4 ¢

e 1_1_T °

Figure 1: Functional Block Diagram of a Tone and FSK Deacading
System Using XR-2211.

Figura 2: Generalized Circuit Connaction for FSK and Tone

Dstaction.
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logic complsment of the fock detect oufput st Pin B. This output
is sito an open colfector type stags which con sink B mA of loed
current at low or “on” state,

FSK Deta Output {Pin 7); This output is en open collector logic
stage which requires 8 pull-up resistor, Ry, to V+ for preper opera-
tion. It can sink 5 mA of load current. When dacoding FSK signals,
FSK data output is at “high" or *‘off”’ state for low Input fraquency,
and st “low” or “on” state for high input frequency. {f no input
signel is present, the jogic-state st Pin 7 Is indeterminate.

FSK Comparator 1nput (Pin B): This is the high impadance input to
the FSK voltege comparator. Normally, an FSK post-detection or
data filter is connected betwssn this terminal and the PLL phase
detector autput (Pin 11). This dsta filter is formed by RF and C
Figurs 2, The thrashold voltage of the comparator is set by the
internal referencs voitege, VR, svallable at Pin 10,

Refsreanca Voitsge, VR (Pin 10): This pin is Intarnally biased at the
reference voltage level, Va: VR = V+/2 — 650 mV. The dc voltage
{svel at this pin forms an internal referance for the voltage levels at
Ping 5, 8, 11 and 12, Pin 10 must be bypassed to ground with » 0.1
MF capatitor for propar operation of the circult,

Loop Phase Datector Qutput (Pin 11): This terminal provides a high
impedance output for the {oop phase datector. The PLL toop filter
is formed by Rq and Cq coonected to Pin 11 {see Figure 2). With no
input signal, or with no phae error within the PLL, the dc lovel st
Pin 11 Is very nearly squst to VR. The pesk voltege swing available
st the phasa datector output is equel to TVR.

VCO Contral Input (PIn 12}: VCO frae-running frequency s dotaf-
mined by axternal timing resistor, Rp, connected from this terminsat
10 ground, The VCO free-running frequancy, fg, is:

fo= 1 Hz
RoCo

where Cp is the timing capacitor across Pins 13 and 14, For optimum
temperature stability, Ry must be in the rengs of 10 K§2 to 100 K

This tarminal is a low impedance point, and is internally biased at a
de level ‘equel to VR. The maximum timing current drawn from
Pin 12 must ba {imited to <3 mA for propar operation of the circuit.

VCO Timing Capacitor (Pins 13 and 14): VCO frequency is inversaly
proportionsl to the external timing capacitor, Cp, connected across
these terminals (see Figure 4}. Co miust be nonpolar, and in the range
of 200 pF to0 10 yF.

VCO Frequency Adjustment: VCO can ba fine-tuned by connecting a8
ootentiomster, Ry, in terias with Rg st Pin 12 (sse Figure 6).

VCO Frae-Running Frequency, fg: XR-2211 daes not have a separate
VCO output terminal, {nstead, the VCO outputs are internally
connected to the phasa detector sactions of the circuit, However, for
set-up or adjustment purposes, VCO frea-running frequency can be
measured at Pin 3 (with Cp disconnected), with no input and with
Pin 2 shorted to Pin 10,

APPLIGAIIUNS INFUHWIA | IUN
FSK Dacoding:

Figure 8 shows the basis circult connection for FSK. decoding. With
refarence to Figurss 2 and 6, the functions of axtarnal components
ere defined as follows: Rg snd Cq set the PLL contar frequency
Ry sets the system bend width, and Cq ssts the loop filter time
<constant and the loop damping factor. Cp and Rg form # one-pole
post-detection filter for the FSK dats output. The resistor Rg (=
B10 K from Pin 7 to Pin 8 introduces positive feedback across
FSK comparstor to facilitate, repid transition betwssn output logic
states.

Racommendgd componant wvalues for some of the most commonly
used FSK bands are given in Table 1.

S
! " vk TonE
.'.3‘." °""""’: :gi'j "y ‘!':'—
—57m

0.1 uf C AA vy
XR:2211 ) Py
_E': o xF] ™ Ay
v = O = T
q s | [ ] c *}:l' 1
O am——t ? s VWA~ k3
DATA Ry 100 KDY
outruY Ry
M- -
s10Kn Cp =

Flgure 6: Clrsuit Connooticn for FSK Dasoding.
Dualgn Example:

76 Beud FSK demodulator with mark space frequencies of
1110/1170 Hz:

Stap 1: Calculats fg: fg = (1110 + 1170) (1/2) - 1140 Hz

Step 2: Choosa R = 20 K2 {18 KS2 fixed rezistor in series with B
K2 potentiometar)

Step 3: Celculate Cg from Figure 8: Cg = 0.044 iF

Step 4: Cslculate R{: Ry = Rg {2240/60) = 380 KS2

Step 5: Calculate Cq: Cy = Sp/d = 0.011 UF

Note: All values except R can be rounded to nearest standard
value, '

FSK BAND COMPONENT VALUES
300 Baud Cp=0.039uF Cg=0.005uF
f) = 1070 Hz C;=0.0l uF  Rp=18KQ
fy=1270 Hz Rj =100 K2

300 Baud Co=0.022uF Cg=0.005 pF
[} =2025 Hz Cy =0.0047 uF Ry =18 KQ

f, = 2225 Hz R) = 200 KQ

1200 Baud Cp=0.027uF Cfg=0.0022 uF
f; = 1200 Hz Cy=0.01 pF Ro =18 Kf2

fy = 2200 Hz Ry =30KQ2

Table 1: Recommended Component Velues for Commonly
Used FSIC Bands. (Sc» Circuit of Flgure 6.)




ELECTRICAL CHARACTERISI

W

Teat Condltiond: V* = +12 V, Tp = +26°C, Rg = 30 K, Cg > 0.033 P, Ses Figure 2 for component designation.

PARAMETERS UNIT CONDITIONS
MIN.| TYP. | MAX.
GENERAL :
Supply Voltage 456 20 Vv
Supply Current 5 9 mA | RoS 10K
OSCILLATOR SECTION
Froquency.Accurecy g2l % | Devietion from fg = 1/RpCo
Frequency Stability Ryme>
Tomperature 20 ppm/°C .
Power Supply 0.09 siv | vt=12t1v.
0.2 %v | vt=BXOo5V.
Upper Freguency Limit 300 kHz | Rg=8.2 K}, Co= 400 pF
Lowest Prectical
Operating Frequency 0.01 Hz Rp = 2 M£), Co =50 yF
Timing Resistor, Rg
Operating Range 5 2000 | KQ
Recommendad Range 15 100 k

LOOP PIHASE DETECTOR SECTION
Peak Output Current

100 [£200 300 | pA | Measured atPin 11.

Figure 3: Typlcsl Supply Curront vs vt

{Loglc Outputs Opan Circuited)

Output Offset Current 12 PA
Output Impadance 1 MQ
Maximum Swing 14 15 v Referenced to Pin 10,
QUADRATURE PHASE DETECTOR Meesurad et Pin 3.
Pesk Output Current 150 HA
Cutput tmpedance 1 ML
Maximum Swing 1 [ Vpp
1 NP FPHEAMP SECTION Measured at Pin 2.
Input mpedance 20 KQ
snput Signal
Volitege Required to Cause Limiting 2 mV rms
VOLTAGE COMPARATOR SECTION
Input Impedence 2 ML | Measursd at Pins 3 and 8.
Input Bias Current 100 nA
Voltsge Gein 70 a8 | R_"51KQ
Output Voltage Low 300 mV ic=3mA
Qutput Leaksge Current 0.01 MA Vo=12V
INTERNAL REFERENCE
Voltage Level 4,75 5.3 5.85 \" Messured st Pin 10.
Output Impedance 100 (9]
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Figure 4: YCO Frequency v Timing Rasistor. Figure 5: VCO Frequency v Timing Capacitor.




TONE DETECTION:

Figure 7 shows the generalized cirguit connection for tone detection.
The logic outputs, Q and Q at Pins 5 znd 6 are normally at “high”
and “‘low* logic states, reapectively, Whan a tone h present within
the detection band of the PLL, the logic stote st these outputs be-
come raversed for tha duration of the input tone, Each logic output
cansink 5 mA of load current.

Both logic outputs at Pins 5 and 6 are opsn collector type stages,
and require extemal pull-up resistors Ry 1 and Ry 2, 85 shown in
Figure 7.
With refarence to Figures 2 and 7, the functions of the external
circult components can be explained as follows: Rg and Cg set
VCO center frequency; Ry sets the dstection bandwidth; Cy. sets
the low pass-loop filter time constant and the loop damping factor,
Ryt and R 2 sre the respective pull-up resistors for the Q and G
logic outputs.
Typical vatucs for detection band of 1 kHz *20 Haz:

Rg= 18K

Cg = 0.05 uF

Ry=1meg

C1=0.013 uF

Cp= 042 uf

Fine-tune centsr frequency with Ry
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Figure 7: Circuit Connecticn for Tone Detection.
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