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Abstact

This thesis presents a wireless electrical device controller which transfers
data by RF. Frequency of carrier wave is about 46-49 MHz. It uses FM Modulation. The
modulated signal is a digital signal which is modulated by FSK modulation. The receiver consists
of FM and FSK demodulator circuits. The digital signal is a code of electrical device which
a user wants to control. The controller is a 8051 microcontroller which is able to select the electrical
device and determine the operating time for the electrical device. For the principal above, it does not

have the transmission line to control electrical device.
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2.8 Phase — Lock Loops (PLL)
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FEATURES

e Low-Sine Wave Distortion, 0.5%, Typical

¢ Excellent Temperature Stability, 20ppmy/°C, Typ.
* Wide Sweep Range, 2000:1, Typical

® Low-Supply Sensitivity, 0.01%V, Typ.
¢ Linear Amplitude Modulation - '
* TTL Compatible FSK Controls

¢ Wide Supply Range, 10V to 26V

¢ Adjustable Duty Cycle, 1% TO S9%

XR-2206

Monolithic

Function Generator

g o
June 1997-3

APPLICATIONS
® Waveform Generation

e Sweep Generation

° AM/FM Generation

e V/F Conversidn
e FSK Generation

® Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
SQuare, triangle, ramp, and pulse  waveforms of
high-stability and accuracy. The outputwaveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz 10 morz than TMHz,

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has atypical drift specification of 20ppm/<C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external contro| voltage. while maintaining
low distortion.

ORDERING INFORMATION

[ Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil COIP -35°C to +125°C
XR-2206P 16 Lead 300 Mil POIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil POIP 0°C to +70°C
XR-22060 16 Lead 200 Mil JEDEC SOIC 0°C to +70°C

«'Rev. 1.03 ; ME@E

21972

s et gOs

EXAR Corporation, 48720 Kato Road. Fremont. CA 94538 + (510) 668-7000 # (510) 658-7017
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DC ELECTRICAL CHARACTERISTICS

Test Conditions:  Test Circuit of Figure 2 Vee = 12V, Tp = 25°C, C = 0.01uF, Ry = 100k, R, = 10kQ, Rz = 25kQ
Unless Otherwise Specified. S open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D .
Parameters Min. l Typ. l Max. | Min. [ Typ. | Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 \"
Split-Supply Voltage . =5 _#13 +5 £ 13 \"
Supply Current "2 17 4 14 20 mA Ry > 10kQ
Oscillator Section '
,i Max. Operating Frequency 0.5 1 0.5 1 MHz | C =1000pF, Ry = 1kQ
i |Lowest Practical Frequency 0.01 0.01 - Hz C =50uf, R{=2MQ
| Frequency Accuracy +1 +4 ;2 % ofiy [fy=1/R,C ‘
i | Temperature Stabiiity +10° | 450 +20 PPM°C |0°C < T4 < 70°C
| |Frequency Ry = Ry = 20kQ
, | Sine Wave Amplitude Stability? 4800 4800 ppaveC
: Supply Sensitivity 0.01 0.1 0.01 N Viow = 10V, Vg = 20V,
Ry =Ry =20kQ
Sweep Range 1000:1 | 2000:1 2000:1 ty=f [fy @ R, = 1kQ
fL @ Ry =2MQ
Sweep Linearity
10:1 Sweep 2 2 Yo fi = 1kHz, i = 10kHz
1000:1 Sweep 8 8 % f = 100Hz, iy = 100kHZ
FM Distortion Q.1 (0] % =10% ODeviation
Recommended Timing Components
Timing Capacitor: C 0.001 100 | 0.001 100 u Figure 5
Timing Resistors: Ry & Ry 1 2000 1 2000 <Q
Triangle Sine Wave Output! Figure 3
Triangle Ampiitude i6Q 160 MVIKQ | Aigure 2, S, Open
Sine Wave Amolituce 40 60 80 ([0} mV/RQ | Figure 2, S4 Closed
Max. Output Swing 6 ) Vo-o
Output Impedance 600 8Ca Q
— Triangle Linearity 1 1 %
Amplitude Stability . 0% 0.5 a8 For 1000:1 Sweep
Sine Wave Distortion
Without Adjustment 2.5 25 ° Ry = 30kQ
With Adjustment 0.4 1.0 0.5 1:5 %% See Figure 7 and Frgure 8
Notes

! Qutput amplitude is directly proportional lo the resistance, A3, on Pin 3. See Figure 3.
For maximum amplitude stability, Ry should be a positive lemperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

W Foi. 103 il of s e . TOM”
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[ELECTRICAL CHARACTERISTICS (CONT'D)

i T i

XR-2206

if XR-2206M/P XR-2206CP/D

meters Min. l Typ. l Max. | Min. l Typ. ] Max. | Units |Conditions
’plitude Modulation

t Impedance 50 100 50 100 kQ
ﬁu(ation Range 100 100 %
’imer Suppression . 55 , - 55 | a8

arity 2 2 Yo For 95% modulation
gar&Wave Output -
feituce 12 12 Vp-p |Measured at Pin 11,
ke Time 250 . 250 ns | C_=10pF
WTime 50 50 ns  {C_=10pF
$luration Voltage 0.2 0.4 0.2 0.6 " IL=2mA
akage Current 0.1 20 0.1 100 L Vee =26V
8K Keying Level (Pin 9) 0.8 14 24 0.8 1.4 2.4 v See section on circuit controls
izference Bypass Voltage 2:9" 3.1 S/ &f 2.5 3 8.5 v Measured at Pin 10,
stes

utput amplitude is directly proportional io the resistancs, A;,

on Pin 3. See Figure 3.

“or maximum amoiituge stability, R should be a postlive temperature coefficient resistor.
uld face parameters are covered by produciion test and guaranteed over operating lemperature range.

Specifications are subject to change without notice

BSOLUTE MAXIMUM RATINGS

hwerSupply .......... N\ Ve, = " 26W
hwer Dissipation . ...... .. ... ... . 750mw
trate Above 25°C ... y . Smw/eC

Total Timing Cuerent ... ... 6mA

Storage Temperature ... ... . -65°C to +150°C

YSTEM DESCRIPTION

e XR-2206 is comprised of four functional blocks; a
Atage-controlled oscillator (VCQ), an analog multiplier
"d sine-shaper; a unity gain buffer amplifier; and a set of
Nrent switches.

e vCO produces an output frequency proportional to
input current, which is set by a resistor from the timing

L Re103 o f i o i s 4

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
contral pin. This input controls the current switches which

select one of the timing resistor currents, and routes it to
the VCO.

S B S
i T e -
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Figure 14. Circuit for Pulse and Ramp Generation.

‘requency-Shift Keying

‘he XK-2206 can be operated with two Separate timing
esistors, Ry and Ry, connected to the timing Pin 7 and 8,
espectively, as shown in Figure 13. Depending on the
larity of the logic signal at Pin 9, either one or the other
¥ these timing resistors is activated. If Pin 9 is
ypen-circuited or connected to a2 bias voltage > 2V, only
3y is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Ryis activated. Thus, the outputfrequency can
Je keyed between two levels. fi and fy, as:

%4 =1/R4C and f> = 1/R,C

For split-supply operation, the keying voltage at Pin 9 is
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 12and

Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of = V+/2.

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 17 shows the circuit connection ior generating a
sinusoidal output from the XR-2206. The potentiometer,
R; 2t Pin 7, grovides the cesired frequency tuning. The
maximum cutput swing s greater than V2, and the
typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, additional adjustments can be
provided as cescribed in the following section.

The circuit of Figure 77 can be converted to split-supply
ogeration, simply by replacing all ground connections
with V", For split-supply operation, R3 can be directly
connected to ground.

TOM™



th External Adjustment:

harmonic content of sinusaidal output can be
uced to -0.5% by additional adjustments as shown in
ure 12. The potentiometer, R,, adjusts the
pe-shaping resistor, and Rg provides the fine
justment for the waveform symmetry. The adjustment
dure is as follows:

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

i With Ry set as above, adjust Rg to further reduce
distortion.

tiangle Wave Generation

fe circuits of Figure 77 and Figure 12can be converted
stnangle wave generation, by simply open-circuiting Pin
3 and 14 (i.e., Sy open). Amplitude of the triangle is
vproximately twice the sine wave output.

SK Generation

‘qure 3shows the circuit connection for sinusoidal FSK
4gnal operation. Mark and space frequencies can te
«depencently adjusted by the choice of timing resistors.
i and 7, the output is phase-continuous during
ansitions. The keying signal is applied to Pin 9. The
wcuit can be converted to solit-supply operation by
imply repiacing ground with V-,

lulse and Ramp Generation

gure 14shows the circuit for pulse and ramp waveform
#neration. In this mode of operation, the FSK keying
3minal (Fin 9) is shorted to the square-wave output (Pin
1), and the circuit automatically frequency-shift keys
self between two separate frequencies during the
lositive-going and negative-going output waveforms.
he pulse width and duty cycle can be adjusted from 1%
2 99% by the choice of Ry and R,. The values of R and
15 should be in the range of 1kQ to 2MQ.

XR-2206

. eems

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

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

.

- 1
h=pe Hz

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for 4kQ < R < 200kQ. Recommended values of C arefrom
1000pF to 100uF.

Frequency Sweep and Modulation:

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

Timing terminals (Pin 7 or 8) are low-impedance points,
and zre internally biased 2t +3V, with respect to Pin 12.
Freauency varies lineary with [T, over a wide range of
Current values, irom 1uA ¢ 3mA. The frequency can be
controlled by applying & control voltage, V¢, to the
activated timing pin as snownin Figure 10. The frequency
of osciilation is related to VC as:

\So ) af Ve
i 96(1 . ‘95(1 3))/-/2

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

K= afaV, = —%’% Hz| V
(=

CAUTION: For safety operation of the circutt, It should be
lirmited to < 3mA.

_F TOM”



gimum output amplitude is inversely proportional to
; extemal resistor, Ra, connected to Pin 3 (see
pure 3). For sine wave output, amplitude is
proximately 60mV peak per kQ of Rg; for triangle, the
ak amplitude is approximately 160mV peak per kQ of
. Thus, for example, Ry = 50kQ would produce
roximately 13V sinusoidal output amplitude.
H

i
‘nplitude Modulation:

-~

i.utput amplitude can be modulated by applying a dc bias
’ad a modulating signal to Pin 1. The intemal impedance

722 EXAR

atPin 1 is approximately 100kQ. 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 Vce/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 modutation is approximately
55d8.

CAUTION: AM control must be used in conjunction with a

well-reguiated supply, since the output amplitude now becomes
a function of Vog. -~

VA Ve " 1SV2 5 14 166 13 132

E T
TRy 5 RER RYAYYE |
T Ratam I o)\ il o, oTé
| ST ) LT e =
: | 2—(’*—’ R : sz

= R O R R BT
T! 1 § !1’ 'A’Li "i AH“ y l j‘/cc T

SRR Gl e

- o . : ‘ ‘ '

T AN ES g ORI I
e Ot Lol ]y AN
— . & | I llg é? N

s &
Intnl.
‘Reg A

— V2

Figure 15. Equivalent Schematic Diagram

¥ Rev.1.03 2 offrcfoi sk

TOM’



g;. £ ‘.i j.-:\ sr 5 .., ,¢. _..

ut Amplitude:

iﬁmum output amplitude is inversely propartional to
)extemal resistor, Rj, connected to Pin 3 (see
;,,93) For sine wave output, amplitude is
&oxlmately 60mV peak per kQ of Rg; for triangle, the
amplitude is approximately 160mV peak per kQ of
Thus, for example, R; = S0kQ would produce
ximately 13V sinusoidal output amplitude. :

iglitude Modulation: !
i om

ut amplitude can be modulated by applyinga dc bias
§amodulating signal to Pin 1. The interal impedance

<

D

0(7<
(e}

-t

9

—_

15V2 s 14
3

7 EXAR

at Pin 1 is approximately 100kQ. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 14 volts of Vce/2 as shown in
Figure 6. As this bias level approaches Vce/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
55d8B.

CAUTION: AM control must be used in conjunction with a

well-regulated supply, since the output amplitude now becomes
a function of V.

16 6 13 ;
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Figure 15. Equivalent Schematic Diagram
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FEATUF!ES

s Wide Frequency Range, 0.01Hz to 300kHz
¢ Wide Supply Valtage Range, 4.5V to 20V

o HCMQS/TTULagic Compatibility

¢ FSK Demodulatian, with Carrier Detectian
¢ Wide Dynamic Range, 10mV to 3V ms

e Adjustable Tracking Range, +1% to 80%

e Excellent Temp. Stability, +50ppm/°C, max.

f & EXQR
.the analog plus company™!

i f o i f Y s f

XR-2211
FSK Demodulator/
Tone Decoder

June 1997-3
APPLICATIONS
e Caller Identification Delivery
e FSK Demadulation
e Data Synchronization
e Tane Decading
e FM Detection

e Carrier Detection

{ GENERAL DESCRIPTION
| The XR-2211 is a monolithic phase-locked loop (PLL)

system especialty designed for data cammunicatians
applications. tt is particularty sutted for FSK modem
applications. It operates over a wide supply voltage range
of 4.5 ta 20V and a wide frequency range of 0.01Hz to
300kHz. It can accommadate analog signals between
10mV and 3V, and can interface with conventional OTL,
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 catrier
cetection, and an FSK voltage comparatar which provides
FSK demodulation. Extemal companents are used ta
independently set center frequency, bandwidth, and autput
delay. An internal voltage reterence propartional to the
power supply is provided at an output pin.

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

CRDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2211M 14 Pin CDIP (0.300") -53°C to +125°C
XR-2211N 14 Pin CDIP (0.300%) -40°C to +85°C
XR-2211P 14 Pin POIP (0.300") -40°C to0 +85°C
XR-22111D 14 Lead SOIC (Jedsc, 0.1507) -40°C to +85°C

MII”""””' T@M

Q1992
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! BLOCK DIAGRAM

GND NC

O © 6
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Pl s i M I

Oetect
Comparator
vCo N @ Looq
TiM c2 \13 Quad
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Figura 1. XR-2211 Block Diagram
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XR-2211

' PIN CONFIGURATION

i Ve G- J E T™M C1 Vet TM C1
§ NP 2] [ Tmc2 NP ] 2 13193 TMC2
i LoF [3] 4 TiMRA LF I3 2= TMA
| GNO [4]] (] Loo - GNO |4 1 (=2 Loo

? LDOONE EVREF LDOQN:S !O:VHEF
i Looa [s] 3] NC LO0Q |6 9 |9 NC

i oo [7] [e] comp Lo -=j7 ¢ | compi
i ;

14 Lead CDIP, PDIP (0.3007) 14 Lead SOIC (Jedec, 0.150")

| PIN DESCRIPTION

P # Symbal Type | Description

1 Vee Positive Power Supply.

2 INP I Reczive Analog Input.

3 LDF 0 Lock Cetect Fllter.

4 GND Ground Pin. ! .

5 LDOCN @) Lock Detect Qutput Not. This output will be low if the VCQO is in the capture range.
6 LCQ O Lock Cetect Qutput. This output will be high if the VCO is in the capture range.

7 Do @] Data Output. Decoded FSK output.

8 COMP | i\ \| FSK Comparator lnput.

9 NC Not Connected.

10 Vge= Qo Intemal Vottage Reference. The value of Vger is Veo/2 - 650mV.

n LDC Q Loop Detect Qutput. This output pravides the result of the quadrature phass detection.
12 TIM R | Timing Resistor Input. This pin connects ta the timing resistor of the VGO
13 TIM C2 | Timing Capacitor Input. The timing capacitor cannects between this pin and pin 14,
14 TIM C1 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 13,
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| ELECTRICAL CHARACTERISTICS o
| Test Conditlons: Ve = 12V, Ty = 425°C, flo= 30KQ, Co = 0.0334F, unless atherwise specified.

[Parameter EEE [ ¥ax. | Unit™ [Condttions
| *| General
| Supply Voltage 45 20 v
Supply Current 4 7 mA Ao > 10KQ. Ses Figure 4,
Oscillator Section e
Frequency Accuracy +1 +3 % Deviation trom tg = 1Ry Cy
Frequency Stability .
Temperature +20 +50 PPmPC | See Figure 8.
| Power Suppty 0.0s 0.5/, %V Vec =12 1V, Ses Figurs 7.
0.2 A% Vee= =5V. Sae Figurs 7.
1 | Upper Frequency Limit 100 300 kHz Rg=8.2KQ, Cy= 400pF
Lowest Practical Operating 0.01 Hz Ro=2MQ Cy= S0uF
Frequency
§ Timing Resistor, R, - See
| | Figure 5
Operating Aange 5 2000 KQ
Recommended Range 5 KQ See Figurs 7 and Figure 8.
Loop Phase Dectector Section ]
Peak Cutput Current +150 | +200 +300 uA Measured at Pin 11
Output Offsst Current 1 uA
Output Impedance 1 MQ
I |Maximum Swing - +4 +5 \% Referenced ta Pin 10
' [Quadrature Phase Detector Measured at Pin 3
Peak Output Current 100 300 uA
Output Impedance 1 MQ
Maximum Swing 11 Vop
I |Input Preampt Section Measured at Pin 2
! | Input iImpedancs 20 KQ
Input Signal
Voitage Required ta
{ Limiting 2 10 mV ms
i
j Notes
l

! Parameters ars quarantesd over the recommendsd operaling condiions, but are not 100% testsd in production.
8old face parameters are caversd by production test and guaranteed aver operating lempsraturs rangs.

| m""""'"""' TOM™



s XR-2211

| pC ELECTRICAL CHARACTERISTICS (CONTD)
| fest Conditlons: Vec= 12V, Ty = +25°C, Rg = 30KQ, Cg = 0.033¢:F, uniess atherwise spacified.

T EPNp——

[Parameter J Min. ] Typ. | Max. | Unit [c:ondrﬁom
Vottage Comparator Section

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

\ottage Gain 55 70 d8  |AL=5.1KQ

Output Voitage Low 300 500 mv lc=3mA

QOutput Leakage Current 0.01 10 pA Vo=20V

Intemal Reference

Vottage Level - 49 59 57 \Y Measured at Pin 10
Output Impsdance 100 Q AC Small Signal
Maximum Sourcs Cutrent 80 uA
Notes

Parameters are guaranteed over the recommended cperating condttions, but are not 100% lasted in production.

i Bold face parameters are covered by production lest and guaranteed over operating temperalture range.

i

Spedfications are subject ta change without natice

ABSOLUTE MAXIMUM RATINGS

Power Supply .....AR4..g7. ¢ -] . 3N 20V Package Power Oissipation Ratings
input Signal Level .. YN . 95, .7 Somd [ 3V mms COIRZS - - 7o) Ly b e TR § AR 750mW
Power Dissipation ... A X . %) . -.-- 6. S00mW Derate Above Ta =25°C ... .......... 8mW/°C
By~ P oy PSS, LN § S 800mwW
Derate Abave To =25°C .............. 60mwW/°C
SOIG D) S - - A L. 390mwW
Derate Abave Tp =25°C ............... 5mw/°C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is canstructed from an (internally cannected). When in lack, these trequencies
input preamplitier, analog muttiplier used as a phase are tin+tyco (2 times fyy when in lack) and fiy - fyeo (OHZ
detectar and a precision vqnage cantralled oscillator  when lock). By adding a capacitor ta the phase detectar
(VCQ). The preamplifier is used as a limiter such that  output, the 2 times fyy companent is reduced, leaving a
input signals above typically 10mV rms are amplifiedtoa  DC voltage that represents the phase difference between
canstant high level signal. The multiplying-type phase  the two frequencies. This closes the loop and allows the
detectar acts as a digital exclusive or gate. lts autput  vCQ ta track the input frequency.

(unfiitered) praduces sum and difference frequencies of : .

the input and the VCO output.  The VCQis actually 2 The FSK comparator is used ta determine if the VCO is
current cantrolled oscillator with its normal input current  §rven abave or below the center frequency (FSK
(fo) set by a resistor (Rg) to ground and ts drivingeurrent  gmparatar).  This will produce bath active high and.
with a resistor (R4) from the phase detectar. active low outputs ta indicate when the main PLLis inlock
The output of the phase detector produces sumr and  (quadrature phase detector and lock detectar
ditference of the input and the VCO frequencies  camparator).
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PRINCIPLES OF OPERATION

Slgnal Input (Pin 2): Signal is AC coupled to this

terminal. The intemal impedance at pin 2 is 20KQ.

Recommended input signal level is in the range of 10mV
~ ms ta 3V ms.

Quadrature Phase Detector Output (Pin 3): This is the
high impedance output of quadrature phase detectar 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 Rg
and Cq (see Figure 3) to eliminate the chatter at lock
detect outputs. If the tane detect section is not used, pin 3
can be left open.

Lock Dstsct Output, Q (Pin 6): The output at pin 6 is at
“low” state when the PLL is out of lack and goes ta “high*
state when the PLL is locked. It is an apen callector type
output and requires a pull-up resistar, R, to Vg for
proper aperation. At “low" state, it can sink up to 5mA ot
load current.

Lock Detect Camplement, (Pin5): The outputatpin5is
the logic camplement ot the lock detect autput at pin 6.
This output is also an apen callectar type stage which can
sink SmA of load current at low or “on” state.

FSK Data Output (Pin 7): This autputis anaopencollector
logic stage which requires a pull-up resistar, R, ta Vg for
proper operation. It can sink 5mA af load curent. When
decoding FSK signals, FSK data output is at “high* or “off*
state tar low input frequency, and at “low” or “on” state for
high input frequency. If no input signalis present, the logic
state at pin 7 is inceterminate.

" FSK Comparator Input (Pin 8): This is the high
impedance input to the. FSK voltage comparator.
Naomally, an FSK post-detection or data fitter is
connected between this terminal and the PLL phase
detector output (pin 11). This data filter is farmed by Re
and Cg (see Figure 3) The threshald vattage of the
comparator is set by the internal reference voitage, Vger,
available at pin 10.

Refsrance Voltage, Vrer (PIn 10): This pin is intemally
biased at the reference voltage level, Ver: Vaer=Vcc /2
-650mV. The DC voltage level at this pin forms an intemal
reterence forthe voltage levels at pins 5, 8,11 and 12. Pin

A2 BEXAR

10 mustbe bypassed ta ground with a 0.1uF capacitortar
proper operation of the circuit.

Loop Phase Detector Output (Pin 11): This terminal
pravides a high impedance output for the loop phase
detector. The PLL loop fitter is formed by Ry and Cj
connectedtopin 11 (see Figure 3.) Withnainput signal, or
with nophase error within the PLL, the DC levelat pin 11is
very nearty equalto Vper The peak to peak valtage swing
available atthe phase detectar output is equalto 2x Vper

VCO Control Input (Pin 12): VCO ftree-running
frequency is determined by external timing resistar, Ay,
connected from this terminal to ground. The VCO
free-running frequency, fg, is:

1
HO' CD

lo = Hz

where Cy is the timing capacitar acrass pins 13 and 14.
For optimum temperature stability, Ry must be in the
range ct 10KQ ta 100K (see Figure 9.)

This terminal is a low impedance point, and is internally
biased at a DC level egual to Vge= The maximum timing
current drawn from pin 12 must be limted to < 3mA for
proper cperatian of the circutt.

VCQ Timing Capacitor (Plns 13 and 14): VCO
frequency is inversely propartianal to the external timing
capacttor, Co, connected across these terminals (see
Frgure 6) Cq must be nan-palar, and in the range ot
200pF o 10uF.

VCO Frequency Adjustment: VCO can be fine-tunedby
cannecting a patentiometer, Ry, in series with A atpin 12
(see Frgure 10.)

vCO Free-Run‘nlﬁg Frequency, fg: XR-2211 dees nat
have a separate VCO output terminal. Instead, the VCO
autputs are intemally connected to the phase detector
sectians ot the circuit. For set-up aor adjustment purpases,
the VCO free-running frequency can be tuned by using
the generalized circuit in Figure 3, and applying an
altemating bit pattem of O’s and 1’s at the known mark
and space trequencies. By adjusting Rg, the VCO can
then be tuned ta abtain 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.
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Figure 2. Functional Block Dlagram of a Tone and FSK
Decoding System Using XR-2211
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Figure 3. Generalized Clrcuit Connection far
FSK and Tane Dstectlon
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1ESIGN EQUATIONS

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

jsee Figure 3tar definttion of campanents)
{, VCO Center Frequency, fo:

1

i
|
|
i o Ro‘Co

). Internal Reference Valtage, Vaer (measured at pin 10):

v,
Ve = (_2&7 )—GSOmV/'n volts

3. Loop Low-Pass Filter Time Canstant, «

1 = Cy-App (S€CONAS)

“where:

) :
AvA
pr — 1 F
A + A
t Re is oo or Cg reactance is oo, then Reo = A1

4. Loop Damping, g

. [1eseg
8= He'Ci

Nofe: For denvation/axplanation of this equatian, please ses TAN-0T1.
5. Laoop-tracking

bandwidth, == ‘ij
3

st _ B

i A,

e Tracking 3
Banawidth




PSR

6. FSK Data filter time constant, tF:

RE'RF

Tg= m-c,: (SECOﬂdS)

XR=2211

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):
:Kd_ Vaer - R:[ volt ]

~ 10,000-% | radian

Ncte: For derivation/explanation of this equation, please see TAN-0117.

8. VCOcenversion gain, Ko: (Ko-is the amount of change in VCO frequency

N 2 _ [ radian/ secon
% = Vi -Cy- Ry, 4 voll

© 9. The fitter transfer function:

- 1 = \
Rs) = 1Y 9A.C ato0 Hz S=uwandw =0

10. Total loop gain. Kt

i ~ B I/ A
Kr= KoKyRs) = <5,OOO~C3'(/71 - H;))lm]

11. Peak cetector current Ia:

Ve | ]
/= ﬁ (Vaee In voits and I in amps)

Note: For derivation/explanation of this equation, please sea TAN-071.

»perunitof DC vottage change atpin 11 ):

9 i



XR-2211 22 EXAR

| /
. APPLICATIONS INFORMATION

! FSK Decodling

-Figure 10shaws the basic circuitcannection for FSK decading. With reference ta Frgure 3and Figure 10, the tunctions
of external components are defined as fallows: Rg and Cg set the PLL center frequency, R sets the system bandwidth,
‘and C sets the loop filter time constant and the loop damping factor. Ce and Re form a one-pole past-detection fitter for
the FSK data output. The resistor Rg fram pin 7 to pin 8 introduces positive feedback acrass the FSK comparatar ta
facilitate rapid transition between output logic states.

% Deslgn Instructlons:

i The circuit of Figure 10can be tailoredforany FSK decoding applicationby the choice of five key circuit components: Ry,
¢ R4, Cy.Cqand Cr Fora given setof FSKmark and space frequencies, fg and fy, these parameterscan be calculated as
follows:

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

© a) Calculate PLL center frequency, fo:

—_—

fo = v"Fer

. b) Choose value ot timing resistor Ry, ta be in the range of 10K to 160KQ. This choice is arbitrary. The recommended
value is Rg = 20KQ. The tinal value of Rq is normally fine-tuned with the series pctentiometer, Ry.
Ax

Ao = R@‘?

c) Calculate value of CO frem design equation (1) or trom Figure 7.

1

Co= Bt

d) Calculate R1 to give the desired tracking bandwidth {See design equation 5).

Fy-ly

=y

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

' 1250-C,

€= A-¢?
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f) The input to the XR-2211 may sometimes be too sensitive to noise conditions on the input line. Figure 4illustrates
a method of de-sensitizing the XR-2211 from such noisy line conditions by the use of a resistor, Rx, connected
from pin 2 to ground. The value of Rx is chasen by the equation and the desired minimum signal threshold level.

V., minimum (peak) = V,—V, =4 V;t 2.8mV offset = V, ,,sr——-————zo L) or A, = 20,000 Veer -
(20,000 + Ay X av

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

Veg
To Phase
Oetecor
Q Input
Rx oK

.|l

§

Vw7 ) AT ISR

Figure 4. Cesensitizing Input Stage

g) Calculate Data Fitter Capacttance, Cg:

A = (Ae+ A)-Ag
sm = T8+ A+ Ay
B 025 o
Cr = (Ao Baud Fatd baud rate In —— oo

Note: Alf values excspt Ry can be roundsd ta nearest standard valus.
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XR-2211

carmier detect option for FSK decading. The
recommended circuit connection for this application is
shownin Figure 17. The apen collectorlockdetect output,
pin 6, is shorted to data output (pin 7). Thus, data output
will be disabled at “low” state, until thereis acarrierwithin
the detection band of the PLL and the pin & output goes
“high” to enable the data output.

Note: Data Output is Low” When No Camer is Pressat.

The minimum value of the lock detect filtter capactance
Cgp is inversely proportional to the capture range, +Afc.
This is the range of incoming frequencies over which the
loop can acquire lockand is atways less than the tracking
range. Itis further limited by C4. For most applicatians, Afc
> Aff2. Far Rg = 470KQ, the approximate minimum value
of Cp can be determined by:

Cp > gl; CinufF and fin Hz.
C in uF and fin Hz.
With values of Cg that are toa small, chatter can be

observed on the lock detect output as an incoming signal

RSB0

/

! Vee
i
' Loop 8 7
| Phase Q—?O
—ANNN— Detect
FSK
Comp.
10
1% Internal
H‘—&D‘ 0.1eF Reference
xL
0.1uF 14%_“9 13 . = Veo
Tone Co
input >"__‘1__ vCo
- Fme
Tune AL2 AL3
' 51K § 51K
6 LOOQ
J Quad 5 Logic Olrput
Phase
Ostect 3 5 LOOQN I
%gtect
Co mp.
4R7%s< 80nF
Figure 12. Circuit Connection for Tone Detectlon
FSK Decodling with Carrier Dstect
The lack detect section ot XR-2211 can be used as a  frequency — appreaches the capture banawidth.

Excessively large values of Cg willslow the respansetime
of the lock detect autput. Far Caller 1.0. applications
chaase Cp = Q.1uf.

Tone Dstection

Figure 12 shaws the generalized circuit cannection far
tane detection. The logic autputs, LDOQN and LDQOQ at
pins 5 and 6 are narmally at “high* and “low” logic states,
respectively. When a tane is present within the detection
band of the PLL, the logic state at these outputs became
reversed for the duration of the input tone. Each fogic
autput can sink 5mA of load current.

Both outputs at pins 5§ and 6 are open callectar type
stages, and require extemal pull-up resistors Ry and
Ry 3. as shown in. Figure 12.

With reference to Figure 3 and Figure 12,the functians of
the external circuit components can be explained as
tollows: R and Cg set VCO center frequency; Ry sets the
detection bandwidth; Cq sets the low pass-laop titter ime
canstant and the loop damping factor.




.  XPEXAR
3Deslgn lnstructlons* : : - ¢ o ‘

The clrcuttof Figure 12canbe optimizedforanytone detecﬂon application bythe choiceotthe 5 keyci ircuit components
Ro, R4, Cg. Cy and Cp. Fora given input, the, tone frequency, fg, the-2 parameters are calculated as follows: -

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

Choose value of timing resistar Rq to be in the range of 10KQ to 50KQ. This chouce is dictated by the max./min.
current that the intemal valtage reference can defiver. The recammended value is Rg=20KQ. Thefinal value of Ro

is normally fine-tuned with the series potentiometer, Rx.
Calculate value ot Co from design equatian (1) or from Figure 71s =1qo:

s

Y
~

s s S st i e

e o
(=
~

1
Ho' fS

Co=

Calculate Ry ta setthe bandwidth +Af (See design equatian 5): -
Foly2
Af

Nafe: The tolal dstsction bandwidth covers the frequency range of ip A f
d) Calculate value of Cy for a given laap damping factor:

Narmally, ¢ = 0.5 is recommended.

R1=

e 1250-
{ C1 = 3 ”—‘C)
A.?
Increasing C, improves the out-of-band signal rejection, but increases the PLL capture time.
e) Calculate value of the fiiter capacitor Cp . To avoid chatter at the logic output, with Rg = 470KQ, Cp mustbe:
16 ;
C — CinpfF

0 > Af U

Increasing Cg slows down the logic output respanse time.

Design Examples:

Tone detector with a detection band of + 100Hz:
) a) Choose value of timing resistor Rg to be in the range of 10KQ to 50KQ. This chaice is dictated by the max./min.
current that the intemal voltage reference can deliver. The recommended value is Ry =20 KQ. The finalvalue of Rg

is normally fine-tuned with the series potentiometer, Rx.
b) Calculate value of Co from design equation (1) or from Figure 615 =fo:

I 1 _
Co = 77 =720.0001,000 = 0"

iR Bi0 g

7 L L £ 5 T Y T B S DT TN

|



XR-2211
7 L5 L5 5 L5 5 T 5T T T LT T

i) Calculate ﬁ1 to set the bandwidth +Af (See design equation 5):

_ Ryfy2 _ 20,000-1,000-2 _ |
f=—4 = 100 b

Note: The total dslection bandwidth covers the frequency range offp #4f
d) Calculate value of Cq for a given loop damping factor:
Normally, ¢=0.5is recommended.

_ 12806 1250.50-109 _
Ci=-pg= = z00,00008 - °2%F

i

Increasing C, improves the out-of-band signal rejection, but increases the PLL capture time

) Calculate value of the fitter capacitar Cp . Ta avoid chatter at the logic output, with Rg = 470K, Cp must be

—_
(e}

|
v

16

Gy = 200

> 80nF

AN
~

Increasing Cq slows dawn the logic autput respanse time.

f)  Fine tune center trequency with 5KQ patentiometer, Ry

Ve
Voo ?
I U
L i3 ; 0.1uf
100K ‘ :;L
Loop 11 8 £ .
ghase —OI——— { TCF —~0
etect C Demodulated
)1 IR FSK = 1 LM324
= Caah Qutput

r

ki

2 12 iy 18 Intemal
}_.O—Df 0.11F - Reference
= O-WF 14 13 Rg =
Input

S
LoCQ
s, e
ass — LOOQ
Ostact .

JE

Figure 13. Linear FM Detector Using XR-2211 and an External Op Amp
(See Sectlaon on Deslgn Equation for Component Valuses.)
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Linear FIf Destection

XR-2211 can be used as a linear FM detector for a wide
range of analog communications and telemetry
applications. The recommended circuit connection for
this application is shown in Figure 13. The demodulated
output is taken from the koop phase detector output (pin
11), through a past-detection fitter made up of Rg and Cg,
and an external buffer amplifier. This butfer amplifier is
necessary because of the high impedance output at pin
11. Normally, a non-inverting unity gain op amp can be
used as a buffer amplifier, as shown in Figure 13.

D
LT T P T 7 7 7 T

B4R
/o

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

A Voer
1007,

Veur

where VRisthe internal reference vottage (Vper = Vee 2
- 650mV). For the choice of external components R;, Ro.
Co, C1 and Cr, see the section on design equations.
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Figure 15. PLL Controlled Narowband FM Receiver at 46/43 MHz
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FM Communications Receivers

The MC13135/MC13136.are the sacond Jenecation of single chip, duat
coaversion FM communications recaivers Zaveloped by Motorala. Major im-
provements in signal handling, RSS! 2nd ficst oscillator ogeration have been
made. [n addition, recovered audio distorion and audio drive hava imoroved.
Using Motorola’'s MOSAIC™ 1.5 orocess, these receivers offer low noisa.
nich gain and stability over a wide operating voltags.ranga.’

8oth the MC13135 and MC13136 ingggg_avc&(p_ij_s:g;sg_ua(or, VCO tuning
diode, low nowse first and second mixor and LO, high gain limiting IF, z2nd
ASSL The MCi3135is designed for use with an LC'quadratuce detector and
hzs a2n uncommitted 0p amp that can be used either ior an RSSI buifer oras
a data comparator, The MC13136 can be used with either 2 caramic discrim-
inator or an LC quad coil and theop amois internally connacied for a voltage
Scitersd RSSioutput.

nese devices can be used as stand—alone VHF receivers or as the lower
IF of 2 triple coaversion sysiem. Aoplications include cordless lelechones.

STOT range data links, walkie—talkies. low cost land mcbile. amateur racio

.fecsivars. baby menitors and scacners.

MC13135
- MC131i3s

Ty
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JAXIMUM RATINGS ] LT

Rating ) Pin l Symbol } Value Unait
2ower Supgly Voltage 10 | Veg (=) | 6.5 Vde
27 lnput Voltage - 2 |' " RFn ‘ I 1.0 Vans
Juncton Temperature - f Ty I +150 °C
Storage Temperature Range S | Tsig | ~6510 +150 °C | .
RECOMMENDED OPERATING (_:ONQITIONS -

Rating | Pin | Symbol valve | unic |
2owar Suoply Voltage | <19 Ao 291050 |evec |
Maximum 1st(F | S ' fieq ‘ 21 | MHz, |
saximum 2nd IF ] o | s\ || 30 | MHz
Ambient Temoerature Aangs | - i Ta | "=2010-35 | =c
SLECTRICAL CHARACTERISTICS (T2=25°C. Vg =.0Vde (g =49.7MHz. N0 0 = * OKHZ Deviation=23.0 kHz. {-

L0=10.245 MHZ, IF 1= 10.7 MHz_ [F2 = «

334Hz Lniess otherwisz noiea. All measuremen:s geriomedin

1

s1LO=38MHZ 5ng
e testcircutt of Figure 1.)

Characteristic

i Conditian l Symbot | Min ] Typ i Max ; Uait !

Total Orain Cucrent I Na inout Signal ] Icc i = ' 40 | 5.0 } mAgac

Sensitvity (Inout foc 12 68 SINAD) | Machedinout | vgpy — @ | - ] wvems
Recoveraa Audio f Vee=1.0mV ] AFQ } I ‘ : m¥mns '
HE13135 i i L TGmy b goe |1 0 ! !
LCi3136 ] | 20 pos [ 55 ! :
, Umiter Cutout Lavel ; 3 Vi i { ! *""‘s
{Pin 14, MC13138) i | IV ¥ :
st Mixzr Conversion Gain ! YgfF = - <0 c8m i MXqzia1 | - f 12 { - : z3 :
2rd Mixar Conversion Gain | Vae = - 20c2m | MXozino - ) gy - -
Fiest LO Budered Cutout i - | Lo ' - i+ 100 I - mviems
“atal Harmonic Disiorion { Ves = -2068m | THD : - ! f2 | 3a P ey :
Damodulaior Sancwdi i - 1 3vr ! - ‘ 50 } - IR ¥
A3Si Cyramic Qange { = i FE N L 0 i - T =5 :
TSXMIX&.’ 3ca Order Intzccas | i Oy i ! i i =
finout) l Maicneg : i - i -7 ! - ' ;
i Uamawcreg ! ! - i -n = — i
Szcond Mixer Zcd Orcer { Maicned , Clyax2 } I| : =1 ey
intercaot (RF Inout) nout ! I = | =27 = 1
First LO 3uder Outout Resisiznce : - ! 1o | - } - i - : a
st Mixar Parallet Input Resistance : - | 2 i - T2 - R
Tiest Mixer Parallel Inout Caoacitanca | - ; c ! - I ! i - 3=
iest Mixer Qutout Imoedance | - f = ] - | 330 | - a
Szcond Mixer Input Impedanca i - ] = | - ! 40 [ - w0
Second Mixer Quipct Impegzancs i - | - | - I 13| - (iR
Darzcier Quiout Imgeaance ' - | e [ - | s - 2] 1




TEST CIRCUIT

Aithough ithe MC13138 can be operated with a caramic
discaiminator, the recavered audio meaiurements for both
the 1{C13135 and MC13136 are mace with an LC quacratuce
detaclor. The typical recavered audio wilt cepend on the ex-
temal circuit; eitherihe Q of the quad «oil, acthe RC matchmg
network for the ceramic_discriminatar. On the MC13136, an
ex‘cmal capacnor oetween Pins 13 and 14 can be usad with

INFORMATION - .

Since addmg 2 matchmg cm:u:( to the RF mput xnc.eascs

the ssgnal level to the mixer, the ihird order intarcept (T
pains is better with an unmatched ingut (‘Q Q {ram Pin 21 [g
Pin_22).-Typical velues for both have been included in the.
——o - 5 P - oy
Elecaical Characterization Table. TOl measurements-wers
taken at the pins with a high impedance proce/soectrum ana:
lyzer system. The first mixer ingut impedance was measured.

a quad caoil for slightty higher recovered zudio. See Figures at the pin with a retwork analyzer. 4
10 through 13 for additional information. , ——
! .Figure 1a. MC13135 Test Circuit ey
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Zhe MC13135/13136 are camplate dual cdaversion re-
M_ They include two local oscillators, two mixers, a limit-
g IF amolifier 2and detectoc, and an op 2mp. Bath provide a
sxage buffered RSSI with 70 d8 of usable range, isolated
yung diode end buiterad LO output for PLLcperation, and a
separate VCC pin for the first mixer and LO. Imorovements
Axve b2en maca in the temoerature gerformance of both tha
~ecovered audio and the ]SSI. . .

£k

Ycc <

Two separate Ve lines enable the first LO and mixer to -

—atinue running while the rest of the cicduitis powered down.
. They lso isolatz the RF from the rest of the intemal circuit.

Local Oscillators

The local oscillators are grounded collector Colpitts, which
zan be easily crystal-controiled or VCO controlled with the
xn-board varactor and external PLL The first LO transisioris
rternally biased. but the emitter is pinned—out and lqcante
rcreasad foc hica frecuency or VCQ operation. The caollecter
3 aot pinned out. so for crystal operation, the LO is generzlly
smtad to 3rc overionz crystal frequencies: typically around
9 LMz, For hicher frecuency ogeration, the LO c2n be pr>=
.«ted externallv as shown in Figure 16. i

Buffer

An amglifier on the tst LO output convens the single—r-
:ea LO outout 19 a difierantial signal io drive the mixer. Ca-

mmmbeiA mA
calilave CC

fZtetreenthe LQ and the amaiifiar minimizes
2 2lISCis Of in2 chance in oscillator current on e mixer.
Zuiderzd LO Gutsulis i agd—out at Bin 3 for usa with a P
“itn a typical ouiout voitage of 320 MVag 2tVoo =4.0 Y ana
=02 3.1 K resisier from Pin 3 to ground. As seen in Figure
"< ine bufizrza LO outout varies wilh the suooly voltage and
:smailer zxiemal cesistor mey te needed for low voitage co-
rauon. The LO buffer ooerates up to 50 MHz, typicaiiy.
~Save 80 M=z, the ouiput at Pin 3 rolls off at aooroximately
2.0¢8 per ocizve. Since most 2lLs require zoout 260 mMVeg
swve. an extezrmal amoliier may be required.

cigure 14. Buffered LQ Output Voltage
versus Supply Yoltage

: 7
i : |
! ! |

[PIRITR VI

2.3 L 43 3.0
Vo2, SUPSLY VCLTAGE (Ve

o
n

CIRCUIT DESCRIPTION

e ey et

Mixers = - - _
The first and second mixer are of similar design. Both are

" double balanced to suppress tha LQ and input frequencies to

give only the sum and Cifizcenca frequencies out. This caaiig-
ucation typically providas 40 to 50 d8 of LO suporession.
New design techfiiquUES provide imorcved mixer linearity and
third ocder intaccept wichout increasad noise. The gainonthe

. N ) AN e ™y o™
outout of the 1st mixer stads to roll off at about 20 MHz, so
this recaiver could be 2d with"a 21 MHAZTirstIE s de-
th a ceramic fiiter, with 2n outputimgedance

signed fodfuse v _

ot 330 Q A sares resistor can be wad to raise the imped-
ance for use with a coystal fiter, wiich typically has a2n inout
impedance of +.0 k. The sacond mixer inout impedance is
2pproximately +.0 kO it requires za extamal 360 Q parailet
resisior for usa with a standard caramic filtar.

Limiting IF Amplifier and Detactor

The limiter has 2pcroximately 110 dB of cain, which stans
colling off at 2.0 MKz Althougn- not designed for widzband
operation. (he tandw:<h oi the 2uGio irequency amolifier has
been widened to S0 kiiz, which givesless phase shiit and en-
ables ihe recaiver o cun at higher data rates. Howaver, care
should be taken naot 1o sxceed the bancwidth zilowed by iocal
regulations.

The MC13135 is c=2signed for use with 2n LG quadrature
Cetector, and coes not have sufficient drive to be usad with a
ceramic disciminater The MC13136 was designed o usz a
caremic disciminater. but can also be run with an LC quad
coil. 2s menticnzd in She Tost Circuit Iniarmation saction. The
<212 snown in Siquess 12 264 13 was taken using a muRata
CO0B453C3= c2ramic gdiscriminator whicn nzas Seen scacially
malcned 0 =2 MC13126. 3oth ihe choice of discriminators
and ihe =x1=
recoverag auci

! maicning circuit vl 2ffact ihe distomion 3nd

RSSIOp Amo

Ths Reczivad Sicnar Strength ingicator {ASSY) on the
MCi3138/13138 has about.70 <3 of range. The rasistor
nesded {0 irznslate =2 8SSl cument o 2 voltage outout hes

9esn inclucsd 20 th= intemz| ciccui which gives it 2 ighter
ClerancCe. A =mMoerziure comoensated referance currant
&lso imorovzs ne SSSi zccuracy aver iemoerature. Ca the

&d ASSI On the MC13135. the oo
mally andcan oe used for the RSS:
(s== Ficure i7c).

MC13138. in2 co 2mo on board is canneciac G the culcutic
5 .
MO IS No(C2

or 2s a date siic

w
g
f
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- - Figure 8. Op Amp Gain and Phase
-- ‘versus Frequency
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MOTOROLA -
SEMICONDUCTOR TECHNICAL DATA W e

Advance Information L
Dual PLLs for 46/49 MHz
Cordiess Telephones -
CMOS

These devices ace dual phasa——lockeé loop (PLL) frequency synthesizers in—
tended for usa pamanly in 46/49 MHZz cocdless phones with to to 10 channels.
These pars conlain two mask—programmabte counter RCOMs for receive and
transmit loocs with two indegendent phasa detact circuits. A common reference
oscillator and reference divider are sharad by the recaive and transmit ciccuits.

Frequency seleciion is’ zccomoiisned via 2 4-bit parallel ingut for ithe
MC145186. The MC 145167 utilizes a seral inadzace.

Giher features incluce a lock detect circuit for the transmit lcoo, illegal code
Ceiauit. and a 3 xHz one output
- Synthesizes Uo {0 T2n Channe! Pzirs
+ Maximum Operating Frzquency: 29 MHz 2 Viq = 200 mY p—o
« Ooeraling Temperature Rznga: — 40 to - 73°C
+ Operating oltage Range: 2.5t 5.3 V
+ Cn-Chio Osciilztor Circuit Sucpoas Sxterral Ceystal

(OGN TOTR )

« Cozizting B
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¢ Lola et

CrSensufe it { 3.9 e

MC145166
MCi45167

2 SUFFIX
PLASTIC oHP
TASE 328

DWW SUFAIX
SCG PACKAGE
CASZ 731G

ORDERING INFORMATION
MC145186P Plasie o2
}MC125125C'W  SCC Packacs

MC14S157P Plasic DIP
MCi23i1870% STC ~=ckace
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.1AX!MGM RATINGS® {Voliages Referenced to Vgg) & hy Y mw
Symbol ) Rating Vatlue ] Unit
Voo OC Supoly Voltaga - -0353i0«30 - V-
Vin | Input Voltage, At lnguts . |-05wvpg-0s| Vv
lin. lout | OC Current Ocain Per Pin o | R (] MA
I00. ISs | CC Curreat Orzin Vpp or Vg g Pins 3Q mA
Ts:g Storaga Temoerztura Ranga -850« 130 *C

Maximum Ratings are those values deyona which azmaga {0 e davice may occur.

Functional aperation snculd be cesirictad 0 the limits in the Slecaica! Cheractedistics

tables or Pin Descripticns secion. )

ELECTRICAL CHARACTERISTICS (Voitages Refarzncad to Vgs. Ta = 25°C)

This device contains proizcion circuitry o
guard.against damaga cue to-hign siabc volt-
2ges or.electric flelds. Hewever, orecatdons
must be taken to avoid aoplicatens of any
voltage higher than maximem raizd volizges
to tis high—mpedance drcuit Fac prooar apar-
adon, Viq and* Vg should bz constrainad ta
the range Vgg < (Vig or Yoy S Voo

Unused inguts must ebwavs~be dad 'o an
2pgocrogaata logic voltaga level {2.2

2.2., 2ither Vg
oc Vo). Unusad outouts musi =2 lzit ooen.

. .

Guaranteed Limit
Symbol Characteristic Voo Min ! Max Uait
Vao Power Suoply Vaitage Ranga — 23 | - 3.z % ‘
« Vou Qutput Voltage Q Lavel 2.5 - 0.c2 v
(lgue = 0) - 35 — 5.03
! Vou (Vin=VgoorC} tLizvel £.3 2.45 —
5.3 3.45 —
ViL Input Voitage Q Lavel E.> P Curz Y
(Mout = 8.5V orVgg - 0.3 V) 53 — 1.53
Vi { Lavel 25 | 1.75 - |
| 5.3 | 3.85 | — ! !
| s | Qustsue Curant Moy: =220 3okl B ' 4C.:d i - i mA
Yoy 2 5.0 ISOWOWSI ;Y : 1 X 1
g Vau=1.2 V) Sink 5 2.18 — f
Vo =2.3V) 53 0.33 - :
i Inout Current CST nl ] HS . - ; cA
i (Vin =) | 33 - | i
| - :
OAT~. S5, Moce 4.3 g =345
. To— -%.1
ez (Vin = VOg =0.5) oIe-, 2 R { 2~ N 3% cA o
1 5:3 — Se I
‘ :
‘ DATE. 35, Mcae 2.3 — | 2
| 75 — i 121
Cin Ingut Canacitanca ! - { — : 123 l aF
r
Cowt Outout Cagacianca | - — i 315 | g7
100 Stancoy Currzat, 33 = Vg3 or Ocen ; 2.3 —_ | - mA |
| 33 — t 25 i
| - [
lag Ceeraong Cerrane |23 — 3 mA i
(200 mV o input at fn 1 and fip2. 35 = Vo) 3.5 — 3.2 l'
10z Three—Siate Laakage Currant 5.3 — =33 l uA \
(Vour=0cr3sv) , i

(]



O seer—S A

2Q2viCus
CATALATGAZD

{ITCHING CHARACTERISTICS (T4 = 25°C, C,_= 30 oF) = =
— Guaranteed Limit
Figure .
symbol TTTTT Tt Characteristic ¥ Ne. - Vpo Min - Max Uait
T Qutput Rise Time _ 1.5 3.0 — 200 as
: S0 — 1
tTHL Qugut Fall Time 1.5 3.0 — 200 ns
3.0 —— ico
t. i Input Rise and Fall Time, 0SGC;q 2 3.0 —_ 50 Hs
e ke 53 50 - = 4.0
tmax Input Frequency , OSGCin 3.0-50 — 12 MHz
Input = Sine Wave 200 mV p— Sat 3.0-350 — &0
Sn2 3.0-50 — 50
tsu Setup Time (MC145167) OATA to CLK + 3 3.0 100 — ns
5.0 30 —
y ENB to CLK 8 200 -
3.0 100 —_
o Hold Tima (MC145157), CLK to DATA 3 3.0 8c = rs
5.0 40 s
— — - {
tec Recovery Time (MCi45137}, N6 to CLK 3 3.0 i 80 — as
: i 5.0 <0 - —
Yer Inout Puls: ‘Widdl (MCi43167), CLK ana ENS 4 0 80 - as
3.0 a0 s
SWITCHING WAVEFORMS =
Tg—:—’-iir*—- f?—:L—*-‘fr— = iy I
o ANY i/% . . j‘L\J : 350ty i D ﬁwl
it - 10% ., 1CQ8053 77 | 0% —
Figure 1. - Figura 2.
!
CATA
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P!N DESCR;PT(ONS

PUT PINS. __.

SCin/OSCout.

ctereace Qscillator InputOutput (Pins 1,16)

These pins form & reference oscillator whan connected to
1extemal pacallel-resanant crystal. For a 46/49 MHz cocd-
.ss pnone application, a 10.24 MHz crystal is needed.
SCin may also serve as input for an’extemally generated
{ereance signal. This signal is typically ac coupled to
SCin, but for larger amplitude signals (standard CMQOS
qic levels) dc coupling may also be used. In the extemal
ierence made, no cannection is required for 0SCqyyt.

00€E
ode Select (Pin 2)

Mode is for detemining whether the part is to be used in
2base or handset ot a cordless phone. Intemalty, this pin is
,2d in the decoding logic for selecting tie ROM address.
ren high, the device is set in the base moda, znd when
4. ilis set in the handset mode. This input has an intemal

sil=daovsn cevice.

3
tandby Inzut (Pin 3)

The stancby pin is used to save power when aot iransmit-
‘\g. When high, both the transmit and recaive loops are in
seration. When low, the transmit loap is diszdled, thereby
ducing oower consumotion. This inout has an intemal ouli—

JWna device.,

0-03
ata Inputs (MC145166 — Pins S - 8)

These inoiuts provice e BCO cade foc s2lecing (e one

ien channels o Te locked in botn the tre

Znsmit 20d rsceive

2p. ‘When acdrass data other than 1 — 10 are input, the de-
)aing 12gic Cefauits to channei 10. The irequency assign-
2nts with reference 0 Mode and 00 - O3 zr= shown in
:0le 1. These incuts nave internal pull—Zawn cevices.

at:fiaz
requency nouts (Pins 14, 8}

fin1 and {jn2 are inouts to -the divide—=4—N r=caive znd
insmit counters, resoectively. These sicrals ar2 tygically

zrived from tre icoo YCO and are ac couglec.
zvels),
3y be used. The minimum input level is 200 mY o—o.

Tclitude signais (siandard CMOS logic

'—'oc Brcer

< coacoling

_Enable (MC145167 —Pin8) :

CLK, DATA ;

, Ciock, Data (MC““-STST—-PmsS g) Tt e

" These pins provide the BCO input by using sedal channel.
programming inst=ad of parallel. Logical high represeats a 1.

Each low—to—high transition of the c!ock shms one ’:J(t of data )
“into the on—chip shiit regxs(er " ; T

ENB

The enable pin controls the data transtec frem the shift rag-
ister to the 4—brt latch. A positive pulse Iatches the data.

OUTPUT PINS

S5k

.5 kHz Tone Signals (Pin 4) : -

The'S kHz tone signals are N—channel, open—drain out-
puts cerved from the reference oscillator.

[Ws)
Lock Detect Signai (Pin 10)
Toe lock detact signal is associated wits the transmit looo.

The 'cck cutpet goes hign to indicate an sut—i—ock candi-
tion. This is a P—channel open—drain output.

PD1, PD2
Phase Detector Qutputs (Pins 13, 11)

These are thra=—st3te outouts of the transmit and racsive
pnase detectors {or use as 1000 e(T0¢ sigiiais. Phasa detector
gainis "DO:* =< <clls per cadian - -~ =

Frequency f, > f¢ o f,, leading: Optput = Negat'rve pulses

rrequency i, < fe or fy lagging: Output = Positive pulses

frequency !, = f¢ and phase coincidence: Cutout = Fich-
imgedancs siate

PESVaRESURPL Y
Xes
Negative Power Supply (Pin 12)
This pin is the negative suogly pctzatial znd is us.ualiy
ground. 4
Voo
Positive Power Supply (Pin 13)

This oin is T2 sositive supply potential znd may rancs
irom = 2.5 - :.5 V with respect to Vgg.

Taote 1. MC14316a/67 Qivide Ratios and ¥CQO Frequeﬂcles
i Handsat(Mode = Q) ) 3ase (Moce = 1)
Chananels ‘ } Traasmit ( Raczive } Traasmit l Receive
03 D2 D1 00 |CH# | fina(MH) | =N | fpp(MH2) | =N | finz (MHz) | =~ | fiarMER) | =N
0 Q 0 | 1 © 49879 | 8334 35.913 7183 45.516 322 38.975 7793
Q Q 1 ) 2 45.8¢5' | <989 35.93S 7187 25.350 2325 39.120 7830
Q Q 1 1 3 42.860 s972 35.873 T1e3 48.570 ) 39334 39.185 7333
Q 1 Q 0 4 29.770 9954 356.013 7 26710 9342 2agis 7813
Q 1 o] 1 3 48875 S875 35.033 7297 46.720 3346 33.180 7836
Q 1 A Q 5 49.230 32563 33.073 7213 46.779 9354 38135 7azar
o] 1 1 1 7 49.590 5978 36.133 1227 46.830 23658 39.185 73839
1 Q Q o] 3 49.230 9286 38.173 7223 +6.370 | 9374 7847
1 0 Q 1 9 49.2290 9998 358.233 7227 28653 93886 7839
1 Q 1 Q 10 43,879 . 9884 356.275 7255 45.970 23g4 7333
NOTe3:

1. Cther inout comobinatons will ba dsfauitad ta channet 10.

2.0 = logic low, 1 = logic tugh.
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Wideband FSK Receiver
Thie MC3355 includes Oscillater, Mixer, Limiting IF Amolifier, Quadrature
Deizclor, Audio 8uffer, Squelch. Lieter Drva, Squelch Status cuicul, and =
Oaia Shaper comparzlor. The MC3333 is dasigned for use iq Zigital data
communciations equipment. WIDEBAND
* Data Rates up to 500 kilobaud ) - . ‘ FSK
¢ Excellent Sensitivity: —3 d8 Umitiné Sensidvity RECEIVER
30 uVrms @ 700 Mz -
* Highly Versatile. ~uil Function Oevica, y=t S=w Extarnal P2as 2re Re- SEMICONDUCTaR
it ; TECHNICAL DATA !
Suired - i
« Down Ccaverter Can be Usad Incecendzndy — Similar {0 NE3C2 = R ‘
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i PLASTIC PACKAGE i
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MAXIMUM RATINGS

.

Rating l Symsal | Vaive ! Ueit
Power Supply Voitage 5 | VCCimay) | 15 | vac
Operating Power Suopty ‘/oltage Range (Pins 5, 10) Ve | 3.0090 ! Vdc
Operating AF Supgly Voltage Ranga (Pin <) RSVYee | 3.0wizg | vde
Juncuon Temperature - I T ; 150 | °C
_Operaing Ambient Temgerature Ranga l T [ -<09-3s I e
Stocage Temperature Range - | Tsz | —83b=-iso {-<C .
Power Dissipaton, Package Rating i ' - P75 i 125 { w ]

ELECTRICAL CHARACTERISTICS
Ta = 25°C, tast ciccuit of-Figure 2,

(VGG = 5.0 Vde, f = 100 MHz, foge = 110.7 Mz, of
unless othewisa notad.)

=275 kHz, fmod = 1.0kHz, 30 Q sourcae,

Characteristics

’f | Min f v | max | Unit [
l Ocain Current Tozal, AF Ve and Ve [ - ! 20 I 25 1 MmAZC I
Inout for ~ 3 U8 limiting | = | s ] - [ wvms |
2 S-N ] - G0 ! - i Vrmnis
Inout for 50 ¢S quieting ( = T d ) L ‘ ° 1 l' v !
! :
! Mixer Voltage Gain, Pia 20 10 Pin 5 ! 25 ] - II - | l
Mixer Input Resistance, 100 MHz ; E | 260 | - i Q i
Mixer Input Capacitance, 100 MHz - , 5.0 ] - ! oF }
i MixgriCsciiater Srequency Range (Note 1) i - 180215 150 [ - } MHZ f
IFiQuadrature Detecior Frequency Aaige (Haiz 1) v I 02w030 i - i M-z i
AM Rejecion (20% AM. 3F Vg = 1.0 mVrms) = ! 30 ! = i =)
i Cemacduiztor Cutput. Pin 13 . - ! 0.5 - i Vs
Meter Onve = : 7.0 i - i uAcS
; Sguelch Thresnold = 0.8 - i Vcc
NOTE: !. Notiaken in Tast Circurl of FiGure 2: rew comoonen( vanses racii=q.
Figure 2. Test Circuit
S3er O2mng
s Gt
Szta Quiout e [
Y ! |
| { | ! i .
! $ NEN 13¢ !
| e S e
i — | Pl
= — Y - =| |
100 Mz ¢ fop ——— -
R ——=——=o s}
230 E z i
1 F i |
———
C AP T e [ l PR :
_]_ 31 123 T e 113 Ligs 2 i3 13 1:3 7 i2 1" |
= AFlnost  Grouna  Dam o=~ ot foea 31ea Oxmed Oemeg Cuaa l
=1 Outot ex Zroy Owt Fiter o )
L1 = 110.7 MHZ. 0.4 uH ) N
7T #22_3/16 Form T |
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Figure 3. Qutput Components of Signal,
- Noise, and Distortion
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GEMERAL DESCAIFTION

This device is intengad for singie and double conversion
VHF receiver systems, odmaaly for FSK data transmission
up to 500 K baud (250 k=z). it contains an oscillator, mixer,
limiting IF, quadrature cateciar, signal strength meter drive,
and data shaning amghiiar,

The OSCIl(c(Q( 'S & ccmmaon base Coigitts tyge wnich can
coysial contreiied, as shown in = Figure i or LT ceatrolled
as shown in the other iicures. Al nigher Voo, it has oeen 00-
irated as high as 200 M~z. A mixar/osciilatoc voliage cain
2upio 2oproximaizly 1 :O MHZ, is readily achievzole,

The mixer finclcns wall irom an inout signal of
10 a\'rms, delow whicn the <aue'ch iS unoredictzale. uo 0

Sout 10 mVirns. beicrs 20y 2vidence oi overozd. Ooperz-
lionup 0 1.0 Vrms i INpU s cemitiad. but non—inearity of the
meter outout is incurrec. 2nd some osciilator cuiling is sus-
pected. The AM reisclica zoove 10 mVems is Ccsgraaed.

The limiting !Fis a high irequancy type, caoaole of geing

s coeraied uo (0 30 tMHzZ. 2xpectedio teused at 10.7 MHz
in mosicases, cue io the 2vailabiiity of standard ceramic ros-
onators. The guacralurs cstecioris intemally couolad o the
IF. 2nd a 5.0 oF guagramre czpacitor is intemaily provigea.
The =363 Ilr-mno sansaidty of e IF itsaif is aooroximately
20 uV (atPin 7), znathe |7 can acceotsignels Lo o 1.9 Vrms
without distoriion ar chance of deleciar quiescsni de ‘avel.

The |F is urusual in at 2acn of the last 3 S siages aif ine
5 siate limiter contzins = signal sirength sensitve. current
sinking device. Thesz zre paratlel connected and turiered to
produce a signal sirangth mater drive which is {zidy linear for
IF input signals of 10 uV 5 100 mVrms (see Figure ¢).

A simole sguelch zrrencement is provided whnereoy ihe
metar current flownng threuch the meter load resisiance ilios
& comoarator at ecout 0.8 Vcc zbove ground. The signai
strength at which s occurs can be adjusted &y cnanging
the meter load resisicr. Tz ccmoara(or (+) input zna outout

=i

Figure 4. Meter Current versus Signal lnput
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are available to permit control oi Rysteresis. Goacd positive
2clon can be obdtained for iF inout signals of above 20
uVrms. The 130 kQ resistor shawn in the tast circuit provides
small amount of nvsiarasis

sy gl

s coonzcicn beiween the
3 Yresisioris cre:

- CISSISICIIC gidund endthe 3.0 k pot, pemits adiusiment
ot szueicn level withous <hanging iie amount of nysierssis.
inhe squeich is intzmally connected 1o bo(h iHe quadra-
WUz celecior and the dete shnagsr. The cuadrature detecio
suitul. when squelched. goes 0 a cc lsvel focroxnma(elv
Stuet t0 the zero signal lever unsgueichad. The squelch
‘Ses ne data shaper io produce a hign (Vo) cutout.”
The data shzper iz z comoiale “oating” comparata:,
vih cack (o back ciodes zcross as inputs. The outout of ihe
fuedrature Cetector can se fed Gi iracty to zither inout of this
zmatifier 1o praduce an outoutihat is gthecatVegor Vez, de-
sncing upon the received § (fequsncy. The impedanca of the
2i2sing Can Ge vanad o sraduce an ampiifier which *ollows™
{r=auency detuning (o same decrze. 10 prevent data pulsz
= changes.

‘Nhen the data shaoszris drizn ceecity from the damo-
~uisler outout. Pin 13, thare may be dsionion 2t Cin i3cue
> Te gicdes. but this is nat ImooGant m the data zoolicauon.
=~ useful note in relating hignrlow inpet iraquency o iogic
“low IF frequancy ccrresoancs o low demodulaior out-
. {[the oscillatoris 2602 the | Incomang RE fraquency, tnen
721 8F frequency wiil produce logic low (input to (<) input
cf Data Shaper zs shown in Fi quies 1 and 2).

APPULICATION NOTES

“he MC33Ss is a hicn frequrncyritscn Gain receiver that
=Iuwes following canain ‘ayout {=cnregues in designing a
‘2 circuit configuratic. The cZjscive is to minimize oc
= minate. if possiole, any uawanied feechack.




~ . Figure 5. Apgplication with Fixed Bias on Data Shaper
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APPLICATION NOTES (continued)

Shielcing, which inciudes the olacemeat of inout and
ottputcomponents, is imeorantin minimizing elecirosiatic or
electromagnetic coupling. The MC3355 has iis pia connec-
ticns such that the circuit Cssigner can glace the critical inogt
2nd output circuits on 00oasite ends cf the chio. Shieiding is
normelly required for induciars in tuned circuits.

The MC33S5 has a szoarate Voo and ground for the RE
and IF sections which allows good zxtemnal ciccuit isalation oy
minimizing common grouad pats.

Notz that the circuits of Figures 1 and 2 have AF. Oscilla-

-tor, and IF circuits p.'edomman(fy referencad to ihe oius suo-
ply rails. Figure 3, on ‘he othar hand, shows z suitaole
means of ground referencing. The two methods produce
idantical results when carziully exeared. Itis imgoftant to
treat Pin 19 as a ground node ior sithar approach. The RF
inout should be “grounded” to Pin 1 and then the inout and
the mixer/oscillator grounds (or 8F Vg bypasses) should be
coanected by a low inductance pathio Pin 19. IF and cetec-

{or sections should aiso have their oypasses retumed 5y a

Separatapainto Pin 19, Voo and 8¢ Voo oanbe

decaunled
o mMinimiza iz=

dback. although e canficurzton of Figurz 2
shows & successful imolementagon 0n & common 3.0 V suo-
oly. Onrcs
¢round nccs

- the'message is: dzfine 2 suTy node and 2
nd return each secson to thosa ncdes oy seca-
rate, low imascance pains.

... The issi ciccuit of Figure 2 ing levei of
30 uV wmxn can Sz lowered & o4 By & 1:2 unwned irans-
{ormerzt =z inout 2s snown in Tigures 3 z2ndS. For zoplicza-
tions thai r=quire additional seasavity, an AF amaiifier czn e
adced. tut with no greater than 20 db gain. Tnis will give a
2.0 0 2.2 2 sansitivity znd & additicazl czin il raduc
recaiver Smamic range without imocoving is sansitivity,  Al-
thougn == t=st circuit operates 2t 5.0 V. the mxaroscilezar
ootimurm c2qarmance is at 8.0 V/ to 12 V. Aminmum of 8.0
V/ is reccamended in high frecuency zopscztions (zbove

150 MEzY arin PLL apoiications wnere the cscilatar crives a

oSresczier

fias 3 3

2



Figure 6. Application with Selt-Adfusting Sias on Data Shaper
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APPLICATICN NOTES (continued)

Oepending on the external circuit. inverted or nonin-
venad daia is available at Pin 18, jnvened data makes the
Nicher frequency in the F3K sigrai z “one” when the local os-
cillatoris 2o0ove the incoming RE. Figure S schematic ghows
= camoarator with hvsiaresis.  (n this CirGuit-ine detrglas.
snce voltage at Pin 17 is 2bout the szme as ihe cemodulateg
cuiout voltage (Pin 13) when no sicnal is oresent. This type
Circuitis oreferred for systems winere the data rates can droo
10 z2ro. Scme syslems have a low frequency limit cn the
C2ta rate, such as systems using the MC3250 ACIA that has
S siafi or stop bit. This defines the low lrequency fimit that
C2n apoear in the Cala siream. Ficure 3 circuit can then be

0za.  Comg(s) Como{-} Suecr 3z
Saas 3o (8,54

<znged o a cicuil coaliguration as shown in Figure 8. In
~cure S the reference voltage for the ccmoarater is derived
Tom Nz gemodidatar suisy IRTCUGN & 10w DESS circuit where
T S @uch iower than the lowest frequency data rate. This and
i Sircuns wili comoensate iorsmall ‘wning chenges (or
==7) in the quadrature cefectdr.

Squelch siatus (Pin i5) coes hign (scualch off) when the
“out signal becomes greater than scme oreset level set by
7= resistance between Pin r4"angd grcund.  Hysteresis is
E0CeC o the circuit externally by the resisiance irom Pin 1410
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