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ABSTRACT

This project presents Power line — programmable controlled appliances. Programmable and
controlled function are interworked with a computer and a microcontroller. Computer is programmed to
on — off timer, send commands and display status of the electricals. The system can be worked by
sending / receiving of controller signal through the power — line from the sender to the receiver based on

a microcontroller.
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2.1.1 895 IM 309403y (Baud rate)
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wines RS-232
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$uuAT DAz A 1 651
1 fiaad
AWEIVOIPA BT YY1 50 W@
das1msdedoya 20 Aladanodmni
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15V  qaga
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41 DB-9 Ty

1 CD(Carrier Detect)
2 RD(Receive Data)
3 TD(Transmitted Data)
6 DSR(Data Set Ready)
7 RTS(Request To Send)
8 CTS(Clear To Send)
9 RI(Ring Indicator)

3 .IxD TxD 3

2 AXD+— S »RXD 2

7 BTS —RTS5 7

g CTS;:::><:::;CT5 8

4 DTH BTR 4

5 DSH DSA B

5:-GHD GMND-&

51l 2.3 m3teudsgUnsalmvuensiu DBY i Null Tuidy

LI 00 =D 0D

TxD T=D 3
ReD ReD 2
RT5 RIS 7
CTS CIs 8
DTR DTH 4
DSAH “*DSR B
GND GND 5
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2.10 0% FSK Generator (XR-2206)
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3.2 M9N1NHVYD9 FSK Generator
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F, = f, =200 kHz
F o= 1
R, x1nF
200 kHz  _— _1__.
R, x 1nF
R 1

" 200kHz x 1nF

2 = 5 kQ

[ Y 1 Ay ° 1 [ A 1 a oy o A
- #una lanai laninmsa e luas sduginsalAliegeS e desordomsszanumi

U
1

IndiRsasuafitioges waz Indifssiuafidna lduiniige

L1



35

3.3 ASMINIHYDY  FSK Demodulator
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3 19 3.3 2995 FSK Demodulation with Carrier Detect Capacity
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FEATURES

Low-Sine Wave Distortion, 0.5%, Typical
Excellent Temperature Stability, 20ppm/°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 99%

XR-2206

Monolithic
Function Generator
g p—
June 1997-3

ny ™

APPLICATIONS

e Waveform Generation
e Sweep Generation
o AM/FM Generation
V/F Conversion
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 output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

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

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

W' rov 103 Jo fi e Y

©1972

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 4 (510) 668-7000 & (510) 668-7017

1



XR-2206
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Vcc GND  BIAS

@ @ @ SYNCO

1c1 (B———
Timing
Capacitor veo o

1c2 (B)——— <

..||._2L

1Rt )—
Timing r

Resistors Current Multiplier

- 1R Switches As’,‘ﬁaf,g‘f D 2) s7o
FSKI @———
amst (1) G Mo

waveat (13)
wavea2 (12)
syma1 (15)
symaz (36)

Figure 1. XR-2206 Block Diagram
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AMSI
STO
MO
Vee
TC1
TC2
TR1
TR2

16 Lead PDIP, CDIP (0.3007)

FEFFFEFD

SYMA2 AMSI
SYMA1 STO
WAVEA2 MO
WAVEA1

GND 185
SYNCO TC2
BIAS TR1
FSKI TR2

anononong

® v o G brWN =

16
15
14

12
1"
10

gooooouou

XR-2206

SYMA2
SYMA1
WAVEA2
WAVEA1
GND
SYNCO
BIAS
FSKI

16 Lead SOIC (Jedec, 0.3007)

PIN DESCRIPTION

Pin # Symbol Type |Description
1 AMSI | Amplitude Modulating Signal Input.
2 STO o] Sine or Triangle Wave Output.
3 MO O Multiplier Output.
4 Vee Positive Power Supply.
5 TC1 | Timing Capacitor Input.
6 TC2 | Timing Capacitor Input.
7 TR1 0 Timing Resistor 1 Output.
8 TR2 o] Timing Resistor 2 Output.
9 FSKI | Frequency Shift Keying Input.
10 BIAS o] Internal Voltage Reference.
11 SYNCO o] Sync Output. This output is a open collector and needs a pull up resistor to Vec.
12 GND Ground pin.
13 WAVEA1 | Wave Form Adjust Input 1.
14 WAVEA2 | Wave Form Adjust Input 2.
15 SYMA1 ] Wave Symetry Adjust 1.
16 SYMA2 | Wave Symetry Adjust 2.
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DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Vee = 12V, Ta = 25°C, C = 0.01pF, Rq = 100kQ, Rp = 10k, R3 = 25kQ
Unless Otherwise Specified. S open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. | Typ. | Max. | Min. | Typ. | Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 \Y%
Split-Supply Voltage +5 +13 +5 +13 \%
Supply Current 12 17 14 20 mA Ry = 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz |C =1000pF, Rq =1k
Lowest Practical Frequency 0.01 0.01 Hz C = 50pF, Ry =2MQ
Frequency Accuracy +1 +4 +2 % of fy |fo = 1/R1C
Temperature Stability +10 +50 +20 ppm/°C [0°C < To<70°C
Frequency R1 =Ry = 20kQ
Sine Wave Amplitude Stability2 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow = 10V, Vhigh = 20V,
R{ = Ro=20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fa=fL |fy @ Ry = 1kQ
fL @ Ry = 2MQ

Sweep Linearity

10:1 Sweep 2 2 % fL = 1kHz, fy = 10kHz

1000:1 Sweep 8 8 % f = 100Hz, fy = 100kHz

FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing Components

Timing Capacitor: C 0.001 100 | 0.001 100 uF Figure 5

Timing Resistors: Ry & R2 1 2000 1 2000 kS
Triangle Sine Wave Output! Figure 3

Triangle Amplitude 160 160 mV/kQ | Figure 2, S4 Open

Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, S4 Closed

Max. Output Swing 6 6 Vp-p

Output Impedance 600 600 Q

Triangle Linearity 1 1 %

Amplitude Stability 0.5 0.5 dB For 1000:1 Sweep
Sine Wave Distortion

Without Adjustment 25 25 % Rq = 30kQ

With Adjustment 04 1.0 0.5 1.5 % See Figure 7 and Figure 8

Notes

1 Output amplitude is directly proportional to the resistance, Rz, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Rz should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

W' rev 103 S foi i
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DC ELECTRICAL CHARACTERISTICS (CONT’D)

XR-2206

7

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

Parameters Min. | Typ. | Max. | Min. | Typ. | Max. | Units }Conditions
Amplitude Modulation

Input Impedance 50 100 50 100 kQ

Modulation Range 100 100 %

Carrier Suppression 55 55 dB

Linearity 2 2 % For 95% modulation
Square-Wave Output

Amplitude 12 12 Vp-p | Measured at Pin 11.
Rise Time 250 250 ns C_=10pF

Fall Time 50 50 ns |GC_=10pF
Saturation Voltage 0.2 0.4 0.2 0.6 \ IL=2mA

Leakage Current 0.1 20 0.1 100 A Ve = 26V

FSK Keying Level (Pin 9) 0.8 1.4 24 0.8 1.4 24 \ See section on circuit controls
Reference Bypass Voltage 29 3.1 3.3 25 3 35 \% Measured at Pin 10.
Notes

T Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 3.
2 For maximum amplitude stability, R should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

PowerSupply ........... i, 26V
Power Dissipation ....................... 750mwW
Derate Above 25°C ...................... 5mwi/°C

Total Timing Current ........................ 6mA
Storage Temperature ............ -65°C to +150°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

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

Pl Ll L S

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input .
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO.

oM
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Vee
o]
1
"
4 )
1 16 Symmetry Adjust
= . 25K
) _I: Mutt. = S¢ = Open For Triangle
c Voo And 15 .
T Sine 14 = Closed For Sinewave
6 = Shaper S
. 13 1 THD Adjust
FSK Input R1 7 Current Triangle Or
R2 8l switches +1 2 Sine Wave
Output
= 1 Square Wave
Output
10012 |3 XR-2206
= R3 10K
T 1o 25K
= Vee
1uF
Vee it
5.1K 5.1K
Figure 2. Basic Test Circuit
5 .
| 26
- Triangle N ;g;(i‘,(al\gaex.
% 5 7 / \3issipation
3 / / 22 <
g 4 ke L // N
S /' Sinewave _ e L
° / b / 2KQ /)\
z 3 E 18 s
5 / ~ pd / L~
3 O
S /| o 10K /
o
x / / 14— ,/
~
& 1 / | 30xe
10
0 20 40 60 80 100 g 12 16 20 24 28
Rj In (KQ) Vee (V)
Figure 3. Output Amplitude Figure 4. Supply Current vs
as a Function of the Resistor, Supply Voltage, Timing, R

R3, atPin 3
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Z* EXAR XR-2206
A

10M T T ]
MAXIMUM TIMING R
- - % 4V >€ 4V
— =
g ™ I : g
= A7V 77N E 10
2 (« 7 /ﬂ{)\ <
n NORMAL RANGE 5
2 100K ¢ - 771/ /99 &
X 5
< / ? 5]
N7 %977 ﬁ
£ ) FRSDALTE ] % g o5
[ 10K //I L LY L LLL I/ A 5
\//ng : 7? )
44% 4
1K MINIMUM TIMING R 0
Vee/2
102 10 102 10 108 ce
Frequency (Hz) DC Voltage At Pin 1
Figure 5. R versus Oscillation Frequency. Figure 6. Normalized Output Amplitude
versus DC Bias at AM Input (Pin 1)
5 5
4 4
C= 0.01P.F R=3KQ
= Dotorion AL30 kG g VouT=0.5VRMS Pin 2
é 3 c 3 RL=10KQ
[
5 I
b 2 a 2
a \ /
1 < 1 4
\_‘—_
0 ; 0
10 10 100 10 10 100 1K 10K 100K 1M
Timing R K(€2) Frequency (Hz)
Figure 7. Trimmed Distortion versus Figure 8. Sine Wave Distortion versus
Timing Resistor. Operating Frequency with

Timing Capacitors Varied.
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Frequency Drift (%)
o

22 EXAR

de 0 opnt —
Rc or8
-1 Sweep g AN &
Input +
2 I - Ve ot
R=1k@ \ = R v
12
. \ b l
-50 -25 0] 25 50 75 100 125 =
Ambient Temperature (C°)
Figure 9. Frequency Drift versus Figure 10. Circuit Connection for Frequency Sweep.
Temperature.
Vee
o]
T W
4
1 16
L 5
= J_ Mult, 15 S1 Closed For Sinewave
C VCo And
T Sine 14
6 = Shaper Sy
9 13 S 200
)@.—
7 Current )
" 2 Triangle Or
4@\%1 1K 3__ Switches +1 Sine Wave Output
L 1 Square Wave
= H/—/ Output
R 1012 |3 XR-2206
= Rs 1ok —HL
+ 50K
T
= + Vee
10pF
Voo o—AAr~— |1
5.1K 5.1K

Figure 11. Circuit tor Sine Wave Generation without External Adjustment.
(See Figure 3 for Choice of R3)
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Symmetry Adjust
15 16 Y ry Adj
= [ Mult. 25@5;‘
1 o] ve And 15 - S4 Closed For Sinewave
F= Sine 14
RC 6 =|| sh
aper 1351 Ry
g e
B 500
z Current L ) 2 Triangle Or
Ry 1k & Switches Sine Wave Output
== 1 Square Wave
’ V _L Output
R 0]12 |3 )
L Rs XR2206 ¢ o TLI
+ 50K
1uF
; At Vce
T 10pF
Voo o—AAn 1||
5.1K 5.1K

Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.
(R3 Determines Output Swing - See Figure 3)

Vee
o
L wF
4
1
e 5 16
) I Mult. 15
>2V F1 c vCo And 14
j T 6 Sine
F =1 | Shaper
<1V 2 . p 13 200
FSK Input
Ri__7|| Current 2
| R, 8| | Switches +1 FSK Output
- g
F1=1/R1C
F2=1/R2C 10012 |3 XR-2206
+ 50%(
1uF
T +
10uF
Voo o—anr— [1s
5.1K 5.1K

Figure 13. Sinusoidal FSK Generator
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Vee
°
_2|_ 1
:_l_:WF = C[R1 +R2]
1 4
R
16 = —1
L 5 Duty Cycle R, + R,
| Mult.
Cc Ve And 15
T 6 Sine 14
N Shaper
9 13
Ri._7l| current L 2
| Rz 8[| Switches +1 Sawtooth Output
L
= 1 Pulse Output
S W
10]12 |3 o XR-2206
LTk stk
1uF
:L: g + Vee
T~ 10pF
Voo o—An e
ok

Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing
resistors, Ry and R,, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voltage = 2V, only
Rj is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Ry is activated. Thus, the output frequency can
be keyed between two levels. f; and f, as:

f, = 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 12 and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of &~ V*/2.

Prr i i f S )

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2208. The potentiometer,
R4 at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/2, and the
typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, additional adjustments can be -
provided as described in the following section.

The circuit of Figure 11 can be converted to split-supply
operation, simply by replacing all ground connections
with V-. For split-supply operation, R3 can be directly
connected to ground.

TEM
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With External Adjustment:

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

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

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

Triangle Wave Generation

The circuits of Figure 11 and Figure 12 can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., S1 open). Amplitude of the triangle is
approximately twice the sine wave output.

FSK Generation

Figure 13shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
R: and Ry; the output is phase-continuous during
transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V-.

Pulse and Ramp Generation

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

rorev 103 S S M

XR-2206

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

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

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 are from
1000pF to 100puF.

Frequency Sweep and Modulation:

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

_320/:(mA)

f= —wHZ

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

_ 1 Rfq_VYe
f= RC(1 + Rc( 3))Hz

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

K= affaV, = -%% Hz/V
Cc

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

Maximum output amplitude is inversely proportional to
the external resistor, Rs3, connected to Pin 3 (see
Figure 3). For sine wave output, amplitude is
approximately 60mV peak per kS2 of Rg; for triangle, the
peak amplitude is approximately 160mV peak per k€2 of
R3. Thus, for example, R3 = 50kS2 would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

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

1

: ]’ s [

D

15v2 5

[:

at Pin 1 is approximately 100k2. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 14 volts of Vgc/2 as shown in
Figure 6. As this bias level approaches V¢c/2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This property is suitable for phase-shift
keying and suppressed-carrier AM generation. Total
dynamic range of amplitude modulation is approximately
55dB.

CAUTION: AM control must be used in conjunction with a
well-regulated supply, since the output amplitude now becomes
a function of Vg

14 166 13 1
® [ ® e [: [:

—@ N

— W

!

OO

%

Vee

Int'nl.
| Reg.

=,

.||
.||

F v

|—i—r V2

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

Rev. 1.00

16

1
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8

| NS ) NS [y WUy WU By W N g m gy |

M —

Base Aq
Plane i

Hﬁﬂer.u‘

XR-2206

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.100 0.200 2.54 5.08
Ay 0.015 0.060 0.38 1.52
B 0.014 0.026 0.36 0.66
B4 0.045 0.065 1.14 1.65
c 0.008 0.018 0.20 0.46
D 0.740 0.840 18.80 21.34
"E4 0.250 0.310 6.35 7.87
E 0.300 BSC 7.62 BSC
e 0.100 BSC 2.54 BSC
L 0.125 0.200 3.18 5.08
o 0° 15° 0° 15°

Note: The control dimension is the inch column
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A T (G

Seating
Plane

VR3S Y

16 LEAD PLASTIC DUAL-IN-LINE

(300 MIL PDIP)

Rev. 1.00

e N s S s Y s N s S s O o N s |

L

16 9|

D Eq

1 8|

siaiainiainindat
) A
_Ay Y
A1
e -
I-"'1
INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX
A 0.145  0.210 3.68 5.33
Aq 0.015  0.070 0.38 1.78
Ao 0115  0.195 2.92 4.95
B 0.014  0.024 0.36 0.56
B4 0.030  0.070 0.76 1.78
c 0.008 _ 0.014 0.20 0.38
0.745 _ 0.840 1892 2134
E 0300 0.325 7.62 8.26
Eq 0.240 _ 0.280 6.10 7.11
e 0.100 BSC 254 BSC
ea 0.300 BSC 7.62BSC

eg 0310  0.430 787  10.92
0.115  0.160 2.92 4.06
o 0° 15° 0 15°

Note: The control dimension is the inch column
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16 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC)

Rev. 1.00

HAAAAAAA

1

o A
HEHHEEEE — +

sos_ TFAAAT ;ﬁ:m;

Plane -—I el- _.”‘_ 3_21—

je—————  ——>

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
‘A 0.093 0.104 2.35 2.65
Aq 0.004 0.012 0.10 0.30
B 0.013 0.020 0.33 0.51
C 0.009 0.013 0.23 0.32
D 0.398 0413 10.10 10.50
E 0.291 0.299 7.40 7.60
e 0.050 BSC 1.27 BSC
H 0.394 0.419 10.00 10.65
L 0.016 0.050 0.40 1.27
o 0° 8° 0° 8°

Note: The control dimension is the millimeter column

TOM
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NOTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability. EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement. Charts and schedules contained here in are only for illustration purposes and may vary
depending upon a user’s specific application. While the information in this publication has been carefully checked;
no responsibility, however, is assumed for inaccuracies.

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

Copyright 1972 EXAR Corporation
Datasheet June 1997
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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FEATURES

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

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

XR-2211

FSK Demodulator/
Tone Decoder

June 1997-3

APPLICATIONS

Caller Identification Delivery
FSK Demodulation

Data Synchronization

Tone Decoding

FM Detection

Carrier Detection

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications
applications. It is particularly suited for FSK modem
applications. It operates over a wide supply voltage range
of 4.5 to 20V and a wide frequency range of 0.01Hz to
300kHz. It can accommodate analog signals between
10mV 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. External components are used to
independently set center frequency, bandwidth, and output
delay. An internal voltage reference proportional to the
power supply is provided at an output pin.

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

ORDERING INFORMATION
Operating
Part No. Package Temperature Range
XR-2211M 14 Pin CDIP (0.300") -55°C to +125°C
XR-2211N 14 Pin CDIP (0.300") -40°C to +85°C
XR-2211P 14 Pin PDIP (0.300") -40°C to +85°C
XR-2211ID 14 Lead SOIC (Jedec, 0.150%) -40°C to +85°C

Yroaso f g /A L LS

©1992

TEM

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 & (510) 668-7000 ¢ FAX (510) 668-7017
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BLOCK DIAGRAM

Vee GND NC

© ©

| Pre Amplifier 11

"z L 60 3) LDF

TIMC1 (14 Lock
Detect
Veo N\ Comparator 6) Lboa
TIMC2 @ Quad
0-Det 5 ) LDOQN

TIMR (12

Internal
VReF @ J| VREF II -

Reference FSK Comp Do

COMP | @

Figure 1. XR-2211 Block Diagram
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PIN CONFIGURATION

Vee
INP
LDF
GND
LDOQN
LDOQ
DO

14 Lead CDIP, PDIP (0.300")

XR-2211

4

N—
TIM C1 Voo i1 14 ||| TIMC1
TIMC2 INP | 2 13 || TIMC2
TIMR LDF &} 3 12 1B TIMR
LDO GND =1 4 1 | LDO
VREF LDOQN =| s 10 |3 VRer
NC LDOQ =j| s ¢ | NC
COMP | Do &H|7 8 COMP |

14 Lead SOIC (Jedec, 0.150”)

PIN DESCRIPTION

Pin# Symbol Type |Description
1 Vee Positive Power Supply.
2 INP | Receive Analog Input.
3 LDF (o] Lock Detect Filter.
4 GND Ground Pin.
5 LDOQN (o] Lock Detect Output Not. This output will be low if the VCO is in the capture range.
6 LDOQ (o] Lock Detect Output. This output will be high if the VCO is in the capture range.
7 DO (o] Data Qutput. Decoded FSK output.
8 COMP | | FSK Comparator Input.
9 NC Not Connected.
10 VREF (o] Internal Voltage Reference. The value of Vgep is Vec/2 - 650mV.
1" LDO (o] Loop Detect Output. This output provides the result of the quadrature phase detection.
12 TIMR | Timing Resistor Input. This pin connects to the timing resistor of the VCO.
13 TIM C2 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 14.
14 TiM C1 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 13.

TOM
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ELECTRICAL CHARACTERISTICS
Test Conditions: Vg = 12V, Ta = +25°C, Rg = 30K, Co = 0.033pF, unless otherwise specified.

Parameter Min. Typ. Max. Unit Conditions
General
Supply Voltage 4.5 20 \%
Supply Current 4 7 mA Rg > 10KQ. See Figure 4.
Oscillator Section
Frequency Accuracy +1 +3 % Deviation from fg = 1/Rg Co
Frequency Stability
Temperature +20 +50 ppm/°C | See Figure 8.
Power Supply 0.05 0.5 %N Vg = 12 +1V. See Figure 7.
0.2 %IV Veg = +5V. See Figure 7.
Upper Frequency Limit 100 300 kHz Ro = 8.2KQ, Cg=400pF
Lowest Practical Operating 0.01 Hz Ro=2MQ, Co=50uF
Frequency
Timing Resistor, Rg - See
Figure 5
Operating Range 2000 KQ
Recommended Range KQ See Figure 7 and Figure 8.
Loop Phase Dectector Section
Peak Output Current +150 +200 +300 pA Measured at Pin 11
Output Offset Current 1 pA
Output Impedance 1 MQ
Maximum Swing +4 +5 \% Referenced to Pin 10
Quadrature Phase Detector Measured at Pin 3
Peak Output Current 100 300 HA
Output Impedance 1 MQ
Maximum Swing 1" Vpp
Input Preampt Section Measured at Pin 2
Input Impedance 20 KQ
Input Signal
Voltage Required to
Cause Limiting 2 10 mV rms

Notes
Parameters are guaranteed over the recommended ope
Bold face parameters are covered by production test and guaranteed over opera

rating conditions, but are not 100% tested in production.
ting temperature range.

TEM
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DC ELECTRICAL CHARACTERISTICS (CONT'D)
Test Conditions: Vgg = 12V, Ta = +25°C, Rg = 30K, Co = 0.033uF, unless otherwise specified.

XR-2211

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

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

Voltage Gain 55 70 dB RL = 5.1KQ

Output Voltage Low 300 500 mvV Il =3mA

Output Leakage Current ' 0.01 10 wA | vo=20v

Internal Reference

Voltage Level 4.9 5.3 5.7 A Measured at Pin 10
Output Impedance 100 Q AC Small Signal
Maximum Source Current 80 pA

Notes
Parameters are guaranteed over the recommended operating conditions, but are not 1 00% tested in production.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

POWEr SUPPLY .+ ovvv i 20V
Input SignalLevel ... 3V rms
Power Dissipation ............. oo 900mwW

Package Power Dissipation Ratings

(07 5] | =PI 750mwW
Derate Above TA=25°C ..........cenn 8mw/°C
PDIP it e 800mwW
Derate Above TA=25°C .............. 60mw/°C
SOIC ottt e 390mwW
Derate Above TA=25°C ............vn 5mW/°C

SYSTEM DESCRIPTION

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

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

Yoroso g S

(internally connected). When in lock, these frequencies
are fiy+ fyco (2 times finwhen in lock) and fin - fyvco (OHz
when lock). By adding a capacitor to the phase detector
output, the 2 times fjy component is reduced, leaving a
DC voltage that represents the phase difference between
the two frequencies. This closes the loop and allows the
VCO to track the input frequency.

The FSK comparator is used to determine if the VCOis
driven above or below the center frequency (FSK
comparator). This will produce both active high and
active low outputs to indicate when the main PLL isinlock
(quadrature
comparator).

phase detector and lock detector

™
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PRINCIPLES OF OPERATION

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

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

Lock Detect Output, Q (Pin 6): The output at pin 6 is at
“low” state when the PLL is out of lock and goes to “high”
state when the PLL is locked. It is an open collector type
output and requires a pull-up resistor, Ry, to Vcc for
proper operation. At “low” state, it can sink up to 5mA of
load current.

Lock Detect Complement, (Pin 5): The outputatpin5is
the logic complement of the lock detect output at pin 6.
This outputis also an open collector type stage which can
sink 5mA of load current at low or “on” state.

FSK Data Output (Pin 7): This output is an open collector
logic stage which requires a pull-up resistor, R, toV¢e for
proper operation. It can sink 5mA of load current. When
decoding FSK signals, FSK data output is at *high” or “off’
state for low input frequency, and at “low” or “on” state for
high input frequency. If no input signal is present, the logic
state at pin 7 is indeterminate.

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

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

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

Loop Phase Detector Output (Pin 11): This terminal
provides a high impedance output for the loop phase
detector. The PLL loop filter is formed by Ry and C4
connected to pin 11 (see Figure 3.) With no input signal, or
with no phase error within the PLL, the DC level at pin 11is
very nearly equal to Vrger. The peak to peak voltage swing
available atthe phase detector outputis equalto 2x Vref. -

VCO Control Input (Pin 12): VCO free-running
frequency is determined by external timing resistor, Ro,
connected from this terminal to ground. The VCO
free-running frequency, fo, is:

- 1
fo RoCo Hz

where Cy is the timing capacitor across pins 13 and 14.
For optimum temperature stability, Ry must be in the
range of 10KQ to 100K (see Figure 9.)

This terminal is a low impedance point, and is internally
biased at a DC level equal to Vggr. The maximum timing
current drawn from pin 12 must be limited to < 3mA for
proper operation of the circuit.

VCO Timing Capacitor (Pins 13 and 14): VCO -
frequency is inversely proportional to the external timing
capacitor, Cg, connected across these terminals (see
Figure 6.) Co must be non-polar, and in the range of
200pF to 10uF.

VCO Frequency Adjustment: VCO can be fine-tuned by
connecting a potentiometer, R, in series with Ro at pin12
(see Figure 10.)

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

” TEOM
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Loop Data
Filter Filter FSK
Output
>0 Det[—> D: D: _)D—o
FSK
Comp

¢
VCO
Input —|
Preamp)
= Lock Detect
— ¢ Det[— D: } ’ i Outputs

Lock Detect Lock Detect
Fiiter Comp

Figure 2. Functional Block Diagram of a Tone and FSK
Decoding System Using XR-2211

Vee
Rg
AN R
Loop
— Phase + !
Detect
~~ FSK
Comp.
2 Internal
Input > I Reference
Signal
0.1uF 14
6
>—__|_ Quad + LDOQ
— ua
: 4 Phase = LDOQN
Detect 3 lock 5
Detect
Comp.

Rp Cp

Figure 3. Generalized Circuit Connection for
FSK and Tone Detection

™
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DESIGN EQUATIONS

(All resistance in €, all frequency in Hz and all capacitance in farads, unless otherwise specified)
(See Figure 3 for definition of components)
1. VCO Center Frequency, fo:

-1
fo = Ry Co
2. Internal Reference Voltage, Vrer (measured at pin 10):

Vier = (Vch )—650mV in volts

3. Loop Low-Pass Fiiter Time Constant, 1:

7 = C, Rpp (S€CONdS)

where:
_ RiRe
Rep = (R1 + R: )

if R is oo or Cg reactance is oo, then Rpp = R1
4. Loop Damping, ¢:

c= (120G
y R, C,

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

5. Loop-tracking

. f
bandwidth, *= L}—
[\
Af _ R
fo R
«——— Tracking — ————y
Bandwidth
—— Af Af —
1 | | ] 1
| | I 1
fLL fy fo fa fLr

TEM
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6. FSK Data filter time constant, tF:

Rs - Re
T, = ————C, (seconds
F ( RB + RF) F ( )
7. Loop phase detector conversion gain, Kd: (Kd is the differential DC voltage across pin 10 and pin11, per unit of
phase error at phase detector input):

K. = Vieer - Ri| volt
47 10,000-% | radian

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

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

K. = 2 _ ([ radian/second
" VeerCo- Ry volt
9. The filter transfer function:
F(s) = —2—— at0 Hz S=dJoandw =0

~ 1+ SR, C,
10. Total loop gain. Ky

—_— . . = RF 1
Ky = KoK F(s) = (5’ 000-Cy(R; + RF))[seconds]

11. Peak detector current |4:

Virer

'a = 35,000

(Vrer in volts and [, in amps)

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

TEM
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APPLICATIONS INFORMATION

FSK Decoding

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

Design Instructions:

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

(All resistance in @’s, all frequency in Hz and all capacitance in farads, unless otherwise specified)
a) Calculate PLL center frequency, fo:

fo=\/ﬁ2_

b) Choose value of timing resistor Ry, to be in the range of 10KQ2to 100K<2. This choice is arbitrary. The recommended
value is Rg = 20KQ. The final value of Ry is normally fine-tuned with the series potentiometer, Ry.

R
R, = Ro+7"

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

_ 1
Co = Ry fo

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

_ Refy .
Ri= G5 2

e) Calculate C1 to set loop damping. (See design equation 4):

Normally,¢=0.5is recommended.

_ 1250:C,

1 R1' gz
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f) Theinputto the XR-2211 may sometimes be too sensitive to noise conditions on the input line. Figure 4 illustrates
a method of de-sensitizing the XR-2211 from such noisy line conditions by the use of a resistor, Rx, connected
from pin 2 to ground. The value of Rx is chosen by the equation and the desired minimum signal threshold level. -

V,, minimum (peak) = V-V, = AV % 2.8mV offset = VREF(_Z()—Z()()(;O—W-BT) or Ry = 20,000(—‘2""7—1)
, X

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

Vee

To Phase
Detector

I

O7Input 4@

Rx 20K

|

I

l

l
VREF @F

l

Figure 4. Desensitizing Input Stage

g) Calculate Data Filter Capacitance, Cg:

R. = (Re+ R)'Rg
™ (Ry + Re + Re)
_ 0.25 , 1
Cr = (Rum Baud Rate) Baud rate in <= nds

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

TOM
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20
2
£
£ Ry=5KQ
5 g e | NCNIN
S 10 - z 0™ Ro=20KQ
: P 5 NI\
z T LA S~ S
3 5l gl L NCINTN TSN
e Rg>100K S Ro=BK2 N NN
N1\ N
Ro=160KQ \ N
0 ; 0.01 LN I N
4 6 8 10 12 14 16 18 20 22 24 100 1000 10000
Supply Voltage, V* (Volts) fo(HZ)
Figure 5. Typical Supply Current vs. V+ Figure 6. VCO Frequency vs. Timing Resistor
(Logic Outputs Open Circuited) '
1.000 N N
\\ Co=0.001uF
1.02
\\\ AN \ fo = 1kHz 1 5
N c\o 0033 F\ E o 5\ S - YV
0=0. wl [
N 3- 4\\ /
g 100 SEUBLN £ 100 /\ —
X
) Co=0.01uF 3 d
© I NP AN 8 099 3///
[ Co=0.1uF N AN AN E // Curve | Rg
\\ \\ S %/ 1]k
. Co=0.0331uF N Zz 098~ R
Co=0.33uF \}\ 0971 5 |300K
10 Ll 4 6 8 10 12 14 16 18 20 22 24
0 1000 10000 v+ (Volts)
fo(Hz)
Figure 7. VCO Frequency vs. Timing Capacitor Figure 8. Typical fo vs. Power Supply

Characteristics

:_O +1.0

= | IMQ
i

£ +05 d

= / /
a 500K
3 1
Y=

) I — 50K
o

£ Ro=500K \\ﬂ
T 05

() T

g _ V+ = 12V

= Ro=1MQ Ri=10Rp

E fo=1kHz

Q

4

50 25 0 25 50 75 100 125
Temperature (°C)

Figure 9. Typical Center Frequency Drift vs. Temperature
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Design Example:

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

Step 1: Calculate fo: from design instructions

(a) f, = V1200-2200 =1624

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

(6) Ry= 10+ (1) = 15K

Step 3: Calculate Cg from design instructions

_ 1 -
© Co= JEo001622 ~ >°"F

Step 4: Calculate Rq : from design instructions

_ 2000016242 _
() Ri = “2200-1200) 51,000

Step 5: Calculate C1 : from design instructions

@ 0= R - oo
Step 6: Calculate R : Rr should be at least five times R4, R = 51,0005 = 255 KQ
Step 7: Calculate Rg : Rg should be at least five times Ry, Rg = 255,000-5 = 1.2 MQ
Step 8: Calculate Rsym :

— (Re + R)Rp _
Rsum = ———_—(RF+ R +R) 240KQ
Step 9: Calculate Cr . -
Ce = 0.25 = 1nF

(RsusBaud Rate)

Note: All values except Ry can be rounded to nearest standard value.
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Vee
Re
1.8m 5% 4K
Loop 11 g 1-om ° g,
Bhase Rp 178K 7 5%
. Detect Cq 5% c Data
L 27nF 1nF I 0% [:FSK Output
= 5% R4 = Comp.
35.2K 10 —
2 2 1% nterna
Input >—“—-o vCO ! 0 0-1HF_E: Reference
Signal R T
0.1pF 0 L
14 13 20K =
1%
Co ’
>— 270F 5% VCO
= Fine
Rx Tune
20K
6
— LDOQ
Quad = *
L Bh?set LDOQN
elec Lock 5
Detect
Comp.
Figure 10. Circuit Connection for FSK Decoding of Caller Identification Signals
(Bell 202 Format)
Vee
Rg
—ANA RL
Loo 1 R 8 5.1k
Bhat\s?et v 7
etec c _
i IO sk
- Comp.
R1 10
12 Internal
Input 2 VCO
Signal > I 0-1HFI Reference
0.1pF 14 l_t? 13 Rg, =
b=y Co
’ Rx
L 5 LD0oQ
Quad
S
etec!
3 Lock 5 LDOQN
getect
Rp Co omp.
Between 400K and 600K

Figure 11. External Connectors for FSK Demodulation with Carrier

Detect Capability

Wceson f /- f L LS
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Loop 17 8
— Phase 7
—VVvVv— Detect C
T ZopF FSK
= 5% 4 Comp.
200K 10
2 12 1% Internal
>—-l vCO 0~1“F_|:(} Reference
0.1pF 14 13 R, L
20K Vee
T Co 1%
Jone > sonF 3% veo
= Rx ;
Fine
5K Tune RL2 RL3
51K $ 5.1K
6 LDOQ
= +
Quad = Logic Output
Phase -
Detect 3 5 LDOQN T
Lock
I%etect
Cp omp.
E%K 80nF
Figure 12. Circuit Connection for Tone Detection
FSK Decoding with Carrier Detect
The lock detect section of XR-2211 can be used as a frequency approaches the capture  bandwidth.

carrier detect option for FSK decoding. The
recommended circuit connection for this application is
shown in Figure 11. The open collector lock detect output,
pin 6, is shorted to data output (pin 7). Thus, data output
will be disabled at “low” state, until there is a carrier within
the detection band of the PLL and the pin 6 output goes
“high” to enable the data output.

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

The minimum value of the lock detect filter capacitance
Cp is inversely proportional to the capture range, +Afc.
This is the range of incoming frequencies over which the
loop can acquire lock and is always less than the tracking
range. Itis further limited by C4. For most applications, Afc
> Af/2. For Rp = 470KQ, the approximate minimum value

of Cp can be determined by:

16 ¢ inuF and fin Hz.

1
CD>Af

Cin pF and fin Hz.

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

W revson Jrifi i A

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

Tone Detection

Figure 12 shows the generalized circuit connection for
tone detection. The logic outputs, LDOQN and LDOQ at
pins 5 and 6 are normally at “high” and “low” logic states,
respectively. When a tone is present within the detection
band of the PLL, the logic state at these outputs become
reversed for the duration of the input tone. Each logic
output can sink 5mA of load current.

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

With reference to Figure 3 and Figure 12,the functions of
the external circuit components can be explained as
follows: Rg and Cp set VCO center frequency; Rqsetsthe
detection bandwidth; C4 sets the low pass-loop filter time
constant and the loop damping factor.
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Design Instructions:

The circuit of Figure 12can be optimized for any tone detection application by the choice of the 5 key circuit components:
Ro. Ry, Cg, C1 and Cp. For a given input, the tone frequency, fs, these parameters are calculated as follows:

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

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

b) Calculate value of Cg from design equation (1) or from Figure 7 fs = fo:

_ 1
Co = R, fs

c) Calculate Ry to set the bandwidth +Af (See design equation 5):
_ Ryfy2
Ry = Af

Note: The total detection bandwidth covers the frequency range of fp #Af
d) Calculate value of C for a given loop damping factor:

Normally, ¢ = 0.5 is recommended.

_ 1250-C,
' Ryg?

increasing C4 improves the out-of-band signal rejection, but increases the PLL capture time.

e) Calculate value of the filter capacitor Cp . To avoid chatter at the logic output, with Rp = 470KQ, Cp must be:

16 .
CD>Af CinuF

Increasing Cp slows down the logic output response time.

Design Examples:

Tone detector with a detection band of + 100Hz:

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

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

1 1 = 50nF

Co = R,7. ~ 20,000-1,000

TOM
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c) Cailculate Ry to setthe bandwidth +Af (See design equation 5)

_ Ryf,2 _ 20,000:1,0002 _
= TAF T 700 = 400K

Note: The total detection bandwidth covers the frequency range of fp #Af
d) Calculate value of Cq for a given loop damping factor:
Normally, ¢= 0.5 is recommended.
_1250-C, _ 1250-50-10-° _
Ci= "R ~ 400,0000.5% 6.25pF
Increasing C improves the out-of-b
e) Calculate value of the fi

and signal rejection, but increases the PLL capture time.

[=)]

CD=1

l
Y

o
-

lter capacitor Cp . To avoid chatter at the logic output, with Rp = 470K€2, Cp must be:
16
500 = 80nF

Increasing Cp slows down the logic output response time.

f) Fine tune center frequency with 5KQ potentiometer, Rx.

Vee

Vee

0.1uF
100K =

Loop 11
Phase —OI———
Detect

__O_:r/e 7
T FSK

Demodulated
Comp Output
Ry 10 |
Internal
12 —
>_H__(2>_D‘ VCO 0.1uF [© Reference =
I .
Fm  O-1F 14 13 Ro =
Input 6
= e = o o
== ua =
=~ Phas LDOGN
Deteg . 5 boa
Lock
Detect
Comp.

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

r 4 T@Mm



XR-2211

ET AT
Linear FM Detection

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 loop phase detector output (pin
11), through a post-detection filter made up of Rr and Cf,
and an external buffer amplifier. This buffer 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.

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

R1'VREF
100'R,

Vour =

where VR is the internal reference voltage (Vrer = Vec /2
- 650mV). For the choice of external components R1, Ro,
Cp. C1 and Cf, see the section on design equations.

J: r ________ I - - | I‘
REF !
| $20K Voltage » @ | | l
| Output  jnput | | k’Lock |
T40 | 92 | Detect | I
| _E/ﬂ | | B Filter | I
F
: } 10K | 10K : VGO {3 % I
: B -
! | L — K | ﬁck Detect
i
| 20K | i "3 a | fa |Outputs
I | | — ¥ | e
I | | | |
9@ T | @ oo™ | |
| :
— T ___— e —_———— ) |
Intemnal Voltage Input Preamplifier Quadrature Lock Detect
Reference and Limiter Phase Detector Comparator
________________ == e
| | 7 | |
| | I l
l l _—;< l |
| . | |y |
i lming I N 1 | Fsk |
| — ! _ Loop | Comparator I
| | Detector| Input 7
| B B Output f
| I | Fsk
| i | | Data
| SF | | | Output
Timi 8K
o [ T, | | |
Ground| __ _ _ o N _,
Voltage Controlled Loop Phase Detector FSK Comparator

Oscillator

Figure 14. Equivalent Schematic Diagram
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14 LEAD CERAMIC DUAL-IN-LINE
(300 MIL CDIP)

Rev. 1.00

 oamm T o I o I s O s T e o

J P g I g Ty e gyt

Base Aq

—pane____¥OARHAHAH 1A
e L hll‘ [ \

) INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.100 0.200 2.54 5.08
Aq 0.015 0.060 0.38 1.52
B 0.014 0.026 0.36 0.66
B1 0.045 0.065 1.14 1.65
c 0.008 0.018 0.20 0.46
D 0.685 0.785 17.40 19.94
E1 0.250 0.310 6.35 7.87
E 0.300 BSC 7.62 BSC

e 0.100 BSC 2.54 BSC

L 0.125 0.200 3.18 5.08
o 0° 15° 0° 15° -

Note: The control dimension is the inch column

Wreaso fof /M S S
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VAL

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

Rev. 1.00

Seating
Plane

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.145 0.210 3.68 5.33
Aq 0.015 0.070 0.38 1.78
Ay 0.115 0.195 2.92 4.95
B 0.014 0.024 0.36 0.56
B4 0.030 0.070 0.76 1.78
C 0.008 0.014 0.20 0.38
0.725 0.795 18.42 20.18
E 0.300 0.325 7.62 8.26
E4 0.240 0.280 6.10 7.1
e 0.100 BSC 2.54 BSC
ea 0.300 BSC 7.62BSC
eg 0.310 0.430 7.87 10.92
L 0.115 0.160 2.92 4.06
[0 0° 15° 0° 15°

Note: The control dimension is the inch column

™




72 EXAR XR-2211

14 LEAD SMALL OUTLINE -
(150 MIL JEDEC SOIC)

Rev. 1.00

AAARAAAR

|
o) |
Iy

sours_ TP ;JE:M;

Plane -.| e I‘_ -.u‘-_:;—

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.053 0.069 1.35 1.75
Aq 0.004 0.010 0.10 0.25
B 0.013 0.020 0.33 0.51
C 0.007 0.010 0.19 0.25
D 0.337 0.344 8.55 8.75
E 0.150 0.157 3.80 4.00
e 0.050 BSC 1.27 BSC
H 0.228 0.244 5.80 6.20
L 0.016 0.050 0.40 1.27
o 0° 8° 0° 8°

Note: The control dimension is the millimeter column
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XR-2211

NOTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability. EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement. Charts and schedules contained here in are only for illustration purposes and may vary
depending upon a user’s specific application. While the information in this publication has been carefully checked,
no responsibility, however, is assumed for inaccuracies.

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

Copyright 1995 EXAR Corporation
Datasheet June 1997
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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SOURCE CODE IN MICROCONTROLLER MC§-51

: e mm————— e P P EL UL S b b Sk

; DEFINE PORT&PIN NAME

: ******************************************************

ONEWIRE BIT  PL6 . 1-WIRE INTERFACE (DS1820 TEMP. SENSOR)
TDATA EQU  36H

| KRR R 08

; DEFINE USER REGISTER

;******************************************************

FLAG EQU  02FH ; USER FLAG

BUSY BIT  FLAGJO ; DEFINE BUSY AS BIT

DS1820_ ERROR BIT  FLAG.I ; DS1820 ERROR FLAG

ONEWIRE_DATA EQU  032H . FOR KEEP ONEWIRE DATA

TEMP EQU  033H . FOR KEEP TEMP. DATA (TEMP L ONLY)
TEMPH EQU  034H . FOR KEEP TEMP. DATA (TEMP H ONLY)
ONEWIRE_CNT EQU  03sH . FOR 1-WIRE SUBROUTINE COUNTER
TEMP_AIR EQU  40H ; FOR KEEP TEMP AIR.

STATUS_AIR EQU  41H

TEMP_ROOM EQU  42H . FOR KEEP TEMP ROOM.

COP TEMP_AIR EQU  43H

STATUS_TV1 EQU 4AH
STATUS_TV2 EQU 4BH

STATUS _ELEC1 EQU 4CH
STATUS_ELEC2 EQU 4DH

T2MOD EQU  0C9H

TH2 EQU OCDH ; TIMER 2
TL2 EQU 0CCH

RCAP2H EQU 0CBH

RCAP2L EQU 0CAH

TR2 BIT 0CAH



ORG 0030H
START:

CLR
CLR
CLR
CLR

SETB

; P1.0 for Carrier

P1.2 ;REMOTE AIR
P13 ;REMOTE TV
P1.4
P1.5
P2.5

SRk kR RRR 200 BAUD BY TX,RX 24 M ZF% 44k ok kok ok ook sk

MOV
MOV
MOV
MOV
SETB

PCON,#00H
SCON,#50H
TMOD #21H
TH1,#204
TR1

——————————E T TR P T PR L L L L R L e bk kbt
5

MOV
MOV
MOV

3AH,#01100110B
3DH#01000101B
STATUS_AIR#11100000B

SRRk ook kR k T Rkekskkopolopkokkok koo okok sk oo o
b

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

44H,#01000000B

45H,#00000100B

46H#01H

47H,#00H

48H,#10111100B

49H,#10111101B

STATUS_TV1#11000000B

STATUS_TV2,#0

STATUS_ELEC1,#0F0H ; STATUS ELEC 1
STATUS_ELEC2,#0F0H ; STATUS ELEC 2



kot sk ok ok sl koK kKoK o o ok koK st sk sk sk sk sk e ok ok sk sk ok ok ok ek ok sk okok ok ok
; TIMER 2

MOV
MOV
MOV
MOV
MOV
SETB

T2MOD #02H
TH2,#94H
TL2,#00
RCAP2H #0FFH
RCAP2L #64H
TR2

L stk ok ook ok skok Kok ok Kok ko koK sk sl sk eokok o ok sk ok ok ok ok sk ok sk ok ok
) * * START PROGRAM

MAIN:
CHK O:

CHK_F:

CHK_OS:

LCALL
CINE
MOV
MOV
MOV
LCALL
MOV
LCALL
LCALL
SIMP

CINE
MOV
MOV
LCALL
MOV
LCALL
LCALL
SIMP

CJNE
MOV
MOV
LCALL
MOV
CLR

RECIVER_DATA

A#0,CHK_F

3BH,#10111010B

3CH,#10101110B ;23.0 °C

TEMP_AIR,3CH

PUSH_REMOTE

STATUS_AIR #00001110B

READ_TEMP_ROOM ; TEMP
SEND_ACK_AIR '

MAIN

A#1',CHK_OS

3BH,#00111010B

3CH,TEMP_AIR

PUSH_REMOTE ; PUSH REMOTE
STATUS_AIR,#11100000B

READ_TEMP_ROOM ; TEMP
SEND_ACK_AIR

MAIN

A#'4 CHK_FS

3BH,#10111010B

3CH,TEMP_AIR

PUSH_REMOTE ; PUSH REMOTE
A,STATUS AIR

C



CHK_FS:

CHK_T:

SUBB
MOV
;ORL
LCALL
LCALL
SIMP

CINE
MOV
MOV
LCALL
MOV
ADD
MOV
;ORL
LCALL
LCALL
SIMP

PUSH
ANL
CINE
POP
MOV
MOV
MOV
LCALL
MOV
ANL
MOV
MOV
ANL
ADD
MOV
LCALL
LCALL

A,#00100000B
STATUS_AIRA
STATUS,#00000000B
READ TEMP ROOM
SEND_ACK_AIR
MAIN

A#6 .CHK_T
3BH,#10110010B
3CH,TEMP_AIR
PUSH_REMOTE
A,STATUS_AIR
A#00100000B
STATUS_AIR,A
STATUS #00100000B
READ TEMP_ROOM
SEND_ACK_AIR
MAIN

ACC

A,#11100000B
A,#10100000B,CHK_SA
ACC

TEMP_AIR,A
3BH,#10111010B
3CH,TEMP_AIR
PUSH_REMOTE

A, TEMP_AIR
A#00011111B
COP_TEMP_AIR,A
A,STATUS_AIR
A,#11100000B
A,COP_TEMP_AIR
STATUS_AIR,A
READ_TEMP_ROOM
SEND_ACK_AIR

; STATUS AIR

; PUSH REMOTE

: TEMP

; PUSH REMOTE

; STATUS AIR
; TEMP



LIMP MAIN

CHK_SA: POP ACC
CINE A#CKEY_POWER
LCALL READ TEMP_ROOM
LCALL SEND_ACK_AIR
LIMP MAIN

*****************************************************************************

KEY POWER: CINE A#PKEY 1
CPL P14
MOV  47H,#00H
MOV  48H,#10111100B
MOV  49H,#10111101B
LCALL SEND_TV
CLR P13
MOV  A,STATUS_TVI
:ANL  A,#11000000B
CPL A
ANL  A#11000000B
PUSH ACC
MOV  A,STATUS_TV1
ANL  A#00111111B
MOV  STATUS_TVLA
POP  ACC
ADD  ASTATUS_TVI
MOV  STATUS TVLA
LCALL ACK_TV
LIMP  MAIN

KEY 1: CINE A#AKEY 2
MOV  47H,#00H
MOV  48H,400001000B
MOV 49H,#00001001B
LCALL SEND_TV
CLR P13
MOV  STATUS_TV2,#1



KEY_2:

KEY_3:

KEY_5:

LCALL
LIMP
CINE
MOV
MOV
MOV
LCALL
CLR
MOV
LCALL
LIMP
CINE
MOV
MOV
MOV
LCALL
CLR
MOV
LCALL
LIMP
CINE
MOV
MOV
MOV
LCALL
CLR
MOV
LCALL
LIMP
CINE
MOV
MOV
MOV
LCALL
CLR
MOV

ACK_TV

MAIN
A#B,KEY 3
47H,#00H
48H,#10001000B
49H,#10001001B
SEND_TV

P1.3
STATUS_TV2,#2
ACK_TV

MAIN

A#C KEY_4
4TH#00H
48H,#01001000B
49H,#01001001B
SEND_TV

P1.3
STATUS_TV2,#3
ACK_TV

MAIN
A#D'KEY 5
4TH#00H

48H #11001000B
49H,#11001001B
SEND TV

P1.3
STATUS_TV2,#4
ACK TV

MAIN
A#E.KEY_6
4TH#00H
48H,#00101000B
49H#00101001B
SEND TV

P1.3
STATUS_TV2,#5



KEY_6:

KEY_7:

KEY_8:

KEY_9:

LCALL
LIMP
CINE
MOV
MOV
MOV
LCALL
CLR
MOV
LCALL
LIMP
CINE
MOV
MOV
MOV
LCALL
CLR
MOV
LCALL
LIMP

CJNE
MOV
MOV
MOV
LCALL
CLR
MOV
LCALL
LIMP
CJNE
MOV
MOV
MOV
LCALL
CLR

ACK TV

MAIN
A#FKEY 7
4TH,#00H
48H,#10101000B
49H,#10101001B
SEND_TV

P13
STATUS_TV2#6
ACK TV

MAIN

A#G KEY_8
ATH#00H
48H,#01101000B
49H,#01101001B
SEND TV

P13
STATUS_TV2,#7
ACK_TV

MAIN

A#H'KEY 9
47H #00H
48H,#11101000B
49H,#11101001B
SEND_TV

PL.3
STATUS_TV2,#8
ACK_TV

MAIN
A#TKEY_0
4TH#00H
48H,#00011000B
49H,#00011001B
SEND TV

P1.3



KEY_0:

INC_CHANNEL:

ook sk ok sk ok ok sk ke e sl ok ek ok otk ol ks ok ok sk ook ok koo okok ok

DEC_CHANNEL:

MOV
LCALL
LIMP
CINE
MOV
MOV
MOV
LCALL
CLR
MOV
LCALL
LIMP

CINE
MOV
MOV
MOV
LCALL
CLR
CLR
MOV
ADD
MOV
LCALL
LIMP

CINE
MOV
MOV
MOV
LCALL
CLR
CLR
MOV

STATUS_TV2,#9
ACK_TV

MAIN
A#¥,INC_CHANNEL
47H,#00H
48H,#10011000B
49H,#10011001B
SEND_TV

P13
STATUS_TV2,#0
ACK_TV

MAIN

A,#8,DEC_CHANNEL
47H,#00000000B
48H,#00101100B
49H,#00101101B
SEND TV

P1.3

C
A,STATUS_TV2
A#l
STATUS_TV2,A
ACK TV

MAIN

A#2'INC_VOLUME
47H,#00000000B
48H,#10101100B
49H,#10101101B
SEND_TV

P1.3

C

A,STATUS_TV2

o 3 ok ok ok ok ok ok o ok ok ok ok



SUBB A#l

MOV  STATUS_TV2,A
LCALL ACK_TV

LIMP MAIN

INC_VOLUME:
CINE  A#7,DEC_VOLUME
MOV 47H,#00000000B
MOV  48H,#00000100B
MOV  49H,#00000101B
LCALL SEND_TV
CLR P13
CLR C
MOV  A,STATUS TV1
ADD Al
MOV  STATUS_TVL,A
LCALL ACK TV
LIMP MAIN
I ———————aee PR P TR P TR R L LAL AL L EL L E L L
DEC_VOLUME:

CINE A#9.TV

MOV 47H,#00000000B
MOV  48H,#10000100B
MOV 49H#10000101B
LCALL SEND_TV

CLR P13

CLR C

MOV  ASTATUS_TVI
SUBB Al

MOV  STATUS_TV1,A
LCALL ACK TV

LIMP MAIN



********************************************************************************

TV:
CINE A#K,ELEC_ON
MOV  DPTR #1536
LCALL DELAY_US
MOV  DPTR #1536
LCALL DELAY_US
CLR P1.3
LCALL ACK_TV
LIMP MAIN

**************************************************************************

ELEC_ON:

CINE  A#M',ELEC_OFF

SETB PLS5

MOV  STATUS_ELEC1#OFH

MOV  STATUS_ELEC2,#0FH

MOV  DPTR#1536

LCALL DELAY_US

MOV  DPTR#1536

LCALL DELAY_US

LCALL ACK_ELEC

LIMP MAIN
TR ——— LA b
ELEC_OFF:

CINE A#N,ELEC_CHK
CLR P15

MOV  STATUS_ELECI,#0FOH
MOV  STATUS_ELEC2#0FOH
MOV  DPTR#1536

LCALL DELAY_US

MOV  DPTR#1536

LCALL DELAY_US

LCALL ACK_ELEC

LIMP MAIN



ELEC_CHK:
CINE A#O,ENEN
MOV  DPTR #1536
LCALL DELAY_US
MOV  DPTR #1536
LCALL DELAY US
LCALL ACK_ELEC
LIMP MAIN

ENEN: LIMP MAIN

« sfe sfe ok ok sfe ok ok ok ok sk sk ok ok sk s e ke ke ke ke s ke ok ok sk 3k 3 ok sk e e o she sk sk ofe sk o ok ok sk ok ofe ke e sk sde ke ok ok skeok ok ok ok
; START AIR

SEND_ACK_AIR:

CLR REN
MOV  A#A'
LCALL TX

MOV  ASTATUS_AIR
LCALL TX
MOV A,TEMP_ROOM
LCALL TX

SETB REN

RET
PUSH_REMOTE:

MOV  R2#4

MOV R1#8

MOV  RO#3AH
MOV  A,@RO
LCALL SENDDATA
MOV  R2#4

MOV  R1#8

MOV  RO#3AH
MOV  A@RO
LCALL SENDDATA2
RET

SENDDATA:



SLIDEBIT:

CHK 1 I:

CHK 1_2:

SENDDATAZ2:

LCALL STARTBIT_AIR

RLC A
iC CHK_1 2
CLR P12

MOV  DPTR#64334
LCALL DELAY_US
SETB Pl1.2

MOV  DPTR,#64334
LCALL DELAY_US
DJNZ RI,SLIDEBIT

INC RO
MOV  RI#8
MOV  A,@RO

DJNZ R2,SLIDEBIT
RET

CLR P1.2

MOV  DPTR#62334
LCALL DELAY_US
SETB P12

MOV  DPTR,#64334
LCALL DELAY US
DJNZ RI1,SLIDEBIT

INC RO
MOV  RI1#8
MOV  A,@RO

DJNZ R2,SLIDEBIT
RET

CLR P1.2



SLIDEBIT 0:

CHK_0 1:

CHK 0_2:

LCALL
LCALL

RLC

JNC
CLR
MOV
LCALL
SETB
MOV
LCALL
DINZ
INC
MOV
MOV
DINZ
CLR
RET

CLR
MOV
LCALL
SETB
MOV
LCALL
DINZ
INC
MOV
MOV
DINZ
CLR
RET

TIME_SPACE
STARTBIT_AIR

CHK 0_2

P1.2
DPTR,#64334
DELAY_US
P1.2
DPTR,#64334
DELAY US
R1,SLIDEBIT 0
RO

R1,#8

A,@RO
R2,SLIDEBIT_0
P1.2

P1.2
DPTR,#62334
DELAY_US
P1.2

DPTR #64334
DELAY US
R1,SLIDEBIT 0
RO

R1#8

A,@RO
R2,SLIDEBIT_0
P12



STARTBIT_AIR:
SETB P12
MOV  DPTR#47534
LCALL DELAY_US
CLR P12
MOV  DPTR#56734
LCALL DELAY US
SETB P12
MOV  DPTR#64334
LCALL DELAY US

RET

TIME_SPACE:
CLR P12
MOV  DPTR#1536
LCALL DELAY_US

RET

sk ok kol ek ok ok ek ok ok ok ok ok ek ek ok ko ok sk ok ok ok ook feok ek ok ok ek ok ok *
Jkkoksk * *kkk QTART TV *+++* *kkokk ook kok ek ok ok okok

ACK_TV: CLR REN
MOV A#T
LCALL TX

MOV  A,STATUS_TV1
LCALL TX
MOV  A,STATUS TV2

LCALL TX
SETB REN
RET

SEND _TV:
MOV RO#44H
MOV  R2#8
MOV  R3,#6
MOV  A,@RO
MOV  R4,#2
.CLR P12



SIMP

SEND_DATA_TV:

START SEND_DATA_TV:

S_BITI:

SETB
MOV
LCALL
CLR
MOV
LCALL
SETB
MOV
LCALL

SEND DATA_TV

P13

DPTR #58256
DELAY_US
P1.3

DPTR #62266
DELAY US
P13

DPTR #64506
DELAY_US

RLC A

INC S BITO

CLR P13

MOV  DPTR#63066

LCALL DELAY US

SETB P13

MOV  DPTR #64506

LCALL DELAY US

DINZ R2,START SEND_DATA TV
INC RO

MOV  A@RO

MOV  R2#8

DINZ R3,START SEND DATA_TV
;FOR TIME SPACE

CLR P13

MOV  DPTR,#5546

LCALL DELAY US

MOV  DPTR #5546

LCALL DELAY US

MOV  DPTR#37546



LCALL DELAY_US
MOV  RO#44H

MOV  R2#8
MOV  R3#6
MOV  A,@RO

DINZ R4,SEND_DATA TV

CLR P13
RET
S_BITO: CLR P13

MOV  DPTR#64816

LCALL DELAY_US

SETB P13

MOV  DPTR#64506

LCALL DELAY US

DJNZ R2,START SEND DATA TV

INC RO
MOV  A,@RO
MOV  R2#8

DINZ R3,START SEND DATA TV
:FOR TIME SPACE

CLR P13

MOV  DPTR#5546

LCALL DELAY_US

MOV  DPTR#5546

LCALL DELAY_US

MOV  DPTR#37546

LCALL DELAY_US

MOV  RO#44H

MOV  R2#8
MOV  R3#6
MOV  A,@RO

DJNZ R4,LOOP_TV
CLR P1.3
RET

LOOP_TV: CLR PL.3



LIMP SEND_DATA_TV

<ok koo ook ok sk ko ook ok ok ok ok ok o ok ok ok sfoskokeok o s sk ok s s sk sk s ook skok ok
o * START ELEC

ACK_ELEC:

CLR REN
MOV A#E
LCALL TX

MOV  A,STATUS_ELECI
LCALL TX
MOV  A,STATUS_ELEC2

LCALL TX
SETB REN
RET

<ok ko ook skok ok ok kokok ootk ok skok sk o keakok stk s sk sk sk skok ok
; * * START FUNCTION *k *

TX:

MOV  SBUF,A

RECIVER_DATA:

TRI11:

JNB TL$
CLR TI
RET

MOV  RO#7
MOV  CP25

JNC RECIVER_DATA
MOV  DPTR,#63878
LCALL DELAY_US
MOV DPTR#64713
LCALL DELAY_US
MOV  C,P25

RRC A

MOV  DPTR,#63880
LCALL DELAY_US
MOV  C,P25

RRC A

DINZ RO, TRI1

CPL A



RET
DELAY_US: MOV
MOV
SETB
JNB
CLR
CLR

THO,DPH
TLO,DPL
TRO
TF0,$
TFO

TRO

« 3 ok ok ok ok ok ok ok o sk ok ok ok ok Sk ok ok ok ok ok ok ok skok I)S 1820 3¢ ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok sk ook ook ok ok ok
>
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2

; DS1820 TEMPERATURE READ

o sk ok o e o e o ok ok ok ok ok sk ok ok o e sk ok sk ok ok o e sk ok ok ook ook ok o oo e ok sk ok ok ke ke o sk sk ke ok o ook ok ook sk ok ok ok sk ok ok sk ok
L

READ_TEMP_ROOM:

LCALL DS1820 TEMP_RD

JB

MOV
CINE

DATA_INVALID:
SIMP

DATA_VALID:
MOV
RET

DS1820_ TEMP_RD:
CLR

DS1820_ERROR,DATA_VALID

AH#OAAH

A,TEMP,.DATA_VALID

READ_TEMP_ROOM

TEMP_ROOM,TEMP

DS1820_ERROR

ACALL DS1820 _RST

ACALL DS1820_PRES

MOV ONEWIRE DATA#0CCH

ACALL DS1820_WR

MOV

ONEWIRE DATA #044H

ACALL DS1820_WR

; CLEAR DS1820 ERROR FLAG
; DS1820 RESET

; DS1820 PRESENCE

; WRITE SKIP ROM

; WRITE CONVERT COMMAND

>



SETB ONEWIRE
ACALL DELAY_1S

ACALL DS1820 RST

ACALL DS1820_PRES

MOV  ONEWIRE_DATA#0CCH
ACALL DS1820_WR

MOV ONEWIRE_DATA,#0BEH
ACALL DS1820_WR

ACALL DS1820_RD
MOV TEMP,ONEWIRE_DATA

ACALL DSI1820 RD
MOV TEMPH,ONEWIRE_DATA

DS1820 TEMP_CLR:

ACALL DSI1820 RST
ACALL DS1820_PRES

DS1820 TEMP_EXIT:

RET

: HOLD LOGIC 1 (CONVERSION)
: FOR 1S.

; DS1820 RESET

; DS1820 PRESENCE

; WRITE SKIP ROM

; W/R SCRATCHPAD COMMAND

; READ DS1820

; GET BYTE TEMPL

; READ DS1820

; GET BYTE TEMPH

; DS1820 RESET
; DS1820 PRESENCE

+ et e kst s ok sk o o o ok sk sk s s ok ke sk o o o ks ok o ek sk ksl s sk sk sk stk sk ok o ek ok
2

; DS1820 DATA READ

sk ek ek ok sk sk s e s s s ok sk sk e s sk s s ks sk sk sk e o ok ek ook ok sk sk ke o o e sk s sk skok
3

DS1820_RD:

MOV  ONEWIRE CNT#8
CLR A

DS1820_RD_LOOP:

CLR ONEWIRE

NOP

SETB ONEWIRE

NOP

NOP

MOV  C,ONEWIRE
ACALL ONEWIRE DELAY
RRC A

; SET LOOP 8 TIMES
; CLEAR ACC.

: CLEAR ONEWIRE

: DELAY

: SET ONEWIRE

: GET ONEWIRE TO CARRY FLAG
: DELAY 75 US

>



DINZ ONEWIRE_CNT,DS1820_RD_LOOP

MOV  ONEWIRE DATAA ; MOVE ACC. TO ONEWIRE_DATA
RET ; RETURN

: ks e s s e ok ks skt s ek ks sk e sk ok o ok ks s sk sk ks s o ok ok sk o s s e ok sk o o o ok sk s s o ke ke

; DS1820 DATA WRITE

: ok ke ok sk sk ok stk sk sk ook sk sk sk sk sk sk ki o ok sk ok ok sk o e ok o ke ok ok ke ok

DS1820 WR: MOV  ONEWIRE CNT,#8 ; SET LOOP 8 TIMES
MOV A, ONEWIRE DATA ; GET ONEWIRE_DATA

DS1820 WR_LOOP:

RRC A ; ROTATE ACC. WITH CARRY FLAG
JNC DS1820 WR_L ; CARRY FLAG WAS SET ?
CLR ONEWIRE ; SET =>TX HIGH
NOP ; DELAY
NOP ;
SETB ONEWIRE ; SET ONEWIRE
ACALL ONEWIRE DELAY ; DELAY 75 US
AJMP DS1820 WR_NX ; JUMP TO NEXT WRITE
DS1820 WR_L: CLR ONEWIRE ; CLEAR =>TX LOW
ACALL ONEWIRE DELAY ; DELAY 75 US
SETBV ONEWIRE ; SET ONEWIRE
NOP ; DELAY
NOP ;

DS1820 WR_NX:

DINZ ONEWIRE CNT,DS1820_WR_LOOP

RET ; RETURN

Rk Rk Rk Rk R R R R ok ok Rk

; DS1820 RESET

R R R RO OO R R R koot ook

DS1820 RST: CLR ONEWIRE ; CLEAR ONEWIRE
ACALL DELAY_750US ; DELAY
SETB ONEWIRE ; SET ONEWIRE

MOV  ONEWIRE CNT#11 ; DELAY



DINZ ONEWIRE CNT,$ ;
RET ; RETURN

+ S sk ek s st o sk sk s ok ek s e sk sk sk ok sk ok o sk sk ok ok ok ks s ke ke sk o ok ok o o ok ok
b

: DS1820 RECEIVE PRESENCE PULSE

;**********************************************************

DS1820 PRES: MOV  ONEWIRE_CNT#55 ; SET LOOP WAIT 1

DS1820 PRES 1:
JNB  ONEWIRE,DS1820_PRES_2 : CHECK ONEWIRE WAS CLEAR?
DINZ ONEWIRE_CNT,DS1820 PRES_1 ; WAIT LOOP CHECK 1

SETB DS1820 ERROR ; ERROR IF NO RESPONSE

RET : RETURN

DS1820_PRES 2:

MOV ONEWIRE_CNT#55 ; SET LOOP WAIT 2
DS1820 PRES 3:

B ONEWIRE,DS1820_PRES_4 ; CHECK ONEWIRE WAS CLEAR?

DINZ ONEWIRE_CNT,DS1820_PRES 3 ; WAIT LOOP CHECK 1

SETB DS1820 ERROR ; ERROR IF NO RESPONSE
DS1820 PRES_4:

SETB ONEWIRE ; SET ONEWIRE

ACALL ONEWIRE DELAY ; DELAY 75 US

CLR  BUSY : CLEAR BUSY FLAG

RET : RETURN

.+ eaksotesk ol stok ook ok ok ok ek sk st s o ok sk skt ok sk ok sk ok sk ok sk ok ok sk sk o s ek sk o ok kb sk ok kol stk akaok sk ok sk ok sk ok ok ok ok ok ok
b

; DUMMY DELAY TIME ONEWIRE_DELAY, LCD_DELAY, 50U, 100U, 1M, 10M, 100M, 1S
;******************************************************************************
ONEWIRE_DELAY:

MOV  R6,#012H : EACH LOOP =75 US
ONEWIRE DELAY 1:

NOP

NOP

DINZ R6,ONEWIRE_DELAY 1

RET



LCD DELAY: MOV
LCD DELAY 1: MOV
LCD_DELAY_2: NOP
NOP
DINZ
DINZ
RET

DELAY_50US: MOV
DELAY_50US_lI:
NOP
NOP

DINZ

DELAY_100US:
MOV
DELAY_100US_1:
NOP
NOP
DINZ
RET
DELAY IMS: MOV
DELAY_IMS_1: NOP
NOP
DINZ
RET
DELAY_10MS:
MOV
DELAY_10MS_I:
MOV
DELAY_10MS_2:
NOP
NOP
DINZ
DINZ
RET

R7,#002 ; DO 2 TIMES
R6,#0E6H ; EACHLOOP=1MS

R6,LCD DELAY 2
R7,LCD_DELAY_1

R6,#00CH ; EACH LOOP =50 US

R6,DELAY 50US 1

R6,#017H ; EACHLOOP =100 US

R6,DELAY_100US_1

R6,#0E6H ; EACHLOOP =1MS

R6,DELAY_IMS 1

R7,#010 ; DO 10 TIMES

R6,#0E6H ;EACHLOOP=1MS

R6,DELAY_10MS_2
R7,DELAY_10MS 1



DELAY_100MS:
MOV R7#100 : DO 100 TIMES

DELAY_100MS_1:

MOV  R6#0E6H ; EACH LOOP = | MS
DELAY_100MS_2:

NOP

NOP

DINZ R6,DELAY_100MS_2

DINZ R7,DELAY_100MS_I

RET
DELAY _IS: MOV R5#100 : DO 100 TIMES
DELAY IS_1: ACALL DELAY_10MS

DINZ R5DELAY IS _1

RET
DELAY_750US: MOV R6,#229 : EACH LOOP = 750US
DELAY_750US_2:

NOP

DINZ R6,DELAY 750US_2

RET ; RETURN

END





