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Abstract

This project uses computer to control the robot via radio wave. It can be controlled from long
distance and used for delivery the document in the building. And it can store the route of delivery. The
instruction data has been transferred from computer into data translator through RS-232, and then are
transmitted in the radio wave to the receiver using FSK technique. Finally, the data are detected and

used as the instruction that have been programmed by microcontroller.
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COMPLETE

ORG 0000H
MOV PCON,#00H:
MOV SCON, #50H; made 1
MOV TMOD, #20H:
MOV TH1,#0E8H; set serial port
SETB TR1:
MOV OFH,#00H;
MOV SP.#10H;
WAIT: JNB RI,WAIT;
CLR RI.:
MoV 30H,SBUF ; recive data
PUSH 30H:; getdata in memory
MOV A,#D0FFH:;
SUBB A,SBUF ; check stop send data
JNZ WAIT;
DEC SP:
MOVE : POP 30H:;
MOV RO, #64H;
MOV A,30H:
Jz SB1:
JNZ SHIFT:
SB1: LJIMP SB:
SHIFT: ANL A,#1FH; select condition
JZ RL:
MOV A,30H;
ANL A, #3FH:;
Jz LIMP1:
JNZ NORMAL ;
LIMP1: LJMP LERE ;
NORMAL : MOV A,30H:
ANL A, #80H;
JNZ FW:
BWw: MOV A,30H: backward loop
ANL A, #0FH:;
MOV R1,A;
Bw12: MOV R2,#10H;
Bwl1l: MOV R3,#7H;
Bw1: MOV P0O,#88H
DJINZ R3,5
DINZ R2.Bw11;
Bw22: MoV R2,#10H;
Bw21: MOV R3,#7H;
Bw2: MOV PO, #44H;

DINZ R3,BwW2;
DJINZ R2,BW21:;

Bw32: MOV R2,#10H:;
Bw31l: MoV R3,#7H;
BW3: MOV PO,#22H;

DJINZ R3,BW3;
DJINZ R2,BwW31;

Bw42: MOV R2,#10H:;
BW41: MOV R3,#7H:
Bw4: MOV PO,#11H;

DJINZ R3,Bw4:
DJINZ R2,Bw41;
DJINZ R1,BW12:

SJIMP MOVE ; go back to pop data
Fw: MOV A,30H:; forward loop
ANL A, #0FH:
MOV R1.A:
Fwi2: Mov R2,#10H;
Fwil: MOV R3,#7H:
Fwi: MOV PO, #88H:

DJINZ R3.S:
DJINZ R2,FW11;

Fw22: MOV R2,#10H:
FwW21: MOV R3,#7H:
Fw2: MOV PO, #44H:;

DJINZ R3,FwW2;
DJINZ R2,FW21;
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COMPLETE

Fw3z: MOV R2,#10H;
FW31: MOV R3,#7H:
FW3: MOV PO, #27H;

DJINZ R3.s:
DJINZ R2,FW31;

Fw42: MoV R2,#10H;
Fw4al: MoV R3,#7H;
Fw4: MOV PO,#11H:

DINZ R3,Fw4;
DJINZ RZ,Fw41l:;
DJINZ RiSFwWi2:

LJIMP MOVE; go back to pop data
RL: MOV RO, #0FFH; right loop
RL12: MOV R2,#10H;
RET:L: MOV R3,#7H;
REIL: MoV PO, #88H:

DINZ R3,RL1;
DJINZ R2.RE11:;

RL22Z: MOV RZ,#10H:;
RL21: MOV R3,#7H:
RL2: MOV PO, #44H;

DJINZ R3;RL2:
DJINZ R2,BL21;

RL32: MOV R2,#10H:;
RL31: MOV R3,#7H;
RL3: MOV PO, #22H;

DJNZ R3,.RL37
DJINZ R24RIF31 ;

RL42: MOV R2,#10H:;
RL41: MOV R3,#7H:;
RL4: MOV PO,#11H:;

DJINZ R3,RL4:
DINZ R2,RL41;
DJNZ R1,RL12;

LIMP MOVE; ge back to pop data
LE - MOV RO, #0FFH; left loop
LF12: Mov R2,#10H; :
LF11: MOV R3,#7H:
LF1: MOV PO, #88H;

DJINZ RS, EF1:
DJINZ RA Ll ;

LE22; MOV R2,#10H:;
LE21: MOV R3,#7H;
EE2: MOV PO, #44H;

DINZ R3,BM2;
DJINZ R2.L82%:

LF32: MOV R2,#10H;
EE31: MOV R3,#7H:
BE3: MOV PO,#22H;

DJINZ R3.LF3:
DJINZ Rz,;LF31;

LF42: MOV RZ2,#10H;
LF41: MOV R3.#7H:
LF4: MoV PO,#11H:

DJINZ R3,LF4;
DJNZ R2,LF41;
DINZ R1,LF1Z;

LIMP MOVE ; go hack to pop data
SB: MOV P1,#01H;

MOV SP,#10H;

MOV PO,#0FFH:;

LIMP WAIT:
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

Detailed Description
The MAX220-MAX249 conlain four sections: dual
charge-pump DC-DC voltage converters, RS-232" dri-
vers, RS-232 raceivers, and receiver and transmitter
enable control inputs.

Dual Charge-Pump Voltage Converter
The MAX220-MAX249 have two internal charge-oumps
that convert +5V to £10V (unlcaded) for RS-232 driver
operation. The first converter uses capacitor C* to dou-
ble the +3V input to +10V on C3 at the V+ output. The
second converter uses capacitor C2 lo invert +10V to
-10V on C4 at the V- output.

A small amount of power may he drawn from the +10V
(V+) and -10V (V-) outpuls to power external circuitry
(see the Typical Operating Characleristics sect:on),
except on the MAX225 and MAX245-MAX247, where
these pins are not available. V+ and V- are not regulated,
so the output voltage drops with :ncreasing load current.
Do not lcad V+ and V- to a point that violates the mini-
mum +5V EIA/TIA-232E dr:ver outpul voltage when
sourcing current from V+ and V- to external circusry.

When using the shutdown feature in the MAX222,
MAX225, MAX230., MAX235, MAX236. MAX240.
MAX241, and MAX245-MAX249, avoid using V+ and V-
to power external circuitry. When these parts are shut
down, V- fails to OV, and V+ falls to +5V. For aonlica-
tions where a +10V external supaly is anpled tothe V+
pin (instead of using the internal charge oumpg o gen-
erate +10V), the C1 capacitor must not be instalted and
the SHDN pin must be tied to Ve This is because V+
is internally connected (¢ Ve :n shutdown mode.

RS-232 Drivers
The typical driver output voltage swing is =8V when
loaded with a nominal 5k¢2 RS-232 receiver and Veo =
+5V. Output swing s guaranteed lo meet the EIA/TIA-
232E and V.28 specification, which calls for 5V m:ni-
mum driver output levels under worsl-case conditions
These :nciude a minimum 3k$2 ioad, Vce = +4.5Y, and
maximum operating temperature. Unloaded driver out-
put voltage ranges from (V+ -1.3V) to (V- +0.5V).

Input thresholds are oth TTL and CMOS compatibie.
The inputs of unused drivers can be left unconnected
since 400kS2 input puil-up resistors to VoC are buit in
(except for the MAX220}. The pull-up resistors force the
outputs of unused drivers low because all drivers invert
The internal input puil-up resistors typicaly source 12pA,
except in shutdown mode where the vuli-ups are d:s-
adled. Driver outputs turn off and enter a high-mped-
ance state—where leakage current is typicaly
microamperes (maximum 25uA)-—when in shutdown

14

mode, in three-state mode, or when device power is
removed. Outouts can be driven to £15V. The power-
suppiy current typicaly droos to SpA in shutdown mode.
The MAX220 does nol have pul-up resislors to force the
cutputs of the unused drivers ow. Connecl unused
nputs tc GND or Vce.

The MAX239 has a receiver three-state conlrol fine, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state control
ine and a low-power shutdown control. Table 2 shows
the effects of the shutdown control and receiver three-
state contror on the receiver outouls.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
ling is high (for the MAX225/MAX235/VAX236/MAX239-
MAX241), and are also high-impedance whenever the
shutdown control line is high.

When in iow-power shutdown mode, the driver oulpuls
are turned off and their leakage current is less than tpA
w:th the driver output ouiled to ground. The driver output
ieakage remains less than ipA, even i the transmitter
outpul is backdriven between OV and (Vcc + 6V). Below
-0.5V, the transmitter is diode clamped to ground with
1kQ series impedance. The transmitler is also zener
clamped to approximately Vcc + 6V, with a series
mpedance of 1kQ.

The driver output slew rate is imited to tess than 30V/us
as required oy the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/ps unloaded and
10V/ps lpaded with 3Q and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications defne a voltage
2vel greater than 3V as a logic 0, so ail receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respone to TTL level inputs as we'l as EIATIA-232E and
V.28 levels.
The receiver inputs withstand an input overvoltage up
lo £25VY and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART |SHDN|SHDN| EN | EN(R) RECEIVERS
Low | X High Impedance
MAX223 __ | High |Low i Active
High | High High Impedance
Low High Impedance
MAX225 | — | — | — |High [Active
MAX235 | Low Low High Impedance
MAX236 | Low o) | High Active
MAX240 | High X High Impedance

MAXIHA




+5V-Powered, Multichannel R$-232

nominal 5kQ values. The receivers implement Type 1
interpretation of the fault conditions of V.28 and
EIA/TIA-232E.

The receiver input hysteresis is typically 0.5V with a
guaranteed minimum of 0.2V. This produces clear out-
put transitions with slow-moving input signals, even
with moderate amounts of noise and ringing. The
receiver propagation delay is typically 600ns and is
independent of input swing direction.

Low-Power Receive Mode
The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shut-
down mode but still allows it to receive information. This
is important for applications where systems are periodi-
cally awakened to look for activity. Using low-power
receive mode, the system can still receive a signal that
will activate it on command and prepare it for communi-
cation at faster data rates. This operation conserves
system power.

Negative Threshold—MAX243
The MAX243 is pin compatible with the MAX232A, differ-
ing only in that RS-232 cable fault protection is removed
on one of the two receiver inputs. This means that control
lines such as CTS and RTS can either be driven or left
floating without interrupting communication. Different
cables are not needed to interface with different pieces of
equipment.

The input threshold of the receiver without cable fault
protection is -0.8V rather than +1.4V. Its output goes
positive only if the input is connected to a control line
that is actively driven regative. If not driven, it defaults
to the 0 or “OK to send” state. Normally, the MAX243's
other receiver (+1.4V threshold) is used for the data line
(TD or RD), while the negative threshold receiver is con-
nected to the control line (DTR, DTS, CTS, RTS, etc.).

Other members of the RS-232 family implement the
optional cable fault protection as specified by EIA/TIA-
232E specifications. This means a receiver output goes
high whenever its input is driven negative, left floating,
or shorted to ground. The high output tells the serial
communications IC to stop sending data. To avoid this,
the control lines must either be driven or connected
with jumpers to an appropriate positive voltage level.

MAXIM

Drivers/Receivers

Shutdown—MAX222-MA X242
On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operale in a reduced power mode when the chip is in
shutdown. Under these conditions, the propagation
delay increases to about 2.5us for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMOS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input (EN
for the MAX242 and EN for the MAX223) that allows
receiver output control independent of SHDN (SHDN
for MAX241). With all other devices, SHDN (SHDN for
MAX241) also disables the receiver outputs.

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitter-enable controls. The charge pumps
turn off and the devices shut down when a logic high is
applied to the ENT input. In this state, the supply cur-
rent drops to less than 25pA and the receivers continue
to operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-state mode). On
the MAX225, all five receivers are controlled by the
ENR input. On the MAX245, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RAS5 and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high.

Receiver and Transmitter Enable

Control Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable controls.

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low-
power receive (enabled receivers continue to function
at lower data rates). The receiver enable inputs control
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit (normal active) and three-state (disabled). The
transmitter enable inputs also control the shutdown
mode. The device enters shutdown mode when all
transmitters are disabled. Enabled receivers function in
the low-power receive mode when in shutdown.

15
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MAXZZO—MAX249

+5V-Powered, Muitichannel RS-232

Drivers/Receivers

Tables 1a-1d define the control states. The MAXZ244
has no control pins and is not included n these tables.

The MAX246 has ten receivers and eight drvers with
two control pins, each controlling one side of the
device. A logic high at the A-side control inout (ENA)
causes the four A-side receivers and drivers o go into
a three-state mode. Similarly, the B-s:de control input
(ENB) causes the four B-side drivers and receivers to
go into a three-state mode. As in the MAX245, one A-
side and one B-side receiver (RA5 and RB5) rema:n
active at ali times. The entre device is put into shut-
down mode when both the A and B sides are disabled
(ENA = ENB = +5V)

with four controi pmu Ihc 'F"N_R'?\ and FNRB receiver
enable inputs each contro four receiver outduts. *l e

four drivers. The nlmh recelver (RBS) lS always aclive.
The device enters shuldown rnode with a logic high on

both ENTA and ENTB.
The MAX248 provides eight rece:vers and eight drivers

with four contro! pins. The ENRA and ENRB receiver
enable inouts each contrai four receiver outouts. The
ENTA and ENTB transmitter enable inputs control four
drivers each. This part does not have an always-active
receiver. The device enters shutdown mode and trans-
mitters go into a three-stale mode with a ‘ogic high on
both ENTA and ENTB.

16

nputs 5 each conlrol five reccrvpr outputc 1he FNTA
and ENTB transmilter 2nable nouts control three dri-
vers each. There is nc aiways-active receiver. The
device enters shutdewn mode and transmitters go into
g__[bjg_e blate mode with a Iog c h|gh on hath {:NTA and
oW~ power receive mode at data rqtec up {o
20kbits/sec.

Applications Information
Figures 5 through 25 show oin configurations and tyo:-

“ cal operating circuits. In appl:catons that are sensilive

10 power-suooiy noise, YCC should be decouo ed to
ground with a capacitor of the same value as C1 and
C2 connected as close as poss tle to lhe device.

MAXIMN
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Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit
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Catalog Number 276-2336

2 ARCHERD
TECHNICAL DATA

AN EXCLUSIVE RADIO SHACK SERVICE TO THE EXPERIMENTER

XR-2206 Monolithic Function Generator

Description

The XR-2206 is a monolithic function generator integrated circuit
capable of producing high quality sina, square, triangle, ramp and
pulse waveforms of high stability and accuracy. The output wave-
forms can be both amplitude and frequency modulated by an external
voitage. Frequency of operation can be selected externaily over a
range o! 0.01 Hz to more than 1 MHz,

The XR-2206 is ideally suited for communications, instrumentation,
and function ganerator applications requiring sinusoidal tone, AM,
FM or FSK generation. It has a typical drift specification of 20
ppm/°C. The oscillator frequency can be linearly swept over a 2000 :
1 frequency range with an external control voltage with very little
affect on distortion,

As shown in Figure 1, the monolithic circuit 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 internal current switches transfer the oscillator
current to any one of the two external timing resistors to produce
two discrete frequencies selected by the logic level at the FSK input
terminal (pin 9).

Absolute Maximum Ratings

Power Supply 26V
Power Dissipation 625mW

Devate above +25°C SmW/°C
Storage Temperature Range —65°C to +150°C
Operating Temperaturs Range 0°C to+76°C

EQUIVALENT SCHEMATIC DIAGRAM
FUNCTIONAL BLOCK DIAGRAM

Features

® Low Sinewave Distortion (THD 5%),
insensitive to signal sweep

Excellent Stability (20 ppm/°C, typ)

Wide Sweep Range (2000: 1, typ)

Low Supply Sensitivity (0.01%/V, typ)

Linear Amplitude Modulatian

Adjustable Duty-Cycle (1% to 99%)

TTL Compatible FSK Controls

Wide Supply Range (10V te 26V)

9~ 09 ¢ |3

Applications
‘

*  Waveform Generation

Sine, Square, Triangle, Ramp
Sweep Generation
AM/FM Generation
FSK and PSK Genaerstion
Voltage-to-Frequency Conversion
Tone Generation
Phase- Locked Loops

FUNCTIONAL BLOCK DIAGRAM
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Figure 1.
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ELECTRICAL CHARACTERISTICS :
Test Conditions: Test Circuit of Fig, 2, V¥ =12V, Ta = 25°C, G = 0.01 uF, Rq = 100 K§2,
Rp = 10 K§2 R3 = 25 K 2 unless otherwise specified. Sy open for triangle,

closed for sinewave.

CHARACTERISTICS UNITS CONDITIONS
MIN. TYP. MAX.
Supply Volitage
Single Supply 10 26 \'
Split Supply 15 13 Y
Supply Current 14 20 mA Ry 2 10K
Oscillator Section
Max. Operating Frequency 0.5 1 MHz C = 1000 pF,
Ry=1KQ
Lownast Practical Frequency 0.0t Hz C =50 uF,
Ry=2MQ
Frequency Accuracy 7 % of fg tg=1/R4C
Temperature Stability *20 ppm/C 0°C<TpS75%C,
Ry =Rp=20KQ
Supply Sensitivity Q.01 %/V Viow =10V,
VHIGH = 20V,
Ry =Rg=20K
Sweep Range 2000:1 fr=fL fH8R =1 KQ
Sweep Linearity fLeR) =2MQ
10:1 Sweep 2 % fp =1 kHz,
fy =10 kHz
1000:1 Sweep 8 % fi = 10Q Hz,
fy = 100 kHz
FM Distortion 0.1 % | *10% Deviation
Recommended Timing Components
Timing Capacitor: C 0.001 100 ur See Figure 5
Timing Resistors: R & Ry 1 2000 KS2
Triangte/Sinewave Output Sea Note 1, Fig.3
Triangle Amplitude 160 mV/KS2 Fig. 2 S1 Open
Sinawsve Amplitude 60 m/VKS) | Fig. 2 81 Closed
Max. Output Swing 6 Vpo
Output Impedance 600 9]
Triangle Linearity 1 %
Amplitude Stahility as dB For1000:1 Sweep
Sinewave Amplitude Stability —4800 ppm/°C Sz:e Note 2
Sinewsve Distortion Ry =30K2
Without Adjustment 25 % See Figure 8
With Adjustment Q.5 1.5 % See Figure 9
Amplituds Modulation
Input Impedance 50 100 K2
Modulation Range 100 %
Carrier Suppression 55 a8
Linearity 2 % For 95%
modulation
Square Wave Output MeasuredatPin 11
Amplitude 12 Vpp
Rise Time 250 nsec Cy=10pF
Fall Time 50 nsec C =10pF
Sawration Voltage 0.2 0.6 Vv IL=2mA
Leakage Current a1 100 HA | V31728V
FSK Keying Level (Pin 8) 0.8 1.4 2.4 v See Section on
Circuit Controls
Reference Bypass Voltage 25 3 3.5 Vv MeasuredatPin 10.

Note 1:

Output Amplitude is directly proportional to the resistance R3 on Pin 3. See Figure 3.

Note 2:  For maximum amplitude stability R3 should be a pasitive temperature coefficient resistor.

TIMING RESISTOR (1
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Figure 3. Output Amplitude as
a Function of Resistor R3 atPin 3,
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CLOSED FOR BINE WAVE.
TRIANGLE
SNE

OUTPUT SYMMITRY AlJ.
>
PR el
10 uF < )

E ’ B =
- <
<

3

XR-2308

A
alf

i
£ e

1pf

b
]

Figure 2. Basic Test Circuit

DESCRIPTION QF CIRCUIT CONTROLS
Frequency of Operation:

The frequency of oscillation, fg, Is determined by the external timing
capacitor C across pins 5 and 6, and by the timing resistor R con-
nected 10 either pin 7 or pin 8, The frequency is given as

fo ~ge-He

and can be adjusted by varying either R or C. The recommended
values of R for a given frequency range are shown in Figure 5. Tem-
perature-stability is optimum for 4 KS2 <R <200 K. Recommended
values of C are from’1000 pF to 100 uF.

Frequency Sweep And Modulation

Frequency of oscillation 1s proportional to the tota/ timing current
i1 drawn trom pin 7 or B

32017 (mA)
C (WF)

Timing terminals (pins 7 or 8) are low jmpedance points and are in-
ternally blased at +3V, with respect to pin 12. Frequency varies
linsarly with IT over a wide range of current values, fram 1 A to
3 mA, The fraquency can be controlled by applying a control voltage,
Vg, to the activated timing pin as shown in Figure 7. The frequency
of oacillstion is related to V¢ as:

1 R Vg
t=— [1+—{1 - —)| Hz
RC RC 3

where Vg is in volts. The voltageto:-trequency conversion gain, ¥,
is given as:

f=

H2

0,32
K = 0f/0V¢ = ~Rge Hz/V

NOTE: For safe operation of the circuit Iy should be limited to
£3mA,

Output Characteristics:

Output Amplitude: Maximum output amplitude is directly propor-
tional to external resistor R3 connected 1o Pin 3 (See Fig. 3). For
sinawave output, amplitude Is approximately 80mV peak per KQ
of R3; for triangle, the peak amplitude Is approximately 160 mV
peak per K of R3. Thus, for example, R3 = 50 K2 would pro-
duce spproximately X3V sinusoidal output amplitude.

Amplitude Modulation: Output amplitude can be modulated by
applying a dc biss and a modulating signal to Pin 1. Tha internal
impedance at Pin 1 is spproximately 100 K{2. Output smplitude
varies linearly with the applied voltage at Pin 1, for values of dc biss
at this pin, within 24 volts of V*/2 as shown in Fig. 6. As this bias
level approaches V¥/2, the phase of the output signal is reversed;
and the amplitude gods through zero. This property is suitable for
phase-shift keying and suppressed-carrier AM generation. Total dy-
namic range of amplitude modulation is approximately 55 dB.

Note: AM control must be used in conjunction with a well-regulated
supply since the output emplitude now becomes a function of v

Fraquency-Shift Keying

The XR-2208 can be operated with two separate timing resistors,
Ry and Rgp, connected to the timing pins 7 and 8, respectively, -
as thown in Figure 13. Depending on the polarity of the logic signal
at pin 9, elther one or the other of these timing resistors is activated.
If pin 9 Is open-circuitad or connected 10 a bias voltage < 2V, only
R4 is active. Similarly, if the voltage level at pin 8 is < 1V, onlyRo
is astivated. Thus, the output frequency can be keyed between two
levels, fy and {7 as:
f1 =1/RyCand fz = 1/R2C

For splitsupply operation, the keying voltage at pin B is referanced
to.VT.

Output DC Level Coptroi

The dc level at the output (pin 2) is approximately the same as the dc
bias at pin 3. In Figures 8,9 and 10, pin 3 is bissod mid-way between
v+ and ground, 1o give an output da level of T V1/2.

APPLICATIONS INFORMATION

Sinewave Generation

A) Without External Adjustment
Figure 8 shows the circuit connection for ganerating a sinusoidat
autput fram ths XR-2208. The potenticmeter R4 st pin 7 pro.
vides the desirad frequency tuning. The maximum.output swing
is greater than V*t/2 and the typical distortion (THD) is < 2.5%.
if lowar sinewsvy distortion is desired, additional adjustments
can be provided ag described in the following section.

SWEEP
INPUT

T

AJOR A
‘-:xﬁ ouTrPuT
‘: 1§14 -
0 4 e
e ) W] " RE
= 3 [_"s t XR-2208 [ 3 Ve
s.w.;. AL-«{'( ol —
ve o——‘t——————'c. 2 g [ 20011 10K
e
= Ry 2 = BOUAREWAVE
ouTl
= e, 9
T e e I 9

R 3, GLOSED FOR BINEWAVE.

Figure 7; Circuit Connection for Frequency Sweep

Figure B Circuit for Sineweve Generation Without External
Adjustment. (See Fig. 3 for choice of R3)
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The circuit of Figure 8 can be converted to split supply operation =
simply by replacing all ground connections with V=, For split 3 ouTrUY '\'w';r:
supply operation, R3 can be directly connected to ground. e '
1 W TRE
B) With External Adjustmant &

The harmonic content of sinusoidal output can be reduced to XR-2208
~0.5% by additional adjustments as shown in Figure 9. The % l
potentiometer Ra adjusts the sineshaping resisitor; and Rp = 2000
provides the fine-adjustment for the waveform symmetry. The I" cr{: 5}—-1.,- o
adjustment procedure is as follows: = Ay ol -
1. Set Rg-at mid-point-anc-adjust Rafor minimum distortion. = 3 a2y, __;.
2, With Ry set as above, adjust Rg to further reduce distortion. Az Y

— — KEYING "

S g INPUT i‘(IV

Ss

Figure 10: Sinusoidal FSK Generator

Pulse And Ramp Generation

Figure 11 shows the circuit for pulse and remp waveform ganaration,
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 butween two separate frequencies during
the positive and negative going output wavefarms. The pulse-width
and the duty cycle can be sdjusted from 1% to 99% by the choice
% mcLossoromsmemave. = - of Ry and R3. The values of Ry and Ry should be in the range of

1 K2 to 2 ML

Figure 8: Cireuit for Sinewave Generation With Minimum Harmonle

Distortion. (R3 Determines output Swing — See Fig. 3)
TAWIOOTH 5 3
Triangle Wave Generation ‘L £y & [ﬁ\ "Ry ]
2 BIX =
0uF 2 By
The circuits of Figures 8 and 9 een be converted to triangle weve 1 ;;J " X7 u el PR M
generstion by simply open circuiting pins 13 and 14 (i.e., Sy open). L L o
Amplitude of the triangle is approximately twice the sinewave output. ALY o ) N B
25K
Ve O =] ] B.AK
FSK Generation I“' ot 4 T
= 2, T -
Figure 10 shows the circuit connection for sinusoidal FSK signal TN uF purse
osneration. Mark and space frequencies can be independently ad- [ - > I o Jul
justed by the choice of timing resistors R{ and Ry; and the output is = 7 = -.?;
Montlnuous during transitions. Tha keying signal is applied to
pin 9. The circuit can be converted o splitsupply operation by
simply replacing ground with V—, ; Figure 11: Circuit for Pulse and Ramp Generation
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U.S.A.: FORT WORTH, TEXAS 76102
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XR-2211

ESK Demodulator/Tone Decoder

The XR-2211 is a monolithic phase-locked loop (PLL) system especially desi
 well suited for FSK modem applications. 1t operates over a wi
range of 0.0) Hz to 300 kHz. Itcan accommodate analog signa
DTL, TTL and ECL logic families. The circuit consists of a basic PLL for
quadrature phase detector which provides carrier detection. and an FSX vo

de supply voltage range &f 4.5 to 2

Externzl components are used to independently set center frequency, bandwidth, and output delay.

FEATURES

Wide F equency Range

Wide Supply Voltage Range
DTL/TTL/ECL Logic Compatibility

FSK Demodulation. with Carrier-Detection
Wide Dynamic Range

Adjust:ible Tracking Range (£1% to +80%)
Excellent Temp. Stability

APPLICATIONS

FSK Demodulation
Data Synchronization
Tone Decoding

FM Detection

Carrier Detection

0.0} Hz 1o 300 ki

4.5V to 20V

2mV¥Yto3 Vrms

20 ppm;"C, typ.

gned for daggcommunications. It is particularly
0V and a wide frequency

Is between 2 mV and IV, and can interface with conventional
tracking an input signal within the pass vand, a

ltage comparator which provides FSK demodulation

ABSOLUTE MAXIMUM RATINGS

Power Supply

Input Signal Leve!
Power Dissipation
Ceramic Package:

Derate above T4 = +25°C

Plastic Peckage:

Derate above T 5 = +25°C

AVAILABLE TYPES
Part Number Package
XR-2211M Ceramic
XR-2211CN Ceramic
XR-2211CP Plastic
XR-2211IN Ceramic
XR-2211P Plastic

20V
2V rms

750 mW
6mVIEC
6235 ngw
5.0 mW/°C

Operating Temperature
-55°Cto +125°C
0°C to +75°C
0°C to +75°C
—40°C to +85°C
-40°C 1o +85°C

PACK AGE INFORMATION FUNCTIONAL BLOCK DIAGRAM
XR-221% V
PN vee [3 of
I;?'Kc:!?m. ’
onowm | 4

20




-~ CHARACTERISTICS

sygar: V= +12V, T, = 425°C, Ry = 30 KS2, Cg = 0.033 uF. See Fig, 2 for companent designation

i e XR-2211/2211M XR-22}1C ;
: CHARACTERISTICS _ — o UNITS CONDITIONS
L? e MIN. [ TYp. [Max. [ MIN. [ TYP. [MAX.
GENERAL
Supply Voltage . 4.5 20 4.5 20 V.
Supply Curreat 4 7 (1 9 mA § Rg 2210 KQ, See Fig. 4
OBCILLATOR SECTION
Frequency Accuracy x| £3 £l % @a,v_innon from fg = 1/RgCo
Fraquency Stability Rj = oo
Temparatuse - | 20| 130 120 popr C [ See Fig. 8.
Power Supply 0.05| 0.5 0.05 %V f.Vt= 12 £1V. See Fig. 7.
02 0.2 %/V | V*=510.5V. See Fig. 7.
Upper Frequency Limit 100 | 300 300 kHz | Rg = 8.2 K2, Cg =400 pF
Lowest Practical
Operating Frequency 0.01 0.01 Hz } Rp =2 MS2, Cq = SO uF
Timing Resistor, Rg See Fig. 5.
Operating Range 5 2000 S 2000 KQ
Recommended Range 15 100 15 100 KQ | See Fig. 7 and 8.
LOOP PHASE DETECTOR SECTION
Peak Output Current %150 | £200 | £300 | +100 | +200 |1300 H#A | Measured at Pin 1 1.
Output Offset Current | 12 LA
Output Impedance 1 1 MQ |
Maximum Swing +4 1S 14 15 V | Refercnced to Pin 10.
TRIINED
T RAPIRE THASE DETELIUK, Measured at Pin 3.
Peak Output Current 100 { 150 150 UA il
Output Impedance 1 1 MQ
Maximum Swing 1 11 Vpp A
INPUT PREAMP SECTION Measured at Pin 2.
[nput Impedance 20 20 KQ
Input Signal
Voltage Required to Cause Limiting 2 10 2 mV rms
VOLTAGE COMPARATOR SECTIONS
{nput Impedance 2 74 MQ | Measured at Pins 3 uad 8.
Input Bias Current 100 100 nA
Voitage Gain 55 m 55 70 dB { R =5.1 KQ
Output Voltage Low 300 300 mV jg=3ImA
Output Leakage Current .0l .01 HA }Vpo =12V
INTERNAL REFERENCE
Voltage Level 4.9 L YX) 5.7 1435 5.3 b5.8s V | Measured at Pin 10.
Output Impedance 100 100 Q
swkn Ry L R
Lo0P OATA
FILTER FILTER 18K Py
(214
oy Y ,_D*:;m,
- (173
~ COMP.
it veo _1_ ]
PREAMP “r : w:h
e : > =%
UBCKOGTRCY  LOCR-DLTECT .:: ‘o
PRTER coue, w

Flgurg |, Pusstional Block Diagram of a Tons and FSIX Decoding
System Using XR-2211. i

30

Figure 2. Geaeralized Circuit Connection for FSK and Tons Detaction.
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XR-2211 FSK Demadulator/Tone Decoder
Daceription

The XR-2211 is 8 monolithic phase-locked 10op (PLL) system espe-
clally designad for data communications. It is particulsrly well suited
for FSK modem apptications. It oparates over a wide supply voltage
range of 4.8 to 20 V and a wide frequency range of 0.01 Hz 10 300
kRz, It can modats -analog signal batween 2 mV and 3 V, and
csn interface with conventional DTL, TTL, snd ECL logic families.
The circult conslsts of @ basic PLL for tracking an Input signal within
the pass band, » quadreture phese datector which provides carrier
detection, and an FSK voltage comparator which provides FSK
demodulation, Externsl components sre used to independantly set
canter frequancy, bandwidth, and output delay.

Features

o Wids Frequency Rangs 0.0% Hz to 300 kHz

¢ Wide Supply Voltsge Range 46Vte20V

¢ DTL/TTL/ECL Logic Compatibility

¢ FSK Demodulation, with Carrier Detection

®  Wide Dynamic Rangs 2mVtodVrms

o Adjustsbla Tracking Renge (¥1% to *80%)

e Excollent Temp. Stabllity 20 ppm/°C, typ.

Applications

= F3SK Demodulstion

o Data Synchronization

¢ Tone Decoding

e FM Detectlon

o Carrier Datection

Absolute Maximum Ratings

Power Supply 20V

Input Signal Leve! 3V ms

Power Dissipation 826 mW
Derate sbove Tp = +25C 5.0mW/C

Operating Temparature 0*Cto+75C

Funastional Blosk Disgrem

o
EJ ACITQ4

TIMIRG
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oce [ @[E]

DEVECT

Daescription Of Clreuit Contrals

8Signal Input (Pl 2): Signai Is ac coupled to this terminal. The intermal
impadence at Pin 2 Is 20 K. Recommendsd Input signal tevel Is in
the range of 10 mV rme to 3 V rms.

Quadrature Phass Detector Output (Pin 3): This Is tha

psdance output of quadrature phase detector and is Intern-.ly con-
nectad to the input of Jock detsct voltage comparator. In tone detec-
tion applications, Pin 3 is connected to ground through a parallel
combination of Rp and Cp (ses Figurs 2) 10 sliminate the chatter
at lock datect outputs. If th tone detact saction ls not used, Pin 3
c£n be left opan circuited,

Lock Detect Output, Q (Pin B): The output at Pin 5 i at “high” state
when the PLL is out-of lock snd goas 10 "low" or conducting state
when the PLL is lockod. It is an open collector type output and
requires 8 pull-up resistor, Ry . to V+ for proper operation. At “low™
state, it can sink up 'to 5 mA of load current,

Lo0¢ DATA
FUTEA FPHIER

~H= B.{>‘§*

eryy

3
1

- LOCK DETECT
H j D: —‘Ewn

LOCR DEISCY  LOCK DEVECT
(21871 ] Comw

sweun Ay Ly S0

Figure 1: Functional Bluck Disgram of a Tone and FSK Decoding
System Using XR-2211.

Figure 2: G lized Circuit C: ction for FSK and Tons
Detection.

CUSTOM PACKAGED IN USA BY RADIO SHACK, A DIVISION OF TANDY CORPORATION




logleeomplm aunmnmmnms This -output
ls also an open colsctor type stags which can sink B mA of load
current st low or “on” stats,

FSX Dsta Output (Pin 7); This output s en open colleotor loglic
stags which requiros & pullup resistor, Ry, to V+ for propar opere-
tion. It can sink 65 MA of loed current. Whena decoding FSK signels,
FSK data output ks at “high” or “‘off* state for low Input fraquency,
and 8t “low™ or “on” stats for high Input froquency. It no Input
signel is present, the foglc-state st Pir 7 s Indstarminate.

FBK Comperator Input (Pin B): This is the high impedance input to
the FSK voltege comparetor. Normelly, en FSK post-detsction or
dats filter 18 connacted between this terminal and the PLL phase
datector output {Pin 11). This dats fiicer Is formed by R sndCp
Figurk 2. The threshold voltsgs of the comparator is 38t by the
Internal reference volitsgs, VR, svallable at Pin 10.

Referenca Voitage, Vi {Pin 1012 This pin s internally blased at the
referance voitage lovel, VR: VR = V4/2 — 860 mV. The dc voltags
tovel 3t this pin forms an intamal referance for the voltage luvels at
Pins B, 8, 11 and 12, Pin 10 must be bypassed to ground with » 0.1
LIF capacltor tor propar operstion of the clrcult,

Loap Phass Detestuor Gutput (Pin 11): This terminel provides a high
impedance output for the ioop phass datector. The PLL foop fifter
is formed by R{ and Cq capnectad to Pin 11 (ses Figure 2}. With no
Input signel, or with no phase ervor within the PLL, the dc lavel at
Pin 11 ks very nearly squs! to VR. The peak voltage swing wailabie
st the phass dstectar output Is aquel to TVR.

VCO Control input (Pn 121 VCO free-running fraquency s deter-
minad by sxterndl timing resistor; Rg, con connected from this terming}
t0 ground, The VCO free-running frequenay, fp, is:

fo= 1 Hz
RgCo

where Cq s the timing capacitor acroes Ping 13 and 14, For optimum
temperature stsbility, R must bs in the renge of 10 K2 to 1060 K

This inal is a low impedance point, and is intarnally bissed at a
dc level ‘squal to VR. The maximum timing cunsnt drawn from
Pin 12 must be limited to <3 mA for propar operation of the circuit.

VCO Timing Capacitor (Pins 13 end 14): VCO fraquency s inversely
proportionsl to the extemal timing capacitor, Cp, connected scross
thess terminals (sue Figure 4). Cqg must be nonpolar, and in the range
of 200 pF t0 10 UF.

VECO Frequency Adjustment: VCO can ba fine-tuned by connecting 8
potentiometar, Ry, in ssries with Rq st Pin 12 (see Figume 8),

VCO Fras-Running Frequency, fg: XR-2211 doas not have a ssparate
VCO output termingl, tnstead, the VCO outputs are intermnally
coanected to the phasa detactor ssations af the clrcuit, However, for
sotup or adjustment purposss, VCO freswunning frequency can bs
massured st Pin 3 (with Cp disconnacted), with no lnput and with
Pin 2 shorted to Pin 10,

AFrrLICA I IUNS INFURMA ) IUN

FSK Decoding:

Figure 8 sh the basic chreul ctlon {or FSK.decoding. With
refsrance 1o Flgures 2 and 6, the functions of extsrnal components
ore defined as follows: Rg #nd Cg set the PLL center frequency
Ry et the system bend width, snd Cq ssts the loop filter time
constant and the loop damping factor. Cp end Rg form # onepole
post-etection fliter for the FBK data output. The rosistor Ry (=~
B10 KD from Pin 7 to Pin 8 introduces poditive feedback scross
FSK comparstor to facifitats. repid trunsition between output logk
states,

Rec dad » t valuss for aome of thi most communiy
used FSK bands ere given In Teble |.
v
(A4
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A
5 1 “ t—l veo
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OuTPUT I. A
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Figure 8: Clrsuit Connootica ior FBI Dasoding.
Deslgn Exampis:

78 Baud F8K demodulstor with merk spae frequencies of
1110/1170 Hz:

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

Stap 2: Choods Rg = 20 K2 (18 KSJ fixed reulstor in serles with B
K2 potsntiometsr)

Step 3: Celculats Cg from Figure B: Cg = 0044 iF

Step 4: Csleulats Ry: Ry = Rp {2240/80) = 380 K2

Step 6: Calculats Cq: Cy = Cg/4 = 0.011 |FF

Note: All veluss except RQ csa be rounded to nearest standsrd
value.

FSK BAND COMPONENT VALUES
300 Baud Cp=0.039puF Cp=0.005uF
fy = 1070 Hz C; 0.0l uF Rg=18KQ
f2‘i170 Hz Rl = {00 KQQ

300 Baud Cg=0.022pF Cg=0.005 pF
[}=2025 Hz Cy=0.0047uF Ro=18KQ
{,=2225Hz R) =200 KQ

{200 Baud Cp=0.027pF Cpg=0.0022pF
fy=1200 Hz Cy =0.01 puF RO‘ 18 K2

fy = 2200 Hz Ry =30K2

Table 1: Recommended Companant Valuas for Commonly
Used FSX Bands. (8¢ Cirouit of Pigure 8.)




ELECTRICAL CHARACTEHIS HILD
Test Condidonts V¥4 #12V, Ta = +26'C, Ro = 30 KL, Co = 0.033 uF, Ses Plgure 2 for component designation.

PARAMETERS UNIT CONDITIONS
MIN. | TYP. | MAX.
GENERAL
Supply Voitage 45 20 v
Supply Corrmt 5 ] mA | Rg£10KQ
OSCILLATOR SECTION
Frequancy-Acausscy ba % | Deviation trom tg = 1/RpCo
Frequency Stablllty Ry==
Temparsture 20 pom/°C .
Power Supply 0.08 v | vt=12%1V,
02 %/v | vteBEOBV.
Upper Frequency Limit 300 kHa | Rg=8.2 KLY Cp™= 400 pF
Lowent Prectical
" Opersting Fraquency 0.01 Hz | Rp=2M), Co=50NF
Timing Reslstor, Rg
Operating Range 5 2000 | KQ
Recommendsd Range 18 100 k2
LOOP PHASE DETECTOR SECTION
Pesk Qutput Current 100 [£200 +300 | pA | Meawrsd stPin 11.
Qutput Ottsat Current » PA
Output Impedencs 1 M
Maximam Swing 4 5 \'J fleferenced to Pin 10,
QUADRATURE PHASE DETECT! CR Measurad ot Pin 3.
Pesk Output Current 150 PA
Cutput tmpedence 1 Vie}
Maximnum Swing | vV pp
1 TNPY PPREAMP BECTION Measured at Pin 2.
lnput jmpedance 20 KQ
put Signal !
Volitage Required to Ceuse Limiting 2 mV rma
VOLTAGE CUMPARATOR 8ECT IONS
laput Impedance 2 m) | Msasured at Pins 3 and 8.
Input Biss Current 100 nA
Voltsgs Gsin 70 a8 |R_-61KQ
Output Voltage Low 300 mV ic=3mA
Qutput Leakege Current 0.01 HA vo~12V
INTERNAL REFERENCE
Volitage Level 476 | &3 5.85 A" Maessured ot Pin 10.
Output [mpedance 100 Q
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Figra 31 Typical Supply Corant v V* Fiqurs 4 VOO Froquansy v Timing Resistor.  Figure 5: VCO Erequency w Timing Capachor.
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TONE DETECTION:

The logic outputs, @ und Q at Pins 5 3nd 8 are normally at “high” _g‘*
and “low” logic states, respectively, Whon a tone ki presant within ToNE NeUT =y
the detection bend uf the PLL, the logic state st these cutputs be-
ocome reversed for tha duration of the.Input tone. Each logle output
csnsink 6 mA of load current.

Flgure 7 shows the generalized aruit connection for tone detsction. °"'”;{{
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Both logic outputs st Pins § snd 6 are opan collector typs stages,
end requirg-extemnal pull-up resistors Ay 1 and R} 9, &8 thown in
Figure 7. el
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With raference to Figures 2 and 7, the functions. of the sxtarnat g = Ty
circult components can by explalnad es follows: Rg and Cgp set
VCO center frequency; Ry ssts the datection bandwidth; Cy. sets =
the low pass-loop fliter time constent end the loop demping factor,
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Ryt and Ry 2 sre the respactive pullup registors for the O and O
logic outputs, Flgure 7: Cireuit C

o

for Tone D

Typical wwlucs for detestion band of 1 kHz +20 Ha:
Ro= 18K
Cg = 0.08 uF
Ry=1meg
Cy=0.013 uF
Cp= 0.42 pF

Fine-tune centsr frequency with Ry
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