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ABSTRACT

This special project is the study of a remote control device using radio frequency. The technique used for
transmission is based on the frequency shift keying and frequency modulation. A modulator and demodulator are built
in order to send coded serial digital signals.

An application of the system made is also proposed and tested. This is the communication between
computers. This application implies that the system is flexible effective for a system control over a long distance. In

addition, This project can be considered as a fundamental study of the wireless digital communication system.
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8051 Cross-Assembler (1.3)

0000
0000 0201C7
000B
000B 020100
0100

0100 C28C
0102 C28D
0104 D841
0106 B90O0OB
0109 C2B2
010B D2B3
010D D2B4
010F D2B5
011109
0112 8031

0114 B90107
0117 D2B2
0119 C2B3
011B 09
011C 8027

011E B90207
0121 C2B4
0123 D2B3
012509
0126 801D

0128 B9S0307
012B D2B4
012D C2B5

© o« ~N O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

32

48

(C) 1987, 1989 Binary Technology

led:

int2:

int3:

int4:

org
jmp
org
jmp

org

cjne
setb
clr
inc

sjmp

inc

sjmp

cjne
setb

clr

0000h
main
000bh
led

100n

tr0

tf0
r0,bypass
r1,£00h,int2
p3.2
p3.3
p3.4
p3.5
r1

int7

r1,£01h,int3
p3.2

p3.8

r1

int7

r1,£02h,int4
p3.4

p3.3

r

int7

r1,#03h,int5
p3.4
p3.5



012F 09
0130 8013

0132 B90407
0135 D2B5
0137 C2B4
0139 09
013A 8009

013C BS0506
013F D2B4
0141 C2B3
0143 7900
0145 7801
0147 758C10
014A D28C
014C 32

014D 7FAQ
014F 7ES0
0151 7D01
0153 DDFE
0155 DEFA
0157 DFF6
0159 22

015A 7598D2
015D 758921
0160 75A882
0163 758DE8
0166 758C10
0169 D28E
016B D28C
016D 7900
016F 7801

017122

int5:

int6:

int7:

bypass:

delay:
delay1:

delay2:

initial:

cjne
setb
clr
mov
mov
mov
setb

reti

mov
mov
mov
mov
mov
setb
setb
mov
mov

ret

r1

int7

r1,#04h,int6
p3.5

p3.4

r

int7

r1,#05h,int7
p3.4

p3.3
r1,200h
r0.#01h .delay for led
th0,#10h

tr0

r7,#0alh

r6,#050h

5.$
r6,delay?2

r7,delay1

scon,#11010010b;9-bitmode 3
tmod,#21h ;t1 8-bit t0 16-bit
ie,#82h ;int from to
th1,#0e8h  ;baud 1200
th0,#010h
tr

trO

r1,#00h ;set for select led

r0,#01h ;delay time for led



0172 3099FD
0175 C299
0177 A2D0
0179 929B
017B F599
017D 22

017E 7A06
0180 74FE
0182 3172
0184 314D
0186 23

0187 DAF9
0189 749F
018B 3172
018D 314D
018F 745F
0191 3172
0193 314D
0195 741F
0197 3172
0199 314D
019B 742F
019D 3172
019F 314D
01A1 7437
01A3 3172
01A5 314D
01A7 743B
01A9 3172
01AB 314D
01AD 743D
01AF 3172
01B1 314D
01B3 743E

69
70

72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

104

send

run:

run_lef:

jnb
clr
mov
mov
mov

ret

mov
mov
call
call
rl
djnz
mov
call
call
mov
call
call
mov
call
call
mov
call
call

mov

call

call
mov
call
call
mov
call
call

mov

50

ti,send

ti

Cc,p ;move parity to c
tb8,c ;for even parity

sbuf,a

r2,#06h
2,#11111110b
send
delay
a
r2,run_lef
a,#10011111b
send
delay
a,#01011111b
send
delay
a,#00011111b
send
delay
a,#00101111b
send
delay
a,#00110111b
send
delay
a,#00111011b
send
delay
a,#00111101b
send
delay

a,#00111110b



01B5 3172
01B7 314D
01B9 747E
01BB 3172
01BD 314D
01BF 74BE
01C1 3172
01C3 314D
01C5 80B7

01C7 315A
01C9 317E
0000=

bypass = 0147 delay = 014D
int2 =0114 int3 =011E
int7 = 0145 led = 0100

send = 0172

105
106
107
108
109
110
111
112
113
114
115
116
117

51

call send
call delay
mov a,#01111110b
call send
call delay
mov a,#10111110b
call send
call delay
jmp run
main: call initial
call run
end
delay1 = 014F delay2 = 0151 initial = 015A
int4 =0128 ints = 0132 int6 = 013C
main = 01C7 run = 017E run_lef = 0182



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology

0000 1 org 0000h
0000 02014D 2 jmp initial
000B 3 org 000bh
000B 020100 4 jmp led
0100 5 org 100h

6
0100 C28C 7 led: clr tr0
0102 C28D 8 clr  tf0
0104 D841 9 djnz r0,bypass
0106 B9000B 10 cjne r1,#00h,int2
0109 C2B2 11 clr  p3.2
010B D2B3 12 setb p3.3
010D D2B4 13 setb p3.4
010F D2BS 14 setb p3.5
011109 15 inc i
0112 8031 16 simp int7

17
0114 B90107 18 int2: cjne r1,#01h,int3
0117 D2B2 19 setb p3.2
0119 C2B3 20 clr p3.3
011B 09 21 inc 1
011C 8027 22 simp int7

23
011E B90207 24 int3: cjne r1,#02h,int4
0121 C2B4 25 clr p3.4
0123 D2B3 26 setb p3.3
012509 27 inc i
0126 801D 28 sjmp int7

29
0128 B90307 30 int4: cjne r1,#03n,int5
012B D284 31 setb p3.4

012D C2B5 32 clr p3.5



53

012F 09 33 inc r1
0130 8013 34 sjmp int7
35
0132 BS0407 36 int5: cjne  r1,#04h,int6
0135 D2B5 37 setb p3.5
0137 C2B4 38 clr p34
0139 09 39 inc  r1
013A 8009 40 simp int7
41
013C B90506 42 int6: cjne  r1,205h,int7
013F D2B4 43 setb p3.4
0141 C2B3 44 clr 3.3
0143 7900 45 mov  r1.00h
0145 7801 46 int7: mov r0z01h .delay for led
0147 758C10 47 bypass: mov  th0,7010h
014A D28C 48 setb tr0
CMC 32 49 reti
50
014D 7598D2 51 initial: - mov  scon,#11010010b ;9-bit
mode 3
0150 758921 52 mov  tmod,#21h ;t1 8-bit t0 16-bit
0153 75A882 53 mov  ie #82h ;int from t0
0156 758DE8 54 mov  th1,#0e8h ;baud 1200
0159 758C10 55 mov  th0,#010h
015C D28E 56 setb  tr1
015E D28C 57 setb  tr0
0160 7900 58 mov  r1,#00h ;set for select
led
0162 7801 59 mov  r0,#01h ;delay time for
led
0164 3098FD 60 receive: jnb  ri,S
0167 C298 61 clr i
0169 E599 62 mov  a,sbuf
016B A2D0 63 mov  C,p
016D 752000 64 mov  20h,#00n

0170 9200 65 mov  00h,c



0172 7400

0174 A29A

0176 92E0
0178 6520
017A B400OE7
017D E599
017F F590
0181 80E1
0000=

bypass = 0147 initial = 014D
int5 = 0132 int6 = 013C

66
67
68
69
70
71
72
3
74

mov
mov
mov

xrl

mov
jmp

end

o4

a.#00h

c.ro8

acc.0,c

a,20h
a,#00h,receive
a,sbuf

pla

receive

int2 = 0114 int3 = 011E int4 = 0128

int7 = 0145 led = 0100 receive = 0164
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Philips Semiconductors

Phase-locked loop

DESCRIPTION

Product specification
e g e P e e e e e

NE/SE564

PIN CONFIGURATIONS

The NE/SE564 is a versatile, high guaranteed frequency
phase-locked loop designed for operation up to 50MHz. As shown D, N Packages
in the Block Diagram, the NE/SE564 consists of a VCO, limiter, \ -
phase comparator, and post detection processor. V+ E 1_6J TTL OUTPUT
LOOP GAIN CONTROL E E] HYSTERESIS SET
FEATU,RES, ) INPUT TO PHASE COMP 4]
® QOperation with single 5V supply FROM VCO [14] ANALOG OUT
® TTL-compatible inputs and outputs LOOP FILTER E 13| FREQ. SET CAP
@ Guaranteed operation to 50MHz LOOP FILTER | 5 | 1_2, FREQ. SET CAP
@ External loop gain control FM/RF INPUT E 1» VCO OUT 2
@ Reduced carrier feedthrough BIAS FILTER E 1_(ﬂ Vi
® No elaborate filtering needed in FSK applications GND E E{ VCO OUT TTL
® Can be used as a modulator
@ Variable loop gain (externally controlled) TOP VIEW
SR01025
APPLICATIONS Figure 1. Pin Configuration
® High speed modems * Signaligeneiaiors
i
@ SK receivers and transmitters .
® Various satcom/TV systems
® Frequency Synthesizers
4 ey @ pin configuration
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
16-Pin Plastic Small Outline (SO) Package 0to +70°C NE564D SOT109-1
16-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NE564N SOT38-4
16-Pin Plastic Dual In-Line Package (DIP) -55to +125°C SE564N SOT38-4
BLOCK DIAGRAM
V+
e —— 0= O —— i — o ml
‘ 4 | 5 1 14 I
| PHASE |0, |
¢5 COMPARATOR |
I J) DC |
| C’>7 3 |ReTRIEVER |
Il ? 11 (
| 20— e |
0ST DETECTION
: 0O veo P PROCESSOR o i :
I T |
| 8
L 12 . _ _  —_- il
4)—— —0— —i
_ SR01026

1994 Aug 31

Figure 2. Block Diagram

853-0908 13720



Philips Semiconductors

Product specification

Phase-locked loop NE/SE564
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
V+ Supply voltage
Pin 1 14 \Y
Pin 10 6 \Y
louT Sink Max (Pin 9) and sourcing (Pin 11) 11 mA
Izias Bias current adjust pin (sinking) 1 mA
Po Power dissipation 600 mW
Operating ambient temperature
T NE 0to +70 °C
SE -55t0 +125 °C
TsTa Storage temperature range -65 to +150 s
NOTE:
Operation above 5V will require heatsinking of the case.
DC AND AC ELECTRICAL CHARACTERISTICS
Voo = 5V; Ta= 0to 25°C; fg = 5MHz, |, = 400uA; unless otherwise specified.
LIMITS LIMITS
SYMBOL PARAMETER TEST CONDITIONS SE564 NE564 UNITS
MIN TYP | MAX MIN TYP MAX
Maximum VCO frequency Cq =0 (stray) 50 65 45 60 MHz
Input > 200mVpms
Ta=25 C 40 70 40 70
To=125C 20 30 &
Lock range Ty =BG 50 80 % of fo
Ta=0°C 70
To=70C 40
Capture range Input > 200mVgps, Rp = 270 20 30 20 30 % of fo
fo=5MHz,
Tao=-55Cto+125C 500 1500
- Ta=010+70"C
VOO frequency drift with =010+70°C 600 PPM/OC
P fo=5MHz, 300 | 800
Tao=-55C to +125 C 500
Tpa=0t0+70C
) : Cq{=91pF
VCO free-running frequency Rc = 100Q “Internal” 4 5 6 3.5 5 6.5 MHz
VCO frequency change with _ o
supply voltage Ve =4.5V10 5.5V 3 8 3 8 % of fg
Modulation frequency: 1kHz
fo = 5MHz, input deviation:
e I 2 | mme
7T =28 mVReus
Demodulated output voltage 14T =0 Co 16 1; mVams
1%T =-55'C 6 10 8 mVams
1%T=70C 15 mVRuMs
1%T=125C 12 16 mVgeMms
Distortion Deviation: 1% to 8% 1 1 %
S/N Signal-to-noise ratio Std. condition, 1% to 10% dev. 40 40 dB
AM rejection Std. condition, 30% AM 35 35 dB
Modulation frequency: 1kHz
Demodulated output at oper- | fo = 5MHz, input deviation: 1% mVems
ating voltage Ve = 4.5V 7 12 7 12 mVgms
Vee = 5.5V 8 14 8 14
lcc Supply current Vee =5V 4, Lo 45 60 45 60 mA
Output .
wqn Vourt =5V, Pins 16, 9 1 20 1 20 HA
Ml el louT = 2MA, Pins 16, 8 03 | 06 03 | 06 v
P g IouT = 6MA, Pins 16, 9 04 | 08 04 | 08 v

1994 Aug 31



Philips Semiconductors Product specification
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 3. Typical Performance Characteristics

1994 Aug 31 3



Philips Semiconductors Product specification

Phase-locked loop NE/SE564

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Vp — PHASE COMPARATOR'S
OUTPUT VOLTAGE IN mV
A
800
VCO FREQUENCY
IBIAS = 2001A IN MHz
600 IBIAS = 400pA
IBIAS = 0HA 1.6 IBIAS = 8001A
IBIAS = 800HA
IBIAS = 00pA
400
1.4
fo = 1.0MHz
200 1.2
4
> 00 ; >
40 60 160 -400 -200 200 400 600 800
VpIN mV
0 - PHASE
-200 d ERROR IN ¢ .8
DEGREES
.6
-400
-600
-800
Variation of the Comparator’s Output Voltage VCO Output Frequency as a Function of
vs Phase Error and Bias Current (Kp) Input Voltage and Bias Current (Kg)
SR01028
Figure 4. Typical Performance Characteristics (cont.)
TEST CIRCUIT
+5V O i °
| 1 R3 § 1K
R1 ‘
| L —O VCo
. | 15 L 500 OUYPUT
3 F
INPUT T, ™ 16 @ P I
6 3 — — DEMODULATED
0.1uF 1K
Il 7 14|—————¢—0 OUTPUT
= 0.1uF—
5 R2 564 o W
|—“VV\/—'* 4 = —
430pF 1 o1
c2 R2
4| l_"\/\/\/—" 5 12 _,__:]—
—  430pF 8
|
SR01029

Figure 5. Test Circuit
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FUNCTIONAL DESCRIPTION

(Figure 6)

The NE564 is a monolithic phase-locked loop with a post detection
processor. The use of Schottky clamped transistors and optimized
device geometries extends the frequency of operation to greater
than 50MHz.

In addition to the classical PLL applications, the NE564 can be used
as a modulator with a controllable frequency deviation.

The output of the PLL can be written as shown in the following
equation:

(fin - fO) (1)

Vo= Kvco

Kyco = conversion gain of the VCO
fin = frequency of the input signal
fo = free-running frequency of the VCO

The process of recovering FSK signals involves the conversion of
the PLL output into logic compatible signals. For high data rates, a
considerable amount of carrier will be present at the output of the
PLL due to the wideband nature of the loop filter. To avoid the use
of complicated filters, a comparator with hysteresis or Schmitt trigger
is required. With the conversion gain of the VCO fixed, the output
voltage as given by Equation 1 varies according to the frequency
deviation of fjy from fo. Since this differs from system to system, it
is necessary that the hysteresis of the Schmitt trigger be capable of
being changed, so that it can be optimized for a particular system.
This is accomplished in the 564 by varying the voltage at Pin 15
which results in a change of the hysteresis of the Schmitt trigger.

For FSK signals, an important factor to be considered is the drift in
the free-running frequency of the VCO itself. If this changes due to
temperature, according to Equation 1 it will lead to a change in the
DC levels of the PLL output, and consequently to errors in the digital
output signal. This is especially true for narrowband signals where
the deviation in f itself may be less than the change in fg due to
temperature. This effect can be eliminated if the DC or average
value of the signal is retrieved and used as the reference to the
comparator. In this manner, variations in the DC levels of the PLL
output do not affect the FSK output.

VCO Section

Due to its inherent high-frequency performance, an emitter-coupled
oscillator is used in the VCO. In the circuit, shown in the equivalent
schematic, transistors Q21 and Q23 with current sources Q25 - Q26
form the basic oscillator. The approximate free-running frequency of
the oscillator is shown in the following equation:

1
02 53R (Cy +Co)

@)

Rc =Ryg= Rpo = 100Q (INTERNAL)
C4 =external frequency setting capacitor
Cg = stray capacitance

Variation of Vp (phase detector output voltage) changes the
frequency of the oscillator. As indicated by Equation 2, the
frequency of the oscillator has a negative temperature coefficient
due to the monolithic resistor. To compensate for this, a current Iy
with negative temperature coefficient is introduced to achieve a low
frequency drift with temperature.
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Phase Comparator Section

The phase detection processor consists of a doubled-balanced
modulator with a limiter amplifier to improve AM rejection.
Schottky-clamped vertical PNPs are used to obtain TTL level inputs.
The loop gain can be varied by changing the currentin Q4 and Qy5
which effectively changes the gain of the differential amplifiers. This
can be accomplished by introducing a current at Pin 2.

Post Detection Processor Section

The post detection processor consists of a unity gain
transconductance amplifier and comparator. The amplifier can be
used as a DC retriever for demodulation of FSK signals, and as a
post detection filter for linear FM demodulation. The comparator has
adjustable hysteresis so that phase jitter in the output signal can be
eliminated.

As shown in the equivalent schematic, the DC retriever is formed by
the transconductance amplifier Q5 - Q43 together with an external
capacitor which is connected at the amplifier output (Pin 14). This
forms an integrator whose output voltage is shown in the following
equation:

Vg = %% Vindt (3)

gm = transconductance of the amplifier
Co = capacitor at the output (Pin 14)
V|n = signal voltage at amplifier input

With proper selection of C», the integrator time constant can be
varied so that the output voltage is the DC or average value of the
input signal for use in FSK, or as a post detection filter in linear
demodulation.

The comparator with hysteresis is made up of Q49 - Qs With
positive feedback being provided by Q47 - Q4g. The hysteresis is
varied by changing the currentin Qsp with a resulting variation in the
loop gain of the comparator. This method of hysteresis control,
which is a DC control, provides symmetric variation around the
nominal value.

Design Formula
The free-running frequency of the VCO is shown by the following
equation:

fo= 2%Rs (101 +Bs) “
Rc = 100Q

Cq = external cap in farads

Cg = stray capacitance

The loop filter diagram shown is explained by the following equation:

1 s
fg = 11 sRCA SACs (First Order) (5)

R = Ry2 = Ry3 = 1.3kQ (Internal)*

By adding capacitors to Pins 4 and 5, a pole is added to the loop
transfer at

1 NOTE:
*Refer to Figure 6.
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Figure 6. Equivalent Schematic
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Figure 7. FM Demodulator at 5V
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APPLICATIONS

FM Demodulator

The NE564 can be used as an FM demodulator. The connections
for operation at 5V and 12V are shown in Figures 7 and 8,
respectively. The input signal is AC coupled with the output signal
being extracted at Pin 14. Loop filtering is provided by the
capacitors at Pins 4 and 5 with additional filtering being provided by
the capacitor at Pin 14. Since the conversion gain of the VCO is not
very high, to obtain sufficient demodulated output signal the
frequency deviation in the input signal should be 1% or higher.

Modulation Techniques

The NE564 phase-locked loop can be modulated at either the loop
filter ports (Pins 4 and 5) or the input port (Pin 6) as shown in Figure
9. The approximate modulation frequency can be determined from
the frequency conversion gain curve shown in Figure 10. This curve
will be appropriate for signals injected into Pins 4 and 5 as shown in

Figure 9.
| 12LOCK RANGE ADJUSTMENT
v 0.01uF
6L
T T T I = LOOP FILTER
0.01uF
FMINPUT ~ 0-A7pF LR ]—{ }
fo =5MHz o—1 |—0—] & 5| —o =
fp = 1kHz 1k ANALOG OUT
f—o—\ 7 15|——0 1kHz
0
BIAS — .01uF 564 r
FLTER  —o—r 3 14|64 PPicmion
0.1uF = FILTER
o—|1
13
8 10 9 12 [
! (L | l 80pF
o o o o
T ! fo = 5MHz
O1pF == i * FREQUENCY SET CAP
= 200 %k
o————0—0
12v SR01032

Figure 8. FM Demodulator at 12V

FSK Demodulation

The 564 PLL is particularly attractive for FSK demodulation since it
contains an internal voltage comparator and VCO which have TTL
compatible inputs and outputs, and it can operate from a single 5V
power supply. Demodulated DC voltages associated with the mark
and space frequencies are recovered with a single external
capacitor in a DC retriever without utilizing extensive filtering
networks. An internal comparator, acting as a Schmitt trigger with
an adjustable hysteresis, shapes the demodulated voltages into
compatible TTL output levels. The high-frequency design of the 564
enables itto demodulate FSK at high data rates in excess of 1.0M
baud.

Figure 10 shows a high-frequency FSK decoder designed for input
frequency deviations of +1.0MHz centered around a free-running
frequency of 10.8MHz. the value of the timing capacitance required
was estimated from Figure 8 to be approximately 40pF. A trimmer
capacitor was added to fine tune fo' 10.8MHz.
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Figure 9. Modulator

The lock range graph indicates that the +1.0MHz frequency
deviations will be within the lock range for input signal levels greater
than approximately 50mV with zero Pin 2 bias current. (While
strictly this figure is appropriate only for 50MHz, it can be used as a
guide for lock range estimates at other fo' frequencies).

The hysteresis was adjusted experimentally via the 10kQ
potentiometer and 2kQ bias arrangement to give the waveshape
shown in Figure 12 for 20k, 500k, 2M baud rates with square wave
FSK modulation. Note the magnitude and phase relationships of the
phase comparators’ output voltages with respect to each other and
to the FSK output. The high-frequency sum components of the input
and VCO frequency also are viable as noise on the phase
comparator’s outputs.

OUTLINE OF SETUP PROCEDURE

1. Determine operating frequency of the VCO: IF+ N in feedback
loop, then
fo =Nx le'

2. Calculate value of the VCO frequency set capacitor:

1

Co= 20015

3. Set |, (current sinking into Pin 2) for = 100pA. After operation is
obtained, this value may be adjusted for best dynamic behavior,

and replace with fixed resistor value of Ry = Vop — 13

BD
4. Check VCO output frequency with digital counter at Pin 9 of
device (loop open, VCO to ¢ det.). Adjust Cp trim or frequency
adj. Pins 4 - 5 for exact center frequency, if needed.
5. Close loop and inject input signal to Pin 6. Monitor Pins 3 and 6

with two-channel scope. Lock should occur with A¢g - g equal to
90° (phase error).
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6. If pulsed burst or ramp frequency is used for input signal, special 50% in duty cycle, DC offsets will occur in the loop which tend to
loop filter design may be required in place of simple single create an artificial or biased VCO.
capacitor filter on Pins 4 and 5. (See PLL application section) 8. For multiplier circuits where phase jitter is a problem, loop filter
7. The input signal to Pin 6 and the VCO feedback signal to Pin 3 capacitors may be increased to a value of 10 - 50uF on Pins 4,
must have a duty cycle of 50% for proper operation of the phase 5. Also, careful supply decoupling may be necessary. This
detector. Due to the nature of a balanced mixer if signals are not includes the counter chain V¢ lines.
BIAS 0.22uF  0.22pF
oy o__,ADI o =
+ T
» 310k L»
Fic i L 4 10K £4.2k
HYSTERESIS FS
- ADJUST —° OoUTPUT
2k
110 15 16
FSK 5 il ’
iNpUT 6
0.1uF 31k
‘ 14—
L T 7 = 10uF/8V
1K . NES64 i
. . 5100 o
NOTE: L5V O— it —] 9 12 __0-20pF
Use Rg.11 only if rise time is critical. =
5100 33pF
11 13—
300pF
—i— 4 g l—
R 1 N
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SR07034

Figure 10. 10.8MHz FSK Decoder Using the 564

1994 Aug 31 8



Philips Semiconductors Product specification

Phase-locked loop NE/SE564

I
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I I I
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1. Top trace =Pin 4
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Figure 11. Phase Comparator (Pins 4 and 5) and FSK (Pin 16) Outputs
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Figure 12. NE564 Phase-Locked Frequency Multiplier
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&National Semiconductor

CD4046BM/CD4046BC Micropower Phase-Locked Loop

General Description

The CD4046B micropower phase-locked loop (PLL) con-
sists of a low power, linear, voltage-controlled oscillator
(VCO), a source follower, a zener diode, and two phase
comparators. The two phase comparators have a common
signal input and a common comparator input. The signal
input can be directly coupled for a large voltage signal, or
capacitively coupled to the self-biasing amplifier at the sig-
nal input for a small voltage signal.

Phase comparator |, an exclusive OR gate, provides a digital
error signal (phase comp. | Out) and maintains 90° phase
shifts at the VCO center frequency. Between signal input
and comparator input (both at 50% duty cycle), it may lock
onto the signal input frequencies that are close to harmon-
ics of the VCO center frequency.

Phase comparator Il is an edge-controlled digital memory
network. It provides a digital error signal (phase comp. Il
Out) and lock-in signal (phase pulses) to indicate a locked
condition and maintains a 0° phase shift between signal in-
put and comparator input.

The linear voltage-controlled oscillator (VCO) produces an
output signal (VCO Out) whose frequency is determined by
the voltage at the VCOyy input, and the capacitor and resis-
tors connected to pin C14, C1g, R1 and R2.

The source follower output of the VCOyy (demodulator Out)
is used with an external resistor of 10 k2 or more.

November 1995

The INHIBIT input, when high, disables the VCO and source
follower to minimize standby power consumption. The zener
diode is provided for power supply regulation, if necessary.

Features

E Wide supply voltage range 3.0V to 18V

m Low dynamic 70 pW (typ.) at
power consumption fo = 10 kHz, Vpp = 5V

® VCO frequency 1.3 MHz (typ.) at Vpp = 10V

m Low frequency drift 0.06%/°C at Vpp = 10V
with temperature
®m High VCO linearity 1% (typ.)

Applications

FM demodulator and modulator
Frequency synthesis and multiplication
Frequency discrimination

Data synchronization and conditioning
Voltage-to-frequency conversion

Tone decoding

FSK modulation

Motor speed control

Block & Connection Diagrams
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Absolute Maximum Ratings (Notes 1&2)

If Military/Aerospace specified devices are required,

please contact the National

Semiconductor Sales

Office/Distributors for availability and specifications.

DC Supply Voltage (Vpp)
Input Voltage (Vin)

—0.5t0 +18 Vpg
—0.5to Vpp +0.5 Vpg

Recommended Operating
Conditions (Note?)

DC Supply Voltage (Vpp)

Input Voltage (Vin)

Operating Temperature Range (Ta)

3t015Vpg
0to VDD VDC

CD4046BM —55°Cto +125°C
Storage Temperature Range (Tg) —65°Cto +150°C CD40468C —40°C to +85°C
Power Dissipation (Pp)
Dual-In-Line 700 mW
Small Outline 500 mW
Lead Temperature (T|)
(Soldering, 10 seconds) 260°C
DC Electrical Characteristics co4o4eaM (Note 2)
=557 +25°C +125°C :
Symbol Parameter Conditions 250 Units
Min | Max | Min Typ | Max | Min | Max
oo Quiescent Device Current | Pin 5 = Vpp, Pin 14 = Vpp,
Pin 3, 9 = VSS
Vpp = 5V 5 0.005 5 150 | pA
Vpp = 10V 10 0.01 10 300 | pA
Vpp = 15V 20 0.015 | 20 600 | pA
Pin5 = Vpp, Pin 14 = Open,
Pin 3,2 = Vgg
Vpp = 5V 45 5 35 185 | pA
Vpp = 10V 450 20 350 650 | pA
Vpp = 15V 1200 50 900 1500 | pA
VoL Low Level Output Voltage | Vpp = 5V 0.05 0 0.05 0.05 \
Vpp = 10V 0.05 0 0.05 005| V
Vpp = 15V 0.05 0 0.05 005| V
VoH High Level Output Voltage | Vpp = 5V 4.95 4.85 5 4.95 \Y
Vpp = 10V 9.95 9.95 10 9.95 \
Vpp = 15V 14.95 14.95 15 14.95 \
ViL Low Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 1.5 226 1.5 1.5 \
Comparator and Signal In | Vpp = 10V, Vg = 1V or 9V 3.0 4.5 3.0 3.0 \
Vpp = 15V, Vg = 1.5V or 13.5V 4.0 6.25 4.0 4.0 \
Vil High Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2075 3.5 \Y
Comparator and Signal In | Vpp = 10V, Vg = 1V or 9V 7.0 7.0 55 7.0 "
Vpp = 15V, Vp = 1.5Vor13.5V| 11.0 11.0 8.25 11.0 Vv
loL Low Level Output Current | Vpp = 5V, Vg = 0.4V 0.64 0.51 0.88 0.36 mA
(Note 4) Vpp = 10V, Vg = 0.5V 1.6 1.3 2.25 0.9 mA
Vpp = 15V, Vp = 1.5V 4.2 3.4 8.8 2.4 mA
loH High Level Output Current | Vpp = 5V, Vg = 4.6V —0.64 —0.51| —0.88 —0.36 mA
(Note 4) Vpp = 10V, Vp = 9.5V —-1.6 ~13 1 —2.26 -0.9 mA
Vpp = 15V, Vg = 13.5V =42 —34| —-88 —24 mA
I Input Current All Inputs Except Signal Input
Vpp = 14V, Vy = 0V -0.1 -10-5| -0.1 —-1.0| pA
Vpp = 15V, V| = 15V 0.1 10-5 | 0.1 1.0 | pA
CiN Input Capacitance Any Input (Note 3) 7.5 pF
Pt Total Power Dissipation fo = 10 kHz, R1 = 1 MQ
R2 = oo, VCO[N = VDD/2
VDD = 5V 0.07 mwW
Vpp = 10V 0.6 mw
Vpp = 15V 2.4 mwW




DC Electrical Characteristics cp40468cC (Note 2)

—40°C +25°C +85°C .
Symbol Parameter Conditions Units
Min | Max | Min Typ | Max | Min | Max
Ibp Quiescent Device Current |Pin5 = Vpp, Pin 14 = Vpp,
Pin 3,9 = Vgg
Vpp = 5V 20 0.005 | 20 150 | pA
Vpp = 10V 40 0.01 40 300 | pA
Vpp = 15V 80 0.015 | 80 600 | pA
Pin5 = Vpp, Pin 14 = Open,
Pin3,9 = Vgs
Vpp = 5V 70 5 58 205 | pA
Vpp = 10V 530 20 410 710 | pA
Vpp = 15V 1500 50 1200 1800 | nA
VoL Low Level Output Voltage | Vpp = 5V 0.05 0 0.05 0.05| V
Vpp = 10V 0.05 0 0.05 0.05| V
Vpp = 15V 0.05 0 0.05 005| V
VoH High Level Output Voltage | Vpp = 5V 4.95 4.95 5 4.95 \
Vpp = 10V 2,95 9.95 10 9.95 \Y
Vpp = 15V 14.95 14.95 15 14.95 \Y
ViL Low Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 \"
Comparator and Signal In |Vpp = 10V, Vg = 1V or 9V 3.0 4.5 3.0 3.0 \
Vpp = 15V, Vg = 1.5V or 13.5V 4.0 6.25 4.0 4.0 v
Vin High Level Input Voltage |Vpp = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 \
Comparator and Signal In |Vpp = 10V, Vg = 1V or 9V 7.0 7.0 5.5 7.0 \Y
Vpp = 15V, Vo = 1.5Vor13.5V| 11.0 11.0 8.25 11.0 \
loL Low Level Output Current |Vpp = 5V, Vo = 0.4V 0.52 0.44 0.88 0.36 mA
(Note 4) Vpp = 10V, Vg = 0.5V 1.3 14 2.25 0.9 mA
Vpp = 15V, Vp = 1.5V 3.6 3.0 8.8 2.4 mA
loH High Level Output Current | Vpp = 5V, Vo = 4.6V —0.52 —0.44| —0.88 —0.36 mA
(Note 4) Vpp = 10V, Vg = 9.5V -1.3 -1.1] —2.25 -0.9 mA
Vpp = 15V, Vg = 13.5V ~3.6 -30| —-88 —-2.4 mA
N Input Current All Inputs Except Signal Input
Vpp = 15V, V|y = 0V -0.3 -10-5| -0.3 —-1.0| pA
Vpp = 15V, V|y = 15V 0.3 10-5 | 0.3 1.0 | pA
Cin Input Capacitance Any Input (Note 3) 7.5 pF
Pt Total Power Dissipation fo = 10 kHz, R1 = 1 MQ,
R2 = oo, VCO|N = VDD/2
Vpp = 5V 0.07 mw
Vpp = 10V 0.6 mwW
VDD =15V 2.4 mwW

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The table of “Recommended Operating Conditions™ and “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Vgg = OV unless otherwise specified.

Note 3: Capacitance is guaranteed by periodic testing.

Note 4: oy and lg are tested one output at a time.




AC Electrical Characteristics™® cp40468M/CD40468C T4 = 25°C, G = 50 pF

Symbol I Parameter Conditions I MinT Typ | Max ‘ Units
VCO SECTION
Ibp Operating Current fo = 10 kHz, R1 = 1 MQ,
R2 = o, VCO|y = Vpp/2
Vpp = 5V 20 RA
Vpp = 10V 90 pA
Vpp = 15V 200 RA
fmax Maximum Operating Frequency C1 = 50 pF, R1 = 10 kQ,
R2 = o0, VCO|N = VDD
Vpp = 5V 0.4 0.8 MHz
Vpp = 10V 0.6 1.2 MHz
Vpp = 15V 1.0 1.6 MHz
Linearity VCOy = 2.5V 0.3V,
R1 > 10kQ, Vpp = 5V 1 %
VCOp = 5V 2.5V,
R1 > 400 kQ, Vpp = 10V 1 %
VCO = 7.5V +5V,
R1 > 1MQ, Vpp = 15V 1 %
Temperature-Frequency Stability %/°Cec1/f.Vpp
No Frequency Offset, fyyn = 0 R2 = oo
Vpp = 5V 0.12-0.24 %/°C
Vpp = 10V 0.04-0.08 %/°C
Vpp = 15V 0.015-0.03 %/°C
Frequency Offset, fiyn = 0 Vpp = 5V 0.06-0.12 %/°C
Vpp = 10V 0.05-0.1 %/°C
Vpp = 15V 0.03-0.06 %/°C
VCOn Input Resistance Vpp = 5V 106 MQ
Vpp = 10V 106 MQ
Vpp = 15V 106 MO
VCO Output Duty Cycle Vpp = 5V 50 %
Vpp = 10V 50 %
Vpp = 15V 50 %
tTHL VCO Output Transition Time Vpp = 5V 90 200 ns
tTHL Vpp = 10V 50 100 ns
Vpp = 15V 45 80 ns

*AC Parameters are guaranteed by DC correlated testing.




AC Electrical Characteristics™ cp40468M/CD40468C T4 = 25°C, C = 50 pF (Continued)

Symbol J Parameter I Conditions I Min l Typ I Max J Units
PHASE COMPARATORS SECTION
Rin Input Resistance
Signal Input Vpp = 5V 1 3 MQ
Vpp = 10V 0.2 0.7 MQ
Vpp = 15V 0.1 0.3 MQ
Comparator Input Vpp = 5V 106 MQ
Vpp = 10V 106 MQ
Vpp = 16V 106 MQ
AC-Coupled Signal Input Voltage Csemigs = 1000 pF
Sensitivity f = 50 kHz
Vpp = 5V 200 400 mV
Vpp = 10V 400 800 mv
Vpp = 15V 700 1400 mv
DEMODULATOR OUTPUT
VCON— Offset Voltage RS > 10k, Vpp = 5V 1.50 2.2 \
VDEM RS = 10 k2, Vpp = 10V 1.50 2.2 \
RS = 50 kQ, Vpp = 15V 1.50 2.2 v
Linearity RS = 50 k2
VCOy = 2.5V 0.3V, Vpp = 5V 0.1 %
VCO = 5V 2.5V, Vpp = 10V 0.6 %
VCO = 7.5V +5V, Vpp = 15V 0.8 %
ZENER DIODE
Vz Zener Diode Voltage Iz =50 nA 6.3 7.0 i Y
Rz Zener Dynamic Resistance Iz=1mA 100 0

“AC Parameters are guaranteed by DC correlated testing.




Phase Comparator State Diagrams
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Typical Waveforms
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FIGURE 3. Typical Waveform Employing Phase
Comparator I in Locked Condition
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FIGURE 4. Typical Waveform Employing Phase
Comparator Il in Locked Condition




Typical Performance Characteristics

Typical Center Frequency vs C1
07 for R1 = 10 kQ2, 100 k2 and 1 M2
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FIGURE 5a

Typical Frequency vs C1
for R2 = 10 kQ, 100 k2 and 1 MQ
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Note: To obtain approximate total power dissipation of PLL system for no-signal input: Phase Comparator |, Pp (Total) = Pp (fo) + Pp (fmin) + Pp (Rs); Phase
Comparator Il, Pp (Total) = Pp (fpin)-
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Typical Performance Characteristics (continued)

1 04 Typical fpax/fmin vs R2/R1

S e D 5 imesl
"

Er— e 1A = 257C 3

1fMAX WHEN VCOn = Vo t
fmin WHEN VCOypy = Vgs |

103

4

fmax/fmin
=
N

il
10 e
pD =5V
1 = il M
0.01 0.1 1 10 102
R2/R1
TL/F/5968-14
FIGURE 5C
Typical VCO Power Dissipation
108 at Center Frequency vs R1
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FIGURE 6a

Note: To obtain approximate total power dissipation of PLL system for no-signal input: Phase Comparator |, Pp (Total) = Pp (f5) + Pp (fuin) + Pp (Rg); Phase

Comparator Il, Pp (Total) = Pp (fmin)-
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Typical Performance Characteristics (continued)

Typical VCO Power Dissipation at fyn vs R2
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Note: To obtain approximate total power dissipation of PLL system for no-signal input: Phase Comparator |, Pp (Total) = Pp (fo) + Pp (fuin) + Pp (Rs); Phase
Comparator Il, Pp (Total) = Pp (fuin)-




Typical Performance Characteristics (continued)
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FIGURE 7. Typical VCO Linearity vs R1 and C1

Note: To obtain approximate total power dissipation of PLL system for no-signal input: Phase Comparator I, Pp (Total) = Pp (fo) + Pp (fuin) + Pp (Rg); Phase
Comparator I, Pp (Total) = Pp (fpin)-




Design Information

This information is a guide for approximating the value of
external components for the CD40468B in a phase-locked-

loop system. The selected external components must be
within the following ranges: R1, R2 > 10 k2, Rg = 10 kQ,

In addition to the given design information, refer to Figure 5
for R1, R2 and C1 component selections.

C1 2 50 pF.
Using Phase Comparator | Using Phase Comparator Il
Characteristics : -
\'[ele} Wlthi)ut Offset VCO With Offset vco Wlthi)ut Offset VCO With Offset
R2 = =« R2 = o
VCO Frequency

oy - -+ MAX - Twax 7 4 Max i

fo H fo 21
— | i i S 4

fMin
o [~ 21

N
Voo’ Voo
VCO INPUT VOLTAGE

TL/F/5968-7

Vpp/2 Vop
VCO INPUT VOLTAGE

TL/F/5968-8

fe 21,

!

i
Voo? Voo
VCO INPUT VOLTAGE

TL/F/5968-9

Vopi? Voo
VEO INPUT VOLTAGE

TL/F/5968-10

For No Signal Input

VCO in PLL system will adjust
to center frequency, fo

VCO in PLL system will adjust to
lowest operating frequency, fmin

Frequency Lock

2 f_ = full VCO frequency range

Range, 2 f|_ 2fL = fmax — fmin
Frequency Capture .. S
Range, 2 fg

@ 1 2 fL

a3 e 2fn = —
I = ™ 7l
TL/F/5968-11

Loop Filter oAl or fo =1
Component
Selection " For 2 fg, see Ref.

'”'%:,

TL/F/5968-12

Phase Angle Between
Single and Comparator

90° at center frequency (f,), approximating
0° and 180° at ends of lock range (2 f|)

Always 0% in lock

Locks on Harmonics Yes No
of Center Frequency
Signal Input Noise High Low
Rejection
VCO Component Given: fo. Given: fo and fi.. Given: fax. Given: fmin and fmax.
Selagton Use fo with Calculate fyin Calculate f, from Use fmin with
Figure 5a to from the equation the equation Figure 5b to
determine R1 PR ¢ £ determine R2 and C1.
and C1. min = lo — L fly = il ;
Use fmin with Figure 5b 2 Calculate 2%,
to determine R2 and C1. | Use f, with Figure 5a to min
determine R1 and C1. fmax ...
f
Calculate -m2% Use - with Figure ¢
in to det i i
; o determine ratio
fromithequation R2/R1 to obtain R1.
fmax _ fo+ L
frin fo =1L
f
Use ™ with Figure 5¢
min
to determine ratio R2/
R1 to obtain R1.
References

G.S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965.
Floyd Gardner, “Phaselock Techniques”, John Wiley & Sons, 1966.
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Physical Dimensions inches (milimeters)
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Order Number CD4046BMJ or CD4046BCJ
NS Package Number J16A




CD4046BM/CD4046BC Micropower Phase-Locked Loop

Physical Dimensions inches (milimeters) (Continued)

, 0.740 = 0.780 005
18.80- 19.81 0.090
¢ ) ey (2.286)
INDEX
AREA
0.250£0.010
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PIN NO. 1 PIN NO. 1
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Order Number CD4046BMN or CD4046BCN
NS Package Number N16E

LIFE SUPPORT POLICY
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DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:
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LM567/LM567C Tone Decoder

General Description

The LM567 and LM567C are general purpose tone decod-
ers designed to provide a saturated transistor switch to
ground when an input signal is present within the passband.
The circuit consists of an | and Q detector driven by a volt-
age controlled oscillator which determines the center fre-
quency of the decoder. External components are used to
independently set center frequency, bandwidth and output
delay.

Features

m 20 to 1 frequency range with an external resistor

H Logic compatible output with 100 mA current sinking
capability

February 1995

m Bandwidth adjustable from 0 to 14%

m High rejection of out of band signals and noise

B Immunity to false signals

| Highly stable center frequency

m Center frequency adjustable from 0.01 Hz to 500 kHz

Applications

®H Touch tone decoding

| Precision oscillator

B Frequency monitoring and control
m Wide band FSK demodulation

u Ultrasonic controls )

® Carrier current remote controls

m Communications paging decoders

Connection Diagrams

Metal Can Package

ouTPUT

UTPUT
FILTER o GND
Loop TIMING
FILTER CAPACITOR

TIMING
RESISTOR

TL/H/6975-1

Top View

Order Number LM567H or LM567CH
See NS Package Number HO8C

Dual-In-Line and Small Outline Packages

i 8
oureuT — 0UTPUT
DETECTOR
Loop _2 LT cno
FILTER é— vco
3 6
INPUT 0 PHaSH l— TIMING
OETECTOR CAPACITOR
ot 4 | 5 TIMING
—— RESISTOR

TL/H/6975-2
Top View
Order Number LM567CM
See NS Package Number MOSA

Order Number LM567CN
See NS Package Number NOSE

©1995 National Semiconductor Corporation  TL/H/6375
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,

please contact the National

Semiconductor Sales

Office/Distributors for availability and specifications.

Supply Voltage Pin

Power Dissipation (Note 1)
Vg )

V3

Va

Storage Temperature Range

Operating Temperature Range
LM567H
LM567CH, LM567CM, LM567CN

oV

1100 MW

15V

—10v

V4 + 0.5V
—65°C to +150°C

—55°Cto +125°C
0°Cto +70°C

Soldering Information
Dual-In-Line Package

Soldering (10 sec.) 260°C
Small Outline Package

Vapor Phase (60 sec.) 215°C

Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Electrical Characteristics ac Test Circuit, T4 = 25°C, v+ = 5v

. LM567 LM567C/LM567CM | .
Parameters Conditions - Units
Min| Typ |Max| Min Typ Max |
Power Supply Voltage Range 4.75 5.0 9.0 | 4.75 5.0 9.0 | \
Power Supply Current Ry = 20k 6 8 7 10 | FA
Quiescent |
Povyer Supply Current RL = 20k 11 13 12 15 mA
Activated
Input Resistance 18 20 15 20 kQ
Smallest Detectable Input Voltage IL=100mA, f; = f, 20 25 20 25 | mVrms
Largest No Output Input Voltage Ic = 100 mA, fi = f, 10 15 10 15 mVrms
Largest Simultaneous Outband Signal to 6 5 a8
Inband Signal Ratio
Minimum Input Signal to Wideband Bn = 140 kHz |
i i -6 —6 | dB
Noise Ratio |
Largest Detection Bandwidth 12 14 16 10 14 18 | % of fg
Largest Detection Bandwidth Skew 1 | % of f,,
Largest Detection Bandwidth Variation with 401 0.1 | o0
Temperature i
Largest Detection Bandwidth Variation with | 4.75 — 6.75V +1 49 +1 +5 | %V
Supply Voltage |
Highest Center Frequency 100 500 100 500 | kHz
Center Frequency Stability (4.75-5.75V) 0<Ta<70 35 * 60 35 £60 | ppm/°C
—55 < Tp < +125 35 + 140 35 + 140 | ppm/°C
Center Frequency Shift with Supply Voltage | 4.75V — 6.75V 0.5 1.0 0.4 2.0 % /V
4.75V — 9V 2.0 2.0 %!V
Fastest ON-OFF Cycling Rate fo/20 fo/20
Output Leakage Current Vg = 15V 0.01 25 0.01 25 nA
Output Saturation Voltage e = 25mV, lg = 30 mA 0.2 0.4 0.2 0.4 v
e =25mV, lg = 100 mA 0.6 1.0 0.6 1.0
Output Fall Time 30 30 ns
Output Rise Time 150 150 ns

Note 1: The maximum junction temperature of the LM567 and LM567C is 150°C. For operating at elevated temperatures, devices in the TO-5 package must be
derated based on a thermal resistance of 150°C/W, junction to ambient or 45°C/W, junction to case. For the DIP the device must be derated based on a thermal
resistance of 110°C/W, junction to ambient. For the Small Outline package, the device must be derated based on a thermal resistance of 160°C/W, Junction to

ambient.

Note 2: Refer to RETS567X drawing for specifications of military LM567H version.




Schematic Diagram

a4
Vo ’ '
RS 3 R3S RI0Z AN 3R21
GD—-4
20
Q14 a1
= R25
a8 021
9 a6
% 017 018
o |
:RZZ
o v
3 ¢ g 1 b
o CED 3] Re5
034035 36 Q37 047046 045 044
< 61
R30 l
Reg Q48 —o
> R29 2k SRR o f
l un)-ovw—«
o ]
49
21K
032 —AA—
06
[ oa 8
@ L J kﬂ Q62
~ ] [ ez
02 0} A26 A2 L_l
o i 40 \
5 R34
s
039
an 8
38
28
7
[eg & ®

TL/H/6975-3




Typical Performance Characteristics

Typical Frequency Drift Typical Bandwidth Variation Typical Frequency Drift
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Typical Applications

05 pf ——-I

Touch-Tone Decoder
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Component values (typ)
R1 6.8 to 15k
R2 4.7k

1336 Hz

ot
T

e

LMSET

|||—-)
‘ v

R3 20k

C1 0.10 mfd
C2 1.0 mfd 6V
C3 2.2 mid 6V
C4 250 mfd 6V
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-
.H!_‘_
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Typical Applications (continued)

Oscillator with Quadrature Output Oscillator with Double Frequency Output
+

6

gigh 4 e
T E?

Ry R
: 1
_L—_ 3 LMS67 8 I.J_L LMS67 8 ﬂ_n_n_r o
}——90

TL/H/6975-6 TL/H/6975-7
Connect Pin 3 to 2.8V to Invert Output

Precision Oscillator Drive 100 mA Loads

o

vCo

TERMINAL

(+6%)

Re
ST
= = TL/H/6975-8
AC Test Circuit Applications Information
5v The center frequency of the tone decoder is equal to the

free running frequency of the VCO. This is given by
1

f
o or- ° 7 11R¢Cy
R - 2.4K 0033 The bandwidth of the filter may be found from the approxi-
mation

I

s 7 p 5 = BW—1070‘/OCZ in % of f
Where:
1 2 3 4 V; = Input voltage (volts rms), V; < 200 mV
1uf C, = Capacitance at Pin 2 (uF)
.02 .005 .01 E
= T SIGNAL sV
G G Syt

TL/H/6975-9

fi = 100 kHz + 5V
“Note: Adjust for f, = 100 kHz.




Physical Dimensions inches (milimeters)
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LM567/LM567C Tone Decoder
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Features

¢ Compatible with MCS-51™ Products

° 2K Bytes of Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

2.7V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-Level Program Memory Lock

128 x 8-Bit Internal RAM

15 Programmable 1/0 Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-Chip Analog Comparator

Low Power Idle and Power Down Modes

Description

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2K Bytes of Flash programmable and erasable read only memory (PEROM). The
device is manufactured using Atmel’s high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set. By combining
a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C2051 is a pow-
erful microcomputer which provides a highly flexible and cost effective solution to
many embedded control applications.

The AT89C2051 provides the following standard features: 2K Bytes of Flash, 128
bytes of RAM, 15 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscillator
and clock circuitry. In addition, the AT89C2051 is designed with static logic for opera-
tion down to zero frequency and supports two software selectable power saving
modes. The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial
port and interrupt system to continue functioning. The Power Down Mode saves the
RAM contents but freezes the oscillator disabling all other chip functions until the next
hardware reset.

Pin Configuration

PDIP/SOIC
/

RST/VPP (] 1 20 [J vCe

(RXD) P3.0 ] 2 19 [0 P1.7

(TXD) P3.1 ] 3 18 [J P1.6

XTAL2 ] 4 17 |7 P1.5

XTAL1 ] 5 16 |2 P1.4

(INTO) P3.2 | 6 15 |1 P1.3

(INT1) P3.3 ] 7 14 [ P1.2
(To) P3.4 | 8 13 |2 P1.1 (AIN1)
(T1) P35 9 12 [ P1.0 (AINO)

GND C] 10 11 [0 pP3.7

AImEL

IMEL

8-Bit
Microcontroller
with 2K Bytes
Flash

AT89C2051

0368D-B-12/97
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Block Diagram
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Pin Description

Vee

Supply voltage.
GND

Ground.

Port 1

Port 1is an 8-bit bidirectional 1/O port. Port pins P1.2 to
P1.7 provide internal pullups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
(AINO) and the negative input (AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
buffers can sink 20 mA and can drive LED displays directly.
When 1s are written to Port 1 pins, they can be used as
inputs. When pins P1.2 to P1.7 are used as inputs and are
externally pulled low, they will source current (I, ) because
of the internal pullups.

Port 1 also receives code data during Flash programming
and verification.

Port 3

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional 1/0
pins with internal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a general purpose I/O pin. The Port 3 output buffers can
sink 20 mA. When 1s are written to Port 3 pins they are
pulled high by the internal pullups and can be used as
inputs. As inputs, Port 3 pins that are externally being
pulled low will source current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C2051 as listed below:

Port Pin Alternate Functions
P3.0 RXD (serial input port)

| P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INTT (external interrupt 1)
P3.4 TO (timer 0 external input)
P3.5 T1 (timer 1 external input)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. All I/O pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine cycles
while the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.
XTAL1

Input to the inverting oscillator amplifier and input to the
nternal clock operating circuit.

AIMEL

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Figure 1. Oscillator Connections

c2
- T XTAL2
—
L
C1 T
o—)| ® XTALA1
@ GND

Note:  C1,C2 =230 pF + 10 pF for Crystals

=40 pF + 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC —————— XTAL2

EXTERNAL
OSCILLATOR XTALA
SIGNAL
— GND

|1|”
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in the table below.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will always be 0.

Table 1. AT89C2051 SFR Map and Reset Values

OF8H OFFH
OFOH B OF7H
00000000
OE8H OEFH
OEOH ACC 0E7H
00000000
abgi ODFH
0DOH PSW 0OD7H
00000000
0C8H 0CFH
0COH 0C7H
0B8H P OBFH
XXX00000
0BOH P3 0B7H
11111111
0A8H I1E 0AFH
0XX00000
0AOH 0A7H
98H SCON SBUF 9FH
00000000 XXXXXXXX
90H P1 97H
11111111
88H TCON TMOD TLO TL1 THO TH1 8FH
00000000 00000000 00000000 00000000 00000000 00000000
80H SP DPL DPH PCON 87H
00000111 00000000 00000000 0XXX0000
1-18 AT89C2051 me—————————————
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Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
member of Atmel’s growing family of microcontrollers. It
contains 2K bytes of flash program memory. It is fully com-
patible with the MCS-51 architecture, and can be pro-
grammed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind when
utilizing certain instructions to program this device.

All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which is
2K for the AT89C2051. This should be the responsibility of
the software programmer. For example, LUIMP 7EQOH would
be a valid instruction for the AT89C2051 (with 2K of mem-
ory), whereas LJMP 900H would not.

1. Branching instructions:
LCALL, LUMP, ACALL, AUMP, SUMP, JMP @A+DPTR

These unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that the
destination branching address must fall within the physical
boundaries of the program memory size (locations 00H to
7FFH for the 89C2051). Violating the physical space limits
may cause unknown program behavior.

CJNE[...], DINZ...], JB, JNB, JC, JNC, JBC, JZ, JNZ With
these conditional branching instructions the same rule
above applies. Again, violating the memory boundaries
may cause erratic execution.

For applications involving interrupts the normal interrupt
service routine address locations of the 80C51 family archi-
tecture have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data mem-
ory. Thus, in the AT89C2051 the stack depth is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is exter-
nal PROGRAM memory execution. Therefore, no MOVX
[...] instructions should be included in the program.

A typical 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. ltis the responsibility of the controller user to
know the physical features and limitations of the device
being used and adjust the instructions used correspond-

ingly.

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

Lock Bit Protection Modes("

ATmEL

Program Lock Bits
LB1 LB2 Protection Type
1 u U No program lock features.
2 P U Further programming of the Flash
is disabled.
3 P P Same as mode 2, also verify is
disabled.
Note: 1. The Lock Bits can only be erased with the Chip Erase
operation.
Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

P1.0 and P1.1 should be set to ’0’ if no external pullups are
used, or setto "1’ if external pullups are used.

It should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before Ve is
restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

P1.0 and P1.1 should be set to '0’ if no external pullups are
used, or setto ’1” if external pullups are used.
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Programming The Flash

The AT89C2051 is shipped with the 2K bytes of on-chip
PEROM code memory array in the erased state (i.e., con-
tents = FFH) and ready to be programmed. The code mem-
ory array is programmed one byte at a time. Once the array
is programmed, to re-program any non-blank byte, the
entire memory array needs to be erased electrically.

Internal Address Counter: The AT89C2051 contains an
internal PEROM address counter which is always reset to
000H on the rising edge of RST and is advanced by apply-
ing a positive going pulse to pin XTAL1.

Programming Algorithm: To program the AT89C2051,
the following sequence is recommended.

1. Power-up sequence:
Apply power between Vs and GND pins
Set RST and XTAL1 to GND

2. Setpin RSTto 'H’
Set pin P3.2to'H’

3. Apply the appropriate combination of "H’ or ’L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of the
programming operations shown in the PEROM Pro-
gramming Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1.0 to
P1.7.

5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM array
or the lock bits. The byte-write cycle is self-timed and
typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V to
logic'H’ level and set pins P3.3 to P3.7 to the appropiate
levels. Output data can be read at the port P1 pins.

8. To program a byte at the next address location, pulse
XTAL1 pin once to advance the internal address counter.
Apply new data to the port P1 pins.

9. Repeat steps 5 through 8, changing data and advancing
the address counter for the entire 2K bytes array or until
the end of the object file is reached.

10.Power-off sequence:
set XTAL1 to 'L’
set RST to 'L’

Tumn Ve power off

Data Polling: The AT89C2051 features Data Polling to
indicate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on P1.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

4-20

Ready/Busy: The Progress of byte programming can also
be monitored by the RDY/BSY output signal. Pin P3.1 is
pulled low after P3.2 goes High during programming to indi-
cate BUSY. P3.1 is pulled High again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed code data can be read back via the data lines
for verification:

1. Reset the internal address counter to 000H by bringing
RST from 'L’ to 'H’.

2. Apply the appropriate control signals for Read Code data
and read the output data at the port P1 pins.

3. Pulse pin XTAL1 once to advance the internal address
counter.

4. Read the next code data byte at the port P1 pins.

5. Repeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the

lock bits is achieved by observing that their features are

enabled.

Chip Erase: The entire PEROM array (2K bytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all “1”s in the Chip
Erase operation and must be executed before any non-
blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(000H) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 89C2051

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.



Flash Programming Modes

Mode RST/VPP P3.2/PROG P3.3 P3.4 P3.5 P3.7

Write Code Data("® 12V L H H H
—~

Read Code Data(") H H

Write Lock Bit - 1 12V H H
R

Bit - 2 12v H H L L

=

Chip Erase 12V @) H L L L
=\

Read Signature Byte H H L L L L

Notes: 1.
XTAL 1 pin.

2. Chip Erase requires a 10-ms PROG pulse.
3. P3.1is pulled Low during programming to indicate RDY/BSY,

Figure 3. Programming the Flash Memory

5V
AT89C2051 T
RDY/BSY <«— P3.1 Veo —r!
PROG PGM
PROG —
0 —>»{ P32 P1 |« ST
[——» P33
SEEFLASH | p34
PROGRAMMING -
MODES TABLE | » P35
sl P37
[ ——» XTAL RST (¢ V,/Vyp
TO INCREMENT GND
ADDRESS COUNTER

Figure 4. Verifying the Flash Memory

The internal PEROM address counter is reset to 000H on the rising edge of RST and is advanced by a positive pulse at

5V

AT89C2051 T

oo -

v P1 PGM
[—> P33
SEEFLASH | | p34
PROGRAMMING
MODES TABLE | ——p{ P35
—p P37
] ] xTAU =1yl —

GND
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Flash Programming and Verification Characteristics
Ta = 0°C t070°C, Vg = 5.0 + 10%

Symbol Parameter Min Max Units
Vpp Programming Enable Voltage 11.5 12.5 \Y
Ipp Programming Enable Current 250 pHA
tovaL Data Setup to PROG Low 1.0 us
tGHDX Data Hold After PROG 1.0 Us
teHsH P3.4 (ENABLE) High to Vpp 1.0 us
tsHGL Vpp Setup to PROG Low 10 us
tGHSL Vpp Hold After PROG 10 us
taLgH PROG Width 1 110 us
teLqv ENABLE Low to Data Valid 1.0 us
tenaz Data Float After ENABLE 0 1.0 us
taHBL PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
tBHIH RDY/BSY\ to Increment Clock Delay 1.0 us
i Increment Clock High 200 ns
Note: 1. Only used in 12-volt programming mode.
Flash Programming and Verification Waveforms
— ——— |
PORT 1 DATA IN DATA OUT ]
»tovaL  foHox < [
P3.2
(PROG) B 5
e "ﬂ tanst i
\
|
il o Vee L I\ LOGIC 1 ’
Ve ] " _LOGIC 0 !
— tensn
P3.4
(ENABLE) E—
topeL —>
P31
(RDY/BSY)
XTALA1
(INCREMENT
ADDRESS)
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Absolute Maximum Ratings*

Operating TeMPerature .............coo.oeereenrenne. -55°C to +125°C "NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
Storage TeMPerature ..c.uvass cosssssasssmessisensss -65°C to +150°C age to the device. This is a stress rating only and

functional operation of the device at these or any

Voltage on Any Pin other conditions beyond those indicated in the

with Respect to Ground ..........ccccceeeeiviiiieeinenn.n. -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage.........ccooveeviiiiiiieiieeiee e 6.6V conditions for extended periods may affect device
reliability.
DC Output CUITENt.....ovviiiiiiiicic e 25.0 mA
DC Characteristics
Tp=-40°Cto 85°C, Vg = 2.0V to 6.0V (unless otherwise noted)
Symbol Parameter Condition Min Max Units
ViL Input Low Voltage =0:5 0.2Vgp-0.1
ViH Input High Voltage (Except XTAL1, RST) 0.2Vge+0.9 Veo + 0.5 Vv
Vin1 Input High Voltage (XTAL1, RST) 0.7 Ve Voo + 0.5 \Y
VoL Output Low Voltage(") loL =20 mA, Vg =5V 0.5 Vv
(Ports 1, 3) IO]_ =10 mA, VCC =27V
Vou Output High Voltage lon =-80 pHA, Voo =5V £ 10% 2.4
(Ports 1, 3) lon = -30 A 0.75 Vg
IOH =-12 }J.A 0.9 VCC
i Logical O Input Current Vin = 0.45V -50 A
(Ports 1, 3)
I Logical 1 to 0 Transition Current Vin=2V, Veo =5V £ 10% -750 UA
(Ports 1, 3)
I Input Leakage Current 0<V)y<Vee =10 LA
(Port P1.0, P1.1)
Vos Comparator Input Offset Voltage | Vg =5V 20 mV
Veum Comparator Input Common 0 Vee \Y
Mode Voltage
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T = 25°C 10 pF
lcc Power Supply Current Active Mode, 12 MHz, V¢ = 6V/3V 15/5.5 mA
Idle Mode, 12 MHz, V¢ = 6V/3V 5/1 mA
P1.0 & P1.1 =0V or V¢
Power Down Mode(® Voo = 6V P1.0 & P1.1 =0V or Vg 100 LA
Vcc=3V P1.0&P1.1=0Vor VCC 20 I.lA
Notes: 1. Under steady state (non-transient) conditions, I must be externally limited as follows:

Maximum lg_ per port pin: 20 mA

Maximum total I for all output pins: 80 mA

If 1oL exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.

2. Minimum V¢ for Power Down is 2V.
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External Clock Drive Waveforms

t teHex
CHEK toron —* — < fonoL
Ve - 0.5V
~— 0.7 Vg < |
~— 0.2 V- 0.1V
¥ tolox —* |
|
e toLoL g
External Clock Drive
Symbol Parameter Veo = 2.7V to 6.0V Vce = 4.0V to 6.0V Units
Min Max Min Max
1tcLeL Oscillator Frequency 0 12 0 24 MHz
toLoL Clock Period 83.3 416 ns
toHex High Time 30 15 ns
toLex Low Time 30 w 15 ns
toLoH Rise Time i 20 ‘ 20 ns
tcHoL Fall Time | 20 20 ns
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Serial Port Timing: Shift Register Mode Test Condltlons
(Ve = 5.0V £20%; Load Capacitance = 80 pF)

Symbol Parameter 12 MHz Osc Variable Oscillator Units
Min Max Min Max

txxL Serial Port Clock Cycle Time 1.0 12tc oL Us

tQuxH Output Data Setup to Clock Rising Edge 700 10tg c-133 ns

txHAQX Output Data Hold After Clock Rising Edge 50 o117 ns

txHDX Input Data Hold After Clock Rising Edge 0 0 ns

txHDV Clock Rising Edge to Input Data Valid 700 10tg o -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION 0 1 - = a B
ae o'ttt Npliplinlinlin Maliniinli)
i & ""1 teixe
CLocK S N [ U N D N
tquxH «—o
j 3 e tXH]‘QX
WRITE TO SBUF, N_ 0 1] 2 3 4 5 6 7
v “‘.“’j F txHox A
OUTPUT DATA oy SETTI |
COLEARRL, T S i @ @ @ @ @S b
v
INPUT DATA SETRI l
AC Testing Input/Output Waveforms'!)  Float Waveforms!(!)
Voo - 08V 0.2 Vg + 0.9V - oL &1V
TEST POINTS VLOAD Timing Reference
Points
045V 70727!7@77 0 1V ) - Vioao oLt 01V

Note: 1. AC Inputs during testing are driven at Vg - 0.5V for Note: 1. Fortiming purposes, a port pin is no longer float-

a logic 1 and 0.45V for a logic 0. Timing measure- ing when a 100 mV change from load voltage
ments are made at Vi min. for a logic 1 and V,_ occurs. A port pin begins to float when 100 mV
max. for a logic 0. change frothe loaded Vo/Vo level occurs.
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ATMEL

AT89C2051
TYPICAL ICC - ACTIVE (85°C)

20

Vce=6.0V

c Vce=5.0V
c 10 - -
Vce=3.0V
m
A ’//
0 6 12 18 24
FREQUENCY (MHz)
AT89C2051
TYPICAL ICC - IDLE (85°C)
3
Vce=6.0V

I /
2
c Vce=5.0V
c /
1
A
Vce=3.0V

0
0 3 6 9 12

FREQUENCY (MHz)

AT89C2051
TYPICAL ICC vs. VOLTAGE- POWER DOWN (85°C)

20

3.0V 4.0V 5.0V 6.0V
Vcec VOLTAGE

Notes: 1. XTAL1 tied to GND for I (power down)
2. P10andP1.1=Vgcor GND
3. Lock bits programmed
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 2.7V to 6.0V AT89C2051-12PC 20P3 Commercial
AT89C2051-12SC 20S (0°C to 70°C)
AT89C2051-12PI 20P3 Industrial
AT89C2051-12SI 20S (-40°C to 85°C)
AT89C2051-12PA 20P3 Automotive
AT89C2051-125A 20S (-40°C to 105°C)
24 4.0V to 6.0V AT89C2051-24PC 20P3 Commercial
AT89C2051-24SC 20S (0°C to 70°C)
AT89C2051-24PI 20P3 Industrial
AT89C2051-24SI 20S (-40°C to 85°C)
Package Type
20P3 20 Lead, 0.300” Wide, Plastic Dual In-line Package (PDIP)
20S 20 Lead, 0.300” Wide, Plastic Gull Wing Small Outline (SOIC)

AIMEL
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