MC74HC4046A

Phase-Locked Loop
High—Performance Silicon—-Gate CMOS

The MC74HCA4046A is similar in function to the MC14046 Metal

gate CMOS device. The device inputs are compatible with standard ON Samiconductor
CMOS outputs; with pullup resistors, they are compatible with
LSTTL outputs. http://onsemi.com
The HC4046A phase-locked loop contains three phase
comparators, a voltage—controlled oscillator (VCO) and unity gain MARKING
DIAGRAMS

op—amp DEMyyT. The comparators have two common signal inputs,
COMPIN, and SIGN. Input SIGN and COMRpN can be used directly

coupled to large voltage signals, or indirectly coupled (with a series ,\T';:JPF é& MC74HCA046AN
capacitor to small voltage signals). The self-bias circuit adjusts smaII16 CASE 648 AWLYYWW

voltage signals in the linear region of the amplifier. Phase comparator 1
> SO-16
® D SUFFIX HC4046A
CASE751B Lo AWLYWW

1 (an exclusive OR gate) provides a digital error signal@ gt and
1

maintains 90 degrees phase shift at the center frequency between
SIGIN and COMRpN signals (both at 50% duty cycle). Phase
comparator 2 (with leading—edge sensing logic) provides digital error
signals PC@yT and PClyT and maintains a 0 degree phase shift
between SI@y and COMRY signals (duty cycle is immaterial). The

16
AAAAAR

linear VCO produces an output signal V6QT whose frequency is
: . - . TSSOP-16 HC40
determined by the voltage of input V@@ signal and the capacitor DT SUFFIX 46A
and resistors connected to pins C1A, C1B, R1 and R2. The unity gain CASE 948F o ALYW
op—amp output DENMyyT with an external resistor is used where the ! lHHHHHH
VCOJN signal is needed but no loading can be tolerated. The inhibit 16
input, when high, disables the VCO and all op—amps to minimize SOEIAL16 mininlninininisi
standby power consumption. F SUFF_IX 74HC4046B
Applications include FM and FSK modulation and demodulation, 16 CASE 966 |o AWLYWW
frequency synthesis and multiplication, frequency discrimination, 1 OooOoooood
tone decoding, data synchronization and conditioning, L
voltage—to—frequency conversion and motor speed control. A = Assembly Location
. - WL = Wafer Lot
* Output Drive Capability: 10 LSTTL Loads YY = Year
¢ Low Power Consumption Characteristic of CMOS Devices WW = Work Week
* Operating Speeds Similar to LSTTL
* Wide Operating Voltage Range: 3.0 to0 6.0 V
* Low Input Current: 1.QuA Maximum (except SI@y and COMRN) ORDERING INFORMATION
* In Compliance with the Requirements Defined by JEDEC Standarfi Device Package | Shipping
IIEIO. A _ c Maxi VCO disabled MC74HC4046AN PDIP-16 | 2000/ Box
o :
H(I)V\;](,g\lw_esclent urrentham a_anurr (M D|sa_ ed) MC74HC4046AD SOIC-16 48 / Rail
?g oise mmumty Characteristic of CMOS Devices MC74HCAO46ADR2 SoIC16 | 2500/ Reel
* Diode Protection on all Inputs
¢ Chip Complexity: 279 FETs or 70 Equivalent Gates METARCAOAOAT SOICEIA) | See Bote
P plexity- q MC74HC4046AFEL | solc-EIAl | SR (i

1. Fororderinginformation onthe EIAJ vellgl%rig’f(ﬂwe
SOIC packages, please contact your local ON
Semiconductor representative.
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MC74HC4046A

Pin No. Symbol Name and Function
1 PCPouUT Phase Comparator Pulse Output
2 PClouT Phase Comparator 1 Output
3 COMP|N Comparator Input
4 VCOouT VCO Output
5 INH Inhibit Input
6 C1A Capacitor C1 Connection A
7 CiB Capacitor C1 Connection B
8 GND Ground (0 V) Vsg
9 VCOIN VCO Input
10 DEMouT Demodulator Output
11 R1 Resistor R1 Connection
12 R2 Resistor R2 Connection
13 PC20ouT Phase Comparator 2 Output
14 SIGIN Signal Input
15 PC3ouT Phase Comparator 3 Output
16 Vce Positive Supply Voltage

MAXIMUM RATINGS*

PIN ASSIGNMENT

PCPut [ 1@ 16 [I vee
PCloyt [ 2 15 [1 PC3qyt
compPi [ 3 14 1 siGj,
VCOqut [ 4 13 [1 PC2qyt
INH [ 5 1221 R2
CiA[l 6 uflr
ciBl7 10 [1 DEMgyt
G\D [ 8 9 [ veoip

*Maximum Ratings are those values beyond which damage to the device may occur.

Functional operation should be restricted to the Recommended Operating Conditions.

tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) -05to+7.0 \Y circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15toVcc+15 \Y fields. However, precautions must
be taken to avoid applications of any
V, DC Output Vol Ref d to GND -05t0Vec+05| V
out utput Voltage (Referenced to ) o Vee voltage higher than maximum rated
lin DC Input Current, per Pin +20 mA voltages to this high—-impedance cir-
- cuit. For proper operation, Vj, and
lout DC Output Current, per Pin +25 mA Vout should be constrained to the
Icc DC Supply Current, Vcc and GND Pins +50 mA range GND = (Vjpor Vout) <= Vcc.
P P Dissination in Stll Ai Plastic DIP 750 W Unused inputs must always be
D ower Dissipation in Stll Air SOIC?DS“Ck T 00 m tied to an appropriate logic voltage
ackaget > level (e.g., either GND or Vc().
Tstg | Storage Temperature - 65to + 150 °C Unused outputs must be left open.
TL Lead Temperature, 1 mm from Case for 10 Seconds °C
Plastic DIP and SOIC Packaget 260

For high frequency or heavy load considerations, see Chapter 2 of the ON Semiconductor High—Speed CMOS Data Book (DL129/D).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage (Referenced to GND) 3.0 6.0 \Y,
Vce DC Supply Voltage (Referenced to GND) NON-VCO 2.0 6.0 \%

Vin, Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vce \Y

TA Operating Temperature, All Package Types -55 | +125 | °C

tr, t Input Rise and Fall Time Vcc =20V 0 1000 | ns
(Pin 5) Vcec =45V 0 500
Vcc=6.0V 0 400
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[Phase Comparator Section]

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

MC74HC4046A

Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions Volts 25°C <85°C <125°C | Unit
VIH Minimum High-Level Input Vout=0.1VorVcc-0.1V 2.0 15 15 15 \Y
Voltage DC Coupled |loutl < 20 pA 4.5 3.15 3.15 3.15
SIG|N, COMP|N 6.0 4.2 4.2 4.2
VL Maximum Low—Level Input Vout=0.1VorVcc-0.1V 2.0 0.5 0.5 0.5 \Y
Voltage DC Coupled |loutl < 20 pA 4.5 1.35 1.35 1.35
SIG|N, COMP|N 6.0 1.8 1.8 1.8
VoH | Minimum High-Level Vin = V|H or V| 2.0 1.9 1.9 1.9 \Y
Output Voltage |loutl < 20 pA 4.5 4.4 4.4 4.4
PCPouT. PCnouT 6.0 5.9 5.9 5.9
Vin=VIH orViL
llout! < 4.0 mA 45 3.98 3.84 3.7
|loutl 5.2 mA 6.0 5.48 5.34 5.2

[Phase Comparator Section]
DC ELECTRICAL CHARACTERISTICS — continued (Voltages Referenced to GND)

(continued)

Guaranteed Limit
Vce —-55t0
Symbol Parameter Test Conditions Volts 25°C <85°C <125°C | Unit
VoL Maximum Low-Level Vout=0.1VorvVcc-0.1V 2.0 0.1 0.1 0.1 \
Output Voltage Qa—Qh |loutl =20 pA 4.5 0.1 0.1 0.1
PCPouT, PCnouT 6.0 0.1 0.1 0.1
Vin=VIH or Vi
|loutl 4.0 mA 45 0.26 0.33 0.4
lloutl 5.2 mA 6.0 0.26 0.33 0.4
lin Maximum Input Leakage Cur- Vin =Vcc or GND 2.0 +3.0 +4.0 +5.0 MA
rent 3.0 +7.0 +9.0 +11.0
SIG|N, COMP|N 45 +18.0 +23.0 +27.0
6.0 +30.0 +38.0 +45.0
loz Maximum Three—State Output in High—-Impedance State 6.0 +0.5 +5.0 +10 pA
Leakage Current Vin = Vi or V|
PC2ouT Vout = Vcc or GND
Icc Maximum Quiescent Supply Vin = Ve or GND 6.0 4.0 40 160 HA
Current (per Package) |loutl = 0 pA
(VCO disabled)
Pins 3, 5and 14 at Vcc
Pin 9 at GND; Input Leakage
at
Pins 3 and 14 to be excluded

NOTE: Information on typical parametric values can be found in Chapter 2 of the ON Semiconductor High—Speed CMOS Data Book
(DL129/D).

[Phase Comparator Section]

AC ELECTRICAL CHARACTERISTICS (Cp =50 pF, Input t; = tf = 6.0 ns)

Guaranteed Limit
vVee
Symbol Parameter Volts —-55t025°C <85°C <125°C | Unit
tPLH. Maximum Propagation Delay, SIG|N/COMP|N to PCloyT 2.0 175 220 265 ns
tPHL (Figure 1) 4.5 35 44 53
6.0 30 37 45
tPLH, Maximum Propagation Delay, SIG)N/COMP|N to PCPouT 2.0 340 425 510 ns
tPHL (Figure 1) 4.5 68 85 102
6.0 58 72 87
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[Phase Comparator Section]
AC ELECTRICAL CHARACTERISTICS (Cp =50 pF, Input t; = tf = 6.0 ns)

MC74HC4046A

tPLH: Maximum Propagation Delay, SIG;N/COMP|N to PC3pyT 2.0 270 340 405 ns
tPHL (Figure 1) 4.5 54 68 81
6.0 46 58 69
tpLZ, Maximum Propagation Delay, SIG)N/COMP|N Output 2.0 200 250 300 ns
tPHZ Disable Time to PC2pyT (Figures 2 and 3) 45 40 50 60
6.0 34 43 51
tpZH, Maximum Propagation Delay, SIG;N/COMP|N Output 2.0 230 290 345 ns
tpzL Enable Time to PC2oyT (Figures 2 and 3) 4.5 46 58 69
6.0 39 49 59
tTLH, Maximum Output Transition Time 2.0 75 95 110 ns
tTHL (Figure 1) 4.5 15 19 22
6.0 13 16 19
[VCO Section]
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vce -55t0
Symbol Parameter Test Conditions Volts 25°C <85°C <125°C Unit
VIH Minimum High—Level Vout=0.1VorVcc-0.1V 3.0 21 21 2.1 \
Input Voltage |loutl <20 pA 4.5 3.15 3.15 3.15
INH 6.0 4.2 4.2 4.2
VL Maximum Low-Level Vout=0.1VorVecc-0.1V 3.0 0.90 0.9 0.9 \%
Input Voltage |loutl < 20 pA 4.5 1.35 1.35 1.35
INH 6.0 1.8 1.8 1.8
VoH Minimum High—-Level Vin=ViHqor V| 3.0 1.9 1.9 1.9 \%
Output Voltage |loutl < 20 pA 4.5 4.4 4.4 4.4
VCOouT 6.0 5.9 5.9 5.9
Vin=VIHor Vi
|lout 4.0 mA 4.5 3.98 3.84 3.7
lloutl 5.2 mA 6.0 5.48 5.34 5.2
VoL Maximum Low-Level Vout=0.1VorVcc-0.1V 3.0 0.1 0.1 0.1 \
Output Voltage |loutl <20 pA 4.5 0.1 0.1 0.1
VCOouT 6.0 0.1 0.1 0.1
Vin=V|Hor Vi
|loutl 4.0 mA 4.5 0.26 0.33 0.4
|loutl 5.2 mA 6.0 0.26 0.33 0.4
lin Maximum Input Vin =Vcc or GND 6.0 0.1 1.0 1.0 MA
Leakage Current
INH, VCO|N
Min | Max | Min | Max | Min | Max
VWeo Operating Voltage Range at | INH =V 3.0 0.1 1.0 0.1 1.0 0.1 1.0 \Y
IN[vco over the range 45 [ 01 | 25 [01 |25 |01 | 25
specified for R1; For 6.0 0.1 4.0 0.1 4.0 0.1 4.0
linearity see Fig. 15A,
Parallel value of R1 and R2
should be > 2.7 kQ
R1 Resistor Range 3.0 3.0 300 3.0 300 3.0 300 kQ
4.5 3.0 | 300 | 3.0 [ 300 | 3.0 | 300
6.0 3.0 | 300 | 3.0 | 300 | 3.0 | 300
R2 3.0 3.0 | 300 | 3.0 | 300 | 3.0 | 300
4.5 3.0 | 300 | 3.0 | 300 | 3.0 | 300
6.0 3.0 | 300 | 3.0 [ 300 | 3.0 | 300
C1 Capacitor Range 3.0 40 No pF
4.5 40 Limit
6.0 40
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[VCO Section]
AC ELECTRICAL CHARACTERISTICS (C =50 pF, Input t; = tf = 6.0 ns)

MC74HC4046A

Guaranteed Limit

-55t025°C <85°C <125°C
Vce
Symbol Parameter Volts Min | Max | Min | Max | Min | Max | Unit
AfIT Frequency Stability with 3.0 %/K
Temperature Changes 4.5
(Figure 13A, B, C) 6.0
fo VCO Center Frequency 3.0 3 MHz
(Duty Factor = 50%) 4.5 11
(Figure 14A, B, C, D) 6.0 13
AfVCO | VCO Frequency Linearity 3.0 See Figures 15A, B, C %
4.5
6.0
0VCO | Duty Factor at VCOQuT 3.0 Typical 50% %
4.5
6.0
[Demodulator Section]
DC ELECTRICAL CHARACTERISTICS
Guaranteed Limit
-55t025°C <85°C <125°C
vVce
Symbol Parameter Test Conditions Volts Min | Max | Min | Max | Min | Max | Unit
RS Resistor Range At RS > 300 kQ the 3.0 50 300 kQ
Leakage Current can 4.5 50 300
Influence VDEMoyT 6.0 50 300
VOEE Offset Voltage Vi=VVCO|N =1/2 Vs 3.0 See Figure 12 mVv
VCO|N to VDEMouyT Values taken over RS 45
Range. 6.0
RD Dynamic Output VDEMoyT =1/2 Vce 3.0 Typical 25 Q Q
Resistance at DEMoyT 45
6.0
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SIG)N, COMP|\

INPUTS

PCPouT, PClouTt

PC3ouTt
OUTPUTS

SIG|N
INPUT

COMP|N

PC2ouT
OUTPUT

50%

—>  IPHL

90%
50%

10%

MC74HC4046A

SWITCHING WAVEFORMS

tTHL_> |—

Figure 1.

10%

Figure 3.

—Vce
v SIG|N
ce INPUT
— GND
—— GND Vee
tPLH |[<*— COMP|N
INPUT \
— GND
—V
PC20uT 90% OH
OUTPUT HIGH
— TLH
Figure 2.
Vee
TEST POINT
GND
OUTPUT
Vee DEVICE
UNDER
TEST o
— GND ]:
HIGH =
IMPEDANCE
*INCLUDES ALL PROBE AND JIG CAPACITANCE
— VoL

Figure 4. Test Circuit
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MC74HC4046A

DETAILED CIRCUIT DESCRIPTION up to Vfef of the comparators, the oscillator logic flips the
capacitor which causes the mirror to charge the opposite side

Voltage Controlled Oscillator/Demodulator Output of the capacitor. The output from the internal logic is then
The VCO requires two or three external components 10 (5 en to VVCO output (Pin 4).

operate. These are R1, R2, C1. Resistor R1 and Capacitor C1 1, input to the VCO is a very high impedance CMOS
are selected to determine the center frequency of the VCQp 5t and thus will not load down the loop filter, easing the
(see typical performance curves Figure 14). R2 can be use@jiers design. In order to make signals at the VCO input
to set the offset frequency with 0 volts at VCO input. For 4..essible without degrading the loop performance, the

example, if R2 is decreased, the offset frequency isy,co inputvoltage is buffered through a unity gain Op—amp
increased. If R2 is omitted the VCO range is from O Hz. The {5 pemod Output. This Op—amp can drive loads of 50K

effect of R2 is shown in Figure 24, typical performance ,pms or more and provides no loading effects to the VCO
curves. By increasing the value of R2 the lock range of theinlout voltage (see Figure 12).

PLL is increased and the gain (vqlts/Hz) is decrea_sed. Th.us, An inhibitinputis provided to allow disabling of the VCO
for a narrow lock range, large swings on the VCO inputwill 54 a1 op-amps (see Figure 5). This is useful if the internal

cause less frequency variation. VCO is not being used. A logic high on inhibit disables the

Internally, the resistors set a currentin a current mirror, as\;cq  and  all Op-amps, minimizing standby power
shown in Figure 5. The mirrored current drives one side of consumption. ’

the capacitor. Once the voltage across the capacitor charges

VREF I
(1) B
MIRROR
lh+1p=13

ST
5
S
N, e el

DEMODoyT
Vref -

o—

Figure 5. Logic Diagram for VCO

The output of the VCO is a standard high speed CMOSfeed external prescalers (counters) to enable frequency
output with an equivalent LS—TTL fan out of 10. The VCO synthesis.
output is approximately a square wave. This output can
either directly feed the COMR of the phase comparators or

http://onsemi.com
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MC74HC4046A

Phase Comparators outputs of these comparators are essentially standard 74HC

All three phase comparators have two inputs,|§lénd outputs (comparator 2 is TRI-STATEABLE). In normal
COMPN. The SIGN and COMRN have a special DC bias  operation \bcand ground voltage levels are fed to the loop
network that enables AC coupling of input signals. If the filter. This differs from some phase detectors which supply
signals are not AC coupled, standard 74HC input levels area current to the loop filter and should be considered in the
required. Both input structures are shown in Figure 6. Thedesign. (The MC14046 also provides a voltage).

Vec

=||: PC2out

PCPouT

PC3ouT

—{>o > 15

PCloyut
1
Figure 6. Logic Diagram for Phase Comparators

Phase Comparator 1 two input signals must be in phase. When the input

This comparator is a simple XOR gate similar to the frequencyisfax the VCO inputmustbeicandthe phase
74HCS8G6. Its operation is similar to an overdriven balanced detector inputs must be 180 degrees out of phase.
modulator. To maximize lock range the input frequencies

must have a 50% duty cycle. Typical input and output - § | | |
IGIN

waveforms are shown in Figure 7. The output of the phase
detector feeds the loop filter which averages the output ; | | |
. . COMP|N
voltage. The frequency range upon which the PLL will lock
onto if initially out of lock is defined as the capture range. pc]_OUTJ | | | | | | |_
The capture range for phase detector 1 is dependent on the — Vce
. . VCQN\v///\\\V///\\\\///A\\\///A\
loop filter design. The capture range can be as large as the GND
lock range, which is equal to the VCO frequency range.

To see how the detector operates, refer to Figure 7. When
two square wave signals are applied to this comparator, an
output waveform (whose duty cycle is dependent on the ) ) . )
phase difference between the two signals) results. As the The XOR is more susceptible to locking onto harmonics

phase difference increases, the output duty cycle increaseS’ the SIGN Fhan the digital phase detector 2. F.or instance,
and the voltage after the loop filter increases. In order to@ Signal 2 times the VCO frequency results in the same

achieve lock when the PLL input frequency increases, thelutput duty cycle as a signal equal to the VCO frequency.

VCO input voltage must increase and the phase difference! N€ difference is that the output frequency of the 2f example
between COMRy and SIGN will increase. At an input is twice that of the other example. The loop filter and VCO

frequency equal torfin, the VCO input is at 0 V. This range _should be designed to prevent locking on to
requires the phase detector output to be grounded; hence, tHaarmonics.

Figure 7. Typical Waveforms for PLL Using
Phase Comparator 1

http://onsemi.com
8



MC74HC4046A

Phase Comparator 2 and will cause the output to go high until the VCO leading
This detector is a digital memory network. It consists of edge is seen, potentially for an entire BiGeriod. This
four flip—flops and some gating logic, a three state output would cause the VCO to speed up during that time. When
and a phase pulse output as shown in Figure 6. Thisusing PQ, the output of that phase detector would be
comparator acts only on the positive edges of the inputdisturbed for only the short duration of the noise spike and
signals and is independent of duty cycle. would cause less upset.
Phase comparator 2 operates in such a way as to force the
PLL into lock with 0 phase difference between the VCO Phase Comparator 3 _ _
output and the signal input positive waveform edges. Figure This is a positive edge-triggered sequential phase
8 shows some typical loop waveforms. First assume thatdetector using an RS flip—flop as shown in Figure 6. When
SIG|\ is leading the COM;. This means that the VCO's  the PLL is using this comparator, the loop is controlled by
frequency must be increased to bring its leading edge intoPOSitive signal transitions and the duty factors of 5§ @nd
proper phase alignment. Thus the phase detector 2 output i§OMPIN o o
set high. This will cause the loop filter to charge up the VCO &ré notimportant. It has some similar characteristics to the
input, increasing the VCO frequency. Once the leading eO|geedge sen_smve comparator. To see how this detector works,
of the COMRY is detected, the output goes TRI-STATE @ssume input pulses are applied to the |§iGand
holding the VCO input at the loop filter voltage. If the VCO COMPIN’s as shown in Figure 9. When the $i@3eads the
still lags the SIGy then the phase detector will again charge COMPIN, the flop is set. This will charge the loop filter and
up the VCO input for the time between the leading edges ofc@use the VCO to speed up, bringing the comparator into
both waveforms. phase with the SIf§). The phase angle between §iGnd
If the VCO leads the SI then when the leading edge of COMPIN varies from 0 to 360 and is 180 at fo. The
the VCO is seen; the output of the phase comparator goe¥oltage swing for Pg is greater than for PL but
low. This discharges the loop filter until the leading edge of consequently has more ripple in the signal to the VCO.
the SIG is detected at which time the output disables itself Whenno SIGy is presentthe VCO will be forced ip4xas
again. This has the effect of slowing down the VCO to again ©PP0sed torhin when PQ is used.
make the rising edges of both waveforms coincidental. The operating characteristics of all three phase
When the PLL is out of lock, the VCO will be running Comparators should be compared to the requirements of the
either slower or faster than the $iG If itis running slower ~ System design and the appropriate one should be used.
the phase detector will see more §{Gising edges and so

the output of the phase comparator will be high a majority SKWI\___I\_ . I\_
of the time, raising the VCO'’s frequency. Conversely, if the
; e o $ comp—4 L4 ____4& 1

VCO is running faster than the §iKg the output of the — Ve
detector will be low most of the time and the VCO’s output  P¢20UT 7
frequency will be decreased. HIGH IMPEDANCE OFF-STATE GND

As one can see, when the PLL is locked, the output of vcopy—" N
phase comparator 2 will be disabled except for minor PCPout ml L]
corrections at the leading edge of the waveforms. When PC
is TRI—STATED_, the PCP output is h|gh. This output can be Figure 8. Typical Waveforms for PLL Using
used to determine when the PLL is in the locked condition. Phase Comparator 2

. . . S parator

This detector has several interesting characteristics. Over
the entire VCO frequency range there is no phase difference
between the COMRR| and the SI@y. The lock range of the SIGy £ | 4 | i L
PLL is the same as the capture range. Minimal power was COMPIN A | A | A
consumed in the loop filter since in lock the detector output =
is a high impedance. When no $\ds present, the detector ~ PC3out | | | I-_ Ve
will see only VCO leading edges, so the comparator output VCON \/\/\/\_ oD

will stay low, forcing the VCO toghin.

Phase comparator 2 is more susceptible to noise, causing
the PLL to unlock. If a noise pulse is seen on thggl&e Figure 9. Typical Waveform for PLL Using
comparator treats it as another positive edge of thenSIG Phase Comparator 3

http://onsemi.com
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MC74HC4046A
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Figure 10. Input Resistance at SIG |, COMPN with
AV|=1.0V at Self-Bias Point

DEMOD OUT

6.0

Vcg=6.0 V Rg=300 k
VC?:G.O V Rg=50 k

VDEMouT

|
V=45V Rg=300 k
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Figure 12. Offset Voltage at Demodulator Output as
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Figure 13B. Frequency Stability versus Ambient
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Figure 11. Input Current at SIG |, COMP|N with
AV| =500 mV at Self-Bias Point
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Figure 13C. Frequency Stability versus Ambient
Temperature: V cc =6.0V
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APPLICATION INFORMATION

The following information is a guide for approximate values of R1, R2, and C1. Figures 19, 20, and 21 should be used as
references as indicated below, also the values of R1, R2, and C1 should not violate the Maximum values indicated in the DC
ELECTRICAL CHARACTERISTICS tables.

Phase Comparator 1 Phase Comparator 2 Phase Comparator 3
Rp =0 Rp # = Rp =0 Rp # Rp = Rp # =
* Given fO * Given f0 and fL * Given fjax and f0 | « Given fO and fL * Given fjax and f0 | « Given fO and fL
 Use fO with * Calculate fmjn  Determine the * Calculate fjn  Determine the « Calculate fjn:
Figure 19 to fmin = fO-fL value of R1 and fmin = fO-fL value of R1 and fmin = fO-fL
determine R1and | . petermine values C1 using Figure « Determine values C1 using Figure « Determine values
ClL. of Cland R2 from | 19and use Figure of Cland R2 from | 19and Figure 21 of C1 and R2 from
(see Figure 23 for Figure 20. 21 to obtain 2fL. Figure 20. to obtain 2fL and Figure 20.
characteristics of ) and then use this ) then use this to )
’ * Determine R1-C1 to calculate fi ¢ Determine R1-C1 calculate fri ¢ Determine R1-C1
the VCO operation) from Figure 21. min- from Figure 21. min- from Figure 21.
* Calculate value of * Calculate value of « Calculate value of
R1 from the value R1 from the value R1 from the value
of C1 and the of C1 and the of C1 and the
product of R1C1 product of R1C1 product of R1C1
from Figure 21. from Figure 21. from Figure 21.
(see Figure 24 for (see Figure 24 for (see Figure 24 for
characteristics of characteristics of characteristics of
the VCO operation) the VCO operation) the VCO operation)

PACKAGE DIMENSIONS

PDIP-16
N SUFFIX
CASE 648-08
ISSUE R
NOTES:
— 1. DIMENSIONING AND TOLERANCING PER ANSI
Mevftirarracyyrl Y14.5M, 1982.
o S 2. CONTROLLING DIMENSION: INCH.
% 3. DIMENSION L TO CENTER OF LEADS WHEN
D B FORMED PARALLEL.
e} 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
T 8 # 5. ROUNDED CORNERS OPTIONAL.
I 4 INCHES MILLIMETERS
DIM [ MIN [ MAX | MIN | MAX
—C fe— L T A | 0.740 | 0770 | 18.80 | 19.55
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NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: MILLIMETER.

. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.
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MILLIMETERS INCHES
MIN MAX MIN | MAX
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1.35 175 | 0.054 | 0.068
0.35 049 | 0.014 | 0.019
0.40 1.25 | 0.016 | 0.049
1.27BSC 0.050 BSC
0.19 0.25 | 0.008 | 0.009
0.10 0.25 | 0.004 | 0.009
0° 7° 0° 7°
5.80 6.20 | 0.229 | 0.244
0.25 050 | 0.010 | 0.019

=
=

;U'ngi—tm'r\oﬁlﬂ}‘

NOTES:
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3. DIMENSION A DOES NOT INCLUDE MOLD FLASH.
PROTRUSIONS OR GATE BURRS. MOLD FLASH OR
GATE BURRS SHALL NOT EXCEED 0.15 (0.006) PER
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4. DIMENSION B DOES NOT INCLUDE INTERLEAD
FLASH OR PROTRUSION. INTERLEAD FLASH OR
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5. DIMENSION K DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR PROTRUSION
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DIMENSION AT MAXIMUM MATERIAL CONDITION.

6. TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.
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PACKAGE DIMENSIONS

SOEIAJ-16
F SUFFIX
PLASTIC EIAJ SOIC PACKAGE
CASE 96601 NOTES:
ISSUE O 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS D AND E DO NOT INCLUDE
Fm m m m m m m L MOLD FLASH OR PROTRUSIONS AND ARE

MEASURED AT THE PARTING LINE. MOLD FLASH
OR PROTRUSIONS SHALL NOT EXCEED 0.15

L
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DETAIL P

(0.006) PER SIDE.
4. TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.

THE LEAD WIDTH DIMENSION (b) DOES NOT
INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08 (0.003)
TOTAL IN EXCESS OF THE LEAD WIDTH
DIMENSION AT MAXIMUM MATERIAL CONDITION.
DAMBAR CANNOT BE LOCATED ON THE LOWER
RADIUS OR THE FOOT. MINIMUM SPACE
BETWEEN PROTRUSIONS AND ADJACENT LEAD
TO BE 0.46 ( 0.018).

MILLIMETERS INCHES
c | DIM[ MIN [ MAX [ MIN [ MAX
A — [ 205 — [ o081
{ Ap | 005 | 020 | 0.002 | 0.008
b 035 | 050 [ 0.014 | 0.020
f c 018 | 027 [ 0007 | 001
D 9.90 | 1050 [ 0.390 | 0.413
E 510 | 545 [ 0.201 | 0.215
e 1.27BSC 0.050 BSC
He | 740 | 820 [ 0.201 | 0.323
L 050 | 085 [ 0.020 | 0.033
Lg | 110 | 150 [ 0.043 | 0.059
M 0°] 10° 0° | 10°
Q; | 070 | 090 [ 0.028 | 0.035
z — [ o[ —T[o03
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