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Abstract

This project is to study using AC line to transmit/receiver data signal. It is separated
in two parts as follows: First part. sending part, deal with Voltage Control Oscillator which is a
carrier signal generator for modulating data signal with carrier signal in AC line. Second part,
receiving part, use phase lock loop circuit to demodulate carrier signal from data signal. It must
be operated with Voltage to Frequency Converter in the sending part and Frequency to Voltage

Converter in the receiving part.
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August 2000

National Semiconductor

LM380
2.5W Audio Power Amplifier

General Description

The LM380 is a power audio amplifier for consumer applica-
tions. In order to hold system cost to a minimum, gain is in-
temnally fixed at 34 dB. A unique input stage allows ground
referenced input signals. The output automatically
self-centers to one-half the supply voltage.

The output is short circuit proof with internal thermal limiting.
The package outline is standard dual-in-line. The LM380ON
uses a copper lead frame. The center three pins on either
side comprise a heat sink. This makes the device easy to
use in standard PC layouts.

Uses include simple phonograph amplifiers, intercoms, line
drivers, teaching machine outputs, alarms, ultrasonic driv-
ers, TV sound systems, AM-FM radio, small servo drivers,
power converters, etc.

A seiected part for more power on higher supply voltages is
available as the LM384. For more information see AN-69.

Features

® Wide supply voltage range: 10V-22V

m Low quiescent power drain: 0.13W (Vg= 18V)

m Voltage gain fixed at 50

m High peak current capability: 1.3A

m |nput referenced to GND

m High input impedance: 150k

m Low distortion

m Quiescent output voltage is at one-half of the supply

voltage
Standard dual-in-line package

Connection Diagrams (Dual-In-Line Packages, Top View)

BYPASS 1 =] U 14 Vg
NON-INVERTING INPUT 2 o s 13 NC
3 —-12]
° GND {4 weed b 11 ¢ GND *
5 —tl -—wJ
INVERTING INPUT 6= —3 NC
GND 7 e e 8 Voyr
*Heatsink Pins
DS906977-1

Order Number LM380N
See NS Package Number N14A

NC 1 e —18 BYPASS

NON-INVERTING INPUT 2 e p————17 Vs
INVERTING INPUT Ceran

e 5 VDUT

GND 4 =i —— 5 GND

DS006977-2

Order Number LM380N-8
See NS Package Number NOSE

© 2000 National Semiconductor Corporation

DS006977

www.national.com
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LM380

Block and Schematic Diagrams

LM380N

BYpass Vs

1
2

INPUT e +
14

8

LM380 Vour
3,4,5
INPUT i 10,11,12
7
GND  GND
DS006977-3

INPUT

INPUT

2
+

LM380N-8
BYPASS Vs

LM380

DS006977-4

Vs (14)
28K OUTPUT
A
VW @
BYPASS
m S
-IN
+N
(6) (2)
150K

I_L:

(5(3,4,5,10,11,12)
GND

DS006977-5
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Absolute Maximum Ratings (Note 1)

Operating Temperature 0°C to +70°C

If Military/Aerospace specified devices are required, Junction Temperature +150°C

please contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 sec.) +260°C

Distributors for availability and specifications. ESD rating to be determined

Supply Voltage ooV Thermal Resistance

Peak Current 1.3A 8,c (14-Pin DIP) 30°CW

Package Dissipation 14-Pin DIP (Note 7) 8.3W 8,c (8-Pin DIP) 37°CW

Package Dissipation 8-Pin DIP (Note 7) 1.67TW 8,4 (14-Pin DIP) 79°CW

Input Voltage +0.5V 8,4 (8-Pin DIP) 107°CW

Storage Temperature -65°C to +150°C

Electrical Characteristics (Note 2)

Symbol Parameter Conditions Min Typ Max Units
PouTtams) Output Power R, = 8Q, THD = 3% (Notes 4, 5) 25 W
Ay Gain 40 50 60 VNV
Vout Output Voltage Swing R =8Q 14 Vb
Zin Input Resistance 150k Q
THD Total Harmonic Distortion (Notes 5, 6) 0.2 %
PSRR Power Supply Rejection Ratio (Note 3) 38 dB
Vg Supply Voltage 10 22 \'
BW Bandwidth Pout = 2W, R_ = 8Q 100k Hz
la Quiescent Supply Current 74 25 mA
Vouta Quiescent Output Voltage 8 9.0 10 \'
laias Bias Current Inputs Floating 100 nA
lsc Short Circuit Current 1.3 A

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2:
Note 3:
Note 4:
Note 5:
Note 6:
Note 7:

Vg = 18V and T, = 25°C unless otherwise specified.

Rejection ratio referred to the output with Cgypass = 5 pF.

With device Pins 3, 4, 5, 10, 11, 12 soldered into a 1/16" epoxy glass board with 2 ounce copper foil with a minimum surface of 6 square inches.

Cpypass = 0.47 pfd on Pin 1.

The maximum junction temperature of the LM380 is 150°C.
The package is to be derated at 15°C/W junction to heat sink pins for 14-pin pkg; 75°C/W for 8-pin.

www.national.com
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Heat Sink Dimensions
30 / \
ht
L«——-—is——b—{}
b A
sl §
T |
| | 1.5 1‘5;5
L ] '
e
DS006977-6
Staver Heat Sink #V-7
Staver Company
41 Saxon Ave.
P.O. Drawer H
Bayshore, NY 11706
Tel: (516) 666-8000
Copper Wings
2 Required
Soldered to
Pins 3, 4, 5,
10, 11, 12
Thickness 0.04
Inches
Typical Performance Characteristics
Maximum Device Dissipation vs
Ambient Temperature
10 —
9 AR
§ INFINITE HEAT SINK
= & \\
= ™ 1
2\8 58 |
£\ Wl N 15°C/W
& =1 i CANTL
a STAVER V=7 ~ 176 IN. SQ. T
) 4 {COPPER WINGS | COPPER !
g T 0Ly ;
> Jatiactas P—r—) 350C/W |
8 2[FREE AR =S 30°C/W —
1]2 IN. sa. — ggﬁgﬂ
o [COPPER FOIL (P.c. BOARD)] ™, ™|
0 10 20 30 40 50 60 70 80 90 100
75~ AMBIENT TEMPERATURE (°C)
Nate: 2 oz. copper foii, cingle=sided PC board.
DS006977-12
Device Dissipation vs Output Device Dissipation vs Output Device Dissipation vs Output
Power—4Q Load Power —8Q Load Power —16Q Load
35 T4 0IST 35 10
LEVEL
E 30 z 30 > & 25
= ] e N = 3% DIST.
g 2 7 g 25 - 5, LEVEL A
z i 5] = L~ N z 20 -
TS ET e . 7 : : :
= = = 2oVt A4~ =
£ 45 v 23 dvowt 3H— S w?//(:"\(/ >,¢,. £ W e R A
= 10v DIST | = i) DAY : g bl g ST
@ 10 oy LEVELL S =R Y 8 3% DIST. S 18 o= = 10% DIST
g E N I L g g | e
S g5 F<H— > 10% > 0s = .
e | = ails DIST. 5
° ! 0 LEVEL . !
H05010 1852002 Hed0 35400 00510 152025 3.0 35 4.0 4550 0 0510 1.5 20 25 3.0 35 4045 50
OQUTPUT POWER ‘W“JSS;OGW " OUTPUT POWER (WATTS) OUTPUT POWER (WATTS)
3 DS00.977-14 DS006977-15
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Typical Performance Characteristics (continued)

Power S'upply Current vs
Supply Voltage

Total Harmonic Distortion
vs Frequency
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= 10 T T T 05
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v M »I’ ~ Vee + 9V
'g- 0 [ ] lenay ]
g1 02 05 10 20 50 10 8 01 02 03 04 05
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DS006977-19 DS006977-20

Typical Applications

Phono Amplifier
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LM380

Typical Applications (continued)

Bridge Amplifier
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Frequency to Voltage Converter

General Description

The LM2907, LM2917 series are monolithic frequency to
voltage converters with a high gain op amp/comparator de-
signed to operate a relay, lamp, or other load when the input
frequency reaches or exceeds a selected rate. The tachom-
eter uses a charge pump technique and offers frequency
doubling for low ripple, full input protection in two versions
(LM2907-8, LM2917-8) and its output swings to ground for a
zero frequency input.

The op amp/comparator is fully compatible with the tachom-
eter and has a floating transistor as its output. This feature
allows either a ground or supply referred load of upto 50 mA.
The collector may be taken above V¢ up to amaximum Ve
of 28V.

The two basic configurations offered include an 8-pin device
with a ground referenced tachometer input and an internal
connection between the tachometer output and the op amp
non-inverting input. This version is well suited for single
speed or frequency switching or fully buffered frequency to
voltage conversion applications.

The more versatile configurations provide differential ta-
chometer input and uncommitted op amp inputs. With this
version the tachometer input may be floated and the op amp
becomes suitable for active filter conditioning of the tachom-
eter output.

Both of these configurations are available with an active
shunt regulator connected across the power leads. The
regulator clamps the supply such that stable frequency to
voltage and frequency to current operations are possible
with any supply voltage and a suitable resistor.

Advantages

® Output swings to ground for zero frequency input

B Easy to use; Voyt = fin X Ve X R1 x C1

B Only one RC network provides frequency doubling

m Zener regulator on chip allows accurate and stable
frequency to voltage or current conversion (LM2917)

Features

® Ground referenced tachometer input interfaces directly
with variable reluctance magnetic pickups

B Op amp/comparator has floating transistor output

B 50 mA sink or source to operate relays, solenoids,
meters, or LEDs

®m Frequency doubling for low ripple

B Tachometer has built-in hysteresis with either differential
input or ground referenced input

B Built-in zener on LM2917

+0.3% linearity typical

®m Ground referenced tachometer is fully protected from
damage due to swings above V¢ and below ground

Applications

m Over/under speed sensing
B Frequency to voltage conversion (tachometer)
m Speedometers

Breaker point dwell meters
Hand-held tachometer
Speed governors

Cruise control

Automotive door lock control
Clutch control

Horn control

Touch or sound switches

Block and Connection Diagrams Dual-In-Line and Small Outline Packages, Top Views
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Order Number LM2907M-8 or LM2907N-8
See NS Package Number MO8A or NOSE
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DS007942-2

Order Number LM2917M-8 or LM2917N-8
See NS Package Number MO8SA or NOSE
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LM2907/LM2917

1
CHARGE PUMP
N
B
1 Iz IJ 4 5 Is I 7

NC NC
DS007942-3

Order Number LM2907M or LM2907N
See NS Package Number M14A or N14A

Block and Connection Diagrams Dual-In-Line and Small Outline Packages, Top Views (Continued)

NC NC v

bl

.2
<

1
? CHARGE PUMP
(RN T

,EJ :

1 Iz 4 5 I 6 I 7
NC NC
DS007942-4

Order Number LM2917M or LM2917N
See NS Package Number M14A or N14A
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Power Dissipation
LM2907-8, LM2917-8
LM2907-14, LM2917-14
See (Note 1)

1200 mW
1580 mW

Supply Voltage o8V Operating Temperature Range -40°C to +85°C
Supply Current (Zener Options) 25 mA Storage Temperature Range —-65°C to +150°C
Collector Voltage o8V Soldering Information
Differential Input Voltage Dual-In-Line Package
Tachometer 28V Soldering (10 seconds) 260°C
Op Amp/Comparator o8V Small Outline Package
Input Voltage Range Vapor Phase (60 seconds) 215°C
Tachometer Infrared (15 seconds) 220°C
L0 by LM 70 S Rl e b Dt ol
LM2907, LM2917 0.0V to +28V surface mount devices.
Op Amp/Comparator 0.0V to +28V
Electrical Characteristics
Vee = 12 Vpe, Ta = 25°C, see test circuit
Symbol | Parameter | Conditions | Min I Typ | Max Units
TACHOMETER
Input Thresholds V\n = 250 mVp-p @ 1 kHz (Note 2) +10 +25 +40 mV
Hysteresis Vin =250 mVp-p @ 1 kHz (Note 2) 30 mV
Offset Voltage V\n =250 mVp-p @ 1 kHz (Note 2)
LM2907/LM2917 35 10 mV
LM2907-8/LM2917-8 5 15 mV
Input Bias Current Vin = £50 mVpe 0.1 1 pA
Vou Pin 2 V\y = +125 mVpc (Note 3) 8.3 \'
Vi Pin 2 Vin = =125 mVp¢ (Note 3) 2.3 %
Io, I3 Output Current V2 = V3 = 6.0V (Note 4) 140 180 240 pA
I3 Leakage Current 2=0,V3=0 0.1 pA
K Gain Constant (Note 3) 0.9 1.0 11
Linearity fin = 1 kHz, 5 kHz, 10 kHz (Note 5) -1.0 0.3 +1.0 %
OP/AMP COMPARATOR
Vi | Vi = 6.0V 3 10 mv
e Vy = 6.0V 50 500 nA
Input Common-Mode 0 Vee—1.5V \Y
Voltage
Voltage Gain 200 V/mV
Output Sink Current Ve =1.0 40 50 mA
Output Scurce Current Vg = Vge -2.0 10 mA
Saturation Voltage lgink = 5 mA = 0.1 0.5 Vv
lsink = 20 MA 1.0 \
lsink = 50 MA 1.0 i1:5 \Y
ZENER REGULATOR
Regulator Voltage Rprop = 470Q 7.56 \'
Series Resistance 10.5 15 Q
Temperature Stability +1 mV/°C
TOTAL SUPPLY CURRENT 3.8 6 mA

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance
of 101°C/W junction to ambient for LM2907-8 and LM2917-8, and 79°C/W junction to ambient for LM2907-14 and LM2917-14.

Note 2: Hysteresis is the sum +Vy — (-V7p), offset voltage is their difference. See test circuit.

Note 3: Vg is equal to % x Ve — 1 Vg, Vo is equal to ¥ x Ve - 1 Ve therefore Vo — Vo = Vec/2. The difference, Von — Vo, and the mirror gain, 1,/13,
are the two factors that cause the tachometer gain constant to vary from 1.0.

www.national.com
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LM2907/LM2917

Electrical Characteristics (continued)

Note 4: Be sure whcn choosing the time constant R1 x C1 that R1 is such that the maximum anticipated output voltage at pin 3 can be reached with I3x R1. The
maximum value for R1 is limited by the output resistance of pin 3 which is greater than 10 MQ typically.

Note 5: Nonlinearity is defined as the deviation of Vo (€ pin 3) for fj\; = 5 kHz from a straight line defined by the Vot @ 1 kHz and Voyt @ 10kHz. C1 = 1000 pF,
R1 = 68k and C2 = 0.22 mFd.

Test Circuit and Waveform

TACHOMETER )
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' T
)
]
}
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TACHO(EIIETER CIT 4 15:}4 |SOU(E.LC4

INPUT

DS007942-6
Tachometer Input Threshold Measurement
v2
NEGATIVE / POSITIVE
INPUT INPUT
THRESHOLD THRESHOLD
) V,y TACHOMETER
DS007942-7
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Typical Performance Characteristics

Total Supply Current
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LM2907/LM2917

Typical Performance Characteristics (continued)

Tachometer Input Hysteresis

vs Temperature Characteristics

Op Amp Output Transistor

Op Amp Output Transistor
Characteristics
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Applications Information

The LM2907 series of tachometer circuits is designed for
minimum external part count applications and maximum ver-
satility. In order to fully exploit its features and advantages
let's examine its theory of operation. The first stage of op-
eration is a differential amplifier driving a positive feedback
flip-flop circuit. The input threshold voltage is the amount of
differential input voltage at which the output of this stage
changes state. Two options (LM2907-8, LM2917-8) have
one input internally grounded so that an input signal must
swing above and below ground and exceed the input thresh-
olds to produce an output. This is offered specifically for
magnetic variable reluctance pickups which typically provide
a single-ended ac output. This single input is also fully
protected against voltage swings to £28V, which are easily
attained with these types of pickups.

The differential input options (LM2907, LM2917) give the
user the option of setting his own input switching level and
still have the hysteresis around that level for excellent noise
rejection in any application. Of course in order to allow the
inputs to attain common-mode voltages above ground, input
protection is removed and neither input should be taken
outside the limits of the supply voltage being used. It is very
important that an input not go below ground without some
resistance in its lead to limit the current that will then flow in
the epi-substrate diode.

Following the input stage is the charge pump where the input
frequency is converted to a dc voltage. To do this requires
one timing capacitor, one output resistor, and an integrating
or filter capacitor. When the input stage changes state {due
to a suitable zero crossing or differential voltage on the input)
the timing capacitor is either charged or discharged linearly
between two voltages whose difference is Vsc/2. Then in
one half cycle of the input frequency or a time equal to 1/2 f,
the change in charge on the timing capacitor is equal to
Vce/2 x C1. The average amount of current pumped into or
out of the capacitor then is:

\%
AQyrs = _cc -
Aol o C1 x L (2f]N) = Ve x fiy x C1

The output circuit mirrors this current very accurately into the
load resistor R1, connected to ground, such that if the pulses
of current are integrated with a filter capacitor, then Vg = i x
R1, and the total conversion equation becomes:

Vo = Ve xfin xC1 x R1 x K

Where K is the gain constant—typically 1.0.

The size of C2 is dependent only on the amount of ripple
voltage allowable and the required response time.

CHOOSING R1 AND C1

There are some limitations on the choice of R1 and C1 which
should be considered for optimum performance. The timing
capacitor also provides interal compensation for the charge
pump and should be kept larger than 500 pF for very accu-
rate operation. Smaller values can cause an error current on
R1, especially at low temperatures. Several considerations
must be met when choosing R1. The output current at pin 3
is internally fixed and therefore Vo/R1 must be less than or
equal to this value. If R1 is too large, it can become a
significant fraction of the output impedance at pin 3 which
degrades linearity. Also output ripple voltage must be con-
sidered and the size of C2 is affected by R1. An expression
that describes the ripple content on pin 3 for a single R1C2
combination is:

% Vee xfiyxCi
NS v cc *fin
VRIPPLE = 3 X 2 X (1 11, ) pk—pk

It appears R1 can be chosen independent of ripple, however
response time, or the time it takes Vgt to stabilize at a new
voltage increases as the size of C2 increases, so a compro-
mise between ripple, response time, and linearity must be
chosen carefully.

As a final consideration, the maximum attainable input fre-
quency is determined by Vg, C1 and Iy:

12
f =

USING ZENER REGULATED OPTIONS (LM2917)

For thosza applications where an output voliage or current
must be obtained independent of supply voitage variations,
the LM2917 is offered. The most important consideration in
choosing a dropping resistor from the unregulated supply to
the device is that the tachometer and op amp circuitry alone
require about 3 mA at the voltage level provided by the
zener. At low supply voltages there must be some current
flowing in the resistor above the 3 mA circuit current to
operate the regulator. As an example, if the raw supply
varies from 9V to 16V, a resistance of 470Q will minimize the
zener voltage variation to 160 mV. If the resistance goes
under 400Q or over 6002 the zener variation quickly rises
above 200 mV for the same input variation.
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Typical Applications (continueq)

Changing the Output Voltage for an Input Frequency of Zero
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LM231A/LM231/LM331A/LM331
Precision Voitage-to-Frequency Converters

General Description

The LM231/LM331 family of voltage-to-frequency converters
are ideally suited for use in simple low-cost circuits for
analog-to-digital conversion, precision frequency-to-voltage
conversion, long-term integration, linear frequency modula-
tion or demodulation, and many other functions. The output
when used as a voltage-to-frequency converter is a pulse
train at a frequency precisely proportional to the applied in-
put voltage. Thus, it provides all the inherent advantages of
the voltage-to-frequency conversion techniques, and is easy
to apply in all standard voltage-to-frequency converter appli-
cations. Further, the LM231A/LM331A attain a new high
level of accuracy versus temperature which could only be at-
tained with expensive voltage-to-frequency modules. Addi-
tionally the LM231/331 are ideally suited for use in digital
systems at low power supply voltages and can provide
low-cost analog-to-digital conversion in
microprocessor-controlled systems. And, the frequency from
a battery powered voltage-to-frequency converter can be
easily channeled through a simple photoisolator to provide
isolation against high common mode levels.

The LM231/LM331 utilize a new temperature-compensated
band-gap reference circuit, to provide excellent accuracy

over the full operating temperature range, at power supplies
as low as 4.0V. The precision timer circuit has low bias cur-
rents without degrading the quick response necessary for
100 kHz voltage-to-frequency conversion. And the output
are capable of driving 3 TTL loads, or a high voltage output
up to 40V, yet is short-circuit-proof against Vge.

Features

® Guaranteed linearity 0.01% max

® |mproved performance in existing voltage-to-frequency
conversion applications

m Split or single supply operation

m Operates on single 5V supply

B Pulse output compatible with all logic forms

m Excellent temperature stability, 50 ppm/°C max

B Low power dissipation, 15 mW typical at 5V

B Wide dynamic range, 100 dB min at 10 kHz full scale
frequency

m Wide range of full scale frequency, 1 Hz to 100 kHz

® Low cost

Typical Applications

VN Rs

T 209V R, RG

**0.1pF or 1pF. See “Principles of Operation.”

Teflon® is a registered trademark of DuPont

15V =vg
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.01 uF *
100k 210%
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® 7 12k 1% Y
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¥
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ADJUST
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OFFSET ADJUST = —
DS005680-1

*Use stable components with low temperature coefficients. Sec Typical Applications section.

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter
with +0.03% Typical Linearity (f = 10 Hz to 11 kHz)

© 1999 National Semiconductor Corporation DS005680
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Absolute Maximum Ratings (ot 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

LM231A/LM231 LM331A/LM331
Supply Voltage 40V 40V
Output Short Circuit to Ground Continuous Continuous
Output Short Circuit to Ve Continuous Continuous
Input Voltage -0.2V to +Vg -0.2V to +Vg
TMIN TMAX TMIN TMAX
Operating Ambient Temperature Range -25°C to +85°C 0°Cto +70°C
Power Dissipation (Pp at 25°C)
and Thermal Resistance (6;a)
(N Package) Pp 1.25W 1.25W
8 100°CW 100°C/W
Lead Temperature (Soldering, 10 sec.)
Dual-In-Line Package (Plastic) 260°C 260°C
ESD Susceptibility (Note 4)
N Package 500V 500V
Electrical Characteristics
TA=25C unless otherwise specified (Note 2)
Parameter Conditions Min Typ Max Units
VFC Non-Linearity (Note 3) 4.5V < Vg <20V ~ £0.003 +0.01 % Full-
Scale
Tmin € Ta <€ Tuyax +0.006 +0.02 % Full-
Scale
VFC Non-Linearity Vg =15V, f = 10 Hz to 11 kHz +0.024 +0.14 %Full-
In Circuit of Figure 1 Scale
Conversion Accuracy Scale Factor (Gain) | V,y = -10V, Rg = 14 kQ
LM231, LM231A 0.95 1.00 1.05 kHz/V
LM331, LM331A 0.90 1.00 1.10 kHzV
Temperature Stability of Gain Tmin S Ta € Tyax, 4.5V < Vg <20V
LM231/LM331 +30 +150 | ppm/C
LM231A/LM331A +20 +50 ppm/'C
Change of Gain with Vg 45V < Vg <10V 0.01 0.1 %N
10V < Vg < 40V 0.00€ 0.06 %N
Rated Full-Scale Frequency Vin = =10V 10.0 kHz
Gain Stability vs Time Tmin € Ta < Tyax +0.02 % Full-
(1000 Hrs) Scale
Overrange (Beyond Full-Scale) Frequency | V.y = =11V 10 %
INPUT COMPARATOR
Oftset Voltage +3 +10 mV
LM231/LM331 Tmin S Ta < Tyax +4 +14 mV
LM231A/LM331A TS T +3 +10 mv
Bias Current -80 -300 nA
Offset Current +8 +100 nA
Common-Mode Range Tmin S Ta < Tyax -0.2 Vee-2.0 \%
TIMER
Timer Threshold Voltage, Pin 5 0.63 0.667 0.70 x Vg
Input Bias Current, Pin 5 Vg = 15V
All Devices 0V £ Vpy s £9.9V +10 +100 nA
LM231/LM331 Veins = 10V 200 1000 nA
LM231A/LM331A Veins = 10V 200 500 nA
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Electrical Characteristics (continued)

TA=25"C unless otherwise specified (Note 2)

Parameter | Conditions l Min [ Typ Max l Units
TIMER
‘Vsar pin s (Reset) [1=5mA R 05 [ Vv
CURRENT SOURCE (Pin 1)
Output Current Rs=14 kQ, Vpn 1=0
LM231, LM231A 126 135 144 pA
LM331, LM331A 116 136 156 pA
Change with Voltage 0V <Vp 1 <10V 0.2 1.0 pA
Current Source OFF Leakage
LM231, LM231A, LM331, LM331A 0.02 10.0 nA
All Devices Ta=Tmax 2.0 50.0 nA
Operating Range of Current (Typical) (10 to 500) A
REFERENCE VOLTAGE (Pin 2)
LM?231, LM231A 1.76 1.89 2.02 Vbe
LM331, LM331A 1.70 1.89 2.08 Vpe
Stability vs Temperature +60 ppm/°C
“Stability vs Time, 1000 Hours +0.1 %
LOGIC OUTPUT (Pin 3)
Vsar I=5 mA 0.15 0.50 \"
1=8.2 mA (2 TTL Loads), Tpn<Ta<Tmax 0.10 0.40 Vv
OFF Leakage +0.05 1.0 pA
SUPPLY CURRENT
LM231, LM231A Vg=5V 2.0 3.0 4.0 mA
LM331, LM331A Vg=40V 25 4.0 6.0 mA
V=5V 115 3.0 6.0 mA
Vs=40V 2.0 4.0 8.0 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All specifications apply in the circuit of Figure 4, with 4.0V<Vs<40V, unless otherwise noted.

Note 3: Nonlinearity is defined as the deviation of foyr from Vj\ x (10 kHz/-10 Vpg) when the circuit has been trimmed for zero error a: 10 Hz and at 10 kHz, over

the frequency range 1 Hz to 11 kHz. For the timing capacitor, Ct, use NPO ceramic, Teflon®, or polystyrene.
Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor.
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Functional Block Diagram
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DS005680-2
Pin numbers apply to 8-pin packages only.
FIGURE 2.
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Typical Performance Characteristics

(Al electrical characteristics apply for the circuit of Figure 4, unless otherwise noted.)

Nonlinearity Error
as Precision V-to-F
Converter (Figure 4)
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Typical Performance Characteristics (Continued)

Power Drain vs VsuppLy
: lout (Pin 3)

Output Saturation Voltage vs

Nonlinearity Error, Precision
F-to-V Converter (Figure 7)
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Typical Applications
PRINCIPLES OF OPERATION OF A SIMPLIFIED
VOLTAGE-TO-FREQUENCY CONVERTER
The LM231/331 are monolithic circuits designed for accu-
racy and versatle operation when applied as Vi
voltage-to-frequency ~ (V-to-F)  converters  or as =

frequency-to-voltage (F-to-V) converters. A simplified block
diagram of the LM231/331 is shown in Figure 3 and consists
of a switched current source, input comparator, and 1-shot
timer.

The operation of these blocks is best understood by going
through the operating cycle of the basic V-to-F converter,
Figure 3, which consists of the simplified block diagram of
the LM231/331 and the various resistors and capacitors con-
nected to it.

The voltage comparator compares a positive input voltage,
V1, at pin 7 to the voltage, V,, at pin 6. if V1 is greater, the
comparator will trigger the 1-shot timer. The output of the
timer will turn ON both the frequency output transistor and
the switched current source for a peiiod t=1.1 R,C,. Durring
this period, the current i will flow out of the switched current
source and provide a fixed amount of charge, Q=i x t, into
the capacitor, C,. This will normally charge V, up t2 a highes
level than V1. At the end of the timing period, the current i will
turn OFF, and the timer will reset itself.

Now there is no current flowing from pin 1, and the capacitor
C_ will be gradually discharged by Ry until V, falls to the level
of V1. Then the comparator will trigger the tiner and start an-
other cycls.

The current flowing into C_is exactly Iave =i x (1.1xR,C,) x
f, and the current flowing out of C,_ is exactly VR, =V, /R,.
If Viy is doubled, the frequency will double to maintain this
balance. Even a simple V-to-F converter can provide a fre-
quency precisely proportional to its input voltage over a wide
range of frequencies.

FREQUENCY

INPUT
COMPARATOR ONeSHol,

TINER

INeUT
VOLTAGE
4

FIGURE 3. Simplified Block Diagram of Stand-Alone
Voltage-to-Frequency Converter and
External Components

DETAIL OF OPERATION, FUNCTIONAL BLOCK
DIAGRAM (Figure 2)

The block diagram shows a band gap reference which pro-
vides a stable 1.9 V¢ output. This 1.9 Vpc is well regulatzd
over a Vg range of 3.9V to 40V. It also has a flat, low tem-
perature coefficient, and typically changes less than 4%
over a 100°C temperature change.

The current pump circuit forces the voltage at pin 2 to be at
1.9V, and causes a current i=1 -90V/Rs to flow. For R,=14k,
i=135 uA. The precision current reflector provides a current
equal to i to the current switch. The current switch switches
the current to pin 1 or to ground depending on the state of
the Rg flip-flop.

The timing function consists of an Rs flip-flop, and a timer
comparator connected to the external R\C; network. When
the input comparator detects a voltage at pin 7 higher than
pin 6, it sets the Rg flip-flop which turns ON the current
switch and the output driver transistor. When the voltage at
pin 5 rises to %4 V¢, the timer comparator causes the Rg
flip-flop to reset. The reset transistor is then turned ON and
the current switch is turned OFF.

However, if the input comparator still detects pin 7 higher
than pin 6 when pin 5 crosses 24 Vee, the flip-flop will not be
reset, and the current at pin 1 will continue to flow, in its at-
tempt to make the voltage at pin 6 higher than pin 7. This
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LM565/LM565C
Phase Locked Lcop

General Description

The LM565 and LM565C are general purpose phase locked
loops containing a stable, highly linear voltage controlled os-
cillator for low distortion FM demodulation, and a double bal-
anced phase detector with good carmier suppression. The
VCO frequency is set with an external resistor and capacitor,
and a tuning range of 10:1 can be obtained with the same
capacitor. The characteristics of the closed loop
system — bandwidth, response speed, capture and pull in
range — may be adjusted over a wide range with an external
resistor and capacitor. The loop may be broken between the
VCO and the phase detector for insertion of a digital fre-
quency divider to obtain frequency muttiplication.

The LM565H is specified for operation over the -55°C to
+125°C military temperature range. The LM565CN is speci-
fied for operation over the 0°C to +70°C temperature range.

Features

m 200 ppm/°C frequency stability of the VCO

B Power supply range of 5 to £12 volts with 100 ppm/%
typical

&National Semiconductor

May 1999

B 0.2% linearity of demodulated output

m Linear triangle wave with in phase zero crossings
available

® TTL and DTL compatibie phase detector input and
square wave output

m Adjustable hold in range from £1% to > +60%

Applications

Data and tape synchronization
Modems

FSK demodulation

FM demodulation

Frequency synthesizer

Tone decoding

Frequency multiplication and division
SCA demodulators

Telemetry receivers

Signal regeneration

Coherent demodulators

Connection Diagrams

Metal Can Package

Dual-in-Line Package

*Vee
1 | 14
“Vee 10 TIMING -Veg ———y b— NC
INPUT NC
2 TIMING 3 7 {12
npuT (2 PHASE veo {8 ) pesisTon INPUT —— —— NC
DETECTOR[ | "7 _jf— it
TN ouTPUT T ] vee T
VCO CONTROL PHASE COMPARATOR _ 5 10
INPUT {3 ; L2,
AMP VOLTAGE VCO INPUT il Ve
REFERENCE _ 6| H1Le e
4 6 ) REFERENCE outPur N CAPACITOR
VCO OUTPUT 5 OUTPUT VCO CONTROL __7 f P 8 __ TIMING
LTA
PHASE COMPARATOR VR AGE 1 &7 | RESISTOR
VCO INPUT
0S007853-2 DS007853-3
Order Number LM565H Order Number LM565CN
See NS Package Number H10C See NS Package Number N14A
© 1999 National Semiconductor Corporation DS007853 www.national.com
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Absolute Maximum Ratings (Note 1) Operating Temperature Range

It Military/Ae.ospace specified devices are required, LM565H -55"Cto +125'C

please contact the National Semiconductor Sales Office/ LM565CN 0°C to +70°C

Distributors for availability and specifications. Storage Temperature Range -65°C te +150°C

Supply Voltage +12V Lead Temperature -
Id | !

Power Dissipation (Note 2) 1400 mwW (Sowsmg, 10sec) e

Differential Input Voltage =1V

Electrical Characteristics
AC Test Circuit, Ty = 25°C. Ve = #6V

5 LM565 LM565C .
Parameter Conditions - - Units
Min Typ Max Min Typ Max
Power Supply Current 8.0 12.8 8.0 125 mA
Input Impedance (Pins 2, 3) —4V <V,, V5 < 0V 7 10 5 kQ
\;Z(zul;d:;;mum Operating C, =27 pF 300 500 250 500 kHz
VCO Free-Running Frequency C,=15nF
R, = 20 kQ -10 0 +10 -30 0 +30 %o
fo = 10kHz
rating Frequen
?gre;\pera?ure goeffZem \ N ¢ PR
n
gfg‘p”; \%tggz ¥ 01 | 10 02 | 15 %IV
Triangle Wave Output Voltage 2 2.4 3 2 2.4 3 Voo
Triangle Wave Output Linearity 0.2 0.5 %
Square Wave Output Level 4.7 5.4 47 54 Vop
Output Impedance (Pin 4) ) 5 kQ
Square Wave Duty Cycle 45 50 - 40 50 60 %
Square Wave Rise Time 20 20 ns
Square Wave Fall Time 50 50 ns
Output Current Sink (Pin 4) 0.6 1 0.6 1 mA
VCO Sensitivity f, = 10kHz 6600 6600 Hz/V
ﬁjei:w;;iulated Output Voitage +10% Frequency Deviation 250 30 400 200 300 450 MV,
Total Hammonic Distortion +10% Frequency Ceviation 0.2 075 0.2 15 %
Output Impedance ‘Pin 7) 35 35 kQ
DC Level (Pin 7) 4.25 45 4.75 4.0 45 5.0 Vv
I(i/t;t;zu{/ jffset Voltage 30 100 50 200 mv
Temperature Drift of [V, — Vgl 500 500 pvrc
AM Rejection 30 | 40 40 dB
Phase Detacter Sensitiviy Kp 0.68 | 0.68 Vl/tadian

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar-
antee specific performance limits. This assumes that the device is within the Operating Ratings. ions are not ¢ d for p where no limit is
given, however, the typical value is a good indication of device performance.

Note 2: The maximum junction temperature of the LM565 and LM565C is +150°C. For operation 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. Themal resistance of the dual-in-line package is +85'C/W.

P
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Typical Performance Characteristics
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Schematic Diagram
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Applications Information

In designing with phase locked loops such as the LM565, the
important parameters of interest are:

FREE RUNNING FREQUENCY

0.3
o]
ROCO
LOOP GAIN: relates the amount of phase change between
the input signal and the VCO signal for a shift in input signal

frequency (assuming the loop remains in lock). In servo
theory, this is called the “velocity eror coefficient.”

: 1
Loop gain = K, Ky (E

K, = oscillator sensitivity ( ﬂlzi/j)
Ky = ph detector sensitivit o
p = phase or sensitivity { —=——

The loop gain of the LM565 is dependent on supply voltage,
and may be found from:

fo = VCO frequency in Hz
V. = total supply voltage to circuit

Loop gain may be reduced by connecting a resistor between
pins 6 and 7; this reduces the load impedance on the output
amplifier and hence the loop gain.

HOLD IN RANGE: the range of frequencies that the loop will
remain in lock after initially being locked.

Gl

Ye

b= &

f,= free running frequency of VCO
V= total supply voltage to the circuit

THE LOOP FILTER

In almost all applications, it will be desirable to filter the sig-
nal at the output of the phase detector (pin 7); this filter may
take one of two forms:

Simple Lead Filter

W
i I_TO ce

c1
R1 = 3.6k
7

DS007853-11

LM565

Lag-Lead Filter

R1 = 3.6k R2

LM565

DS007853-12

A simple lag filter may be used for wide closed loop band-
width applications such as modulation following where the
frequency deviation cf the carrier is fairly high (greater than
10%), or where wideband modulating signals must be fol-
lowed.

The natural bandwidth of the closed loop response may be

found from:
D ol KoKD
" 21 R G

Associated with this is a damping factor:

R b
iy v LUNE R B

For narrow band applications where a narow noise band-
width is desired, such as applications involving tracking a
slowly varying carrier, a lead lag filter should be used. In gen-
eral, if 1/R,C, < K, Kp, the damping factor for the loop be-
comes quite small resulting in large overshoot and possible
instability in the transient response of the loop. In this case,
the natural frequency of the loop may be found from

‘ _ §i% KoKp
e I ytr

gt =R+ R

R is selected o produce a desired damping factor 3, usually
between 0.5 and 1.0. The damping factor is found from the
approximation:

S = 1 1.f,
These two equations are plotted for convenience.

Filter Time Constant vs Natural Frequency

10‘ ' B —P-
_‘? =
N NIl KoKp]
! RAD
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s 5
= N N }
10*
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104 10% 102 g 1 10
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General Description

The LM566CN is a general purpose voltage controlled oscil-
lator which may be used to generate square and triangular
waves, the frequency of which is a very linear function of a
control voltage. The frequency is also a function of an exter-
nal resistor and capacitor.

The LM566CN is specified for operation over the 0°C to
+70°C temperature range.

Features
B Wide supply voltage range: 10V to 24V
B Very linear modulation characteristics

&National Semiconductor

LM566C Voltage Controlled Oscillator

February 1995

B High temperature stability

m Excellent supply vcltage rejection

m 10 to 1 frequency range with fixed capacitor

m Frequency programmable by means of current, voltage,
resistor or capacitor

Applications

® FM modulation

m Signal generation

m Function generation
m Frequency shift keying
B Tone generation

Connection Diagram

Dual-In-Line Package

GND 1 —t
2 e— 7 TIMING CAPACITOR
SQUAREWAVE , |
DUTPUT 3 6 TIMING RESISTOR
TRIANGLE 5 MODULATION
WAVE OUTPUT INPUT
TL/H/7854-2

Order Number LM566CN
See NS Package Number NOBE

Typical Application

1kHz anc 10 kHz TTL Compatible
Voltage Controlled Nscillator

N\
™ wessscn [

anf
AT53 -3V FOR 1uHz
-8 for 10kHz

M PHASE
TIL COMPATIBLE
ouUTPUT

TL/H/7854-3

©1995 National Semiconductor Corporation  TL/H/7854

RRD-B30M115/Printedin U. S. A.
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Absolute Maximum Ratings
It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Office/Distributors for availability and specifications.

Power Supply Voltage 26V
Power Dissipation (Note 1) 1000 mW
Operating Temperature Range, LM566CN  0°G to +70°C
Lead Temperature (Soldering, 10 sec.) +260°C

Eiectrical Characteristics Voc = 12V, Ta = 25°C, AC Test Gircuit

Parameter Conditions EHode Units
Min Typ Max
VCO Free-Running Co =1.5nF
Frequency Ro = 20k —-30 0 +30 %
fo = 10 kHz

Input Voltage Range Pin 5 Y Vce Vee
—
Supply Voltage Rejection 10-20Vv 0,1 2 % /N
Input Impedance Pin 5 0.5 1 M
O ety Zf‘; ziz ?(;2”1“0 R 6.0 6.6 7.2 kHz/V
FM Distortion 1 10% Deviation 0.2 155 %
Maximum Sweep Rate 1 MHz
Sweep Range 10:1
Output Impedance

Pin3 50 0

Pin 4 50 0
Square Wave Output Level Ry = 10k 5.0 5.4 Vp-p
Triangle Wave Output Level Ri2 = 10k 2.0 2.4 Ve-p
Square Wave Duty Cycle 40 59 60 %
Square Wave Rise Time 20 ns
Square Wave Fall Time 50 ns
Triangle Wave Linearity +1V Segment at 05 %

Y2Vce

Nate 1: The maximum junction temperature of the LM566CN is 150°C. For operation at elevated junction temperatures, maximum power dissipatian must be

derated based on a thermal resistance of 115°C/W, junction to ambient.

Applications Information

The LM566CN may be operated from either a single supply
as shown in this test circuit, or from a split (+) power sup-
ply. When operating from a split supply, the square wave
output (pin 3) is TTL compatible (2 mA current sink) with the
addition of a 4.7 k€ resistor from pin 3 to ground.

A 0.001 pF capacitor is connected between pins 5 and 6 to
prevent parasitic oscillations that may occur during VCO
switching.

2.4Vt — Vg)
fo=—"7-7"

RoCoVt

where
2K < Rp < 20K

and Vs is voltage between pin 5 and pin 1.




Schematic Diagram
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Typical Performance Characteristics

RESISTANCE Rp ()

SUPPLY CURRENT {mA)
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NPN General Purpose Amplifier

This device is designed as a general purpose amplifier and switch.
The useful dynamic range extends to 100 mA as a switch and to
100 MHz as an amplifier.

Absolute Maximum Ratings* T, = 256C uniess otherwise noted

SYmDbolParamete rvallueUnnits
Vceo CHo L3 ef cFEvorarors ‘B \ml | P itie 1n Vi{os 1§ tSlhs 6 eled EOE V
Veeo Clo 9] Nel e~tyror—r. - VB . laises VLo | Wt a .GPe |6 [0F v
Veso ERm _io t thee” IT\ -CB7 alkis e Veao, Ydit JHR o & 6 OF V
L Coll Pe c tTomh ||CLu t N5 Contiinuous22/00mA
Ty, Tstg Operating and Storage Junction Temperature Rang¢-55 to +150 °C

*mse ratings are limiting values above which the serviceability of any semiconductor device may be impaired.
NOTES:

"\ These ratings are based on a maximum junction temperature of 150degrees C.
2 These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cyde operations.

The'ma I Cha racteristics TA = 255C unless otherwise noted

SymboICharacteristicMaxUnits

2N3904*MMBT3904¥*PZT3904
Pp Total Device Dissipation 625 350 1,000 mwW
Derate above 25°C 5.0 2.8 8.0 mwW/°C
Reic Thermal Resistance, Junction to Jase83.3 °C/W
Reia Thermal Resistance, Junctjon to Ampient200357125 °C/w

*Device mounted on FR4PCB 1.6" X 1.6" X 0.06."
*Device mounted on FR-4 PCB36 mm X 18 mm X 1.5 mm; mounting pad for the collector lead min. 6 cm2.

9 2001 Fairchild Semiconductor Corporation 2N3904/MMBT3904/PZT3904, Rev A
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NPN General Purpose Amplifier

(continued)
EleCtI‘ical CharaCteI‘iStiCS T, = 255C unless otherwise noted
SymboIParameterTe+t ConditionsMinMaxUmnits
OFF CHARACTERISTICS
V(8r)cEO Collector-Emitter Breakdown k=10mA Is = 0 4 0 \Y
Voltage
V(er)ceo Collector-Base Breakdown Voltage k=10pA Ie=0 6 0 Vv
V(8r)EBO Emitter-Base Breakdown Voltage E=10pA Ic =0 6 0 Vv
ke Base Cutoff CurrenfVce=30V, Ves = 3 ' 5 0 1 A
Icex Collector Cutoff CurrenftVce =30V, Ves = v b0 hiz@A
ON CHARACTERISTICS*
hee DC Current 46 asnI.=0.1mA Vcg=1.0V 40
I =1.0mA, Vcg=1.0V 70
L=10mA, V. =1.0V 100 30C
L =50mA, Vce= 1.0V 60, %/
I =100mA, Vce=1.0V 30
Veeeay Collector-Emitter Saturation Voltagel: = 10 mA, Iz = 1.0 mA 0.2 Y
I =50mA, Is = 5.0 mA 0.3 \
VeEsat) Base-Emitter Saturation Voltagel: =10mA, Iz = 1.0 mA 0.76 5|0 %8% Vv
I =50 mA, Is = 5.0 mA 0.95 \
SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth Produdtlc = 10 mA, Vce = 20V, O 10,1°04 MU H 2z
f =100 MHz
Cobo Output CapacitanceVeg=50V,Ie=0, b .80 p F
f=1.0MHz
Cibo Input Capacitance Veg=05V,Ic=0, 8 d-pF
f=1.0 MHz
NFNoisk Figure L =100pA, Vce =5.0V, 5 gds
Rs =1.0kQ,f=10 Hz to 15.7kHz
SWITCHING CHARACTERISTICS
tq D e | \a\y T i m e| Vec=3.0V,Vge = 0 ViFZ#s 5| n s
t Ri:iis @ T i-m e |Ic=10mAL; = s mI|A 3 5|n s
ts SEt o0l a Oy T i me| V=30Vl = 1 0 AP 0 O0fn s
t F a | | SN, Mm@ Blsi=ln = 1. o 0 m” Al 5 0 ]n s

*i‘ulse Test: Pulse Width <300 ps, Duty Cycle <2.0%

Spice Model

NPN (Is=6.734f Xti=3 Eg=1.11 Vaf=74.03 Bf=416.4 Ne=1.259 Ise=6.734 Ikf=66.78m Xtb=1.5 Br=.7371 Nc=2
Isc=0 Ikr=0 Rc=1Cjc=3.638p Mjc=.3085 Vjc=.75 Fc=.5 Cje=4.493p Mje=.2593 Vje=.75 Tr=239.5n Tf=301.2p
Itf=.4 Vif=4 Xtf=2 Rb=10)

¥06€12d / Y06ELANI / YO6ENT



NPN General Purpose Amplifier

(continued)

Typical Characteristics
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>
2 vs Collector Current 5 Voltage vs Collector Current
9]
o 1T
=" [TTT] P il
T E = [e] —
& 400 — < =015 1=m1s =10 )
g i = g
b o~ & o
o e 125 °¢ j& E 12£°C
2 ] 25 °C Z 0.1
7] u i
S 200 — = S -— 7
a 1 ™ 5 \:E::::_ =5 25°C | /
3 e L i@ 0.0 A e
Q 100 o el
e L o) -g0°c H
ST [ [T] . Ll
0 1 10 100 § 0.1 1 10 100
& I ¢ - COLLECTOR CURRENT (mA) ® Ic - COLLECTOR CURRENT (mA)
Base-Emitter Saturation Base-Emitter ON Voltage vs
< Voltage vs Collector Current s Collcctor Current
w [ TTH & \| [~ 7Tl
g 1—p=1 Y E Ve =5V ———
5 Iz L 3 [ 1] L
9 I Lt LA =08 -4 -40°C L=t~ ]
> —-40°C =TT 1] z i LU
E 0.8 11 T /‘_, g == 25°C T
E | A 25°C 4 E 0.6 T =
u 0.6 H7 E Bs - 125 °c
w | et
7 Ht—=1 125 °C i 0.4 f—=—
m L+TT] 2
% 0.4 m
g B0.2
E 1 10 100 & o1 1 10 100
Ic - COLLECTOR CURRENT (mA) Ic - COLLECTOR CURRENT (mA)
Collector-Cutoff Current Capacitance vs
vs Ambient Temperature Reverse Bias Voltage
a 10 Tmlatelahl]
£ f=1.0 MHz ]
-
z —
: s
c S
3 g 4 o
o P e e S A | B Cibo
[<] = 3 = ]
= [3) I~ I~
O < N
w a N
= 5
8 ° '\\_cobo
‘o
25 50 75 100 125 150 0.1 1 10 100

T, - AMBIENT TEMPERATURE (C) REVERSE BIAS VOLTAGE (V)

v06€1Zd / ¥O6ELANIN / YOBENZ




NPN General Purpose Amplifier

(continued)

Typical Characteristics (continued)

Noise Figure vs Frequency
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NPN General Purpose Amplifier

(continued)

Typical Characteristics (continued)
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NPN General Purpose Ampilifier

(continued)

Test Circuits
3.0V
275Q
Duty Cycle = 2% Ko
| [ o] F
7 , < 4.0
05V T ST AP
-

FIGURE 1: Delay and Rise Time Equivalent Test Circuit

3.0V

10<t,< 500;18_’& tone
3

————— 109V 2750
Duty Cycle = 2% ' i \
0 10 KQ
U >_M * C, < 4.0pF
-9.qV =-=-I iy 1N916 —r}

FIGURE 2: Storage and Fall Time Equivalent Test Circuit
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2N3906 MMBT3906

SOT-223
PMP General Purpose Amplifier
This device is designed for general purpose amplifier and switching
applications at collector currents of 10 pA to 100 mA.
Absolute Maximum Ratings* 1, - 2ssc unless otheise noted
SymDbolParameterVall ueldlU i t s
Vceo C bt efc iE-06o-% E* mifi LEXK Y n Vio I t a g ef 4 0 V
Vceo C fof I, 2% c—tIro7re.- B a5 se VA ol=ic7tita—"grse (4. O BV
Veso E §mi Pt teve™ pil\- B 7a(lsiiie yirg Y JE allhgser 5. O gV
Lk ’ Colil esc,t oprd |CLu nRNeMNMET T TICTONNL | ieh (U owu s, 2[00 0fm A
Ty, Tstg Operating and Storage Junction Temperature Rang¢-55 to +150 G

*I'h&se ratings are limiting values above which the serviceability of any semiconductor device may be impaired.

NOTES:

1) These ratings are based on a maximum junction temperature of 150 degrees C.

2 These are steady state limits. The factory should be consulted on applications invotving pulsed or low duty cycle operations.
3) All voltages (V) and currents (A) are negative polarity for PNP transictors.

Thermal Characteristics  r, -ssscunessothenwise noted

SymbolCharacteristicMaxUni|its

2N39G6*MMBT3906%*PZT3906
Po Total Device Dissipation 625 350 1,000 mWwW
Derate above 25°C 5.0 2.8 8.0 mW/°C
Reic Thermal Resistance, Junction to Jase83.3 °C/W
Resa Thermal Resistance, Junctjon to Ampient2003(57125 °C/W

*Device mounted on FR-4 PCB 1.6" X 1.6" X0.06."
>“‘Devlce mounted on FR-4 PCB 36 mm X 18 mm X 1.5 mm; mounting pad for the collector lead min. 6 cm2.

© 2001 Fairchild Semiconductor Corporation 2N3906/MMBT3906/PZT3906, Rev A
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PNP General Purpose Amplifier

(continued)

E Iectrical Cha ra CteristiCS T, = 255C unless otherwise noted

SymbolParameterTe%t ConditionsMinMaxUpnits
OFF CHARACTERISTICS
Vsriceo Collector-Emitter Breakdown Voltage*Ic = 1.0 mA, I = 0 4 0 Y
V(erBo Collector-Base Breakdown Voltage k=10pA Ie=0 4 0 \
VBrEBO Emitter-Base Breakdown Voltage E=10pA I =0 5 ; 0 \"
I Base Cutoff CurrenfktVee=30V,Vge = S Fogeited H) VIEE550 A
Teex Collector Cutoff Curren|tVeg=30V,Vge = 6} e B(0) 5550 A
ON CHARACTERISTICS
hre DC Current Gain %I.=01mA V=10V 60
L=10mA, Vce=1.0V 80
L=10mA, Vcg= L0V 100 300
I =50mA, Vce=1.0V 60
I. =100 mA, Ve = 1.0V 30
Veeesay Collector-Emitter Saturation Voltagel: = 10 mA, Ig = 1.0 mA - %0.25 v
I. =50mA, Iz = 5.0 mA 0.4 vV
VeEksat) Base-Emitter Saturation Voitagelc =10 mA, Iz = 1.0 mA 0.65/0.85 "
. =50mA, Iz =50mA 0.95 \
SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth ProduqtIc = 10 mA, Vce =20V, 2% 5. %04 MILH 2z
f =100 MHz
Cobo Output CapacitancegVe=50V,I=0, do . B8 p F
f = 100 kHz
Cibo Input CapacitanceVe=05V,Ic=0, ™0 D pF
f =100 kHz
NFNoisp Figure It =100 pA, Vce=5.0V, 4 ¥l d B
Rs =1.0kQ,f=10 Hz to 15.7 kHz
SWITCHING CHARACTERISTICS
ta D e | Ra\y T imy.e|&F=3.0V, Vg \&= O g~ 5 VIigsgs 5| n s
t REif s g T i m e |It=10mA Iz, = 1oAY M A 3 510 s
t SEtolrlalrges T i m e[ V=30V, I = 1 O JALP 2 5|n s
t F a | | SN mo_eegls=Isn = L A 0 [ o ZirS5alina s

’i’ulse Test: Pulse Width <300 ps, Duty Cycle <2.0%

NOTE: All voltages (V) and currents (A) are negative polarity for PNP transistors.

Spice Model

PNP (Is=1.41f Xti=3 Eg=1.11 Vaf=18.7 Bf=180.7 Ne=1.5 Ise=0 Ikf=80m Xtb=1.5 Br=4.977 Nc=2 Isc=0 Ikr=0
Rc=2.5 Cjc=9.728p Mjc=.5776 Vjc=.75 Fc=.5 Cje=8.063p Mje=.3677 Vje=.75 Tr=33.42n Tf=179.3p Itf=.4 Vif=4
Xtf=6 Rb=10)
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PNP General Purpose Amplifier

(continued)

Typical Characteristics

Typical Pulsed Current Gain
vs Collector Current
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PNP General Purpose Amplifier

(continued)

Typical Characteristics (continued)

Noise Figure vs Frequency

Noise Figure vs Source Resistance
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PNP General Purpose Amplifier

(continued)

Typical Characteristics (continued)

Voltage Feedback Ratio Input Impedance
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TIP41 SERIES
(TIP41/41A/41B/41C) NPN EPITAXIAL SILICON TRANSISTOR

MEDIUM POWER LINEAR

SWITCHING APPLICATIONS TO-220
« Complement to TIP42/42A/42B/42C
ABSOLUTE MAXIMUM RATINGS
Characteristic Symbol| Rating Unit
Collector Base Voltage : TIP41 Vceo 40 \
1 TIP41A 60 v
: TIP41B 80 \Y
: TIP41C 100 \%
Collector Emitter Voltage ~ : TIP41 Vceo 40 Vv
1 TIP41A ' 60 \%
: TIP41B 80 v :
. TIP41C 100 v 1.Base 2.Collector 3.Emitter
Emitter-Base Voltage VEso 5 \"
Collector Current (DC) Ic 6 A
Collector Current (Pulse) Ic 10 A
Base Current Is 2 A
Collector Dissipation (Tc=25°C) Pc 65 w
Collector Dissipation (Ta=25°C) B 2 w
Junction Temperature i 150 °C
Storage Temperature I Tste 65 ~ 150 ¢
ELECTRICAL CHARACTERISTICS (T =25°C)
Characteristic Symbol Test Conditions | Min | Max | Unit
*Collector Emitter Sustaining Voltage  : TIP41 BVceo(sus) [Ic =30mA, Ig=0 40 \"
: TIP41A 60 v
: TIP41B 80 v
: TiP41C 100 \"
Collector Cutoff Current : TIP41/41A keo Vce=30V,I5-0 0.7 mA
: TIP41B/41C Vce=60V,Ig=0 0.7 mA
Collector Cutoff Current 1 TIP41 Ices Vce= 40V, Vgg=0 400 pA
: TIP41A Vce= 60V, Veg=0 400 pA
: TIP41B Vce= 80V, Vgg=0 400 PA
1 TIP41C Vce= 100V, Veg=0 400 pA
Emitter Cutoff Current Eso Ves=5V,Ic=0 1 mA
*DC Current Gain hee Vce=4V,Ic =0.3A 30
Vce=4V,Ic=3A 15 75
*Collector-Emitter Saturation Voltage Vce(sat) Ic = 6A, Ig = 600mA 1.5 Vv
*Base-Emitter On Voltage Vge(on) Vee=4V,Ic =6A 2.0 v
Current Gain Bandwidth Product fr Vce= 10V, Ic = 500mA 3.0 MHz
f=1MHz
* Pulse Test: PW<300ps, Duty Cycle<2%
| Rev. B

I R
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SEVICONZUCTOR v
©1999 Fairchild Semiconductor Corporation



TiP41 SERIES
(TIP41/41A/41B/41C)  NPN EPITAXIAL SILICON TRANSISTOR

DC CURRENT GAIN BASE-EMITTER SATURATION VOLTAGE
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ ISOPLANAR™
CoolFET™ MICROWIRE™
CROSSVOLT™ POP™
E2CMOS™ PowerTrench™
FACT™ QS™
FACT Quiet Series™ : Quiet Series™
FAST® SuperSOT™-3
FASTI™ SuperSOT™-6
GTO™ SuperSOT™-8
HiSeC™ TinyLogic™
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPRGVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITY ARISING OLUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL CONMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPCRATION.
As used herein: .

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or

with instructions for use provided in the labeling, can be effectiveness.

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not 'n Production This datasheet contains specifications on a product
that has been djscontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.






