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AC-Line Moden '
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Pong Burunchai
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Abstract

This report have been refered to the experiment of
the AC-Line Modem. This AC-Line Mcdem works in f£fulil
duplex system and we also support ﬁhe frequency shift
keying techni¢ which has the semilar operation as modem
BELL 212A or CCITT V.22. The difference of these
transmission message modemé are their frequency. The
AC-Line modem frequency is higher than the comparative
one and the Non-Telephone line transmitter but using the
AC-Line instead must be designed the section receiver &
transmitter siggal which have protection properties such
as voltage protection,50 Hz signal protection and band
pass filter. Each device consists of section transmitor
which' c*eate frequency as data in for transmiting and
other section receiver sigﬁal from AC—Line-Demodulate to

be data. Only assigned <frequency work with the

appropiate section.
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Connector Gnd Data Control Timing
Interchange pin ’ Deséription From to From to Fmom  to
circuit -assigrment . DCE DCE DCE DCE DCE DCE
AA 1. Protective Ground X
AB 7 Signal Ground/Common Retum X | '
BA 2 Transmitted Data - .oX
BB 3 Received Data X
4 Request to Send . X
. 5 Clear to Send B
6 * | Data Set Ready
20 pata Terminal Ready X
22 * Ring Indicator
- 8 Received Line Signal Detector X
21 ) Signal Quality Detector i - X
23 | Data Signal Rate Selector {DTE) X
23 pData Signal Rate Selector (DCE) X
DA 24 Transmitter -Signal Element Timing 4 X
(DTE) / '
DB’ 15 Transmitter Signal Element Timing »] X
(DCE) .
DD 17 Receiver Signal Element Timing . LX) X
{DCE) { )
SBA 14 Secondary Transm:i.tted Data . X
sBB -’ 16 ) Secondary Received Data X -
SCA : 19 Secondary Request to Send . X .
sCB 13 Secondary Clear to Send . .
SCF 12 4 Secondary Received Line Signal
\ Detector .




19
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Monolithic Function Generator

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator inte-
grated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of-high-stability
and accuracy. The output waveforms can be both amplitude
and frequency modulated by an external voltage. Frequency
of operation can be selected externally over a range of 0.01
Hz to more than 1 MHz,

The circuit is ideally suited for communicatiéns, instru-
mentation, and function generator applications. requiring

drift specification of 20 ppm/°C. The oscillator frequency.
can be linearly swept over a 2000:1 frequency range, with
an external control voltage, having a very small affect on
distortion.

FEATURES

Low-Sine Wave Distortion 5%, Typical
Excellent Temperature Stability 20 ppm/°C, Typical
Wide Sweep Range 2000:1, Typical

Low-Supply Sensitivity 0.01%V, Typical
Linear Amplitude Modulation

TTL Compatible FSK Controls

sinusoidal tone, AM, FM, or FSK generation. It has a typical

FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-2206M Ceramic 55°C to #125°C
XR-2206N Ceramic 0°Cto+70°C
XR-2206P Plastic 0°Cto +70°C
XR-2206CN Ceramic 0°C to +70°C
XR-2206CP Plastic 0°C 0 +70°C

SYSTEM DESCRIPTION

Storage Temperature

Wide Supply Range 10V to 26V

Adjustable Duty Cycle 1% 10 99%

APPLICATIONS

Waveform Generation

Sweep Generation

AM/FM Generation

V/F Conversion

FSK Generation

Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply 26V

Power Dissipation 750 mW

Derate Above 25°C 5mW/°C

- Tota! Timing Current 6 mA

-65°C to +150°C

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

The VCO actually produces an output frequency porpor-
tional to an input current, which is produced by a resistor
from the timing terminals to ground. The current switches
route one of the timing pins current to the VCO controlled
by an FSK input pin, to produce an output frequency. With
two tirning pins, two discrete output frequencies can be
independently produced for FSK Generation Applications.

voe !
[A : EMR Integrated Syster:s, Inc., 760 Palomar Avenue, Sunnyvale, CA 94086 * (408) 732-7970 * TWX 910-339-9233
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ELECTRICAL CHARACTERISTICS ;
Test Conditions: Test Circuit of Figure 1, V* = 12V, Ty = 25°, C = 0.01 uF, Ry = 100k, Ry = 10k, Ry = 25k
unless otherwise specified. S; open for triangle, closed for sine wave.

XR-2206M XR-2206C
PARAMETER MIN. ] r. l MAX. MIN. | TYP. | MAX. UNIT CONDITIONS
GENERAL CHARACTERISTCS
Single Supply Voltage 10 26 10 26 v
Split-Supply Voltage 15 +13 5 +13 v
Supply Current 12 17 14 20 mA Ry >10kN
OSCILLATOR SECTION
Max. Operating Frequency 05 1 0.5 1 MHz C=1000pF. Ry =1kQ
Lowest Practical Frequency 0.01 \ 0.01 Hz C=50uF. Ry =2Mn
Frequency Accuracy 21 t4 22 % of fg ° fo = 1/RC
Temperature Stability £10 t50 +20 ppm/°C 0°C< Ty < 75°C,
o Ry =Ry =20kN
Supply Sensitivity 0.01 0.1 0.01 %/V Viow = 10V. VH|GH = 20V,
" Ry = Ry =20k 0

Sweep Range 1000:1 2000:1 2000:1 f=f fH@R{=1kN

{ f ® Ry=2MQ
Sweep Linearity

10:1 Sweep A 2 % fo=1kHz, fiy = 10 kHz

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

FM Distortion 0.1 0.1 % £10% Deviation
Recommended Timing 4

Components

Timina Capacitor: C 0.001 100 0.001 1C0 Ma See Figure 4.

Timing Resistors: Ry & Ry 1 2000 3 2600 k0
Triangle Sine Wave Output See Note 1, Figure 2.

Triangle Amplitude 160 160 mv/k 0 Figure 1, Sy Open

Sine Wave Amplitude 40 60 80 60 mv/kQ Figure 1, Sy Closed

Max. Output Swing 6 6 Vo-p

Output Impedance 600 600 a

Triangle Linearity 1 1 %

Amplitude Stability 05 0.5 d8 For 1000:1 Sweep

Sine Wave Amplitude Stability 4800 4800 ppm/*C See Note 2.
Sine Wave Distortion

Without Adjustiment 25 258 % Ry =30kN

With Adjustment 0.4 1.0 as 15 % See Figures 6and 7,
Amplitude Modulation

Input Impedance 50 100 S0 100 kN

Modulation Range 100 100 %

Carrier Suppression 55 55 ds

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

Amplitude g 12 12 Vpp Measured at Pin 11,

Rise Time 250 250 5 nsec C_ = 10pF

Fall Time 50 50 nsec CL=10pF

Saturation Voitage 0.2 04 0.2 0.6 v L =2mA

Leakage Current 0.1 20 0.1 100 A Vip = 26V
FSK Keying Level (Pin 9) *.08 1.4 24 08 1.4 24 v See section on circuit controls|
Reference Bypass Voltage 29 3.1 33 25 3 35 v Measured at Pin 10.

Note 1:
Note 2:

*@

Qutput amplitude isdirectly proportional to the resistance, Rg3, on Pin 3. See Figure 2
For maximum amplitude stability, R3 should be a positive temperature coefficient resistor.
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Figure 9:  Circuit Connection for Frequency Sweep.

Figure 10: Circuit for Sine Wave Generation without
External Adjustment. (See Figure 2 for
Choice of R3.) ., |

Figure 12: Sinusoidal FSK Generator.

Figure 11: Circuit for Sine Wave Generation with
Minimum Harmonic Distortion. (R3
Determines Output Swing — See Figure 2.)

XR-50

-n

Figure 13: Circuit for Pulse nnd_anp Generation.



Frequency-Shift Keying:

The XR-2206 can be operated with two separate timing
resistors, Ry and Ry, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 12. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is open-
circuited or connected to a bias voltage 22V, only Ry is
activated. Similarly, if the voltage level at Pin 9 is <1V,
only Rz is activated. Thus, the output frequency can be
keyed between two levels, f1 and fo, as:

fy = 1/R1C and f3 = 1/RoC

For split-supply operation, the keying voltage at Pin 9 is
referenced to V=,  _ .

Output DC Level Control:

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12, Pin 3
is biased midway between V% and ground; to give an
output dc level of =~V /2,

APPLICATIONS INFORMATION

Sine Wave Generation

v

Without External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than v*/2, and the
typical distortion (THD) is <2.5%. If lower sine wave
distortion is desired, additional adjustments can be provided
as described in the following section.

The circuit of Figure 10 can be converted to split-supply
operation, simply by replacing all ground connections with
V~. For split-supply operation, R3 can be directly connected
to ground.

£

With External Adjustment:

The harmonic content of sinusoidal output can be reduced
to ~0.5% by additional adjustments as shown in Figure 11,
The potentiometer, Rp, adjusts the sine-shaping resistor,
and Rg provides the fine adjustment for the waveform
symmetry. The adjustment procedure is as follows:

: Set Rg at midpoint, and adjust Ry for minimum
distortion.

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

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted to
triangle wave generation, by simply open<ircuiting Pin 13
and 14 (i.e., Sy open). Amplitude of the triangle is approxi-
mately twice the sine wave output.

FSK Generation

Figure 12 shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be inde-
pendently adjusted, by the shoice of timing resistors, Ry
and Ry the output is phase-continuous during transitions.
The keying signal is applied ta Pin 9. The circuit can be
converted to split-supply operation by simply replacing
ground with V=,

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying ter-
minal (Pin 9) is shorted to the square-wave output (Pin 11),
and the circuit automatically frequency-shift keys itself
between two separate frequencies during the positive-going
and negative-going output waveforms. The pulse width and
duty cycle can be adjusted from 1% to 99%, by the choice
of Ry and Rg. The values of Ry and Rp should be in the
range of 1 kQ to 2 MQ.
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PRINCIPLES OF OPERATION

Description of Controls

Frequency of Operation:
The frequency of oscillation, fo. is determined by the
external timing capacitor, C, across Pin 5 and 6, and by the
timing resistor, R, connected to either Pin 7 or 8. The fre-
quency is given as: ’

ty= E— Hz
and can be adjusted by varying either R or C. The recom-
mended values of R, for a given frequency range, are shown
in Figure 4. Temperature stability is optimum for 4 kQ <
R < 200 kQ. Recommended values of C are from 1000 pF
to 100 uF. .

Frequency Sweep and Modulation:
Frequency of oscillation is proportional to the total timing
current, I, drawn from Pin-7 or 8:

(. 320ipdmA)
STCwh

Timing terminals (Pin 7 or 8) are low-impedance paints,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with l1. over a wide .range of
current values, from 1 uA to 3 mA. The frequency can
be controlled by applying a control voltage, V5, 1o the
activated timing pin.as shown irmFigure 9. The frequency of
oscillation is related to Voas: *

1

f'ﬁ-c-

R V
EWARY s
RC“ 3 Hz

where V¢ is in volts. The voltage-to-frequency conversion
gain, K, is given as:
0.32
K =3f/ave _ﬂcc Hz/V
CAUTION: For safe operation of the circuit, I should be
limited to €3 mA.

Output Amplitude:

Maximum output amplitude is inversely proportional to the
external resistor, R3, connected to Pin 3 (see Figure 2). For
sine wave output, amplitude is approximately 60 mV peak
per kQ of Rg: for triangle, the peak amplitude is approxi-
mately 160 mV peak per kQ of R3. Thus, for example,
R3 =50 k£ would produce approximately +3V sinusoidal
output amplitude.

Amplitude Meodulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance at
Pin 1 is approximately 100 k2. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within £4 voits of V*/2 as shown in Figure
5. As this bias level approaches V*/2, the phase of the
output signal is reversed, and the amplitude goes through
zero. This property is suitable for phase-shift keying and
suppressed-carrier AM generation. Total dynamic range of
amplitude modulation is approximately 55 dB8.

CAUTION: ' AM control must be used in conjunction with

"3 well-regulated supply, since the output amplitude now

becomes a function of V*,

EQUIVALENT
SCHEMATIC

DIAGRAM

-8
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XR-54

HIGH QUALITY FUNCTION GENERATOR |
SYSTEM WITH THE XR-2206

INTRODUCTION 3

Waveform or function generators capable of producing
am/fm modulated sine wave outputs find a wide range of
applications in electrical measurement and laboratory in-
strumentation. This application note describes the design,
construction and the performance of such a complete func-
tion gerierator system suitable for laboratory usage or hob-
byist applications. The entire function generator is com-
prised of a single XR-2206 monolithic IC and a limited
number of passive circuil components. It provides. the en-
gineer, student, or hobbyist with a highly versatile laboratory
instrument for wavefofm generation at a very small fraction
of the cost ‘of conventional function generators available
today.

GENERAL DESCRIPTION

The basic circuit configuration and the external components

necessary for the high-quality function generator system is

shown in Figure 1. The circuit shown in the figure is de-
signed to operate with either a 12 V single power supply, or
with =6 V split supplies. For most applications, split-supply
operation is prefecred since it results in an output dc level
which is nearly at ground potential.

. The circuit configuration of Figure 1 provides three basic

waveforms: sine, triangle and square wave. There are four
overlapping frequency ranges which give an overall fre-
quency range of 1 Hz to 100 kHz. In each range, the fre-
quency may be ‘varied over a 100:1 tuning range.

The sine or tiangle output can be varied from 0 to over
6V (peak to peak) from a 600 ohm source at the output
terminal.

A squarewave output is available at the sync output terminal
for oscilloscope synchronizing or driving logic circuits.

TYPICAL PERFORMANCE CHARACTERISTICS °

The performance characteristics listed below are not
guaranteed or warranted by Exar. However, they represent

*the typical performance characteristics measured by Exar's

application engineers during the laboratory evaluation of the
function generator system shown in Figure 1. The typical
performance specifications listed below apply only when all
of the recommended  assembly instructions and adjustment
procedures are followed:

7’ EXAR INTEGRATED SYSTEMS, INC.
/N

750 Palomar Avenue. Sunnyvale. CA S4088

-

(a) Frequency Ranges: The funclion generator system lg
designed to operate over four overlapping freque
ranges:

1 Hzto 100 Hz
10 Hz 1o 1 kHz
100 Hz to 10 kHz

1 kHz to 100 kHz

The range selection is made by switching in different
timing capacitors. 4

Frequency Setting: At any range setting, frequency§
can be varied over a 100:1 tuning range with a poten
tiometer (see Ry3 of Figure 1). iy

(b

~

(c) Froquency Accuncy Frequency accuracy of the X :

capacitor C, and is given as:
“ t=1RC

Tha above expression is accurate to within =5 % at any3
range setting. The timing resistor R is the series combis
nation of resistors R4 and Ry3 of Figure 1. The timi
capacitor C Is any one of the capacitors C3 through
shown in the figure.

(d) Sine and Triangle OQutput: The sine and triangle outp
amplitudes are variable from 0 V to 6 Vpp. The ampiit
is set by an extemal potentiometer, Ry2 of Figure 1.
any given amplitude setting, the triangle outputy
amplitude is approximately twice as high as tho
sinewave output. The intemal impedance of the outputj
is 600 n: .

(e) Sinewave Distortion: The total harmonic distortion afg
sinewave Is less than 1 % from 10 Hz to 10 kHz and less
than 3 % over the entire frequency range. The selecﬂoﬂ
of a waveform is made by the triangle/sine sele
switch, Sp.

() Sync Output: The sync output provides a 50 % dulY
cycle pulse output with either full swing or upper half}

swing of the supply voltage depending on the choice of§

sync output terminais on the printed circuit board (seo
Figure 1). 3

@p8) 7327970 TWX 810-339-9233
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NOTE: FRECUENCY

1. For Single Supply Operation Lift GND Connection Keeping R12 Across Terminals R and B Intact, and Connect Temminal A to GND.

2. For Maximum Output. Ry may be open. Ry = 68 KN is Recommendad for Extemal Amplitude Modutation.

Figure 1. Circuit Connection Dlagram for Function Generator. (See Note 1 for Single Supply Operation.)

(g) Frequency Modulation (External Sweep): Frequency
can be modulated or swept by applying an external
control voltage to sweep terminal (Terminal | of Figure
1). When not used, this terminal should be left open-
circuited. The open circuit voltage at this terminal is ap-
proximately 3 V above the negative supply voitage and
its impedance is approximately 1000 ohms.

.

Amplitude Modulatlon: The output amplitude varies
linearly with modulation voltage applied to am input (ter-
minal Q of Figure 1). The output amplitude reaches its
minimum as the am control voltage approaches the haif
of the total power supply voltage. The phase of the output
signal reverses as the amplitude goes through its
minimum value. The total dynamic range is approxi-
mately 55 dB, with am control voltage range of 4 V refer-
enced to the half of the tdtal supply voltage. When not
used, am terminal should be left open-circuited.

(h

-

0] F"ower Source: Split supplies: =6 V, or single supply:
+12 V. Supply Current 15 mA (see Figure 3).

EXPLANATION OF CIRCUIT CONTROLS:

Switches

Range Select Switch, S1: Selects the frequency range of
Operation for the function generator. The frequency is

2

ng

inyersely proportional to the timing capacitor connected
across Pins 5 and 6 of the XR-2206 circuit. Nominal
capacitance values and frequency ranges corresponding
to switch positions of S1 are as follows:

Position. Nominal Range Timing Capacitance

1 ~1% Hz to 100 Hz 1 uF
2 10 ‘Hz to 1 kHz 0.1 uF
3 100 Hz to 10 kHz 0.01 uF
4 1 - Hz to 100 kHz 0.001 uF

If additional frequency ranges are, needed, they can be
added by introducing additional switch positions.

Triangle/Sine Waveform Switch, S2: Selects the triangle or
sine output waveform.’

Trimmers and Potentiometers

Dc Offset Adjustment, R9: The potentiometer used for ad-
justing the dc offset level of the triangle or sine output
waveform.

Sinewave Distortion Adjustment, R10: Adjusted to minimize
the harmoni¢ content of sinewave output.

Sinewave Symmetry Adjustment, R11: Adjusted to optimize
the symmetry of the sinewave output.
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RECOMMENDED ASSEMBLY PROCEDURE

The following instructions and recommendations for the as-
sembly of the function generator assume that the basic PC
board layout of Figure 2(a) or 2(b) is used in the circuit
assembly. 5y

All the parts of the generator, with the exception of fre-
quency adjust potentiometer, amplitude control poten-
tiometer, triangle/sine switch and frequency range select
switch, are mounted on the circuit board.

Install and solder all resistors, capacitors and trimmer re-
sistors on the PC board first. Be sure to observe the polarity
of capacitors C1, C2, C7. The timing capacitors C3, C4, C5
and C6 must be non-polar type. Now install IC1 on the
board. We recommend the use of an IC socket to prevent
possible damage to the IC during soldering and to-provide
for easy replacement in case of a malfunction.

The entire generator board along with power supply or bat-
teries and several switches and potentiometers will fit into a
case of the type readily available at electronic hobby shops.
It will be necessary to obtain either output jacks or terminals
for the outputs and am and frequency sweep. inputs,

Install the frequency adjust pot, the frequency range select
switch, the output amplitude contral pot, the power switch,
and the triangle/sine switch on the case. Next, install the
PC board in the case, along with a power supply.

n

|

115 vac

(a) Zener Regulated Supply

:'—-‘—‘I.'_—_o-l'
Mo
i ST W By,

(b) Battery Power Supply

T1: Filament Transformer
Primary 115 V/Secondary 12.6 VCT, 0.5 A
D1-D4: IN4001 or Similar
DS, D6: IN4735 or Similar
A1, R2:51 1), 172 W, 10 %

Figure 3. Recommended Power Supply Configurations.

-

Any simple power supply having reasonable regulation may
be used. Figure 3 gives some recommended power supply
conligurations.

Precaution: Keep the lead lengths small for the range
selector switch.

ADJUSTMENT PROCEDURE

When assembly is completed and you are ready to put the
function generator into operation, make sure that the polarity
of power supply and the orientation of the IC unit are cor-
rect. Then apply the dc power to the unit.

To adjust for minimum distortion, connect the scope probe
to the triangle/sine output. Close S2 and adjust the
amplitude control to give non-clipping maximum swing.
Then adjust R10 and R11 alternately for minimum distortion
by oberving the sinusoidal waveform. If a distortion meter is
available, you may use it as a final check on the setting of
sine-shaping trimmers. The minimum distortion obtained in
this manner is typically less thaq 1 % from 1 Hz to 10 kHz and
less than 3 % over the entire frequency range.
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Amplitude Control, R12: Sets the amplitude of the triangle or Resistoré:
sinewave output. R1 30KN, 174 W, 10 %

Frequency Ad]ust. R13: Sets the oscillator frequency for any R2 100 K2, 1/4 W, 10 %

range setting of S1. Thus, R13 serves as a frequency dial R3, R7 1KQ, 1’: w 'g :/"
on a conventional waveform generatog and varies the fre- :g A6 :::3 : ; . W' :0 0/’
uency of the oscillator over an approximate 100 to 1 range. ¥ y 2 x
o it g i o4 R8 300 0, 174 W, 10 %
Terminals RX 62 KN, 1/4 W 10 % (RX can be eli h
nated for maximum output) .k
A. Negative Supply -6 V “z
B. Ground Potentiometers: R
C. Positive Supply +6 V R9 Trim, 1 MQQ, 174 W !
D. Range 1, timing capacitor terminal R10 Trim, 1 KQ, 1/4 W =
E. Range 2, timing capacitor terminai R11 Trim, 25 K2, 1/4 W ¥
F. Range 3, timing capacitor terminal g -
G. Range 4, timing capacitor terminal ;If'\he (ollo:vtn'gpgdd:(no;\atl items ar7 :eﬁor;orrr\:,r;de?n: co
H. Timing capacitor common terminal F GICU OF TIgUIT QI ompiele ta ¢ r
. Sweep Input Potentiometers:
J. Frequency adjust potentio.meter terminal R12 Amplitude control, linear, 50 KQ
K. tFreq_ue:wcy adjust potentiometer negative supply R13 Frequency control, audio taper, 1
erminal
L. Sync output (1/2 swing) Switches:
M. Sync output (full swing) St Rotary switch, 1-pole, 4 positions
N. Triangle/sine waveform switch terminals S2 Toggle or slide, SPST [
O. Triangle/sine, waveform switch terminals o
P. Triangle or sinewave output Case:
Q. AM input 7" x 4" x 4” (approx.) Metal or Plastic KR
R. Amplitude control terminal (See Figures 4(a) and 4(b).) :
PARTS LIST Power Supply:
Dual supplies =6 V or single +12 'V
The following is aiist of extemal circuit-components neces- Batteries or power supply unit
sary to provide the circuit interconnections shown in Figure (See Figures 3(a) and 3(b).)
v : Miscellaneous: »
Capaciiyy Knobs, solder, wires, terminals, etc.
C1, C2, C7  Electrolytic, 10 uF, 10V
c3 Mylar, 1 uF, nonpolar, 10 % BOARD LAYOUT
C4 Mylar, 0.1 uF, 10 % ¢ :
C5 Mylar, 0.01 uF, 10 % Figures 2(a) and 2(b) show the recommended printed-ci ‘ j
Cé Mylar, 1000 pF, 10 % board layout for the function generator circuit of Figure i

(a) Split Supply PC Board Layout (b) Single Supply PC Board Layout

Figure 2. Recommended PC Board Layout for Function Generator Clrcuit of Figure 1. ) : i
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XR-2211

FSK Demodulator / Tone Decoder

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications. It is
particularly well suited for FSK modem applications. It
operates over a wide supply voltage range of 4.5 to 20 V
and a wide frequency range of 0.01 Hz to 300 kHz, It can
accommodate analog signals between 2 mV and 3 V, and
can interface with conventional DTL, TTL, and ECL logic
families. The circuit consists of a basic PLL for tracking an
input signal within the pass band. a quadrature phase detec-
tor which provides carrier detection, and an FSK voltage
comparator which provides FSK demodulation, External
components are used to independently set.center frequency,
bandwidth, and output delay. An internal voltage reference
proportional to the power supply provides ratio metric
operation for low system performance variations with
power supply changes. |

The XR-2211 is available in 14 pin DTL ceramic or plastic
packages specified for commercial or military temperature
ranges.

FEATURES
< 001 Hz to 300 kHz
45Vto20V

Wide Frequency Range
Wide Supply Voltage Range
DTL/TTL/ECL Lagic Compatibility

FSK Demodulation; with Carrier Detection
Wide Dynamic Range 2mV.to 3V rms
Adjustable Tracking Range (+1% to +80%)
Excellent Temp. Stability 20 ppm/°C, typ.
APPLICATIONS

FSK Demodulation
Data Synchronization
Tone Decoding

FM Detection

Carrier Detection

ABSOLUTE MAXIMUM RATINGS

Power Supply 2V

Input Signal Level 3Vrms

Power Dissipation

Ceramic Package 750 mwW
Derate above T = +25°C 6mV/AC

Plastic Package 625 mW

Derate above Tp = +25°C 50 mwW/C

FUNCTIONAL BLOCK DIAGRAM

XR 2211
l SIGNAL
+ee | 1 PRE AMP
INPUT I 21 1'— vco

]

]
ko [ ] &

[10]

]

5]

TIMING
CAPACITOR

our

LOCK
DETECT
COoMP

INTERNAL
REFERENCE

REF
VOLTAGE
our

NC

FSK
COMP INPUT

DATA -
ouTPUT I 7 "<,_J—
FSK COMP

ORDERING INFORMATION

Part Number Package Gperating Temperature
XR-2211M Ceramic -55°C to +125°C
XR-2211CN Ceramic 0°Cto + 75°C
XR-2211CP Plastic 0°Cto+ 75°C
XR-2211N Ceramic -40°C1o0 + 85°C
XR-2211P Plastic -40°Cto + 85°C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is constructed from an
input preamplifier, analog multiplier used as a phase detec-
tor, and a precision voltage controlled oscillator (VCO).
The preamplifier is used as a limiter such that input signals
above typically 2MV RMS are amplified to a constant high
level 'signal, The multipling-type phase detector acts as a
digital exclusive or gate. Its output (unfiltered) produces
sum and difference frequencies of the input and the VCO
output, f input + f input (2 f input) and f input - f input
(0 Hz) when the phase detector output to remove the
“sum" frequency component while passing the difference
(DC) component to drive the VCO. The VCO is actually
a current controlled oscillator with its nominal input
current (fg) set by a resistor (Rg) to ground and its driving
current with a resistor (R4) from the phase detector.

The other sections of the XR-2211 act to: determine if the
VCO is driven above or below the center frequency (FSK
comparator); produced both active high and active low out-
puts to indicate when the main PLL is in lock (quadrature
phase detector and lock detector comparator).

XR-86
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~ XR-2211

ELECTRICAL CHARACTERISTICS
Test Conditions:  Test Circuit of Figure 1, V* = V= = 6V, Tp = 425°C, C = 5000 oF, Ry*= Ry = A3 = Ag = 20 KL R = 4.7 KN,
Binary Inputs grounded, Sy and S7 closed unless otherwise specified.

XR-2211/2211M

XR-2211C

PARAMETERS . UNITS CONDITIONS
MIN, TYP, MAX. MIN, TYP. MAX.
GENERAL
Supply Voltage 45 20 4.5 20 Vv
Supply Current 4 7 5 9 mA R 210 KSL See Fig. 4
OSCILLATOR SECTION
Frequency Accuracy 1 8 b3 % Deviation from g = 1/RoCq
Frequency Stability Ry =%
Temperature 20 150 20 pom/°C See Fig. 8.
Power Supply 0.05 0.5 0.05 %IV Vv =12%1V,. SkeFig. 7.
0.2 0.2 %/V v*=520.5V. See Fig. 7.
Upper Frequency Limit 100 300 300 kHz R = 8.2 KL Cg = 400 pF
Lowest Practical
Operating Frequency 0.0t 0.01 Hz Ag = 2 MS2, Cg = 50 pF
Timing Resistor, R See Fig. 5,
Operating Range 5 2000 5 2000 131
Recommended Range 15 100 15 100 131] See Fig. 7 and B.
LOOP PHASE
DETECTOR SECTION
Peak Qutput Current *150 200 300 100 +200 300 LA Measured at Pin 11,
Qutput Offset Current %1 %2 HA
Output Impedance 1 1 MQ
Maximum Swing 4 35 4 : = v Referenced to Pin 10.
QUADRATURE
PHASE DETECTOR ‘ el Measured at Pin 3.
Peak Output Current 100 150 150 HA
Qutput Impedance 1 1 M_Q
Maximum Swing " " V op
INPUT PREAMP SECTION Megsiared at Pin 2,
input Impedance 20 20 (31
Input Signal
Voltage Required to
Cause Limiting 2 i0 2 mV rms
VOLTAGE COMPARATOR
SECTIONS
Input Impedance 2 2 V19 Measured at Pins 3 and 8.
Input Bias Qurrent 100 100 nA
Voltage Gain 55 70 55 70 d8 Ry =5.1 kQQ
QOutput Voltage Low 300 : 300 my Ic =3mA
Output Leakage Current 0.01 . 0.01 MA Vo=12V
\
INTERNAL REFERENCE
Voltage Level 49 5.3 5.7 4.75 5.3 5.85 v’ Measured at Pin 10,
Output Impedance 100 100 Q

-9 4
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XR-2211

4. Loop Damping, ¢
- 4 —
hd G

5. Loop Tracking Bandwidth, tAf/fg:

——

6. FSK Data Filter Time Constant, 7F-
7F = ReCe

7. Loop Phase Detector Conversion Gain, K¢: (K@ is the
differential dc voltage across Pins 10-and 11, per unit
of phase error at phase detector input);

K¢ = -2VR/m volts/radian

8. VCO Conversion Gain, Kg: (Kg is the amount. of
change in VCO frequency, per unit of de voltage change
at Pin 11):

Ko = -1/VRCqR 4 Hz/volt

9. Total Loop Gain, K1

KT = 2nK¢Kq =‘4/C0R1 rad/sec/volt
10. Peak Phase Detector Current I :

Ia = VR (volts)/25 mA
APPLICATIONS INFORMATION
FSK DECODING:

Figure 9 shows the basic circuit connection for F SK decod-
ing. With reference to Figures 2 and 9, the functions of
external components are defined as follows: Rg and Cq set
the PLL center frequency, Ry sets the system bandwidth,
and C; sets the loop filter time constant and the loop
damping factor. Cg and Rg form a one-pole post-detection
filter for the FSK data output. The resistor Rg (= 510 KQ2)
from Pin 7 to Pin 8 introduces positive feedback across the
FSK comparator to facilitate rapid transition between
output logic states.

Recommended component values for some of the most
commonly used FSK bands are given in Table 1,

Design Instructions:

The circuit of Figure 9 can be tailored for any FSK decoding
application by the choice of five key circuit components:
Ro. Ry. Cg. Cy and Cg. For a given set of FSK mark and
space frequencies, fy and f2. these parameters can be calcu-
lated as follows:

a) Calculate PLL center frequency, fg:

f1 +72
10' 3

b} Choose value of timing resistor Rq, to be in the range
of 10 K2 to 100 K. This choice is arbitrary. The
recommended value is Rg = 20 KS2. The final value of
Rg is ‘normally fine-tuned with the series potenti-
ometer, Ry.

¢)  Calculate value of Cq from design equation (1) or from
Figure 6:

Co = WRglp

d) Calculate Ry to give a Af egual to the mark space
deviation:

Ry = Rolfg/tfy~ta)]

e) Calculate C; to set foop damping. (See design equation
no.4.):

Normally, § = 1/2 is recommended.

Then: Cq = Cp/4 for{ =:1/2

f) Calculate'Data Filter Capacitance, Cg

For Rg = 100 KQ, Rg = 510 K2, the recommended
valueof Cg is:

Cg = 3/(Baud Rate) uF

Note: All calculated component values except Rq can be
rounded to the nearest standard value, and Rg can be
varied to fine-tune center frequency, through a series
potentiometer, Ry. (See Figure 9.)
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PRCAMS

sloKn Mg om0

Figure 1: Functional Block Diagram of a Tone and FSK
Decoding System Using XR-2211

Reference Voltage, Vg (Pin 10): This pin is internally biased
at the reference voltage level, VR- Vg = V4/2 - 650 mV,
The dc voltage level at this pin forms an internal reference
for the voltage levels at Pins 5, 8, 11 and 12. Pin 10 must
be bypassed to ground with a 0.1 uF capacitor. for proper
operation of the circuit,

Loop Phase Detector Qutput (Pin 11): This terminal provides
a high impedance output for the loop phase detector. The
PLL lodp filter is formed by Ry and Cy connected to Pin 11
(see Figure 2). With no input signal, or with no phase error
within the PLL, the dc level at Pin 11 is very nearly equal
to VR. The peak voltage swing available at the phase detec-
tor output is equal to £V,

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

1
fg = Hz
“ RoCo

where Cq is the !imi}\g capacitor across Pins 13 and 14, For
optimum temperature stability, R must be in the range of
10 KQ to 100 K2 see Figure 8).

This terminal is a low impedance point, and is internally
biased at a dc level equal to VR. The maximum timing
current drawn from Pin 12 must be limited to <3 mA for

proper operation of the circuit.
.

XR-88

~a

Figure 2:  Generalized Circuit Connection for FSK and
Tone Detection

VCO Timing Capacitor (Pins 13 and 14)*VCO frequency is
inversely proportional 10 the external timing capacitor, Co.
connected across these terminals (see Figure 5). Co must be
nonpolar, and in the range of 200 pF to 10 uF,

VCO Frequency Adjustment: VCO can be fine-tuned by
connecting a potentiometer, Rx. in series with Rg at Pin 12
(see Figure 9). ;

VCO Free-Running Frequency, fo: XR-2211 does not have
a separate VCO output terminal. Instead, the VCO outputs
are internally connected to the phase detector sections of
the circuit. However, for set-up or adjustment purposes,
VCO free-running frequency can be measured at Pin 3 (with
Cp disconnected). with no input and with Pin 2 shorted to
Pin 10,

DESIGN EQUATIONS
{See Figure 2 for definition of components.)

1. VCO Center Frequency, fo:

'o - 1/ROC0 Hz

2. Internal Reference Voitage, VR (measured at Pin 10):

VR = V+/2 — 650 mV
3. Loop Low-Pass Filter Time Constant, 7:

e R|C‘

Bsnist i

R

0 :
Cakiies S

e i 5 0
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Figure 4:

Typical Supply Current vs V* (Logic Outputs
Open Circuited).
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Figure 6:

VCO Frequency vs Timing Capacitor
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Figure 9: Circuit Connection for FSK Decoding

Design Example: 7
75 Baud FSK demodulator with mark space frequencies of
1110/1170 Hz

Step 1: Calculate g fg = (1110 + 1170)(1/2) = 1140 Hz
Step 2 Choose Rg = 20 KR (18 K$2 fixed resistor in series
. with 5 K§2 potentiometer)

Step 3: Calculate Cgy from Figure 6: Cp = 0.044 uF
Step 4: Calculate Rq:Ry = R (2240/60) = 380 KQ
Step 5: Calculate Cy:Cy = Co/4 = 0.011 uF

Note: All values except R can be rounded to nearest
standard value. 3 ;

"

Table1, R ded Component Values for
Commonly Used FSK Bands.
(See Circuit of Figure 9.)

FSK BAND COMPONENT VALUES
3008aud " | Cg=0.039uF ' Cg =0.005uF
fy =1070Hz | Cy%=0.01 pF Rp=18KQ
f=1270Hz | Ry =100KQ

300 Baud Co=0.022 uF . Cg =0.005uF
f1=2025Hz | Cy=0.0047uF Rgp=18KRQ
f2=2225Hz | Ry =200KQ

1200 Baud Cg=0.027 yF - Cp =0.0022 uF
f’ = 1200 Hz Cy =0.01 uF R0‘18 KQ
fg=2200Hz | Ry =30KQ

FSK DECODING WITH CARRIER DETECT:

The lock detect section of XR-2211 can be used as a carrier
detect option, for FSK decoding. The recommended circuit
connection for this application is shown in Figure 10. The
open collector lock detect output, Pin 6, is shorted to data
output (Pin 7). Thus, data output will be disabled at “low"
state, until there is a carrier within the detection band of
the PPL, and the Pin 6 output goes "high,” to enable the
data output.

-

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

Cp WF) > 16/capture range in Hz

’
With values of Cpy that are too small, chatter can be ob-
served on the lock detect output as an incoming signal
frequency approaches the capture bandwidth. Excessively
large values of CD will siow the response time of the lock
detect output.

Q1 .F o Ve

o ,
. 19 K0

Figure 10: External Connectors for FSK Demodulation
with Carrier Detect Capability

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

TONE DETECTION:

Figure 11 shows the generalized circuit connection for tone
detection. The logic outputs, Q and @ at Pins 5 and 6 are
normally 3t "high” and “low" logic States, respectively.
When ‘3 tone is present within the detection band of the
PLL, the logic state at these qutputs become reversed for
the duration of the input tone, Each logic output can sink
5 mA ot load current,

Both logic outputs at "Pins 5 and 6 are open collector type
stages, and require external pull-up resistors Ry and Rio.
as shown in Figure 11,

Ly e

: 1

Figure 11: Circuit Connection for Tone Detection.
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-

With reference to Figures 2 and 11, the functions of the
external circuit components can be explained as follows:
Rg and Cq set VCO center frequency: Ry sets the detection o
bandwidth; C, sets the low pass-loop filter time constant '{ '} LAY II
and the loop damping factor. Ry and R\ 2 are the respec- - Sy R
tive pull-up resistors for the Q and Q logic outputs. weur O—H—o—

XR-7a0 01 .5
Design Instructions: o £
e .

The circuit of Figure 11 can be optimized for any tone 2 [n ®
detection applicatiori by the choice of the 5 key circuit
components: Rg, Ry, Co. Cy and Cp. For a given input, |

the tone frequency, fg. these parameters are calculated > 5
as follows: . AA

>

o <
b

AA

a) Choose Rq to be in the range of 15 K2 to 100 KS
This choice is arbitrary. 2

b) Calculate Cg to set center frequency, fo equal to fg
(see Figure 6): Cq = 1/Rgig

Figure 12: Linear FM Detector Using XR-2211 and an

c) Calculate Ry to set bandwidth *Af (see design equa- External Op Amp. (See section on Design
tion no. 5): 4 Equation for Component Values.)
Ry = Ro(fo/Aﬂ .
Note: The total detection bandwidth covers the fre- c) Calculate Ry:Ry = (Rg) (1000/20) =1 MR,
quency range of fg + Af. d) Caleulate Cy*for ¢ =1/2, C; = 0.25; Cg = 0.013 pF.
e 5t e) Calculate C'Cp = 16/38 = 0.42 pF,
d} Calculate value of C, for a given locp damping factor; f). Fine: tune center frequency with 5KS potentiometer,
. Rx. .
Cy = Co/18¢2
Normally { = 1/2 is optimum for most tone detector appli- :
cations, giving Cy =0.25 Cg. LINEAR FM DETECTION: %
Increasing Cy improves the out-of-band signal rejection; but XR-2211 can be used as a linear FM detector for a wide
increases the PLL capture time, range of analog communications and telemetry applications.
The recommended circuit connection for this application is
e) Calculate value of filter capacitor Cp. To avoid shown in Figure 12. The demodulated output is taken from
chatter at the logic output, with Rp = 470 KQ, Cp the loop phase detector output (Pin 11), through a post-
must be: detection filter made up of Rg and Cg, and an external
buffer amplifier. This buffer amplifier is necessary because
Cp(uF) > (16/capture range in Hz) of the high impedance output at Pin 11, Normally, a non-
inverting unity gain op amp can be used as a buffer ampli-
Increasing Cpy slows down the logic output response time. fier, as shown in Figure 12,
Design Examples: The FM detector gain, i.e.. the output voltage change per

unit of FM deviation can be given as

Tone detector with a detection band of 1 kHz ¢ 20 Hz:
Vout = R1 VR/100 Rg Volts/S%deviation

a) Choose Ry = 20 KQ (18 KQ in series with 5 K2

potentiometer). where Vg is the internal reference voltage (Vg = V+/2 —
b) Choose Cq for fg = 1 kHz (from Figure 6): Co =0.05 650 mV). For the choice of external components Ry, Rop.
Ry Cp. €y and Cg. see section on design equations.
Al
7
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PRINCIPLES OF OPERATION

Signal Input (Pin 2): Signal is ac coupled to this terminal.
The internal impedance at Pin 2 is 20 KQ2. Recommended
input signal level is in the range of 10 mV rms to 3 V rms.

Quadrature Phase Detector Output (Pin 3): This is the high
impedance output of quadrature phase detector and is
internally connected to the input of lock detect voltage com-
parator. In tone detection applications, Pin 3 is connected
to ground through a parallel combination of Rp and Cp
(see Figure 2) to eliminate the chatter at lock detect outputs.
If the tone detect section is not used, Pin 3 can be left open
circuited. =

Lock Detect Output, @ (Pin 5): The output at Pin 5.is at
“high”* state when the PLL is out of lock and goes to “low’
or conducting state when the PLL is locked. It is an open
collector type output and requires a pull-up resistor, RL. 1o
V+ for proper operation. At “low" state, it can sink up to
5 mA of load current.

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

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

FSK Comparitor Input (Pin 8): This is the high impedance
input to the FSK voltage comparator. Normally, an FSK
post-detection or data filter is connected between this
terminal and the PLL phase detector output (Pin 11). This
data filter is formed by Rg and Cg of Figure 2. The threshold
voltage of the comparator is set by the internal reference
voltage, V. available at Pin 10,

EQUIVALENT SCHEMATIC DIAGRAM

-’

4



LINEAR
INTEGRATED
CIRCUITS

TYPES TLO80 THRU TLO85, TLOBOA THRU TLOB4A,
TLO81B, TLO82B, TL084B

JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12484, FEBRUARY 1977—REVISED OCTOBER 1979

24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES
e Low Power Consumption
@ Wide Common-Mode and Differential

Voltage Ranges

® Low Input Bias and Offset Currents
®© Qutput Short-Circuit Protection

description

The TLO81 JFET-input operational amplifier family is designed to offer a wider selection than any previously
Each of these JFET-input operational amplifiers incorporates well-matched,
high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low
and fow offset voltage temperature coefficient. Offset adjustment and external

developed operational amplifier family.

input bias and offset currents,

e High Input Impedance . . : JFET-Input

® Internal Frequency Compensation (Except
TLO80, TLO80OA)

@ Latch-Up-Free Operation
e High Slew Rate... 13 V/us Typ

compensation options are available within the TLO81 Family,

Device types with an “M’* suffix are characterized for operation over the full military temperature range of -55°C to
125°C, those with an "I’ suffix are characterized for operation from —25 C to 85°C, and those with a “'C"* suffix are

characterized for operation from 0°C to 70°C.

TL08O, TLOS0A
JG OR P DUAL-IN-LINE
PACKAGE [TOP VIEW)

TLNB1, TLOB1A, TLOB1IB
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

Stage

*

TLO82, TLO82A, TLOB2B
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)
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oFEsEt

QUF wL Ul v B
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TLO84, TLOS4A, TLOB4B
TLO83, TLO83A J OR N DUAL-IN-LINE TLO8S

JOR N DUAL-IN-LINE
PACKAGE (TOP VIEW)

ORW FLAT PACKAGE
(TOP VIEW)

N DUAL-IN-LINE
PACKAGE (TOP VIEW)

osrsar oreser

L
WY Vees OUTRIT we outeur Veos  awt

WOVERT. nONIe OFFTET Voo OFFET RO WVERT
™G VERTWG ML L vENTING  1vG
w—ut Ut e D et weur

PINS 9 ANO 13 ARE INTERNALLY INTERCONNECTED

VERT. MOM ORI IMVERT.
G VERTNG
OUTRUT INUT  MeUT Yep. owuT  meuT OUTRUT

OUTFUT WVERT. MONSE Vop. NOWMS. WV ERT. OUTPUT
i VERTING VEATING G
T et T T

ERT MOmw. NN mevEAT.
G VEATW DUT. CUT. VARTWG e
eyt seut st Yege AT Ut seut

AnarLoe
E ; o2
Rt our. % Vee-
- viaTea Y AT VAT G
- -yt WUt

NC—No internal connection

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265

Copyright © 1979 by Texas Iinstruments Incorporated

139



140

TYPES TLOBO THRU TL085, TLOBOA THRU TLOBA4A,

TLO81
JFET-

B, TLOB2B, TLOB84B
INPUT OPERATIONAL AMPLIFIERS '

schematic (each amplifier)

Vees

NONINVERTING —<
neuT

N
INVERTING san
et iz a Ut
ean
OFFSET NULLACOMP (N1} O e e e — e d ')
TLOSO ONLY OFFSET NULL IN2) O——~—¢ _{ce\j ™
comr PRGN e | .
. D .
. E
- =
1 )
! 1000 & 1080 1
! i
! L
K '
OFFSEY QFFSET
i NULL C1v 13 0% ON TLOSY, 71082 TLOSS, TLDSE. AND TLOSS ONLY.
! N2 COMPONENT VALUES SHOWN ARE NOMINAL
TLOBY AND TLOSZ ONLY 3
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
TLO8_C
TLOS. .M TLOS_I TLOB_AC | UNIT
TLOS_BC
Suooly voltage, Vee+ (see Note 1) 18 18 18 A%
Supply voltage, Voo (see Note 1) -18 -18 —18 v
Ditferential input voitage {see Note 2} 30 30 230 v
Input voltage {see Notes 1 and 3) $15 215 15 v
Duration of output short circuit {see Nota 4} N Unlimited Unlimited | Unlimited
Continuous 1otal dissipation at {or below) 25°C free-sir temperature (See Note 5] 680 680 680 mwW
Operating free-air temperature range —-551t0 125 —-25t0 85 0t 70 °c
Storage temperature range . —-6510 150 | —65t0150 | —6510 150] °C
Lead temperature 1/186 inch (1,6 mm) from case for 60 seconds J. JG, or W package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm} from case for 10 seconds | N or P package 260 260 °c
NOTES: 1. Al voltage valuss, sxcept differentisl voltages, ars with respect to the midpoint between Voo, and Veoo.
2. Differentisl voltages sre st the noninverting input terminal with respect to the inverting input terminal,
3. The magnitude of the input voltage must never excead the magnitude ofsthe suppnly voltage or 15 volts, whichever is less.
4. The output may be shorted to ground or to sither suoply. Temperature snd/or supply voltages must be limited to ensure that
the dissioation rating is not exceeded,
S. For operstion above 25°C fres-sir tempersture, refer to Dissipation Derating Table, In the J sng JG packages, TLOB_M chips
are slloy-mounted; TLOS_I, TLOS_C, TLOB_AC, and TLOS_BC chips sre glass-mounted, -
DISSIPATION DERATING TABLE :
POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
J {Alloy-Mounted Chip} 680 mw 11.0 mw/C -]
J (Gtass-Mounted Chip) 680 mw 82mwrC e7C TLOBO  TLOS1  TLOB2 TLOS3  TLOB4  TLoss
JG (Alloy-Mounted Chip) 680 mwW 84 mwrc 69°C TLOB. M JG 4G 4G J Lw .
JG {Glass-Mounted Chipl 680 mw 6.6 MW/ C 4ac TLoa.! JG. P 6. P G, P LN N °
N 680 mw 9.2 mW/C 76°C TLo8_C JG, P 4G, P 4G, P LN 4N N
4 680 mw 8.0 mw/C 85°C TLO8_AC 4G, PTG, P G, P LN LN .
w 680 mw 8.0 mw/C 65°C TLo8_8C ¢ 4G, # 3G, P i LN *
Also see Dissioation Dersting Curves, Section 2. ° These combinations are not defined by this dats sheet.
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TYPES TLOSO THRU TLO

85, TLOBOA THRU TLOS4A,

TLO81B, TL082B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc: = 15V

- TLos_C
Al
PARAMETER TEST CONDITIONS? TLOB_M TLOB_I TLOB_AC uNIT
TLOB_BC
MIN TYP MAX | MIN TYP MAX [ MIN TYP MAX
°80,'81,°82,'83,'85¢ 3 6 3 6 5 15
Rg=50Q, TLO84 3 9 3 6 5 15
Ta=25°C TLOB_A 3 [
°'818.'828,'848 2 3 By
v ff: - = \%
10 Input offset voltage "80,81,182.'83, 851 S 3 20 L)
Rg=50Q, TLO84 15 9 20
TA = full range | TLOB_A 7.5
'818,'828,'848 5
Temperature coellicient
EVIO  of input offset voltage |15 - 0 Ta = full range 10 10 10 uvIrC
TLOS..t 5 100 5 100 S 200
Ta=25°C TLOB_A . 5 100 | pA
1 Input offset current § HUB82H. 545 5__100
10 e ' TLOB_t 20 10 5
TA = full range { TLOB_A 3 nA
> '818,'828,'848 3
TLO8_ ¢ 30 200 30 200 30 400
Ta=25°C TLO8_A 30 200 ]| pA
i Input bias current§ /8188287848 J08_R00
8 put gageuT TL0B_t 50 20 10
Ta = full range | TLOS_A 7 nA
‘818,'82B,'848 7
CombMmod@in D TLO8 .t 11 212 £11 212 £10 =11
VicR voltach rihae Ta=25°C TLO3_A £11 212 v
A "816,'828, 848 =11 =12
. Ta=25"C Ry =10k 24 27 24 27 24 27
Vore :erm:uvr:::ak;::"k T i |r o5, B IR0 L0 2 2 23 Ez v
utpy - Y AT fullrange M S 2ka 20 24 20 24 2024
AL >2kQ, TLOS_ .t 25 200 . 50 200 25 200
Vo=:10V, |TLOS_A S0 200
Large-signal differential (T = 25°C ‘818,828,848 50 200
. v
Avo voitage amplification Ry » 2kQ, TLO8B_ ¢t 15 25 15 Vim
Vo= ti0V, TLO8_A 25
Ta = full range | ‘818,828,848 25
84 Unity-gain bandwidth__ |Ta = 25°C 3 3 3 MHz
[ Input resistance Ta=25°C 1043 10'? 10'? o
.9 TLOB_¢ 80 86 80 86 7076
CMAR ::;;:mon-mode rejection ?5 f ;2"kcn' TLOB_A 8086 48
A "818,'828,'848 80_ 86
Supply voltage rejection [Ag > 10 k92, TLOS_¢ 504 86 ED_4b5 70 76
kSvR ratio 1AV 1avinl  |Ta =28°c TLOB_A 80 86 d8
CC+'2710 A "818,828,848 80_ 86
- Supply current No load, No signal,
‘cc {per amplifier} Ta =25°C 14 28 14 28 14 281 mA
Vo1/Vg2 Channel separation Ayp.» 100, Ta=25C 120 120 120 d8

T All charscteristics are specifisd under open.100p conditions uniess otherwise noted. Fuill range for Tais -55°C to 125°C for TLOS _M;

~25°C t0 85°C for TLOB _I; and 0°C to 70°C for TLOB_C, TLOS_AC, and TLOS_BC,
1 Types TLOBSI and TLOSSM are not defined by this date sheet.

§ 'nput bias currents of & FET.input operationel smolifier sre normal junction reverse currents, which sre temperstura sensitive as shown in
Flgure 18, Pulse techniques must be used that will maintain the junction tempersture as ciose to the ambient tempaerature as is possible,
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TYPES TL0OS0 THRU TLO85, TLO8BOA THRU TL084A
TLO81B, TLO82B, TLD84B
JFET-INPUT OPERATIONAL AMPLIFIERS

opérating characterisfics, VCC: =+15V, TA = 25°C
- TLOB_M ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX | MIN TYP MAX
SR Slew rate st unity gai Vi=iov. AL =2k, 8 13 13 i
ewW rd’ L) ni am ]
ity 9 €L =-100pF,  See Figure 1 s
ty Rise time Vi=20mV, Ry =2k, 0.1 0.1 us
Overshoot factor Cy = 100 oF, See Figure 1 10% 10%
Vn  Equivalent input noise voltage | Rg =100 02, f=1kHz 25 25 nV/J/Hz
PARAMETER MEASUREMENT INFORMATION
0kn
VWA
1k0
O V| O0—an—4
A 8
! 1 G - Ry =
) 1 100pF 2xQ
L-.{(.J
Ry Cp=
Cc=12pF 100 pF
for TLOBO I_
I-nd TLCS0A - T
FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2—GAIN-OF-10 INVERTING AMPLIFIER
INPUT OFFSET VOLTAGE NULL CIRCUITS
100 k2
N2
O—
O L
TLOSD OVee— =
FIGURE 3 FEED-FORWARD COMPENSATION
FIGURE 4 FIGURES
H
1"
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TYPES TLO8O THRU TLOS8S5, TLGBUA THRU TL084A
TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

MAXIMUM PEAK-TQ-PEAX OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
0 FREQ:;ENCV - 20— FHEO'\;ENCY o ‘NE(;‘\!ENCY
rr Veee = 1SV :L: ;:.icﬂ ] r lmml‘ l ””m ""CC_: _127'5 v
H s P 2 p =i il T LA oo Fepme 2

Ta=-58"C

lﬂllllllllilllll!ﬂﬂ
[ BAER

Tif M A1 BN F

T
i

||||l [T
10 1k 10k 100k 1M 10M

Ta =12

Eﬁ%

N

o
0k 40k 100k 400k 1M 4M 10M

N |

VOpp—Maximum Peak-ta-Peak Output Voluage-Vv
Vopp-Maximum Peaki-to-Peak Output Voliage—V
@
1
1

Vopp-Msuimum Peak-1a-Pesk Output Volisge-V
&

I 1

[ R o L] L
100 1k ok 100 k 13

{-Frequency—Hz I—Frequency-Hz f=Frequency—Hz
FIGURE &6 FIGURE 7 FIGURE S
MAXIMUM PEAK-TOPEAK DUTPUT VOLTAGE MAXIMUM PEAK.TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK.TO-PEAK QUTPUT VOLTAGE
y " -
FREE-AIR TEMPERATURE & LOAD RESISTANCE i SUPPLY VOLTAGE
> 2 1T T 1 —r
; A= 10k 3 veer =1V 3 Ry = 10802
2 A -2e0 ] Ta-25c LTI 3 TassC
3 L > 251 See Figue 2 — $ s
i1 i Il 3
in 3 L g » //
= H // %
1 H
- T 1s & ﬁ
s 1 H . g 18 D
i ::.' H
£
..; 10 € 10 T 1
¢ ¢ ¢ /
€ ) e
is 3 3 s
3 Vocs - 118V L { e
lt 2 See Figure 2 c 0 ] [] .
13 Pl L >
> 75 -% -25 0 25 S0 15 100 15 0t 42 o4 071 2 4 770 0 2 a4 § 8 10 12 ta 18
Ta~FreeAlr Temperature=~"C AL -Loadt Resistance—k 1 Vegal-Supoty Voltage-V
.
FIGURE 9 FIGURE 10 FIGURE 11
LARGE-SIGNAL
LARGE SIGNAL TLORO, TLOBOA
OIFFERENTIAL VOLTAGE AMPLIFICATION 3
OIFFERENTIAL VOLTAGE AMPLIFICATION S ST OIFFERENTIAL VOLTAGE AMPLIFICATION
L3 . il
-
FREE-AIA TEMPERATUAE FREQUENCY FREQUENCY WITH FEED FQRWARD COMPENSATION
2 1000 08 08
£ o e e e s « Veg: »vBV 10318 Vi Vee e zsv
E Ap s 10k €2+ 30F
ot = j w0l \\ Tas2s'C 1 5 Tac25C —
20 = 3 \ . Ses Figrure 3
100 i ? 104 DIFFERENTIAL | o° 104! ‘
= VOLTAGE -
5 \ \Aurununou a -4 \
} «w S 100 . 3 0l
2 > 1 let seatet —1 45" o 3
3 » . Z N H s
3 3 N H
k =& § o102 %0* 102
M= H N
]
L -] PHASE SHIFT N .
afbvcei e sV 1 = ' < 1
C Fyge 1oy g " triont scated N 138 5 o
2 Ifags2w - < , [ l N . < .
b 1 I 180 H
1 N
-75-50-25 0 25 50 75 100 128 P10 100 1k 10 100k 1M 10M 13 T 0% 00k M 0M
Ta~Free-Air Temperatwe="C t~Frequency-H2 1~Frequency~Hz
FIGURE 12 FIGURE 13 FIGURE 14

tData at high and low temperatures are applicable only within the rated opersting free-sir tempersture ranges of the various devices, A 12-pF
compensation capacitor (3 used with TLO80 and TLOB0A,
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TYPES TLO80 THRU TLO085, TLOBOA THRU TLOB4A,
TLO81B, TLO82B, TLOB4B .
JFET-INPUT OPERATIONAL AMPLIFIERS

TOTAL POWER DISSIPATED

“
FREE-AIR TEMPERATURE

0 Vegs - 116V
225 No sl
200 K No losd

™~ [ |

s [~ _TL084, TLOBS

P~ Totsl Power Disppated -mW
3
"

100
] 71082, Tt083
% \-i‘
50 TLOAD, TLOAY
——

25
0 [ 1
-7 -50 -25 0 2% S0 7%

~
Ta-Free-An Temperature- €

100 12%

FIGURE 15

INPUT BIAS CURRENT

n
FREE.AIR TEMPERATURE

100,
EVec: = 215V
— + + Pu—
& i ———a
€t w I !
1
£ - ramem
g IS Toa 7 e
+
b4 1
s
®
§ 1 1 1 } 1 1=
e o1 !
= T
. T
001 I ]
-850 -75 O 25 50 15 100 125

Ta=Free-Au Temperature~"C

FIGURE 18

ALL EXCEPT TLOS.C
COMMON.MODE REJECTION AATIO

“
FREE-AIR TEMPERATURE

Vee: = t18V
Ay - 10k8

a7

s

CMAR.-Common-Mode Rejrction Aatio —dB
2
A

o
~75 50 -25 6 25 S0 75 100 125

Ta=Free-Aiw Temperatwe-'C

FIGURE 21

TYPICAL CHARACTERISTICST

SUPPLY CURRENT :ER AMPLIFIER

L)
FAEE-AIR TEMPERATURE

Vees =215V
18 Na segnat g
No toad

oA

0.8
04

tege~Suppty Current -mA
5

a2

ol
-75 -55 -25 0 25 50 75 100 125

Ta-FreeAw Temoersiuen="C

FIGURE 16

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

Vge: - 15 Y
it Ry = 2kR2
T o I k";-moar
H Tae28'C
s ouTPUT
$ 2
>
i, \
8
¥
-2
e
< INPUT
"
\
& 7
o5 v s 25 35
t-Time—us
3
FIGURE 19

EOQUIVALENT INFUT NOISE VOLTAGE

"
FREQUENCY

“ 70 e

@ VCEe =218 V,

3 e L] ayp -« 10

¢ Rg = 100

& & Ta = 25°C

3 ] 1 171

>

3 a0 EELLIEAS U

3 i :

—é :: 1 I u g4

H /]

£ L1 | [ L3

:

2z

g 0 L |

e

> [i]

4D0 1% 4k 10k 40% 00K

1-Frequency~H1t

10 40 100

FIGURE 22

Iccs-Suoply Currant—mA

THD-Torsl Harmonse Distortlon—%

© 0001 L[ I “

.
SUPPLY CURAENT

"
SUPPLY VOLTAGE

T "
Ta=25C
[ Novienst
1.8} No losd

0.2
0

o 2 4 [ 8 10 12 14 16
Ve l-Supply Vatiege -~V

FIGURE 17
OUTPUT VOLTAGE
Al
ELAPSED TIME

gl \]

[ QvERsHooT
b P .
t 90%

vo—CQutoul Vollage- mV
-
]

0 01 02 03 04

t=Time—sn

FIGURE 20

TOTAL HARMONIC DISTORTION

A
FREQUENCY
Vees » 819 V /=5,
Ayp=1?
VI(RMS) = 8 V. .
Ta~25°C :

1 [REIT 11

100 1t a4k 10k 434 100k

1=Frequency—Hz

FIGURE 23

TData »t high snd tow temperatures sre sppiicable only within the rsted operating free-air tamperature ranges of the various devices, A 12-pF
compensation capscitor is used with TLO80 snd TLOBO0A,

144

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 2250312 @ DALLAS TEXAS 75265




TYPEs_Tméo'?HRU*TLnssfﬂ'naﬁA"?HRU'T’LU{MAT
TLOB1B, TLO82B, TL0OS4B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA
0.5-Hz SQUARE-WAVE OSCILLATOR

Re = 100k
ouTPUT
0 p
INPUT Rt R2 QUTPUT
. OVee—
Cg =3.3uF 1k c3 ¢
- R1=A2=2R3=15Mn
C3
<$ R3 Cl=C2 =— =110 pF
fo < 9.1k c 2
2r Rg Cg S -] c1 2 1
_ fo=————=1kH
= e— 0% mAlc :
FIGURE 24—0.5.-Hz SQUARE-WAVE OSCILLATOR FIGURE 25~HIGH-Q NOTCH FILTER
tMa
AV ———OQ CUTPUT A
Veer
Vce-
Tuf
INPUT O—‘—{\L
——OOUTPUT B
100 kQ
Vee-
veer
100 uF
l ——O OUTPUT C
t or TLOSS
FIGURE 26—-AUDIO DISTRIBUTION AMPLIFIER
Gsi; wt 1N4148 18 k{2 {Sae Note A)
~-15Vv
18 pF
I E [ 18 pE < 1k
o VCC* 1}—] F—‘l
88.4 k2
y Vv
—AWA - cee 6 cos wt
1/2
Py -0
8B.4 k2 OVee- TL082
18 pF L Vee—~ 1 k2
,—0
t ——AAA- 0+i5Vv
1N4148 18 k2 (See Note A}
88.4kn
AAA
Note A: These resistor values may be adjusted for a symmertrical output,
FIGURE 27—-100-kHz QUADRATURE OSCILLATOR
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TYPES“TLUSU T»HBUQTLDBS, TLOBOA THRU TLOB4A,

TLOB1B, TLO82B, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

1exn 180
220 pf 220 pF
_1¢ T4
LAY IX
akn 00 akn 0%0
Vees vcee
axn
O——rAA——  220pF vees 220 pF veee
INPUT 4 I( o b= I (___ P
u:“’ axn Qua % 43kn
= " -
! % vV TLOBA? %
* TLO8A! + TLOBA!
B B
3
15x0 2 vée- . 15ka 3 Ve
vee- vee-
T
I3 3
ouTrUT .
A
t or TLOBS OUTPUT A QUTPUT B

SECOND-ORDER BANDPASS FILTER

fo = 100 kH2, Q = 30,GAIN =4

QUTPUT
8

2 kHz/div

CASCADED BANDPASS FILTER
fo = 100 kHz, Q = 69, GAIN = 16

FIGURE 28—-POSITIVE-FEEDBACK BANDPASS FILTER

<
kN 3

10 pF

\L 0.003F

=

MIN
100 k0

10 kq

3.3k

TREBLE
max

I

-’ 0.003pf

68 kil S

||}—4

FIGURE 29-1C PREAMPLIFIER

vees

10 pF

——o
ouTeuT
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FEATURES

PIN CONFIGURATION

o CURRENT LIMITED OUTPUT: =10mA TYP

o POWER-OFF SOURCE IMPEDANCE: 3000 MIN

e SIMPLE SLEW RATE CONTROL WITH EXTERNAL CAPACITOR
o FLEXIBLE OPERATING SUPPLY RANGE

o INPUTS ARE DTL/TTL COMPATIBLE

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage V+ +15V

V- -15V
Input Voltage (VIN) —15V <VIN <7.0V
Output Voltage +=15V
Power Dissipation 1000mW

Operating Temperature Range 0°C to +75°C
Storage Temperature Range —65°C to +175°C
Lead Temperature (Soldering, 10 sec) ©3800°C

CIRCUIT SCHEMATIC (%CIRCUIT)

F PACKAGE

Vee E 3 Vee
INPUT 1 E@ (3] INPUT a8
outeuT 1 [3] 53 INPUT 4A

OUTPUT &

INPUT 2A E

]
- wveut 28 [3] (o] iNPUT 3B
OUTPUT 2 E EB.INPUT 3Aa

ono [7 g ouTPUT 3

INPUT

INPUT

AC LOAD CIRCUIT

O outPUT

)

¥

VIN

“CL INCLUDES PROBE AND JIG CAPACITANCE

SWITCHING WAVEFORMS

SWITCHING CHARACTERISTICS (Note 2)

ir and f ARE MEASURED BETWEEN 10% AND 0% OF THE OUTPUT WAVEFORM

PARAMETER CONDITIONS MIN TYP MAX UNITS

Propagation Delay to “1” (tpd1) RL = 3.0k2, CL = 15pF, TA = 25°C . 230 300 ns
Propagation Delay to “0" (tpd0) RL = 3.0k}, CL = 15pF, TA = 25°C 70 175 ns
Rise Time (tr) RL = 3.0kQ), CL = 15pF, TA = 25°C 75 100 ns
Fall Time (tf) RL = 3.0kQ, CL = 15pF, TA = 25°C 40 5 ns

NOTES

1. Vungo values shown are with respect to network ground terminal. Positive current is defined as current into the referenced pin.

2. These specifications apply for V+ = +9.0V= 1%, V- = —=9.0V= 1%, TA = 0°C to +75°C unless otherwise noted. Alltypicals are for V+ = 9.0V, V- = -9.0V, and

TA = 25°C.
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APPLICATIONS -
By connecting a capacitor to each driver output the slew rate can be
controlled utilizing the output current limiting characteristics of the
MC1488. For a set slew rate the appropriate capacitor value may be
calculated using the following relationship

C = Ig¢ (AT/AV)

where C is the required capacitor, 'SC is the short circuit current value,
and AV/AT is the slew rate.

RS232C specifies that the output slew rate must not exceed 30V per
microsecond. Using the worst case output short circuit current of 12mA in
the above equation, calculations result in a required capacitor of 400pF
connected to each output.

RS232C DATA TRANSMISSION

1/4 MC 1489
TA/DTL 14 MCl4ss mC149a T2UDTL
pa—— w -
— Y- - o=
e ST . =
INTERCONNECTING . I
1/4 MC1489/ CABLE =
T2UDTL  MC1489A { P TuoTL
|y, TR . A .
. (3
—t— P
SIGNAL GROUND 1/4 MC1483
wreneaceoata L |
TERMINAL = =
EQUIPMENT MODEM
* OPTIONAL FOR NOISE FILTERING

CHARACTERISTIC CURVES

OUTPUT VOLTAGE AND
CURRENT-LIMITING CHARACTERISTICS

\\I |

A AN N R

E 3 \ \ ;::IZ:VX X

| HAREAN

8 . i \

o AN AL

s \ \
-9 \\:_:'_*‘
Loy \

VQ. OUTPUT VOLTAGE (V) i

TYPICAL APPLICATIONS

DTL/TTL-TO-MOS TRANSLATOR

+12v
B
1/4 MC1488 *®
DTL/TTL MOS OUTPUT
INPUT =10V TO -0.4v
10k
-12v z -12v

DTI/TTL-TO-HTL TRANSLATOR

+2v
1/4 MC1488
OTL/TTL HTL OUTPUT
INPUT 0.7V TO 10v

=12V

DTL/TTL-TO-RTL TRANSLATOR

v
114 MC1438
DTUTTL RTL OUTPUT
INPUT 0.7V TO +3.7V
-2y s30v




FEATURES

e FOUR TOTALLY SEPARATE RECEIVERS PER PACKAGE

PROGRAMMABLE THRESHOLD .
BUILT-IN INPUT THRESHOLD HYSTERESIS
“FAIL SAFE"” OPERATING MODE

INPUTS WITHSTAND =30V

ABSOLUTE MAXIMUM RATINGS

The following apply for TA = 25°C unless otherwise specified.

Power Supply Voltage

Input Voltage Range

Output Load Current

Power Dissipation

Operating Temperature Range
Storage Temperature Range

AC TEST CIRCUIT

MC1489F MC1489A-F

PIN CONFIGURATION

F PACKAGE

10V

=30V

20mA

1w

0°C to +75°C
—-65°C to +175°C

NPuT 2 (7]

RESPONSE
CONTROL 2

RESPONSE
CONTROL
= OPEN

Vce

o
QUTPUT 2 E

oo [7]

INPUT 1 E
RESPONSE [
CONTROL Y

outrut 1 [3]

_T_.']
&
i
)

o

Vee
INPUT 4

RESPONSE
CONTROL 4

OUTPUT 4

INPUT 3

RESPONSE
CONTROL 3

OUTPUT 3

CIRCUIT SCHEMATIC

PULSE
GENERATOR
15pF

I INCLUDING

L JIG AND PROBE L
| VOLTAGE WAVEFORMS
|
|

(1/4 OF UNIT SHOWN)

TontRoL O 0 outeuT
- &—O GND
MC1489: Rg = 10k
MC1483A: RF = 2k
SWITCHING CHARACTERISTICS MC1489/MC1489A VoG = 5.0V 1%, TA = 25°C
' 489 MC1489A
PARAMETER CONDITIONS it UNITS
2 MIN TYP | MAX | MIN TYP | MAX
Input to Output “High" R = 3.9k (AC Test Circuit) 25 85 25 85 ns
g Propagation Delay (tpd1)
: Input to Output “Low” R = 390Q (AC Test Circuit) 20 50 20 50 ns
Propagation Delay (tpdo) s
Output Rise time RL = 3.9k (AC Test Circuit) 110 175 110 175 ns
Output Fall Time R = 3900 (AC Test Circuit) 9 20 9 20 ns
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TYPICAL APPLICATIONS

RS232C DATA TRANSMISSION

TUDTL V4 MC14sS
-4

INTERCONNECTING
CABLE

SIGNAL GROUND

INTERFACE DATA I _L
TEAMINAL - -

EQUIPMENT

* OPTIONAL FOR NOISE FILTERING

MOS TO T2L/DTL TRANSLATOR

sv
A ]
R
———— 12071
——
| mos Loaic T".__)

R -

1/4 MC1489/ +_ "")
MC1489A




2N2218,A/2N2219,A

MAXIMUM RATINGS

2N2218 | 2N2218BA
- 2N2219 | 2N221%A
2N222 1 ,A/Z N2222,A 2N2221 | 2N2221A | 2N5581
Rating Symbol | 2N2222 | 2N2222A | 2N5582 | Unit
2 Nsss 1/82 Collector-Emitter Voltage VCeEQ 30 40 40 Vde
JAN. JTX, JTXV AVAILABLE Collector-Base Voltage Veso 60 75 75 Vdc
v
! Emitier-Base Voltage Vego | 50 6.0 60 | vac
2N2218,A- 4, -
2N2219,A Collector Current — Continuous Ic 800 800 800 mAdc
CASE 738-02 2N2218,A | 2N2221,A | 2NS581
TO-39 (TO-205AD) STYLE 1 2N2219,A | 2N2222,A | 2N5582
’ Total Device Dissipation Pp
gzgi @ Ta = 25°C 0.8 0.4 0.6 | wan
CASE 22.03 Derate above 25°C 457 2.28 3.33 |mwrC
T0-18 {TO-206AA} STYLE 1 Totat Device Dissipation Pp
@ Tg = 25°C 3.0 1.2 2.0 Watts
- 2N5531 Derate above 25°C 17.1 6.85 11.43 [mwWrC
2N5582 Operating and Storage Junction | Ty, Targ -65to +200 c
CASE 26-03 ! Temperature Range
TO-46 (TO-206AB) STYLE 1
GENERAL PURPOSE TRANSISTOR \ .
NPN SILICON i .
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.} -
r Characteristic l Symbol Min Max [ Unit j
OFF CHARACTERISTICS
Coliector-Emitter Breakdown Voltage V(BRICEO Vde
{ic = 10 mAdc, Ig = 0} Non-A Suffix 30 -
A-Suffix, 2N5581, 2N5582 40 —_
Collector-Base Breakdown Voltage V(BRICBO -+ Vde
{Ic = 10 pAdc, Ig = 0} Non-A Suffix 60 —
. A-Suffix, 2N5581, 2N5582 75 —_
Emitter-Base Breakdown Vdltage V(BRIEBO Vde
{lg = 10 pAdc, Ic = 0) Non-A Suffix 5.0 —
. A-Suffix, 2N5581, 2N5582 6.0 —
Collector Cutoff Current Icex - 10 nAde
VCE = 60 Vde, VEg(off) = 3.0 Vdc} A-Suffix, 2N5581, 2N5582 .. .
Collector Cutoff Current - - IcBo - J uAdc
(Vcg = 50 Vde, Ig = 0} Non-A Suffix - 0.01
(Vcg = 60 Vdc, g = 0} A-Suffix, 2N5581, 2N5582 —_ 0.01
(Ve = 50 Vdc, [g = 0, T = 150°C) Non-A Suffix G 10
(Ve = 60 Vdc, Ig = 0, Tp = 150°C) . A-Suffix, 2N5581, 2N5582 - - - 10
Emitter Cutoff Current - - EBO —_ o0 nAdc
(VEg = 3.0 Vde, I = 0) A-Suffix, 2N5581, 2N5582 2%
Base Cutoff Current gL - "t 20 nAde
(Vee = 60 Vdc, VEB(off) = 3.0 Vde) A-Suffix -
ON CHARACTERISTICS ' .
DC Current Gain heg —
{Ic = 0.1 mAde, Veg = 10 Vde) 2N2218,A, 2N2221,A, 2N5581(1) 20 ot
2N2219,A, 2N2222.A, 2N5582(1) 35 —_
{ic = 1.0 mAde, Vgg = 10 Vdc) (2N2218.A, 2N2221.A, 2N5581 25 —
N 2N2219,A, 2N2222,A, 2N5582 50 -
{ic = 10 mAdc, Vg = 10 Vdc) 2N2218,A, 2N2221,A, 2N5581(1) 35 -
2N2219.A, 2N2222,A, 2N5582(1) 7% -
{ic = 10 mAdc, Vg = 10 Vde, T = —55°C}  2N2218A, 2N2221A, 2N5581 15 -
. 2N2219A, 2N2222A, 2N5582 35 -_
{ic = 150 mAdc, Vog = 10 Vde)(1) 2N2218.A, 2N2221,A, 2N5581 40 120
2N2219,A, 2N2222. A, 2N5582 100 300

MOTOROLA SEMICONDUCTORS
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2N2218/19/21/22, A SERIES, 2N5581/82

ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.)

High Frequency Input Impedance
(ic = 20 mAde, Vcg = 20 Vdc, f = 300 MHz)

2N2218A, 2N2219A
2N2221A, 2N2222A

Characteristic Symbol Min Max Unit
{Ic = 150 mAdc, Vcg = 1.0 Vde)(1) 2N2218,A, 2N2221,A, 2N5581 20 —_
2N2219,A, 2N2222,A, 2N5582 50 -_
{lc = 500 mAdc, Veg = 10 Vdel(1) 2N2218, 2N2221 . 20 —
2N2219, 2N2222 30 -
2N2218A, 2N2221A, 2N5581 25 -
2N2219A, 2N2222A, 2N5582 40 —
Collector-Emitter Saturation Voltage(t) VCEtsat) Vde
{Ic = 150 mAdc, !Ig = 15 mAdc) Non-A Suffix . - 0.4
A-Suffix, 2N5581, 2N5582 0.3 -
{ic = 500 mAdc, Ig = 50 mAdc} Non-A Suffix 1.6
A-Suffix, 2N5581, 2N5582 -— 1.0
Base-Emitter Saturation Voltage(1) VBE(sat) Vde
{ig = 150 mAdc, Ig = 15 mAde) Non-A Suffix 0.6 13
.. A-Suffix, 2N5581, 2N5582 0.6 1.2
{ic = 500 mAdc, Ig = 50 mAdc) Non-A Suffix” - - - 26
i A-Suffix, 2N5581, 2N5582 — 2.0
SMALL-SIGNAL CHARACTERISTICS 3
Current-Gain —~ Bandwidth Product(2) fr MHz
{ic = 20 mAdc, Vcg = 20-Vde, f = 100 MHz) All Types, Except - . 250 —
2N2219A, 2N2222A, 2N5582 300 —
QOutput Capacitance(3) Cobo - 8.0 pF
fVcg = 10 Vde, lg = 0, f = 100 kHz)
Input Capacitance(3) Cibo pF
(Vg = 0.5Vde, Ic = 0, f = 100 kHz) Non-A Sutfix - 30
4 " A-Suffix, 2N5581, 2NS582 _ 25
Input Impedance hie kohms
{Ic = 1.0 mAdc, Vog = 10 Vde, f = 1.0 kHz) 2N2218A, 2N2221A . 1.0 3.5
2N2218A, 2N2222A 2.0 8.0
{ic = 10 mAdc, Vcg = 10 Vde, f = 1.0 kHz2) 2N2218A, ZN2221A 0.2 1.0
2N2219A. 2N2222A 0.25 1.25
Voltage Feedback Ratio hre X 10-4
{lc = 1.0 mAde, Vog = 10 Vde, f = 1.0 kHz) 2NZ218A, 2N2221A — 5.0 R
2N2219A, 2N2222A - 8.0
{ic = 10 mAdc, Vg = 10 Vde, f = 1.0 kHz) 2N2218A, 2N2221A - 25
2N2219A, 2N2222A . 4.0
Small-Signal Current Gain hfe -
{ic = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 2N2218A, 2N2221A 30 150
2N2219A, 2N2222A 50 300
{ic = 10 mAde, Vg = 10 Vde, f = 1.0 kHz) 2N2218A, 2N2221A 50 300
) 4 2N2219A, 2N2222A 75 375
Output Admittance hoe pmhos
{(lc = 1.0 mAdc, Vcg = 10 Vde, f = 1.0kHz)  * 2N2218A, 2N2221A 3.0 15
2N2219A, 2N2222A 5.0 35
{lc = 10 mAdc, Vg = 10 Vde, f = 1.0 kHz) 2N2218A, 2N2221A 10 100
2N2219A, 2N2222A 25 200
Collector Base Time Constant | b'Ce - 180 ps
(lz = 20 mAde, Veg = 20 Vde, f = 31.8 MHz}  A-Suffix
Noise Figure NF — 4.0 dB
(Ic = 100 pAdc, Veg = 10 Vde, A
Rg = 1.0 kohm, f = 1.0 kHz} 2N2212A, 2N2222A - -
Real Part of Common-Emitter Relhjg) — 60 Ohms

(1) Puise Test: Pulse Width & 300 ps, Duty Cycle < 2.0%.
{2) fy is defined as the frequency at which |hse| extrapolites to unity.
{3) 2NS581 and 2NS582 are Listed Cep and Cep, for these conditions and values.

SMALL-SIGNAL DEVICES
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2N2218,A/2N2219,A/2N2221,A/72N2222,A/2N5581/82

ELECTRICAL CHARACTERISTICS (continued} {Ta = 25°C unless otherwise noted.)

| symbot [ Min Mex | unit |

. Characteristic
SWITCHING CHARACTERISTICS
Delay Time (Vcg = 30 Vde, VBEg[off) = 0.5 Vde, td -— 10 ns
" Ic = 150 mAdc, Ig1 = 15 mAdc) —

Rise Time {Figure 14) tr 25 ns
Storage Time {Vog = 30 Vde, I = 150 mAde, tg — ] a2 ns
g1 = g2 = 15 mAdc) t _

Fall Time {Figure15) ; $ 60 ns,
Active Region Time Constant A Ta — 2.5 ns
(Ic = 150 mAdc, Vog = 30 Vdc) {See Figure 14 for 2N2218A, 2N2219A, *

2N2221A, 2N2222A) i

FIGURE 1 — NORMALIZED DC CURRENT GAIN
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FIGURE 2 — COLLECTOR CHARACTERISTICS IN SATURATION REGION
10
+ This graph shows the effect of base current on collector current. 8,
_ “ T, =25°C (current gain at the edge of saturation) is the current gain of the
a 038 transistor at 1 volit, and B, (forced gain) is the ratio of I./l. in a circuit.
g \ .
w EXAMPLE: For type 2N2219, estimate a base current (l,) to insure
E 08 \ saturation at a temperature of 25°C and a collector current of
g2 % T = 300mA 150 mA.,
s \\ \‘\-\I? Observe that at I = 150 mA an overdrive factor of at least 2.5
=3 \ is required to drive the transistor well into the saturation region. From
o - Figure 1, itis seen that h, @ 1 volt is approximately 0.62 of h,, @ 10
« 04 ~T .
g K —] 150 mA voits. Using the guaranteed minimum gain of 100 @ 150 mA and
g s 10V, 8o = 62 and substituting values in the overdrive equation,
8 \ ] we find:
S P pryey
- Be _tn@LOV o _62_ 6.0 mA
l BT . -2 = 150/1s > =50 m
0
0 10 20 30 40 5.0

Bol Be. OVERDRIVE FACTOR
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2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581/82

FIGURE 3 — “ON"” VOLTAGES FIGURE 4 -~ TEMPERATURE COEFFICIENTS
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— T Lo s
“ . h PARAMETERS
Y 4 Veg = 10 Vde, f = 1.0 kHz, Ta = 25°C
R " This group of graphs illustrates the relationship between h¢e and other "h* parameters
; for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were
selected and the same units were used to develop the correspondingly numbered curves
on each graph.
; FIGURE 5 — INPUT IMPEDANCE . FIGURE 6 — VOLTAGE FEEDBACK RATIO
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2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581/82
SWITCHING TIME CHARACTERISTICS

FIGURE 9 — TURN-ON TIME FIGURE 10 — CHARGE DATA
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i 2N2218,A/2N2219,A/2N2221,A/2N2222, A/2N5581/82 . -~

' FIGURE 12 — DELAY AND RISE TIME FIGURE 13 — STORAGE TIME AND FALL

% EQUIVALENT TEST CIRCUIT TIME EQUIVALENT TEST CIRCUIT
. . GENERATOR RISE TIME< 20 ns DUTY CYCLE = 2.0% ) +30V

H PW < 200

; DUTY CYGLE = 2.0% . sy ~ 100,

; <50ns

+16.2V
: i
93V 0
i >
| 0 l | ‘ £og o,
| - oscLlnscore SCOPE ' &
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. cm& . : l__ 30V Cin < 12pF
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