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POWER LINE REMOTE CONTROL SYSTEM

Mr. Karun Mahavichean
Mr. Boonchai Angkanapakdee
Assistant Professor

Pichai Kusirivanishkorn Advisor

ABSTRACT

This project aim to design the power line remote control transmitter and receiver that
can transmitting and receiving high frequency control signals over an existing power line for use to
control the electrical devices. Each of transmitter and receiver is addressed by 8 bits dip switch
supporting 8 controlled devices. When switches at the transmitter are change frequency shift
keying control signal is generated by a modulator sent through power line to a receiver which has
the same address as the transmitter. Control signals are filtered by a filter circuit and demodulated

control signal to controlled electrical devices by the receiver.
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Computer max232 /]_l\ Microcontroller /L_—J\ Transmitter &Reciever
® Nam%d Nl
ADDRESS 8bit DATA CONTROL 8 bit
o— P10 p2.0 L o
o] Dot 04
o=—=—P12 , P22 S o
o——P1.3 T p2.3 L NI o4
—= PG/ A7 =N
——1P15 g P25F——o ot
A—Ule 6 SR P—b< ot \\s5v
o b S AR 5 P27 I~ Ll o ‘ connector
B hv ™
45y VCC RX
I 7 s Shift S IT)t(
| eleC
T 1 RST INT 1
1UF .i
Cg XM 2 A 00 I =
47 0sC1 0sC2
11.0592MHz
I
33[:1[3—3:" == B3pF
N jv
iuF GND M Vce 1UF
I-_ 2+ A a+ __.I—S
L b
2
Vs- 3 Vs+
Telggﬂ;ne RSout! > TILint
To serial I:'— '— — RSout2 TTLin2
port
computer L—— RSint TTLoutl
J7 RSIn2 TTLout2
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FEATURES

Low-Sine Wave Distortion, 0.5%, Typical
Excellent Temperature Stability, 20ppm/°C, Typ.
Wide Sweep Range, 2000:1, Typical
Low-Supply Sensitivity, 0.01%V, Typ.

Linear Amplitude Modulation

TTL Compatible FSK Controls

Wide Supply Range, 10V to 26V

Adjustable Duty Cycle, 1% TO 99%

YI m R ...the analog plus compa

KR-2206

Monolithic
Function Generator

June 1997-3

APPLICATIONS

e Waveform Generation
e Sweep Generation
e AM/FM Generation
VIF Conversion
FSK Generation

Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated 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 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. 1t
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION
Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C -
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

o RGV 1.03:
o1 972 ;

EXAR Corporation, 48720 Kato Road, rremont, CA 94538 ¢ (510) 663-7000 ¢ (510) 663-7017

1

e
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Figure 1. XR-2206 Block Diagram



AMSI
STO

MO
Vee
TC1
TC2
TR1
TR2

16 Lead PDIP, CDIP (0.300")

[_Tj- Y [g syma2 AMSI 1 6l SYMmA2
= [15] SYMAT sTO |2 15|23 SYMA1
(B [14] WAVEA2 Mo =|3 1|3 WAVEA2
« [13] V/AVEA1 Ver &1]4 13| WAVEA1
=1 [12] GND 761 |5 12| GND
e [11] SYNCO T2 =6 1| SYNCO
K2 10] BIAS TR1 =4l7 10/ BIAS
9] FSKi
] SK TR2 =;8 9 “:\ FSKI

16 Lead SOIC (Jedec, 0.300")

PIN DESCRIPTION .

Pin# Symbol Type |Description
1 AMSI | Amplitude Modulating Signal Input.
2 STO o Sine or Triangie Wave Output.
3 MO (0] Mulitiplier Output.
4 Vee Positive Power Supply.
5 TC1 l Timing Capacitor Input.
6 TC2 | Timing Capacitor Input. -
7 TR1 (0] Timing Resistor 1 Output.
5 TR2 (6] Timing Resistor 2 Output.
9 FSKI { Frequency Shift Keying Input.
10 BIAS o Internal Voltage Reference.
11 SYNCO (0] Sync Output. This output is a open collector and needs a pull up resistor to Vge.
12 GND Ground pin.
13 WAVEA1 l Wave Form Adjust Input 1.
14 WAVEA2 | Wave Form Adjust Input 2.'
15 SYMA1 l Wave Symetry Adjust 1.
16 SYMA2 | Wave Symetry Adjust 2.

g Rei/ 1 03:




XR-2206

S AT MEER o

DC ELECTRICAL CHARACTERISTICS :
Test Conditions: Test Circuit of Figure 2 Vee= 12V, Tp = 25°C, C =0.01pF, R¢ =100k, Ry = 10k, R3 = 25kQ
Unless Otherwise Specified. S1 open for triangle, closed for sine wave. -

XR-2206M/P XR-2206CP/D
Parameters Min. l Typ- l Max. | Min. | Typ. l Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 \Y%
Split-Supply Voltage +5 +13 +5 +13 \%
Supply Current 12 17 14 20 mA Ry = 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz | C = 1000pF, Ry =1kQ
Lowest Practical Frequency 0.01 0.01 Hz C = 50pF, R{=2MQ
Frequency Accuracy +1 +4 +2 % of fy | fo=1/R4C
Temperature Stability +10 +50 +20 ppm/°C |0°C S Ta < 70°C
Frequency R4 = Ry = 20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow = 10V, VHigh = 20V,
R4 = Ry =20k
Sweep Range 1000:1 | 2000:1 2000:1 fu=f_ |fy @Rq=1kQ
fi @ Rq =2MQ
Sweep Linearity
10:1 Sweep 2 2 % f_ = 1kHz, fy= 10kHz
1000:1 Sweep 8 8 % |f_=100Hz, fy = 100kHz
FM Distortion 0.1 ] 0.1 % +10% Deviation
Recommended Timing Components h
Timing Capacitor: C 0.001 100 " 0.001 100 ufF Figure 5
Timing Resistors: R1 & Ry 1 2000 ! & P [ 2000 ! k2
Triangle Sine Wave Output! : : Fiqure 3 B
Triangle Amplitude 160 160 mvIkQ |Figure 2, S; Open
Sine Wave Amplitude 40 80 80 60 mVkQ | Figure 2, S4 Closed
Max. Output Swing 6 6 Vp-p
Output Impedance 600 600 . Q
Triangle Linearity 1 1 ‘ %
Amplitude Stability 05 0.5 "dB | For 1000:1 Sweep
Sine Wave Distortion .
Without Adjustment 25 25 % R4 = 30kQ
With Adjustment 0.4 1.0 0.5 1.5 % See Figure 7 and Figure 8
Notes

1 Output amplitude is directly proportional to the resistance, Rs, on Pin 3. See Figure 3.
2 For maximum amplituce stability, Rs should be a positive termperature coefficiert resistor.
Bold face parameters are covered by production test and guaranteed over operaling temperalure range.

V- Rev. 1,03 4

gl 7 TOM"



22 EXAR

DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2206M/P XR-2206CP/D

Parameters Min. | Typ. l Max. | Min. | Typ. | Max. | Units |Conditions
Amplitude Modulation

Input Impedance 50 100 50 100 kQ

Modulation Range 100 100 %

Carrier Suppression 55 55 dB

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

Amplitude 12 12 Vp-p |Measured at Pin 11.
Rise Time 250 250 ns | C_=10pF

Fall Time 50 50 ns C = 10pF
Saturation Voltage 0.2 0.4 0.2 0.6 Y IL=2mA

Leakage Current 01 | 20 01 | 100 | pa |vec=26v

FSK Keying Level (Pin 9) 0.8 14 24 0.8 1.4 24 \Y% See section on circuit controls
Reference Bypass Voltage 29 <8 3.3 25 3 3.5 \% Measured at Pin 10.
Notes

1 Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Rz should be a positive teinperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply ........... U, W RS 40 26V Total Timing Cumrenty, . . ... oooviiaitn 6mA
Power Dissipation ... 750mW Storage Temperature ............ -65°C to +150°C
Derate Above 25°C .. .. ooiiiiiiienaeen 5mW/°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a terminals to ground. With two timing pins, two discrete
voltage-controlled oscillator (VCO), an analog multiplier  output frequencies can be independently produced for
and sine-shaper; a unity gain buffer amplifier; andasetof ~ FSK generation applications by using the FSK input
current switches. control pin. This input controls the current switches which
The VCO produces an output frequency proportional to  select one of the timing resistor currents. and routes it to
an input current, which is set by a resistor from the timing the VCO. '
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Frequency Drift (%)
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Figure 9. Frequency Drift versus Figure 10. Circuit Connection for Frequency Sweep.
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Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying

The XR-2205 can be operated with two separate timing
resisters, R4 and Ry, connected to the timing Pin7 and 8,
respectively, as shown in Sigure 13. Depending on the
polarity of iie icgic signal at Pin 2, either cne or e other
of these timing resistors is activated. 7 Pin S is
open-circuited or connected to a bias voltage = 2V, only
R4 is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Ry is activated. Thus, the output frequency can
be keved between two levels. fy and fp, as:

£y = 1/R4C and fp = 1/RC

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 Figure 11, Figure 12 and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of ~ V*/2.

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
R4 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 11 can be converted to.split-supply
operation, simply by replacing all ground connections
with V-, For split-supply operation, Rz can be directly
connected to ground.
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With External Adjustment:

The harmonic content of sinusoidal output can be
reduced to -0.5% by additional adjustments as shown in
Figure 12. The potentiometer, Rpa, adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. Set Rg at midpoint and adjust Ra for minimum
distortion.

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

Triangle Wave Generation

The circuits of Figure 11 and Figure 12 can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., S1 open). Amplitude of the triangle is
approximately twice the sine wave output.

FSK Generation

Figure 13shows the circuit connection for sinusoidal FSK
signal operaticn. Mark and space frequencies can be
independently adjusted by the cheice of timing resictors,
R1 and Ry; the output is phase-continuous during
transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V.

Pulse and Ramp Generation

Figure 14 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9) is shorted to the square-wave output (Pin
11), and the circuit automatically frequency-shift keys
itself 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 Ry. The values of R4 and
R, should be in the range of 1kQ to 2MQ.

T A A A
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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
frequency is given as:

fo=T?1_C'HZ

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for 4kQ < R < 200kQ. Recommended values of C are from
1000pF to 100pF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total timing
current, |y, drawn from Pin 7 or 8:

_ 320/7(mA)
f= —CuE WF) Hz

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Craquency varies linearly with IT, over a wide range of
current values, from 1pA to 3mA. The frequency can be
controiled by applying a control voltage, V¢, to the
activated timing pin as shown in Figure 10. The frequency
of oscillation is related to VC as:
- yéc—) )Hz

where V¢ is in volts. The voltage-to-frequency conversion
gain, K, is given as:

0.32

K= affoV, = - 2%
’ C

Hz/V

CAUTION: For safety operation of the circuit, Ir should be
limited to < 3mA.
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Tutput Ampiitude:

fiaximum output amplitude is inversely proportional to
the external resistor, Ra, connected to Pin "3 (see
Figure 3). For sine wave output, amplitude is
approximately 60mV peak per kQ of Rg; for triangle, the
peak amplitude is approximately 160mV peak per kQ of
Rs. Thus, for example, Rz = 50kQ wouid produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying adc bias
and a modulating signai to Pin 1. The internal impedance

1

15Vv2 5

€

q

at Pin 1'is approximately 100kQ: Output:amplitude varies

linearly with the applied voltage at Pin 1, for values of dc

bias at this pin, within 14 volts of Vcc/2 as shown in
Figure 6. As this bias level approaches Voc/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
55dB.

CAUTION: AM control must be used in conjunction with a
well-regulated supply, since the output amplitude now becomes
a function of Vcc.-
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16 LEAD CERAMIC DUAL-IN-LINE
- (300 MIL CDIP)

Rev. 1.00

MO OO =T O

16
1

!

ool

(—

Base Aq
Plane i

“ulm w-H.

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.100  0.200 2.54 5.08
Aq 0.015  0.060 0.38 1.52
B 0.014  0.026 0.36 0.66
B4 0.045  0.065 1.14 1.65
c 0.008  0.018 0.20 0.46
D 0.740  0.840 18.80 21.34
E4 0.250 0.310 6.35 7.87
E 0.300 BSC 7.62 BSC

e 0.100 BSC 2.54 BSC

L 0.125  0.200 3.18 5.08
Q. 0° 15° 0° 15°

Note: The control dimension is the inch column

Reg,‘l .03

13
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Seating
Plane

16 LEAD PLASTIC DUAL-IN-LINE

. rm oo oL EasEst

(300 MIL PDIP)

Rev. 1.00

~AVYS

L

B

WL Z
e

INCHES MILLIMETERS
SYmMs0L MIN  MAX MIN  MAX
A 0445 0210 368 533
Aq 0015 0.070 038 178
A, 0415  0.185 292 495
B 0014 0.024 - 036 056
By 0030  0.070 0.76 1.78
0008 0.014 020  0.38
D 0745 0.840 1892  21.34
E 0300 0.325 7.62 - 8.26
= 0240 0.280 6.10 7.11
e 0.100 BSC 254 BSC
B 0.300 BSC 7.62 BSC
es 0310 0.430 787 10.92
L 0115 0.160 292 4.06
o 00 15° 0° 15°

Note: The control dimension is the inch column

LT
" dlancaaiss mw &
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ZPEXAR XR-2206

16 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC) —

Rev. 1.00
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2

m
X

1

o 8
HEEHEEEE

S

Seating

%Li

e o

Plane 4 eI‘- _.”" h

L1 ]
=
LS

INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX
A 0.093  0.104 2.35 2.65
Ay 0.004 0.012 0.10 0.30
. B 0.013  0.020 0.33 0.51
c 0.009  0.013 0.23 0.32
D 0398  0.413 10.10  10.50
E 0291  0.299 7.40 7.60
e 0.050 BSC 1.27 5SC
H 0394  0.419 10.00  10.65
L 0016 0.050 0.40 1.27
« 0° 8° 0° 8°

Note: The control dimension is the millimeter column
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EXAR Corporation reserves the right to make changes to the products contained in this pubiication in order 1 #ivi-
prcve design, periormance or reiiabiiity. EXAR Corporation assumes no responsibiiity Tor the use or any circutis ae-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement. Charts and scheduies contained here in are only for ilfustration purposes and may vary
depending upon a user’s Speciic appiication. ‘vnie ine information in this publication has been carefully checked:
no responsibility, however, is assumed for inaccuracies.

EXAR Corporation does not recommend the use of any-of its products in life support applications where the tailure or
malfunction of the product can reasonabiy be expecied iv cause faiiure of the iife support sysiem or io significantiy
affect its safety or effectiveness. Products are notauthorized for use in such applications unless EXAR Corporation
receives, in writing, assurances {o its saiisfaciion inat: {a) the risk of injury or damags nas deer minirnized; (D) te
user assumes all such risks; (c) potential liability uf EXAR Corporaiior is adequaieiy proiecied under iiie circurn-
stances.

Copyiright 1972 EXAR Corporation
Datasheet June 1997
Reproduction, in part or whole, without the prior written consent of EXAR Corporation 1s pronibited.
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FEATURES

Wide Frequency Range, 0.01Hz tc 300kHz
Wide Supply Voltage Range, 4.5V to 20V
HCMOS/TTU/Logic Compatibility

FSK Demodulation, with Carrier Detection
Wide Dynamic Range, 10mV to 3V rms
Adjustable Tracking Range, 1% to 80%
Excellent Temp. Stability, +50ppm/°C, max.

e © ¢ 6 o o ¢

7% EXAR
/ ...the analog plus comp
S :‘.f BRI e ._

any™

XR-2211

FSK Demodulator/
Tone Decoder

June—1 o973
APPLICATIONS

Caller Identification Delivery

FSK Demodulation

Data Synchronization

Tone Decoding

FM Detection

Carrier Detection

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications
applications. It is particularly suited for FSK modem
applications. It operates over a wide supply voltage range
of 4.5 to 20V and a wide frequency range of 0.01Hz to
300kHz. It can accommodate analog signals between
10mV and 3V, and can interface with conventional DTL,
TTL, and ECL logic families. The circuit consists ofa basic
PLL for tracking an input signal within the pass band, a

quadrature phase detector which provides carrier
detection, and an FSK voltage comparator which provides
FSK demodulation. External components are used fo
independently set center frequency, bandwidth, and output
delay. An intemal voltage reference proportional to the
power supply is provided at an output pin.

The XR-2211 is available in 14 pin packages specified for
military and industrial temperature ranges.

ORLERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2211M 14 Pin CDIP (0.300% -55°C to +125°C
XR-2211N 14 Pin CDIP (0.3007) -40°C to +85°C
XR-2211P 14 Pin PDIP (0.3007) -40°C to +85°C
XR-22111D 14 Lead SOIC (Jedec, 0.150") . -40°C to +85°C

.- Rev.3.01:
©1992

1

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 ¢ (510) 668-7000 ¢ FAX (510) 6€8-7017
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BLOCK DIAGRAM

(\Pre Amplifier

GND NC

® ©

INP Cz\ﬁ Loop
l/ 0-Det 3) LOF
et (19— ot
I 8§tect
mparator
vco L N\ Zamp 6) LDOQ
Timc2 13 Quad
8-Det | 5) LDOQN
MR (12
Intemal
VReF @ | VRer [ \ 7
Reference FSK Comp / DO

V' Rev.3.0t

Sigure 1. XR-2211 Block Diagram
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PIN CONFIGURATION
) "
Ve [ile 7] TIMCt Vee 1 1 = TIMC1
NP [2] d TIMC2 INP | 2 13 ||= TIMCc2
LorF [3] 4 TIMR LDF =|3 2 |3 TIMR
GND [4] (1] LDO GND | 4 1 | oo
-LDOQN [5] 11d Vrer LDOQN =] s 10 |2 VRer
Looa [e] 9] NC Lboa =|s s |2 NC
po [7] (5] COMPI po =|7 8 |3 comPl
14 Lead CDIP, PDIP (0.300") 14 Lead SOIC (Jedec, 0.150")

PIN DESCRIPTION

Pin# Symbol Type |Description
1 Vee Positive Power Supply.
2 INP | Receive Analog Input.
3 LDF O Lock Detect Filter.
4 GND Ground Pin.
5 LDOQN (@) Lock Detect Output Not. This output will be low if the VCO is in the capture range.
6 LDOQ (0] Lock Detect Output. This output will be high if the VCO is in the capture ranée.
7 DO (0] Data Output. Decoded FSK output.
8 COMP | | FSK Comparator Input. p
9 NC Not Connected.
10 VREF (¢] Internal Voltage Reference. The value of Varg is V2 - 650mV.
11 LDO O Loop Detect Output. This cutput provides the résult of the quadrature phase detection.
12 TIMR | Timing Resistor Input. This pin connecis to the timing resistor of the VCO.
13 TIMC2 | Timing Capacitor Input. The timing capacito;' connects between this pin and pin 14.
14 TIM C1 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 13.

™
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XR-2211

ELECTRICAL CHARACTERISTICS _
Test Conditions: Vgc =12V, Ta = +25°C, Ro = 30KQ, Cg = 0.033F, unless otherwise specified.

Parameter l Min. | Typ. | Mux. Unit | Conditions
General
Supply Voltage 4.5 20 \%
Supply Current 4 7 mA Rg > 10KQ. See Figure 4.
Oscillator Section
Frequency Accuracy +1 +3 % Deviation from fg = 1/Rg Cg
Frequency Stability
Temperature +20 +50 ppm/°C | See Figure 8.
Power Supply 0.05 0.5 %N Vee = 12 +1V. See Figure 7.
0.2 %N Vee = +5V.See Figure 7.
Upper Frequency Limit 100 300 kHz Rq = 8.2KQ, Cq = 400pF
Lowest Practical Operating 0.01 Hz Ro=2MQ, Cgo=50pF
Frequency
Timing Resistor, Rg - See
Figure 5
Operating Range 5 2000 KQ
Recommended Range 5 KQ See Figure 7 and Figure 8.
Loop Phase Dectector Section
Peak Output Current +150 +200 +300 pA Measured at Pin 11
Output Offset Current 1 pA
Output Impedance i MQ
Maximum Swing +4 +5 \% Referenced to Pin 10
Quadrature Phase Detector Measured at Pin 3
Peak Output Current 100 300 T pA
Output Impedance 1 MQ
Maximum Swing 1" T Vpp »
Input Preampt Section _Measured at Pin 2
Input Impedance 20 KQ
Input Signal '
Voltage Required to
Cause Limiting 2 10 mV rms
Notes

Parameters are guaranteed over the recommended operating conditions, but are not 100% tested in production.
Bold face parameters are coverqd by production test and guaranteed over cperating temperature range.

W revso fofr fefid
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DC ELECTRICAL CHARACTERIS TICS (CONT'D)
Test Conditions: Vcc =12V, Ta=+25°C, Ro =30KQ, Co = 0.033pF, unless otherwise specified.

Parameter - - Sp— | e | Max. Unit _[Conditions
Voltage Comparator Section
Input Impedance 2 MQ Measured at Pins 3 and 8
input Bias Current 100 nA
Voltage Gain ' 55 70 dB |R_=5.1KQ
Output Voltage Low 300 500 mV Ilc=3mA
Output Leakage Current 0.01 10 pA Vo =20V
Internal Reference
Voltage Level 49 53 5.7 \Y% Measured at Pin 10
Output Impedance 100 Q AC Small Signal
Maximum Source Current 80 A

Notes

Parameters are guaranteed over the recommended operating conditions, but are not 100% tested in production.
Bold face parameters are covered by production testand guaranteed over opereting tempera ture range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

POWEr SUPPIY < vvvernvr e arnaes s 20V
Input Signal Level .........covveeieanens 3V ms
Power Dissipation .........cooierieeencns 900mW

Package Power Dissipation Ratings

COIRRYA « ettt AN G 8.8 .. 750mW
Derate Above Tp=25°C .......co.thues 8mw/°C
BRI 7 (o™ I LA ) e - -4 - 800mWvV
Derate Above Tp =25°C ...... ar 7, 60mwW/°C
SOIG (AL ... gl . .. 0 FL. .. 390mW

Derate Above TA=25°C .............ne SmwW/°C

SYSTEM DESCRI 11UN

The main PLL within the XR-2211 i constructed from an
input preamplifier, analog multiplier used as a phase
detector and a precision voltage controlled oscillator
(VCO). The preamplifier is used as a limiter such that
input signals above typically 10mV rms are amplified to a
constanrt high ievel signal. The multiplying-type phase
detector acts as a digital exclusive or gate. lts output
(uriiitered) produces sum and difference frequencies of
the input and the VCO output. The VCO is actually a
current controiied oscillator with its normal input current
(fo) set by aresistor (Ro) to ground and its ariving currerit
with a resistor (R4) from the phase detector.

The output of the phese detector produces sum and
diference of the input and the VCO frequencies

(internally connected). When in lock, these frequencies
are fin+ fuco (2 times fiy when in lock) and fiy - fvco (OHz
when lock). By adding a capacitor to the phase detector
output, the 2 times fiy component is reduced, leaving a
DC voltage that represents the phase difference between
the two frequencies. This closes the loop and allows the
VCO to track the input frequency.

The FSK comparator is used to determine if the VCQis
driven above or below the center frequency (FSK
comparator). This will produce both active high and
active low outputs to indicate when the main PLL isin lock
(quadrature phase detector and lock detector
comparator).

TOM
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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 20KQ.
Recommended input signal level is in the range of 10mV
rms to 3V rms.

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

Lock Detect Output, Q (Pin 6): The output at pin 6is at
“ow" state when the PLL is out of lock and goes to “high”
state when the PLL is locked. Itis an open collector type
output and requires a pull-up resistor, Ry, to Ve for
proper operation. At “ow” state, it can sink up to SmA of
load current.

Lock Detect Complement, (Pin 5): The outputatpin5is
the logic complement of the lock detect output at pin 6.
This output is also an open collector type stage which can
sink 5mA of load current at low or “on” state.

FSK Data Output (Pin 7): This output isan open collector
logic stage which requires a pull-up resistor, R, to Vec for
proper operation. It can sink 5mA of load current. When
decoding FSK signals, FSK data outputis 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 Comparator 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 (see Figure 3.) The threshold voltage of the
comparator is set by the internal reference voltage, VRer
available at pin 10.

Reference Voltage, Vger (Pin 10): This pin is internally
biased at the reference vcitage level, VRer: Vger =Vee /2
-650mV. The DC voltage level at this pin forms an internal
reference for the voltage levels atpins 5, 8,11and12. Pin

10 must be bypassed to ground with a 0.1pF capacitor for
proper operation of the circuit.

Loop Phase Detector Output (Pin 11): This terminal
provides a high impedance output for the loop phase
detector. The PLL loop filter is formed by Ry and C4
connected to pin 11 (see Figure 3.)With noinputsignal, or
with no phase error within the PLL,the DClevel atpin 11is
very nearly equal to Vger The peak to peak voltage swing
available atthe phase detector output is equal to 2 X VRer

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

[ ) 1
fo RyC, Hz

where Cg is the timing capacitor across pins 13 and 14.
For optimum temperature stability, Ro must be in the
range of 10KQ to 100K (see Figure 9.)

This terminal is a low impedance point, and is internally
biased at a DC level equal to Vgrer The maximum timing
current drawn from pin 12 must be limited to < 3mA for
proper operation of the circuit.

VCO Timing Capacitor (Pins 13 and 14): VCO
frequency is inversely proportional to the external timing
capacitor, .Cg, connected across these terminals (see
Figure 6.) Co must be non-polar, and in the range of
200pF to 10pF.

VCO Frequency Adjustment: VCO can be fine-tuned by
connecting a potentiometer, Ry, in series with Rg at pin 12

(see Figure 10.)

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. For set-up or adjustment purposes,
the VCO free-running frequency can be tuned by using
the generalized circuit in Figure 3, and applying an
alterating bit pattern of O’s and 1's at the known mark
and space frequencies. By adjusting R, the VCO can
then be tuned to obtain a 50% duty cycle on the FSK
output (pin 7). This will ensure that the VCO fg value is
accurately referenced to the mark and space frequencies.

TEM'
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Figure 2. Functional Block Diagram of a Tone and FSK
Decoding System Using XR-2211

Vee
Rg
AANAN
Loop 11 Rge 8 7
—  Phase EO 4
Detect IC1 — CF Ay R b—
= = Comp.
2 2 §N 39 1 /e
i nterne!
Input > ‘ VvCO ] O Reference l
Signal

0.1pF
€T
14 ‘—# 13 Ro =

Co 6
=1 = v .
= L Quad |
Phase ™= LDOQN
Detect 3  Llock 5
‘ Detect
Comp.

Figure 3. Generalized Circuit Connection for
FSK and Tone Detection
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DESIGN EQUATIONS

(Al resistance in Q, all frequency in Hz and all capacitance in farads, unless otherwise specified)
(See Figure 3 for definition of components) ’
1. VCO Center Frequency, fq:

_ 1
fo= Ry

2. Internal Reference Voltage, Vrgr (measured at pin 10):

1%
Viee = (% )—GSOmV in volts

3. Loop Low-Pass Filter Time Constant, t:
T = CyRpp (seconds)

where:

- Ry R
Ren = (R1 + R: )

if R is oo or Cf reactance is oo, then Rpp = R1
4. Loop Damping, ¢:

¢ = /1250-C,
\ R Cy

Note: For derivation/explanation of this equation, please see TAN-011.
5. Loop-tracking

bandwidth, % = 4',—"
0
af = R -
fo R,

l¢——— Tracking ____ﬁ s _ i
Bandwidth .

™
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6. FSK Data filter time constant, tF:

Rs " Re
" (R + R

-Cr (seconds)

7. Loop phase detector conversion gain, Kd: (Kdis the differential DC voltage across pin 10 and pin11, per unit of
phase error at phase detector input):

K, = Vier © Ry _volt
¢ = 90,000 | radian

Note: For derivation/explanation of this equation, please see TAN-011.

8. VCO conversion gain, Ko: (Ko is the amount of change in VCO frequency, per unit of DC voltage change at pin 11):

K. = 27 _ (radian/second
0 ™ Ve G Ry volt
9. The filter transfer function:
F(s) = — 1 a0 Hz S=dwandw =0

1+ SR;C,
10. Total loop gain. Kt

— - . —. RF 1
Kr = KoKz F(s) = (5'000,00.(,?1 + RF))[seconds]

11. Peak detector current [a:

’A — VREF

= 30,000 (Ve in volts and |, in amps)

Note: For derivation/explanation of this equation, please see TAN-011.
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APPLICATIONS INFORMATION

FSK Decoding

Figure 10shows the basic circuit connection for FSK decoding. With reference to Figure 3 and Figure 10, the functions
of external components are defined as follows: Roand Cq set the PLL center frequency, Ry sets the system bandwidth,
and C4 sets the loop filter time constant and the loop damping factor. Cg and Rr form a one-pole post-detection filter for
the FSK data output. The resistor Rg from pin 7 to pin 8 introduces positive feedback across the FSK comparator to
facilitate rapid transition between output logic states.

Design Instructions:

The circuit of Figure 10can betailored forany FSKdecoding application by the choice of five key circuitcomponents: Ry,
R4, Co, C1and Cg Foragiven setof FSK mark and space frequencies, fo and f4, these parameters can be calculated as
follows:

(Al resistance in Q's, all frequency in Hz and all capacitance in farads, unless otherwise specified)
a) Calculate PLL center frequency, fo:

fo=\/E1—'F_2

b) Choose value oftiming resistor R, tobe inthe range of 10KQ to 100K<. This choice is arbitrary. The recommended
value is Ry = 20KQ. The final value of Ry is normally fine-tuned with the series potentiometer, Ry.

RO= Ro+—2‘

c) Calculate value of 0 from design equation (1) or from Figure 7.

1
Co= Ry 1y

d) Calculate R1 to give the desired tracking bandwidth (See design equation 5).
Ry f; :
R = ._9_.2.. .2
(R -
e) Calculate C1 to set loop damping. (See design equation 4):
Normally, ¢ = 0.5 is recommended.

1250-C,

e Ry 52—
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f) Theinputtothe XR-2211 may sometimes be too sensitive fo n
a method of de-sensitizing the XR-2211 from such noisy line
frorf_i pin 2 to ground. The value of Rx is chosen by the equati

oise conditions on the input line. Figure 4illustrates
conditions by the use of a resistor, Rx, connected
on and the desired minimum signal threshold level.

20000, g _ ZO'OOO(VREM)

V,y minimum (peak) = VsV, = 4V & 2.8mV offset = Vier55.500 + Ry) 4av
) X

VN minimum (peak) input voltage must exceed this value to be detected (equivalent to adjusting V threshold)

To Phase
Detector

20K

VREF [@F 2

Figure 4. Desensitizing Input Stage

g) Calculate Data Filter Capacitance, Cf:

Rom = (Re + R,)'Rs

(Ry + R+ Ro)
_ 0.25 ———
Er (Reum Baud Rate) Baud rate In <o nds

Note: All values except Ry can be rounded to nearest standard value.
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20
HRE
- N =
E Y e
s i : NN
3 10 — = o1 NN\ Ry=20KQ
NS & INNIN
o // |+ \’R‘O’:“/OK—& AN Ro=40KQ d—
g sl T NCINTS TS
éﬁ/,— Rg>100K \ﬁofém\(ﬂ' A N AN
B L N
Ro=160KQ N N
0 0.01 LLIN N
4 6 810 12 14 16 8 20 22 24 100 1000 10000
Supply Voltage, V* (Volts) fo(HZ)
Figure 5. Typical Supply Current vs. V+ Figure 6. VCO Frequency vs. Timing Resistor
(Logic Outputs Open Circuited)
1D S T 1
\\ Co=0.001uF
1.02
\\\ - \ 9 fo = 1kHz 5
S N 2 5 Rr = 10Rg 1
N Co=0.0033F A oo ' = I/
R NS N D 1
g 100 1 g 100 /%,,. 2 .
S N C0=0.01pFl\\ kS KR
= | N, N N 8 099| *A7 A
[ Co=0.1pF [T b Y g '/ guvell IRy
3 b} S nE
N N Gor0.03316F N Z 098 2y
N 4 |100K
Co=0.33pF \ 097 5 _1300K
10 Lot 4 6 8 10 12 14 16 18 20 22 24
0 1030 10000
V+ (Volts
folHz) golty
Figure 7. VCO Frequency vs. Timing Capacitor Figure 8. Typical fo vs. Power Supply
Characteristics
°
:5_ +1.0 _|0K ™G
= N =
'S +05 ////
B =]
o / |~ 500K
€ o |LRoSK > </
] _____J_’—‘ 50K
§ Ro=500K 10
| Bl - Vr =12V —
'_é R)=1MQ $1=10R0
£ 0 o=1kHz
4

50 -25 0 25 50 75 100 125
Temperature (°C)

Figure 9. Typical Center Frequency Drift vs. Temperature
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=
Tesign Exampie:
{200 Baud FSK demodulator with mark and space frequencies of 1200/2200. - (

Step 1: Calculate fo: from design instructions

(a) f,= /12002200 =1624

Step 2: Calculate Rg : Rg =10K with a potentiometer of 10K. (See design instructions (b))

() Ry= 10+ (%) = 15K

Step 3: Calculate Cq from design instructions

{o) Co = 39nF

_ 1
~ 15000-1624

Step 4: Calculate Ry : from design instructions

_ 2000016242 _
(@ Ri= Taoo—1z00) ~ 21000

Step 5: Calculate C4 : from design instructions

(&) C = 20T - 39nF
Step 6: Calculate Rg : R should be at least five times Rq, Rg = 51,0005 = 255 KQ
Step 7: Calculate Rg : Rg should be at least five times Rg, Rg = 255,000-5 = 1.2 MQ
Step 8: Calculate Rsym

_ (RF+ R1)'Ra _
Rsuy = RIRTR) - 240KQ

Step 9: Calculate Cg .

0.25
Ce= Ny =
* " (RsusBaud Rate) ,

Note: All values except Ry can be rounded to nearest standard value.
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>
0.1pF

Input
Signal

Loop
Phase
Detect

£

5%

Rg
A~
8 1.8m 5%

>
ata
b FSK BUtF’Ut
Comp.
Internal

R 178K
5% <
. inF L 16
5% R4 -
35.2K 10
1%
2 0 03‘“5[:& Reference
Ro
i913 2(;}( ;-'l—‘:
Co 1%
27nF 5% VvCO
Fine
Rx Tune
20K
= s LDOQ
- LDOQN
Lock 2
Detect
Comp.

Quad

(Bell 202 Format)

Rp
Re ‘8 idl =
3 ;
“FSK
Comp.

Vee

fn
5.1k

Phase
Detect
Figure 10. Circuit Connection for FSK Decoding of Caller Identification Signals

Loop 11
ik
etec
L X %
5 R4 10
12 Intemal
ot > 3 VCO
Signal 0 1 q'mFI . Reference
0.1uF 140 013 R =
|__il
s . oL Co
- Px
= ~ 6 LpoQ
L Quad
Pl -
etec
3 Lock 5 LDOQN
Detect
Rp Co Comp.

Between 400K and 600K

Figure 11.

Detect Capability

External Connectors for FSK Demodulation with Carrier




XR-2211

Loop 11 8 7
. ghase
—INNNT etect o)
T PopF FSK
5% R4 Comp.
200K
2 12 1% s Intemal
> __1 VvCO 0.1uF Reference
0.1uF 14 13 R L
: 20K Vce
Co 1%
i s0nF . 9% —_—
Rx Fine
— SR S 8
6 LDoQ [ '
L[ quad = ﬂ“‘ > Logic Output
Phase =
Detect 3 5 LDOQN I
Lock
%%tect
mp.
Ro Co

Figure 12. Circuit Connection for Tone Detection

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
shownin Figure 11. The open collector lock detect ouiput,
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 PLL and the pin & cutpul goes
“high” to enable the dzta output.

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

The minimum vaiue of the lock detect filter capacitance
Cp is inversely proportional tc 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. Itis further limited by C4. For most applications, Afc
> Aff2. For Rp = 470K, the approximate minimum value
of Cp can be determined by:

Cp > %ﬁf C inuF and fin Hz.

Cin pF and fin Hz.

With values of Cp that are too small, chatter can be
observed on the lock detect output as an incoming signal

15

frequency approaches the capture bandwidth.
Excessively large values of Cp will slow the response time
of the lock detect output. For Caller I.D. applications
choose Cp = 0.1pF. .

Tone Detection

Figure 12 shows the generalized circuit connection for
tone detection. The logic outputs, LDOQN and LDOQ at
pins 5 and 6 are normally at “high” and “low” logic states,
respectively. When a tone is present within the detection
band of the PLL, the logic state at these outputs become
reversed for the duration of the input tone. Each logic
output can sink 5mA of load current.

Both outputs at pins 5 and 6 are open collector type
stages, and require external pull-up resistors Ri2 and
R_3, as shown in Figure 12.

With reference to Figure 3 and Figure 12, the functions of
the external circuit components can be explained as
follows: Rg and Cg set VCO center frequency; R sets the
detection bandwidth; C sets the low pass-loop filter time
constant and the loop damping factor.

™
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Design Instructions:

The circuit of Figure 12can be optimized for any tone detection application by the choice of the 5 key circuit components:
Rg, R1, Cg, C1 and Cp. For a given input, the tone frequency, fs, these parameters are calculated as follows:

(All resistance in Q's, all frequency in Hz and all capacitance in farads, unless otherwise specified)

a) Choose value of timing resistor Rq to be in the range of 10KQ to 50KQ. This choice is dictated by the max./min.
current that the internal voltage reference can deliver. The recommended value is Ro = 20KQ. The final value of Rg
is normally fine-tuned with the series potentiometer, Ry.

b) Calculate value of Cq from design equation (1) or from Figure 7 fg = fo:

i

Ry fs

Co

c) Calculate Rq to set the bandwidth +Af (See design equation 5):

Ro'f0'2
Ri=—ar
Note: The total detection bandwidth covers the frequency range of fy +Af
d) Calculate value of C4 for a given loop damping factor:

Normally, ¢ = 0.5 is recommended.
_1250:C,
Ryt
Increasing C4 improves the out-of-band signal rejection, but increases the PLL capture time.
e) Calculate value of the filter capacitor Cp . To avoid chatter at the logic output, with Rp = 470KQ, Cp must be:

Gy 5= JA—?, C in uF

Increasing Cp siows cown tiie logic output response time.

Design Examples: -

Tone detector with a detection band of + 100Rz:

a) Choose value of timing resistor R to be in the range of 10KQ to 50KQ. This choice is dictated by the max./min.
current that the internal voltage reference can deliver. The recommended value is Ro=20KQ. Thefinal value of Rg
is normally fine-tuned with the series potentiometer, Rx. ‘

b) Calculate value of Cq from design equation (1) or from Figure 6fg = fo:

g i et e
Co= &7 = 70,007,000 - >0

™
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Korre

2

c) Calculate Ry to set the bandwidth +Af (See design equation 5):
_ Ryfy2 _ 20,000-1,0002 _
R, = —4f = 100 = 400K

Note: The total detection bandwidth covers the frequency range of fp #4f
d) Calculate value of Cq for a given loop damping factor:

Normally, ¢ = 0.5 is recommended.

_ 1250-C, _ 1250-50-10° _
Ci= ~R = %00,00005 ~ 0P
Increasing C4 improves the out-of-band signal rejection, but increases the PLL capture time.

e) Calculate value of the filter capacitor Cp . To avoid chatter at the logic output, with Rp = 470KQ, Cp must be:

16 _ 16

Co=—% 2 500 = 80nF

N

Increasing Cp slows down the logic output response time.

f) Fine tune center frequency with 5SKQ potentiometer, Ry.

Vee
Vee
o
Loop 11 8
etect C Demodulated
A >~ FSK 1
= Comp - Output

A

2 12 Ry 20 Internal _EO
‘_O_Dq. VCO 0.1pF Reference =
el \
FM  OTHF 14 13 Ro § 3
Input x 6
L Co il N LDoQ
ual 2 .
Phase LDOQN
Detect 5

e

Figure 13. Linear FM Detector Using XR-2211 and an External Op Amp.
(See Section on Design Equation for Component Values.)
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Linear FM Detection

XR-2211 can be used as a linear FM detector for a wide
range of analog communications and telemetry
applications. The recommended circuit connection for
this application is shown in Figure 13. The demodulated
output is taken from the loop phase detector output (pin
11), through a post-detection filter made up of Rpand Cg,
and an external buffer amplifier. This buffer amplifier is
necessary because of the high impedance output at pin
11. Normally, a non-inverting unity gain op amp can be
used as a buffer amplifier, s shown in Figure 13.

The FM détector gain, i.e., the output voltage change per
unit of FM deviation can be given as:

_ Ry VREF

ot = T00R,

where VR is the internal reference voltage (Vrer = Vec /2
-650mV). For the choice of external components Ry, Ro,
Cp, C1 and Cp, see the section on design equations.

v r ———————— === %- !—__"'_————Y—_—'."‘——I —————— |
1 REF !
| 0 Voltage a D l ' ll
‘ Output  Input I Lock I .
10| 2 | Detect | |
I _{ﬂ | | B Fiter | |
| | Frox T3] | 1583 e | o6
| i 07 RO % J
t Lock Detect
1
| oK | l ™ |Outputs
I | |
‘ ‘l | \ | | s
|
|| @4 | , ¢ o | |
] .
________________ o ________;_;_4___,_J
Intemnal Voltage Input Preamplifier Quadrature Lock Delect
Reference and Limiter Phase Detector Comparator
e —Ee o e = S i
TS L] [Tl . | |
] N
i ) l | I
|
‘ - | | |
| | 8
| AT Timin ~1N| | l
Capacilor A 1" FSK |
| | From . oop | Comparator l
[ , 13 co 14 | Vole} Detecor| Input
l B B8’ l A - Output © ‘ 7
l K [ Fsk
| : | | Data
| | | I Output
| —_—1 12 4
Al [ % | } |
Gound| _ o — e e e e e — I S — _!
Voltage Controlled Loop Phase Detector FSK Comparator
Oscillator

Figure 14. Equivalent Schematic Diagram




Y. Rev301 St

74 LEAD CERAMIC DUAL-IN-LINE

(300 MIL CDIP)
Rev. 1.00

o — e
s/ 3 T } 7\

=1t LS

B B1

|NCHE§_ MILLIMETERS
SYMBOL MIN MAX MIN  MAX
A 0.100  0.200 2.54 5.08
Aq 0.015  0.060 0.38 1.52
B 0.014  0.026 0.36 0.66
B1 0.045  0.065 1.14 1.65
c 0.008  0.018 0.20 0.46
D 0.685 0.785 17.40 19.94
E1 0.250  0.310 6.35 7.87
E 0.300 BSC 7.62 BSC
e 0.100 BSC 2.54 BSC
L 0.125  0.200 3.18 5.08
0. 0° 15° 0° 15°

Note: The control dimension is the inch column
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XR-2211
Vo fiem e,

14 LEAD PLASTIC DUAL-IN-LINE
(300 MIL PDIP)

Rev. 1.00

Seating
Plane L

INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX

A 0.145 0210 3.68 533
Aq 0.015  0.070 0.38 1.78

- Az 0.115  0.195 292 495
B 0.014  0.024 0.36 0.56
By 0.030  0.070 0.76 1.78
c 0.008  0.014 0.20 0.38 '
D 0.725  0.795 1842 . 20.19
E 0.300  0.325 7.62 8.26
Eq 0.240  0.280 6.10 7.11
e 0.100 BSC 2.54 BSC
ea 0.300 BSC 7.62 BSC
eq 0310 0.430 7.87 1092
L 0.115___ 0.160 2.92 4.06
a. 0° 15° 0° 15°

. Note: The control dimension is the inch column

Rev..3.01: 4




Z° EXAR | __ XR-2211

14 LEAD SMALL OUTLINE
(150 MiL JEDEC SOIC)

Rev. 1.00

I | ——
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1

@] 7
bHEEEHE 4

f———— m ———
X

PO 3 T

i | ER S

—'IE
le—s
>
AN

INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX

A 0.053  0.069 1.35 1.75
Ay 0.006  0.010 0.10 0.25
B 0.013  0.020 0.33 0.51
c 0.007  0.010 0.19 0.25
D 0337  0.344 855 875
E 0.150  0.157 380  4.00
e 0.050 BSC 1.27 BSC
H 0.228  0.244 5.80 6.20
L 0.016  0.050 0.40 1.27
o 0° 8° 0° 8°

Note: The control dimension is the millimeter column
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NOTICE

EXAR Corporation reservas the right to make changes to the products contained in this publfication in order to im-
prove design, performance or reliability. EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement. Charts and schedules contained here in are only for illustration purposes and may vary
depending upon a user’s specific application. While the information in this publication has been carefully checked;
no responsibility, however, is assumed for inaccuracies. :

EXAR Corporation does not recommend the use of any of its products in life support apolications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affect its safety or effectiveness. Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (o} the
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances. :

Copyright 1995 EXAR Corporation
Datasheet June 1997
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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@ MOTOROLA

Low Power JFET Input
Operational Amplifiers

These JFET input operational amplifiers are designed for low power
applications. They feature high input impedance, low input bias current and
low input offset current. Advanced design techniques allow for higher slew
rates, gain bandwidth products and output swing.

The commercial and vehicular devices are available in Plastic dual in—line
and SOIC packages.

Low Supply Current: 200 pA/Amplifier
Low Input Bias Current: 5.0 pA

High Gain Bandwidth: 2.0 MHz

High Slew Rate: 6.0 V/us

High Input Impedance: 1012 Q

Large Output Voltage Swing: £14 V
Output Short Circuit Protection

Representative Schematic Diagram
(Each Amplifier)
Vee
————— o S © o
R
Inputs R3 R4
+Or — VA—— VA0
+ D1 Qutput
—idt—e
- el K if 3
c2
Q1 Q2
M 6
R1 R2 ‘
% R5<[> VEE
—_— ¢ 3 S & AMNA~$ ® o)
ORDERING INFORMATION
Op Amp Operating
Function Device Temperature Range Package
TLO62CD, ACD i ¥ SO-8
TLOB2CP, ACP TA=0°10470°C Plastic DIP
Dual TLO62VD . 5 o SO-8
TLO62VP Tar =40 1o 50 Plastic DIP
TLO64CD, ACD . . SO-14
TLOB4CN, ACN TA=0°to+70°C Plastic DIP
Quad TLO64VD e . SO-14
TLOB4VN TA=-40> W56 Plastic DIP

Order this document by TL062/D

TLO62
TLO64

LOW POWER JFET INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX

PLASTIC PACKAGE

CASE 626

D SUFFIX

PLASTIC PACKAGE

CASE 751
(SO-8)

PIN CONNECTIONS

Inputs 1 {

VEE [4]

14
1

W

R

N SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 646 CASE 751A

(SO-14)
PIN CONNECTIONS

vee [

\J
Output 1 [T] 7] Output4
Inpuls1{§j>1-' lfﬁ:g} Inputs 4
5 2 3 10
: Inpum2{éj>! l—<t:§l} Inputs 3
Output 2 [7] 8] Output 3

T Veg

© Motorola, Inc. 1996

Rev5




TL062 TL.064

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage (from Vo to VEE) Vs +36 \
Input Differential Voltage Range (Note 1) VIDR +30 \"
Input Voltage Range (Notes 1 and 2) VIR +15 Y
Output Short Circuit Duration (Note 3) tsc Indefinite sec
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —-60 to +150 °C

NOTES: 1. Differential voltages are at the noninverting input terminal with respect to the inverting input
terminal.
2. The magnitude of the input voltage must never exceed the magnitude of the supply or 15V,
whichever is less.
3. Power dissipation must be considered to ensure maximum junction temperature (T ) is not
exceeded. (See Figure 1.)

ELECTRICAL CHARACTERISTICS (V¢ = +15 V, VEE = -15 V, Ta = 0° to +70°C, unless otherwise noted.)

TLO62AC TL062C
TLOG4AC TLO64C
Characteristics Symbol Min Typ Max | Min Typ Max Unit
Input Offset Voltage (Rg =50 Q, Vo = 0V) Vio mV
TA=25°C — 3.0 6.0 — 3.0 15
Ta = 0° to +70°C 2 -~ 75 | — LY 20
Average Temperature Coefficient for Offset Voltage AV|O/AT e 10 — — 10 — pv/eC
(Rs=50Q,Vpo=0V) -
Input Offset Current (Ve =0V, Vo =0V) lio
TA=25°C - 0.5 100 — 0.5 200 pA
Ta =0°to +70°C — — 2.0 — — 2.0 nA
Input Bias Current (Vem =0V, Vo =0V) T:)
TA =25°C — 3.0 200 — 3.0 200 pA
Ta =0° to +70°C —_ —_ 2.0 — — 10 nA
Input Common Mode Voltage Range VICR — | +145 | +115 | — |+145]| +11 \
Ta=25°C . -11.5 | -12.0 — -1 | -12.0 —
Large Signal Voltage Gain (R|_ = 10 k, Vo =+10V) AvoL VimV
Ta=25°C 4.0 58 —— 3.0 58 —
Ta =0° to +70°C 4.0 — — 3.0 — —
Output Voltage Swing (R = 10 kQ, Vjp =1.0V) \"
Ta=25°C Vo+ +10 +14 — +10 +14 —
Vo- — | 14 | <10 | — | <14 | 10
Ta=0°to +70°C Vo+ +10 L — +10 == -
Vo- —_ —_ -10 — — -10
Common Mode Rejection CMR 80 84 —— 70 84 —— dB
(Rs=50Q, Vcm = ViIcr min, Vo =0V, Ta = 25°C)
Power Supply Rejection PSR 80 86 — 70 86 — dB
(Rs=509Q,Vcm=0V, Vo =0, T =25°C)
Power Supply Current (each amplifier) ID — 200 250 — 200 250 pA
(No Load, Vo =0V, Ta = 25°C)
Total Power Dissipation (each amplifier) Pp — 6.0 75 — 6.0 75 mwW
(No Load, Vo =0V, Ta = 25°C)

2 MOTOROLA ANALOG IC DEVICE DATA



TL062 TLO64

DC ELECTRICAL CHARACTERISTICS (Vcc = +15V, VEg = -15V, TA = Tjow to Thigh [Note 4], unless otherwise noted.)

TLO62V TLO64V
Characteristics Symbol Min Typ | Max | Min Typ | Max Unit
Input Offset Voltage (Rg =50 Q, Vo = 0V) Vio mV
Ta=25°C — 3.0 6.0 — 3.0 9.0
TA = Tiow to Thigh — — | 90 | — — 15
Average Temperature Coefficient for Offset Voltage AV|O/AT uvrec
(Rs=50Q Vo=0V) = 10 — — 10 E-
Input Offset Current (Vcm =0V, Vo =0V) lio
Ta=25°C — 5.0 100 — 5.0 100 pA
TA = Tiow t Thigh - | - 20 | — — 20 nA
Input Bias Current (Vcpm =0V, Vo=0V) [IT:]
Ta=25°C — 30 200 — 30 200 pA
TA = Tiow to Thigh — — 50 = = 50 nA
Input Common Mode Voltage Range (Ta = 25°C) VICR — | #1145 | +1156 | — | +145 | +11.5 \
-11.5 | -12.0 — -11.5 | -12.0 —_
Large Signal Voltage Gain (R = 10 k2, Vo =£10V) AvoL VimV
Ta =25°C 4.0 58 — 4.0 58 —
TA = Tiow to Thigh 4.0 — — 4.0 — ——
Output Voltage Swing (R|_= 10k, Vip=1.0V) \%
Ta=25°C Vo+ +0 | +14 | — | +10 | +14 | —
Vo- — | 14| <10 | — | 14 | -10
TA= Tiow to Thigh Vo+ +10 | — — | +10 | — -
Vo- s SN 0210, a— AR 10
Common Mode Rejection CMR dB
(Rg =50 Q, Vo = Vicr min, Vg =0, Tp = 25°C) 80 84 — 80 84 —
Power Supply Rejection PSR dB
(Rg=509Q,Vcm=0V, Vo =0, Ta =25°C) 80 86 — 80 86 —
Power Supply Current (each amplifier) Is) HA
(No Load, Vo =0V, Tp = 25°C) — 200 | 250 — 200 | 250
Total Power Dissipation (each amplifier) Pp mwW
(No Load, Vo =0V, Tp = 25°C) — 6.0 e — 6.0 7.5
NOTE: 4.Tgy =—40°C Thigh = +85°C for TL062,4V
AC ELECTRICAL CHARACTERISTICS (Vg = +15 V, VEE =-15 V, Tp = +25°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Slew Rate (Vip =-10V to +10V, R =10 k@, C_ = 100 pF, Ay = +1.0) SR 2.0 6.0 — Vius
Rise Time (Vin = 20 mV, R = 10 kQ, C_ = 100 pF, Ay = +1.0) tr — 0.1 — ps
Overshoot (Vin = 20 mV, R = 10 kQ, C(_= 100 pF, Ay = +1.0) (o] - 10 — %
Settling Time tg pus
(Vec=+15V, VEg=-15V, Ay =-1.0, To within 10 mV e 1.6 -
RL=10kQ, Vo =0Vto +10 V step) To within 1.0 mV — 2.2 —
Gain Bandwidth Product (f = 200 kHz) GBW — 2.0 — MHz
Equivalent Input Noise (Rg = 100 Q, f = 1.0 kHz) en — 47 — nv/NHz
Input Resistance Rj = 1012 — w
Channel Separation (f = 10 kHz) Cs — 120 — dB
3
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Figure 1. Maximum Power Dissipation versus

Figure 2. Output Voltage Swing

Temperature for Package Variations versus Supply Voltage
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= o
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5640 -20 0 20 40 60 80 100 120 140 160 0 20 40 6.0 8.0 10 12 14 16
TA, AMBIENT TEMPERATURE (°C) vee, IVegl, SUPPLY VOLTAGE (V)
Figure 3. Output Voltage Swing Figure 4. Output Voltage Swing
versus Temperature versus Load Resistance
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& 2 5 A
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=15 -50 -25 0 25 50 75 100 125 00.1 02 03 05 07 1.0 20 30 5070 10
Ta, AMBIENT TEMPERATURE (°C) Ry, LOAD RESISTANCE (kQ)
Figure 5. Output Voltage Swing Figure 6. Large Signal Voltage Gain
versus Frequency versus Temperature
s
— 35 100
LA T IS g AN T
= L= J Z 70|-VEg= -15V
e % Ve =15V, Veg =15V TA=25°C g L R!‘ELE= 10kQ
& o5 \ 8 5 = =
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2 2 \ 3 Wi
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o \ 2’ 30 4
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= \ o
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f, FREQUENCY (Hz) TA, AMBIENT TEMPERATURE (°C)
4 MOTOROLA ANALOG IC DEVICE DATA



TL062 TL0G64

Figure 7. Open Loop Voltage Gain

Figure 8. Supply Current per Amplifier

and Phase versus Frequency versus Supply Voltage
& 10 T T 250
E ~~ Ve =+15V__| .
= VEE=-15V @ =
P 1] — \ - VSE=0V —1o0 i < 200
w N\ \\ Gain R =10kQ % e
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a 60 BezCc —46 @ E W
= Phase \ \ A= 1751 3
& N\ £ 5
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i N w =] | TA=25°C
a AN % « Vg=0V
C 2 135 8 VR ==0
<] N \ = - | |
1.0 10 100 10k 10k 100k 1.0M 10M 100M 0 20 40 60 80 10 12 14 16 18 20
f, FREQUENCY (Hz) Vee IVEE], SUPPLY VOLTAGE (V)
Figure 9. Supply Current per Amplifier Figure 10. Total Power Dissipation
versus Temperature versus Temperature
250 25 ]
— 2 n TLO64
< =
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& 150 @ 15— R ==Q
= 2 TL062
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% 100 (g) 10
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O 5l_VEg=-15V E 50
L2 T vp=ov 2
— R = 8
0 I 1 0
-5 -850 -25 0 25 50 75 100 125 -5 50 -25 0 25 50 75 100 125
Ta, AMBIENT TEMPERATURE (°C) TA, AMBIENT TEMPERATURE (°C)
Figure 11. Common Mode Rejection Figure 12. Common Mode Rejection
versus Temperature versus Frequency
— 88 1 T A140 LILLAL L} T T T LR
g Ve = +15V 3 I I_IHIIII S
Z 87— Vgg=-15V z w0} xgg;j}g\‘,’ I Apm Ao
= gg| Y0=0V 5 AVoy =+15V AVey y
el RL-10kQ w 100—TA=2500 v 1
- 7 ] A
& 8 - N CMR=20Log <—CM XADM>
w w 80 <] AVo 1
g — e 80 S
g 8 = THH
= Z % el
8 82 8 m I~
£ 81 e 2 &
[&] [&]
80 0
-5 50 -25 0 25 50 75 100 125 100 1k 10k 100 k 1M
TA, AMBIENT TEMPERATURE (°C) f, FREQUENCY (Hz)
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PSR, POWER SUPPLY REJECTION (dB)

I8, INPUT BIAS CURRENT (pA)

Figure 13. Power Supply Rejection

versus Frequency

TLO062 TLO64

Figure 14. Normalized Gain Bandwidth
Product, Slew Rate and Phase
Margin versus Temperature

140 14 I , 108
0 +PSR = 20Log ( AVo/ADM ) - 13 Vee=+15V {106 Z
= Avee = VEg=-15V o
+PSR (AVGC =1.5V) oW 4 g
L AVolAD ;§1.2 RL=10kQ 1104 £
100 LU~ -PSR = 20Log ( M) % C_L=0pF L
PSR (AVEE = 1.5V TTH AVEg 2T 11— GBW. 102 2
80 = ~ = d \ g:-
i ~_ R4 92 10f Slew Rate___ =T~ 10 g
w TH < 85 oo —T_#7 S~ 088 3
Veg=+15V F\\ N &ig g PP \-\ 99,15
40 |- Veg =15V S 2§ 8|4 PhaseMargin 096 3
Tp=25°C O AVg \\ g g ' Z
20 = 0.7 094 E
— 2o
0 Lo iun Lkl 0.6 0.92
100 10k 10k 100k 10M -5 =50 -25 0 25 5 75 100 125
f, FREQUENCY (Hz) Ta. AMBIENT TEMPERATURE (°C)
Figure 15. Input Bias Current Figure 16. Input Noise Voltage
versus Temperature versus Frequency
1000 T 70
Voo =+15V E
100 |—Vgg=-15V z 60
Vem=0V N
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]l S
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Figure 17. Small Signal Response

t, TIME (0.5 ps/DIV)

V o, OUTPUT VOLTAGE (5.0 VIDIV)

f, FREQUENCY (Hz)

Figure 18. Large Signal Response

t, TIME (2.0 ps/DIV)
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Figure 19. AC Amplifier

TL062 TL064

Figure 20. High—Q Notch Filter

Vee
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Figure 21. Instrumentation Amplifier
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Figure 22. 0.5 Hz Square-Wave Oscillator Figure 23. Audio Distribution Amplifier
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ANA-
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OUTLINE DIMENSIONS

P SUFFIX
PLASTIC PACKAGE
CASE 626-05
ISSUEK

NOTE 2

o—
'\

2 t"

i

(9] 0.130005®| 1] A ®[B®|

-K

NOTES:
1. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL
2. PACKAGE CONTQUR OPTIONAL (ROUND OR
SQUARE CORNERS).
3. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1982

MILLIMETERS INCHES
M MAX | MIN T MAX
940 1 1016 { 0379

0240 | 0.260

E

038 | 051
102 | 178

7030 | 0.050
020 | 030 | 0008 | 0012
29 | 343 | 0115 | 0.135 |

610 | 660

394 | 445 | 0155
0015 | 0.020
0040

254 BSC

076 | 127

762 r_s_c 0.

10° —
o7sl 1,01

Z R R | |@ o 0D

D SUFFIX
PLASTIC PACKAGE
CASE 751-05
(SO-8)
ISSUE R

_TE—_: S—Iis@) @
S
Bl gl . ;I(

>

SEATING

Tfﬂi ﬁ ﬁ_rq;

[$]025 ®[c[B ®[AO]

NOTES:

1. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994,

2. DIMENSIONS ARE IN MILLIMETERS.

3. DIMENSION D AND E DO NOT INCLUDE MOLD
PROTRUSION.

4, MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.

5. DIMENSION B DOES NOT INCLUDE MOLD
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 TOTAL IN EXCESS
OF THE B DIMENSION AT MAXIMUM MATERIAL

CONDITION.

MILLIMETERS

| DM | MIN | MAX
A 135 175
Al] 010 025
B 035 049

C 0.18 025
D 480 5.00

E 3.80 400

(] 127

H 5.80 6.20

h 025 0.50

L 0.40 125
0 0° 79
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OQUTLINE DIMENSIONS

A LA LWL LWL
14 8

O

TATATRTATETAT
A

le— go —>

N SUFFIX

PLASTIC PACKAGE

CASE 646-06

ISSUE L

T

NOTES:

1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE

POSITION AT SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

. DIMENSION L TO CENTER OF LEADS WHEN

FORMED PARALLEL

. DIMENSION B DOES NOT INCLUDE MOLD
FLASH.
. ROUNDED CORNERS OPTIONAL.

INCHES | MILLIMETERS
|__INC
WIN
0715
240

2
=

.145

1l;lHHHHHIj I

[B-] pipL

~-C

[=T-]
SEATING —-I L— D14PL K

l[q;]o.zs 0010)®[B @ |

Rx45°—>‘ I-—
5

/_)"\
i\
ol

\
\/‘EJ

[Eail
B
c
D [ 0015 |
> F_ [ 0040
% ] G 01
- : W 0052
3 0008
—.“‘- —SNEA—W-GJL K [ 0.115
Lk Ll o
PLANE T
— G D M N | 0015
D SUFFIX
PLASTIC PACKAGE
CASE 751A-03
(SO-14)
ISSUE F

NOTES
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982

. CONTROLLING DIMENSION: MILLIMETER.
. DIMENSIONS A AND B DO NOT INCLUDE

MOLD PROTRUSION,

. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

MILLIMETERS | INCHES
| o[ MIN | MAX | MIN | MAX
A | 855 | 875 | 0337 | 0.34
B | 380 | 400 | 0150 | 0457
C | 135 175 | 0.054 | 0.068
D | 035| 049 | 0014 | 0019
F | 040 125 0016 | 0.049
G 121 0,
J | 019 ] 025 | 0008 | 0.009
K | 040 | 025 | 0.004 | 0,009
S B R R T S
P | 580 | 620 | 0228 | 0.04
R | 025 050 0010 | 0.019
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ULN2803A
DARLINGTON TRANSISTOR ARRAY

SLRS049 —~ FEBRUARY1997
TETETS

® 500 mA Rated Collector Current (Single N PACKAGE

Output) (TOP VIEW)
@ High-Voltage Outputs ... 50 V 181 (= sf11c
@ Output Clamp Diodes 2B 2 1711 2¢
® Inputs Compatible With Various Types of 3B é 3 16{] 3C
Logic 45% 4 15{14C
® Relay Driver Applications 5B} 5 141} 5C
. . . eB[] 6 13[] 6C

@ Compatible with ULN2800A Series
7136 7 12[} 7C
description gafi8 " % 8C
GND {9 10{] com
The ULN2803A is a monolithic high-voltage, high-current

Darlington fransistor array. The device consists of eight npn
Darlington pairs that feature high-voltage outputs with
common-cathode clamp diodes for switching inductive loads. The
collector-current rating of each Darlington pair is 500 mA. The
Darlington pairs may be paralleled for higher current capability.

Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line
drivers, and logic buffers. The ULN2803A has a 2.7-kQ series base resistor for each Darlington pair for operation
directly with TTL or 5-V CMOS devices.

The ULN2803A is offered in a standard 18-pin dual in-line (N) package. The device is characterized for
operation over the temperature range of —20°C to 85°C.

logic symbolt logic diagram (positive logic)
1 18
10 18 2 d 1C
CLAMP | >—— cOM :
. I'J 2 17
1 18 =
18 > O] 1c °8 2¢
2 17 b
3B — >~——Ts- ic Foi L 3¢
48 — ‘;14 4 4 ' 15
@ . SN T~
6B - B—‘—Tz—' 6C 5 F 14
78 | N 7 58 —L 5C
8 1
BH s 8C 6 13
B
1 This symbol is in accordance with ANSYIEEE Std 91-1984 6C
and IEC Publication 617-12. , Pl 12
78 Dc o 7Cc
8 DC P+ 1
88 * 8C
T—-N—"—lg com

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Jrissiso
PRODUCTION DATA Information Is cumeat as of ]puhldon date. Copyright © 1997, Texas Instruments Incorporated
Frodicts confomn o speciications pet the fems of Texas Insiruments %
g o ke 8 oo ot ecesry TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265 1



ULN2803A
DARLINGTON TRANSISTOR ARRAY

SLRS049 — FEBRUARY1997

schematic (each Darlington pair)

_F:N—COM

2.7kQ - OUTPUTC

Input B —¢

7.2kQ 3 kQ

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t

Collector-emitter voltage .. .... oottt e

Input voltage (see NOte 1) .. ... it

Continuous COllECIOr CUITENE . ... ittt ittt et i ittt et ia s 500 mA
Output clamp diode CUITENt ... ... it i i it 500 mA
Total substrate-terminal Current ... ... .o i -25A
Continuous dissipation at (or below) 25°C free-air temperature  .............. ...t 1150 mW
Operating free-air temperaturerange, ToA  .......coeiiiniii i —20°C to 85°C
Storage temperature range, Tgtg -+« v v evrenrraeri e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: ..............c..ciiiiiininnn, 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. Allvoltages values, unless otherwise ncted, are with respect to the emitter/substrate terminal GND.

“5‘ TeExAS
INSTRUMENTS
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DARLINGTON TRANSISTOR ARRAY

SLRS049 — FEBRUARY1997

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

IcEX Collector cutoff current \é(e;eE;gsu?'::l =2 50| pA

VCg=50V, Ic =500 pA,
li(off) Off-state input current T:E 70°C, Sciee Flgu:leA 2 50 65 HA
Iy Input current Vy=3.85V, See Figure3 093 135| mA

(on) |
Ic =200 mA 24
Vion)  On-state input voltage \S/geEF:;gzu:; 4 [lc=250ma 27| v
Ic =300 mA 3

I}=250 pA, I =100 mA,

See Figure 5 0.9 e
VCE(saty Collector emitter saturation voltage Islzealfig\';lr/:‘s o= 200 mA, 1 13| Vv

=500 pA,  TIc=350mA,

See Figure 5 i3 L
IR Clamp diode reverse current VR=50V, See Figure 6 50 HA
VE Clamp diode forward voltage Ig=350mA, See Figure7 1.7 2 Vv
Cj Input capacitance vi=0V, f=1MHz 15 25 pF

switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tPLH Propagation delay time, low-to-high-level output Vg =50V, R =163Q, 130 "
tPHL Propagation delay time, high-to-low leve! output C_=15pF,  See Figure 8 20
VOH High-level output voltage after switching \Slg:Ffi)gu\r/:a 9 loSBLA Vg-20 mV
3 7
EXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3
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DARLINGTON TRANSISTOR ARRAY
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PARAMETER MEASUREMENT INFORMATION

Open VCE

l IcEX
Open

Figure 1. Icgx Test Circuit

Open
I} %
\' @ Open
Figure 3. lj(on) Test Circuit
Open
hi =—
FE=T,
I Ic
_. ‘._
?
\;c_E

Figure 5. hg, VcE(sat) Test Circuit

“.’? TEXAS

Open VCE

li(off) l ©
—

L

Figure 2. lj(off) Test Circuit

Open
Ic
Vi
\_IEE
ar

Figure 4. Vi(on) Test Circuit

LS
~3

Figure 6. IR Test Circuit
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PARAMETER MEASUREMENT INFORMATION

J_-' 'FT‘ T ':'l‘;

ot IF

Figure 7. Vg Test Circuit

Input Open Vg=50V

» I RL=163Q

Pulse |

Generator & | Output
(see Note A) |
L
=15 pF
(see Note B)
Test Circuit

— l¢— <5ns —» l¢— <10ns

J £ ViH

| #90% WN, V%4 TNV e N
Input 9 o (see Note C)
10% e 50‘72&& 10% 0

|
- tpHL —P; ¢ tpLy ¥
|

Output N\SO% 50%]'

Voltage Waveforms

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zg =50 Q.
B. Ci includes probe and jig capacitance.
C. VH=3V
Figure 8. Propagation Delay Times

% TeExas
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 752063 5



ULN2803A
DARLINGTON TRANSISTOR ARRAY

SLRS049 - FEBRUARY1997

PARAMETER MEASUREMENT INFORMATION

Vs
Input
F————
|
Pulse |
Generator - Output
(see Note A) |
L—
CL=15pF
I (see Note B)
Test Circuit
—pl l¢— <5ns —»l l¢—<10ns
| 1= O =Py —& —[— ViH
Input | A90% go%ﬂg'{ (see Note C)
0% 7 15V 15VN 0% .

VoH
Output \

Voltage Waveforms

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 KHz, Zg = 50 Q.
B. C includes probe and jig capacitance.

C. VIH=3V o
Figure 9. Latch-Up Test

{if Texas
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent T| deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications™).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED

TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright © 1996, Texas Instruments Incorporated
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