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RC10-XX

Sense Resistors for Fairchild Semiconductor
DC-DC Controllers

Features

* Resistor typical tolerance + 5%
» Resistance wire TCR +20ppm/C
* Wirealoy MnCu (0.624mQ/mm)

Sense Resistor Selection

Fairchild Semiconductor
Fairchild Semiconductor Sense Resistor
CPU Type CPU IMAX Controller Part Number
Socket 7: 10A RC5036 RC10-58
P54C, P55C, K6, M2 RC5041 RC10-73
RC5050
RC5051
13A RC5036 RC10-44
RC5041 RC10-58
RC5050
RC5051
Pentium Pro 13A RC5050 RC10-58
Pentium Il Klamath RC5051
Pentium Il Deschutes 15A RC5050 RC10-52
RC5051
18A RC5050 RC10-44
RC5051

Resistor Dimensions

[ Type R(mK) | D(mm) | L (mm) | H(mm)
H RC10-58 5.8 1.0 9.3 5.0
e RC10-73 | 7.3 1.0 11.7 5.0
— o — RC10-52 5.2 1.0 8.3 5.0
‘ RC10-44 4.4 1.0 7.1 5.0
| - |
Rev. 0.9.0

PRELIMINARY INFORMATION describes products that are not in full production at the time o f printing. Specifications are based on design goals
and limited characterization. They may change without notice. Conta Fairchild Semiconductor for current information.
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PRODUCT SPECIFICATION

System Requirements

The design of the sense resistor is driven by the following
system requirements:

» Load current, (ILOAD). Thisisthefull load DC current
the converter is designed to support.

» The controller short circuit current detect threshold
voltage (VTH), which for Fairchild Semiconductor family
of Controllersisspecified at 120+/-20mV for the RC5040,
RC5041, RC5042, RC5050, and RC5051, or 90 +10mV
for the RC5036.

e Theinductor current ripple (IR). A reasonable design
guideline is to assume the current rippleis limited to
1.5A.

Design Equations

The design of the sense resistor must consider carefully the
output requirements during normal operation and during a
fault condition. If the sense resistor istoo high, it may
develop enough voltage drop accrossit to trip the short cir-
cuit detect circuitry so that the DC-DC converter may not be
able to deliver the maximum required load current. If the
senseresistor is too low, the controller may not be disabled
when a certain safe amount of load current is exceeded, thus
the power dissipation within the MOSFET (s) may rise to
destructive levels.

The design equations used to calculate the sense resistor are
asfollows:

lsceminy = ULoap* g+ 1)

_ VTHMINY

RSENSE(MAX) = 7
SC(MIN)

and, assuming a 10% tolerance, the nominal design value of
the sense resistor is given by:

_ Rsensemax)

Rsense = (1+0.10)

Wire Sense Resistors

There are several types of sense resitors available to the
system designer in awide range of cost and specifications.

The resistors with higher precision (i.e. 1% SMT) demand
the highest cost (i.e. $0.47); however a 10% to 15%
tolerance is adequate for most DC-DC converters designs
and wire resistors offer avery cost effective aternative.

MnCu or CuNi aloy wire resistors have been used
extensively in the manufacture of senseresistors used in the
Fairchild Semiconductor’s family of DC-DC converters.

These resistive wires are available in al the most common
gages and Table 1 and Table 2 describe the specifications of
MnCu and CuNi aloys for various wire diameters.

Wire with diameter of ~1 mm is best suited to make sense
resistors for DC-DC converters used in motherboard applica-
tions. Refer to Figure 1 for the typical shape of awire sense
resistor and Figure 2 through Figure 5 for the dimensions of
the resistor as function of the load current requirements of
the converter.

Table 1. MnCu Wire Resistor Specifications

Diameter Imax
(mm) Q/m mQ/mm (Amp)
1.40 0.31831 0.318 154
1.30 0.36916 0.369 133
1.10 0.51561 0.516 95
1.00 0.62389 0.624 79
0.90 0.77023 0.770 64
0.80 0.97482 0.975 50

Note:
1. J=10* Alcm?
Table 2. CiNi Wire Resistor Specifications
Diameter Imax
AWG (mm) Qfft mQ/m (Amp)
15 1.45 0.09049 0.30 165
16 1.29 0.11300 0.37 131
17 1.15 0.14520 0.48 104
18 1.02 0.18370 0.60 82
19 0.912 0.22690 0.74 65
20 0.812 0.28710 0.94 52
Note:

1. J=10* Alcm?
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Figure 3. Rsense vs. Imax (MnCu)

Rsense L (mm) vs. I oap (A)
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Figure 5. Rsense vs. Imax (MnCu)
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PRODUCT SPECIFICATION

LIFE SUPPORT POLICY

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

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonable expected to result in a significant injury of the

user.

2. A critical component in any component of a life support

device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

Fairchild Semiconductor

Corporation
Americas

Customer Response Center

Tel:1-888-522-5372

www.fairchildsemi.com

Fairchild Semiconductor
Europe
Fax: +49 (0) 1 80-530 85 86
Email: europe.support@nsc.com
Deutsch Tel: +49 (0) 8 141-35-0
English Tel: +44 (0) 1 793-85-68-56
Italy Tel: +39(0) 257 5631

Fairchild Semiconductor
Hong Kong Ltd.
13th Floor, Straight Block,

Ocean Center, 5 Canto Rd.

Tsimshatsui, Kowloon
Hong Kong

Tel:+852 2737-7200
Fax:+852 2314-0061

National Semiconductor
Japan Ltd.
Tel:81-3-5620-6175
Fax:81-3-5620-6179

2/98 0.0m
Stock#DS300010-XX
© 1998 Fairchild Semiconductor Corporation
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RC1117

1A Adjustable/Fixed Low Dropout Linear Regulator

Features

» Low dropout voltage

» Load regulation: 0.05% typical

» Trimmed current limit

» On-chip thermal limiting

» Standard SOT-223 and TO-263 packages

» Three-terminal adjustable or fixed 2.5V, 2.85V, 3.3V, 5V

Applications

Active SCSI terminators

» High efficiency linear regulators

» Post regulators for switching supplies
» Battery chargers

« 5V to 3.3V linear regulators

» Motherboard clock supplies

Typical Applications

Description

The RC1117 and RC1117-2.5, -2.85, -3.3 and -5 are low
dropout three-terminal regulators with 1A output current
capability. These devices have been optimized for low voltage
where transient response and minimum input voltage are
critical. The 2.85V version is designed specifically to be
used in Active Terminators for SCSI bus.

Current limit is trimmed to ensure specified output current
and controlled short-circuit current. On-chip thermal limiting
provides protection against any combination of overload and
ambient temperatures that would create excessive junction
temperatures.

Unlike PNP type regulators where up to 10% of the output
current is wasted as quiescent current, the quiescent current
of the RC1117 flows into the load, increasing efficiency.

The RC1117 series regulators are available in the industry-
standard SOT-223 and TO-263 power packages.

+

ViN=5V f Vin

RC1117
Vin Vour * B E 1.5V at 1A
I 224F
24.90
RC1117-2.85
Vour 5 285VatlA
22uF
GND

|||—

REV. 1.1.0 10/29/99
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Pin Assignments

Tab is

Front View Vour

3 [ IN

Tab is
Vout |: 2 p out O

1 [ ADJ/GND

4-Lead Plastic SOT-223
Ojc = 15°C/W*

1 2 3

U

ADJ/ ouT IN
GND

3-Lead Plastic TO-263
O;c = 10°C/W*

*With package soldered to 0.5 square inch copper area over backside ground plane or internal pov@jyptanezary from
30°C/W to more than 50°C/W. Other mounting techniques may provide better thermal resistance than 30°C/W.

Absolute Maximum Ratings

Parameter Min. Max. Unit
ViN 7.5 v
Operating Junction Temperature Range 0 125 °C
Storage Temperature Range -65 150 °C
Lead Temperature (Soldering, 10 sec.) 300 °C

REV. 1.1.0 10/29/99
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PRODUCT SPECIFICATION

Electrical Characteristics
Operating Conditions: V|y < 7V, T; = 25°C unless otherwise specified.
The « denotes specifications which apply over the specified operating temperature range.

Parameter Conditions Min. Typ. Max. nits
Reference Voltage® 1.5V < (VN - Vour) £5.75V, 1.225 | 1.250 | 1.275 \Y
10mA < Igyt < 1A (-2%) (+2%)
Output Voltage 10mA<IgyT < 1A
RC1117-2.5,4V <V, 7V 2.450 25 2.550 \%
RC1117-2.85,4.35V<V|ys 7V 2.793 2.85 2.907 Vv
RC1117-3.3,4.8V <V <7V 3234 | 33 | 3366 | V
RC1117-5,6.5V<V|y s 7V 4.900 5.0 5.100 Y,
Line Regulation!? (Vout + L.5V) < VN < 7V, gyt = 10mA 0.005 | 0.2 %
Load Regulation' (Vin—=Vour) =2V, 10mA < lgyT < 1A 0.05 0.5 %
Dropout Voltage AVRee = 1%, loyT = 1A 1.100 | 1.200 \%
Current Limit (Vin—Vour) =2V 11 15 A
Adijust Pin Current® 35 120 HA
Adjust Pin Current Change® | 1.5V < (Vj\ — Vout) < 5.75, 0.2 5 HA
10mA < IOUT <1A
Minimum Load Current 15V < (Viy—Vour) £5.75 10 mA
Quiescent Current V\N = Vout + 1.25V 4 13 mA
Ripple Rejection f=120Hz, Coyt = 22pF Tantalum, 60 72 dB
(ViNn — Vour) = 3V, loyt = 1A
Thermal Regulation Ta = 25°C, 30ms pulse 0.004 0.02 %/W
Temperature Stability 0.5 %
Long-Term Stability T =125°C, 1000hrs. 0.03 1.0 %
RMS Output Noise Ta =25°C, 10Hz < f < 10kHz 0.003 %
(% of Vouyr)
Thermal Resistance, SOT-223 15 °C/W
Juncation to Case TO-263 10 °C/W
Thermal Shutdown Junction Temperature 155 °C
Thermal Shutdown 10 °C
Hysteresis
Notes:

1. See thermal regulation specifications for changes in output voltage due to heating effects. Load and line regulation are
measured at a constant junction temperature by low duty cycle pulse testing.
2. Line and load regulation are guaranteed up to the maximum power dissipation (18W). Power dissipation is determined by
input/output differential and the output current. Guaranteed maximum output power will not be available over the full input/

output voltage range.
3. RC1117 only.

REV. 1.1.0 10/29/99
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Typical Performance Characteristics
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Figure 1. Dropout Voltage vs. Output Current Figure 2. Load Regulation vs. Temperature
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PRODUCT SPECIFICATION

Typical Performance Characteristics
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Figure 7. Short-Circuit Current vs. Temperature
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RC1117

Mechanical Dimensions

3-Lead TO-263 Package

Inches Millimeters
Symbol Notes
Min. Max. Min. Max.
A .160 .190 4.06 4.83
b .020 .039 0.51 0.99
b2 .049 .051 1.25 1.30
c2 .045 .055 1.14 1.40
D .340 .380 8.64 9.65
E .380 .405 9.65 10.29
e .100 BSC 2.54 BSC
L 575 .625 14.61 10.88
L1 .090 .100 2.29 2.79
L2 — .055 — 1.40
R .017 .019 0.43 0.48
a 0° 8° 0° 8°
E
@PKG/ L2
@HEATSINK [
|
|
' !
\ : I™~—E-PIN
}
I b2
|
|

Notes:
1. Dimensions are exclusive of mold flash and metal burrs.
2. Stand off-height is measured from lead tip with ref. to Datum -B-.

3. Foot length is measured with ref. to Datum -A- with lead surface
(atinner R).

Dimension exclusive of dambar protrusion or intrusion.

5. Formed leads to be planar with respect to one another at seating
place -C-.

REV. 1.1.0 10/29/99



RC1117

PRODUCT SPECIFICATION

Mechanical Dimensions
4-Lead SOT-223 Package

Inches Millimeters
Symbol
Min. Max. Min. Max.
A — .071 — 1.80
Al — 181 — 4.80
B .025 .033 .640 .840
C — .090 — 2.29
D .248 .264 6.30 6.71
E .130 .148 3.30 3.71
e 115 124 2.95 3.15
F .033 .041 .840 1.04
H .264 .287 6.71 7.29
| .012 — .310 —
J — 10° — 10°
K 10° 16° 10° 16°
L .0008 .0040 .0203 .1018
M 10° 16° 10° 16°
N .010 .014 .250 .360
D |
——
|
I
I
H E —-—-—- [ — | .

IJ{'—H—i-—
RN
f

T
—| |

-~ Al ——»

REV. 1.1.0 10/29/99



PRODUCT SPECIFICATION

RC1117

Ordering Information

Product Number Package
RC1117M TO-263
RC1117S SOT-223
RC1117M-2.5 TO-263
RC1117S-2.5 SOT-223
RC1117M-2.85 TO-263
RC1117S-2.85 SOT-223
RC1117M-3.3 TO-263
RC1117S-3.3 SOT-223
RC1117M-5 TO-263
RC1117S-5 SOT-223

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

10/29/99 0.0m 004
Stock#DS30001117
0 1998 Fairchild Semiconductor Corporation



TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is

not intended to be an exhaustive list of all such trademarks.

ACEx™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ pPOP™ UHC™
E2CMOS™ PowerTrenchD VCX™
FACT™ QFET™
FACT Quiet Series™ QS™
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GTO™ SuperSOT™-6
HiSeC™ SuperSOT™-8

DISCLAIMER

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

LIFE SUPPORT POLICY

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

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

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

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

any manner without notice.

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

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

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

Rev. D
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RC1584

7A Adjustable/Fixed Low Dropout Linear Regulator

Features

» Fast transient response

* Low dropout voltage at up to 7A

» Load regulation: 0.05% typical

e Trimmed current limit

» On-chip thermal limiting

» Standard TO-220, TO-263 and TO-263 center cut
packages

Applications

« Pentiun® Class GTL+ bus supply
* Low voltage logic supply
 Post regulator for switching supply

Typical Applications

Description

The RC1584 and RC1584-1.5 are low dropout three-terminal
regulators with 7A output current capability. These devices
have been optimized for low voltage applications including
VTT bus termination, where transient response and minimum
input voltage are critical. The RC1584 is ideal for low
voltage microprocessor applications requiring a regulated
output from 1.5V to 3.6V with an input supply of 5V or less.
The RC1584-1.5 offers fixed 1.5V with 7A current capabil-
ity for GTL+ bus VT termination.

Current limit is trimmed to ensure specified output current
and controlled short-circuit current. On-chip thermal limiting
provides protection against any combination of overload and
ambient temperature that would create excessive junction
temperatures.

The RC1584 and RC1584-1.5 are available in the industry-
standard TO-220, TO-263 and TO-263 center cut power
packages.

RC1584

VIN = 3.3V VIN Vout 1.5V at 7A

+ ADJ +

10uF I 1240 22uF
24.9Q
RC1584-1.5

VIN = 3.3V VIN Vourt 1.5V at 7A

+ +

22uF

GND
10pF ]: L

Pentium is a registered trademark of Intel Corporation.

65-1584-16

REV. 1.0.3 11/11/99



RC1584 PRODUCT SPECIFICATION

Pin Assignments

RC1584T RC1584T-1.5
FRONT VIEW FRONT VIEW
RC1584M-1.5 RC1584M : :
FRONT VIEW FRONT VIEW
O O 1 2 3 1 2 3
1 2 3 1 2 3
GND OUT IN ADJ OUT IN ADJ OUT IN GND OUT IN
3-Lead Plastic TO-263 3-Lead Plastic TO-220
083c = 3°C/W* 0jc = 3°C/W
RC1584MC-1.5 RC1584MC
FRONT VIEW FRONT VIEW
Tab is Out.
1 2 3 1 2 3
GND IN ADJ IN
3-Lead Plastic TO-263 Center Cut
eJC = 3°C/W* 65-1584-02
* 83A can vary from 20°C/W to >40°C/W with various mounting techniques.
Absolute Maximum Ratings
Parameter Min. Max. Unit
VIN 7 \Y%
Operating Junction Temperature Range 0 125 °C
Storage Temperature Range -65 150 °C
Lead Temperature (Soldering, 10 sec.) 300 °C

REV. 1.0.3 11/11/99



PRODUCT SPECIFICATION RC1584

Electrical Characteristics
Tj = 25°C unless otherwise specified.

The « denotes specifications which apply over the specified operating temperature range.

Parameter Conditions Min. Typ. Max Units

Reference Voltage® 1.5V < (VIN — VouT) £5.75V, 1.225 1.250 1.275 \%
10mA < louT < 7A (-2%) (+2%)

Output Voltage? 33VVINSTV 1.47 15 1.53 Y,
10mA < IouT < 7A

Line Regulation® 2 (VouT +15V)<VINE TV, 0.005 0.2 %
louT =10mA

Load Regulation® 2 (VIN = VouT) = 3V 0.05 0.5 %
10mA < IouT £ 7A

Dropout Voltage AVREF = 1%, louT = 7A 1.150 1.300 \Y

Current Limit (VIN=VourT) = 2V 7.1 8 A

Adjust Pin Current® 35 120 HA

Adjust Pin Current Change3 1.5V < (VIN — VouT) £5.75V, 0.2 5 HA
10mA <IouT £ 7A

Minimum Load Current 1.5V < (VIN - VouT) £5.75V 10 mA

Quiescent Current VIN =5V 4 13 mA

Ripple Rejection f=120Hz, CouT = 22pF Tantalum, 60 72 dB
(VIN—VourT) =3V, louT = 7A

Thermal Regulation TA = 25°C, 30ms pulse 0.004 0.02 %/W

Temperature Stability 0.5 %

Long-Term Stability Ta = 125°C, 1000 hrs. 0.03 1.0 %

RMS Output Noise TA =25°C, 10Hz < f < 10kHz 0.003 %

(% of VouT)

Thermal Resistance, TO-220 3 °C/IW

Junction to Case T0-263 3 °C/W

Thermal Shutdown 150 °C

Notes:

1. See thermal regulation specifications for changes in output voltage due to heating effects. Load and line regulation are
measured at a constant junction temperature by low duty cycle pulse testing.

2. Line and load regulation are guaranteed up to the maximum power dissipation (18W). Power dissipation is determined by

input/output differential and the output currrent. Guaranteed maximum output power will not be available over the full input/

output voltage range.

RC1584 only.

4. RC1584-1.5 only.

w

REV. 1.0.3 11/11/99 3



RC1584

PRODUCT SPECIFICATION

Typical Performance Characteristics

15

1.4

13

1.2

11

\
\
\

1.0 T

\
\
\
\ |

0.9
To35°C T=125°C

0.8 ——
0.7

DROPOUT VOLTAGE (V)

0.6

65-1584-03

0.5

0 1 2 3 4 5 6 7
OUTPUT CURRENT (A)

Figure 1. Dropout Voltage vs. Output Current

1.275
1.270

1.265

1.260

1.255
1.250

1.245

1.240

REFERENCE VOLTAGE (V)

1.235
1.230

65-1584-05

1.225
-75 -50 -25 0 25 50 75 100 125 150 175

JUNCTION TEMPERATURE (°C)
Figure 3. Reference Voltage vs. Temperature

MINIMUM LOAD CURRENT (mA)

65-1584-07

0
75 -50 25 0 25 50 75 100 125 150 175
JUNCTION TEMPERATURE (°C)

Figure 5. Minimum Load Current vs. Temperature

-0.05

-0.10

-0.15

OUTPUT VOLTAGE DEVIATION (%)

-0.20

Al=T7A

65-1584-04

-75 -50 -25 0 25 50 75 100 125 150 175
JUNCTION TEMPERATURE (°C)

Figure 2. Load Regulation vs. Temperature

3.70
3.65
3.60
3.55
3.50
3.45

VouTt SET WITH 1% RESISTORS

VouT = 3.6V?

3.40
3.35

REFERENCE VOLTAGE (V)

3.30

3.25

Note:

1. RC1584 Only

65-1584-06

3.20

-75 -50 -25 0 25 50 75 100 125 150 175

JUNCTION TEMPERATURE

(°C

Figure 4. Output Voltage vs. Temperature

ADJUST PIN CURRENT (pA)

I
Note:

1. RC1584 Only

65-1584-08

75 -50 25 0 25 50 75 100 125 150 175
JUNCTION TEMPERATURE (°C)
Figure 6. Adjust Pin Current vs. Temperature

REV. 1.0.3 11/11/99



PRODUCT SPECIFICATION RC1584

Typical Performance Characteristics  (continued)

10 90

80 ~N

70 =T

60

50

40

30

20 | (ViN—VouT) <3V
0.5V £ VRIPPLE £ 2V
10 |— louT=7A

o LL LI

LU
(?75 -50 -25 0 25 50 75 100 125 150 175 10 100 1K 10K
JUNCTION TEMPERATURE (°C) FREQUENCY (Hz)

SHORT-CIRCUIT CURRENT (A)
©
RIPPLE REJECTIONS (dB)

65-1584-09

=
]
X 65-1584-10

Figure 7. Short-Circuit Current vs. Temperature Figure 8. Ripple Rejection vs. Frequency

N
o

/

POWER (W)
5
/

\‘

0 N

50 60 70 80 90 100 110 120 130 140 150
CASE TEMPERATURE (°C)

(&3]

65-1584-11

Figure 9. Maximum Power Dissipation
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RC1584 PRODUCT SPECIFICATION

Applications Information

General
The RC1584 and RC1584-1.5 are three-terminal regulators D1
optimized for GTL+ \fT termination applications. These (Oéﬁﬁgﬁiu
devices are short-circuit protected, and offer thermal shut- .
down to turn off the regulator when the junction temperature 4
exceeds about 150°C. The RC1584 series provides low drop- RC1584
out. voltage and fa;t tran:?ient response. 'Freq.uency compen- —{ ouT T VouT
sation uses capacitors with low ESR while still maintaining c1— ADJ "1 c2
stability. This is critical in addressing the needs of low volt- 10pF I I 22yF
age high speed microprocessor buses like GTL+. +
:_L: CaDJ R2
Stability - 1
The RC1584 series require an output capacitor as a part of
the frequency compensation. It is recommended to use a D1
22pF solid tantalum or a 100pF aluminum electrolytic on the 1N4002
output to ensure stability. The frequency compensation of (OPTIONAL)
these devices optimizes the frequency response with low ¢
ESR capacitors. In general, it is suggested to use capacitors
with an ESR of <@. It is also recommended to use bypass RC1584-15
capacitors such as a 22uF tantalum or a 100pF aluminum on VIN 7 IN out T Vourt
i ; ; i Cl—— —_—cC2
the adjust pin of the RC1584 for low ripple and fast transient 100F I I 22F

GND
response. When these bypassing capacitors are not used at J_
the adjust pin, larger values of output capacitors provide N
equally good results. 65-1584-13
Figure 10. Optional Protection
Protection Diodes

In normal operation, the RC1584 series does not require arfpiPPle Rejection
protection diodes. For the RC1584, internal resistors limit In applications that require improved ripple rejection, a
internal current paths on the adjust pin. Therefore, even witlvypass capacitor from the adjust pin of the RC1584 to
bypass capacitors on the adjust pin, no protection diode is ground reduces the output ripple by the ratioofiv/1.25V.
needed to ensure device safety under shortcircuit condition$he impedance of the adjust pin capacitor at the ripple fre-
guency should be less than the value of R1 (typically in the
A protection diode between the input and output pins is usurange of 10Q to 12M) in the feedback divider network in
ally not needed. An internal diode between the input and oukigure 10. Therefore, the value of the required adjust pin
put pins on the RC1584 series can handle microsecond surgapacitor is a function of the input ripple frequency. For
currents of 50A to 100A. Even with large value output example, if R1 equals 1@Dand the ripple frequency equals
capacitors it is difficult to obtain those values of surge cur- 120Hz, the adjust pin capacitor should be 22uF. At 10kHz,
rents in normal operation. Only with large values of output only 0.224F is needed.
capacitance, such as 1QG0to 500QuF, and with the input
pin instantaneously shorted to ground can damage occur. AOutput Voltage

crowbar circuit at the input can generate those levels of curthe Rc1584 regulator develops a 1.25V reference voltage
rent; a diode from output to input is then recommended, as patween the output pin and the adjust pin (see Figure 11).
shown in Figure 10. Usually, normal power supply cycling orpjacing a resistor R1 between these two terminals causes a
system “hot plugging and unplugging” will not generate cur-congtant current to flow through R1 and down through R2 to
rent large enough to do any damage. set the overall output voltage. Normally, this current is the

. . . . _ specified minimum load current of 10mA.
The adjust pin can be driven on a transient kigdiswith

respect to the output, without any device degradation. AS  The cyrrent out of the adjust pin adds to the current from R1
with any IC regulator, exceeding the maximum input-to- a4 js typically 3FA. Its output voltage contribution is

output voltage differential causes thg mtgrna} trqn3|stors t0 gmall and only needs consideration when very precise output
fbreatl_< dovlvn and none of the protection circuitry is then voltage setting is required.

unctional.

6 REV. 1.0.3 11/11/99



PRODUCT SPECIFICATION RC1584

RC1584 Rp
. . PARASITIC
VIN = o IN out 2 Vout y RC1584 LINE RESISTANCE
ADJ VREF R1 IN—]IN out ]
I 10uF * I 22uF
- - ADJ
1AD3 Ly
35uA R2 R1*
VouT = VRer (1 + R2/R1) + IapJ (R2) N 65-1584-14 R
. . o R2*
Figure 11. Basic Regulator Circuit *CONNECT R1 TO CASE

CONNECT R2 TO LOAD j 4
. o
Load Regulation =
65-1584-15

Itis not possible to provide true remote load sensing because
the RC1584 series are three-terminal devices. Load regula-
tion is limited by the resistance of the wire connecting the Thermal Considerations
regulators to the load. Load regulation per the data sheet
specification is measured at the bottom of the package.

Figure 13. Connection for Best Load Regulation

The RC1584 series protect themselves under overload condi-
tions with internal power and thermal limiting circuitry.
However, for normal continuous load conditions, do not
dexceed maximum junction temperature ratings. It is impor-
tant to consider all sources of thermal resistance from junc-
tion-to-ambient. These sources include the junction-to-case

For fixed voltage devices, negative side sensing is a true
Kelvin connection with the ground pin of the device returne
to the negative side of the load. This is illustrated in

Figure 12. . A .
9 resistance, the case-to-heat sink interface resistance, and the
Rp heat sink resistance. Thermal resistance specifications have
R C1S84-15 PARASITIC b d .
. LINE RESISTANCE een developed to more accurately reflect device tempera-
VIN— IN OUT [— VW ture and ensure safe operating temperatures.
GND R
- For example, look at using an RC1584T to generate 7A @
1.5V + 2% from a 1.8V source (1.71V to 1.89V).

= Assumptions:
65-1584-17

Figure 12. Connection for Best Load Regulation « VIN = 1.89V worst case

For adjustable voltage devices, negative side sensing is a trGeVOUT = 1.46V worst case

Kelvin connection with the bottom of the output divider EI_OU_T;O)?(':A‘ continuous
returned to the negative side of the load. The best load regu- BA B ) FCW ing both a h ink and
lation is obtained when the top of resistor divider R1 con- Case-to-Ambient (assuming both a heatsink an

nects directly to the regulator output and not to the load. a thermally cpnd_ucn\_/e m_aterlal_) S
Figure 13 illustrates this point. The power dissipation in this application is:

If R1 connects to the load, then the effective resistance PD = (VIN —VouT) * (IouT) = (1.89 - 1.46) * (3) = 3.01W
between the regulator and the load would be: A
From the specification table:
Rp x (1 + R2/R1), R= Parasitic Line Resistance
( ) TJ=TA + (PD) * (BCase-to-Ambient- 83C)

The connection shown in Figure 13 does not multighbR =70+(3.01)*(3+3)=88

the divider ratio. As an examplepks about four milliohms
per foot with 16-gauge wire. This translates to 4mV per foo
at 1A load current. At higher load currents, this drop repre-
sents a significant percentage of the overall regulation. It is
important to keep the positive lead between the regulator and
the load as short as possible and to use large wire or PC
board traces.

tThe junction temperature is below the maximum rating.

REV. 1.0.3 11/11/99 7



RC1584

PRODUCT SPECIFICATION

Junction-to-case thermal resistance is specified from the ICcase-to-heat sink interface is recommended. Use a thermally
junction to the bottom of the case directly below the die. Thisconductive spacer if the case of the device must be electri-
is the lowest resistance path for heat flow. Proper mountingcally isolated and include its contribution to the total thermal
ensures the best thermal flow from this area of the package tesistance. The cases of the RC1584 series are directly con-

the heat sink. Use of a thermally conductive material at the nected to the output of the device.

UL

v RC1584 y
IN ~ ouT
3.3V I ViN Vour 1 15V

+ +
c1 ADJ 124Q c3
10pF T > T 100uF
i c2 = R2 i
100pF L 24.9Q

Figure 14. Application Circuit (RC1584)

Table 1. Bill of Materials for Application Circuit for the RC1584

65-1584-18

Table 2. Bill of Materials for Application Circuit for the RC1584-1.5

Iltem Quantity Manufacturer Part Number Description
C1 1 Xicon L10V10 10pF, 10V Aluminum
C2,C3 2 Xicon L10VvV100 100pF, 10V Aluminum
R1 1 Generic 124Q, 1%
R2 1 Generic 24.9Q, 1%
Ul 1 Fairchild RC1584T 7A Regulator
U1
v RC1584-1.5 v
IN out
ViN Vout
3.3V I+ . 1.5V
c1 GND c3
104F I 1 I 100pF

65-1584-19

Figure 15. Application Circuit (RC1584-1.5)

Item Quantity Manufacturer Part Number Description

C1 1 Xicon L10V10 10pF, 10V Aluminum
C3 1 Xicon L10V100 100pF, 10V Aluminum
Ul 1 Fairchild RC1584T-1.5 7A Regulator

REV. 1.0.3 11/11/99




PRODUCT SPECIFICATION

RC1584

Mechanical Dimensions

3-Lead TO-263 Package

Inches Millimeters
Symbol - - Notes
Min. Max. Min. Max.
A .160 .190 4.06 4.83
b .020 .039 0.51 0.99
b2 .049 .051 1.25 1.30
c2 .045 .055 1.14 1.40
D .340 .380 8.64 9.65
E .380 .405 9.65 10.29
e .100 BSC 2.54 BSC
L 575 .625 14.61 15.88
L1 .090 .110 2.29 2.79
L2 — .055 — 1.40
R .017 .019 0.43 0.78
o] 0° 8° 0° 8°
E
@PKG/ L2
@HEATSINK [
|
|
' t
| S
N : S—E-PIN
Il

I
]
Ty

L

Notes:

1. Dimensions are exclusive of mold flash and metal burrs.

2. Standoff-height is measured from lead tip with ref. to Datum -B-.

3. Foot length is measured with ref. to Datum -A- with lead surface
(atinner R).

4. Dimensiuon exclusive of dambar protrusion or intrusion.

5. Formed leads to be planar with respect to one another at seating
place -C-.

o e

R (2 PLCS)

REV. 1.0.3 11/11/99
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PRODUCT SPECIFICATION

Mechanical Dimensions

3-Lead TO-263 Center Cut Package

(continued)

Inches Millimeters
Symbol Notes
Min. Max. Min. Max.
A .160 .190 4.06 4.83
b .020 .039 0.51 0.99
b2 .049 .051 1.25 1.30
c2 .045 .055 1.14 1.40
D .340 .380 8.64 9.65
E .380 .405 9.65 10.29
e .100 BSC 2.54 BSC
L 575 .625 14.61 15.88
L1 .090 .110 2.29 2.79
L2 — .055 — 1.40
R .017 .019 0.43 0.78
a 0° 8° 0° 8°
E
@PKG/ L2
@HEATSINK [
|
|
' !
D GEK
N | S—E-PIN
T - T
1| U b2
| |
| |
a7k
@~
| | |
f | | |
BT
i ! -C-
T | T

Notes:

1. Dimensions are exclusive of mold flash and metal burrs.

2. Standoff-height is measured from lead tip with ref. to Datum -B-.

3. Foot length is measured with ref. to Datum -A- with lead surface
(at inner R).

4. Dimensiuon exclusive of dambar protrusion or intrusion.

5. Formed leads to be planar with respect to one another at seating
place -C-.

——| - c2

R (2 PLCS)

10
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PRODUCT SPECIFICATION RC1584

Mechanical Dimensions (continued)
3-Lead TO-220 Package

Inches Millimeters
Symbol Notes
Min. Max. Min. Max.
.140 .190 3.56 4.83
b .015 .040 .38 1.02
bl .045 .070 1.14 1.78
cl .014 .022 .36 .56
oP .139 .161 3.53 4.09
D .560 .650 14.22 16.51
E .380 420 9.65 10.67
e .090 110 2.29 2.79
el .190 .210 4.83 5.33
e3 .045 — 1.14 —
F .020 .055 .51 1.40
H1 .230 .270 5.94 6.87
J1 .080 115 2.04 2.92
L .500 .580 12.70 14.73
L1 .250 BSC 6.35 BSC
Q .100 .135 2.54 3.43 Notes:
a 3° I 3° I 1. Dimension cl apply for lead finish.
le— H1 —
L —| Q =
bl
r e3 r
i (——=——F ——— = = =
R ? ( e
L ——
(== —————_ = =
b}
L1 — E-PIN\ oP

REV. 1.0.3 11/11/99 11



RC1584

PRODUCT SPECIFICATION

Ordering Information

Product Number Package
RC1584M TO-263
RC1584MC TO-263 center cut
RC1584T TO-220
RC1584M-1.5 TO-263
RC1584MC-1.5 TO-263 center cut
RC1584T-1.5 TO-220

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

11/11/99 0.0m 001
Stock#DS30001584
[ 1998 Fairchild Semiconductor Corporation



TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is

not intended to be an exhaustive list of all such trademarks.
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RC1585

5A Adjustable/Fixed Low Dropout Linear Regulator

Features

Fast transient response

Low dropout voltage at up to 5A
Load regulation: 0.05% typical
Trimmed current limit

On-chip thermal limiting

Applications

« Pentiun® class GTL+ bus supply
» Low voltage logic supply
 Post regulator for switching supply

Typical Applications

Description

The RC1585 and RC1585-1.5 are low dropout three-terminal
regulators with 5A output current capability. These devices
have been optimized for low voltage applications including
VTT bus termination, where transient response and mini-
mum input voltage are critical. The RC1585 is ideal for low

Standard TO-220, TO-263 and TO-263 center cut package®ltage microprocessor applications requiring a regulated

output from 1.5V to 3.6V with an input supply of 5V or less.
The RC1585-1.5 offers fixed 1.5V with 5A current capabili-
ties for GTL+ bus T termination.

Current limit is trimmed to ensure specified output current
and controlled short-circuit current. On-chip thermal limit-
ing provides protection against any combination of overload
and ambient temperature that would create excessive junc-
tion temperatures.

The RC1585 series regulators are available in the industry-
standard TO-220, TO-263 and TO-263 center cut power
packages.

RC1585

1.5V at5A

VIN = 3.3V VIN Vout
ADJ
*T

124Q 22yF

Ik~

24.9Q

RC1585-1.5

Vout

TlSVatSA

VIN = 3.3V VIN
GND
o I 1

Pentium is a registered trademark of Intel Corporation.

I 22UF

65-1585-01a

Rev. 1.0.4




RC1585

PRODUCT SPECIFICATION

Pin Assignments

RC1585M-1.5 RC1585M

FRONT VIEW FRONT VIEW
1 2 3 1 2 3

GND OUT IN ADJ OUT IN

3-Lead Plastic TO-263

RC1585T RC1585T-1.5

FRONT VIEW

O

FRONT VIEW

O

1 2 3 1 2 3

ADJ OUT IN GND OUT IN

3-Lead Plastic TO-220

03c = 3°C/W* 0jc = 3°C/W
RC1585MC-1.5 RC1585MC
FRONT VIEW FRONT VIEW
Tab is Out.
1 2 3 1 2 3
GND N ADJ IN
3-Lead Plastic TO-263 Center Cut
03A = 3°C/W*
* B3A can vary from 20°C/W to >40°C/W with various mounting techniques. 65-1585-02
Absolute Maximum Ratings
Parameter Min Max. Unit
VIN 7 \Y,
Operating Junction Temperature Range 0 125 °C
Storage Temperature Range -65 150 °C
Lead Temperature (Soldering, 10 sec.) 300 °C




PRODUCT SPECIFICATION RC1585

Electrical Characteristics
Tj = 25°C unless otherwise specified.

The ® denotes specifications which apply over the specified operating temperature range.

Parameter Conditions Min. Typ. Max Units

Reference Voltage® 1.5V < (VIN — VourT) £5.75V, 1.225 1.250 1.275 \%
10mA < louT < 5A (-2%) (+2%)

Output Voltage? 3VSVINSTV 1.47 15 1.53 Vv
10mA < louTt £ 5A

Line Regulation® 2 (VouT+1.5V)<VINE 7V, 0.005 0.2 %
louT =10mA

Load Regulation® 2 3 (VIN — VouT) = 3V, 0.05 0.5 %
10mA < louT £ 5A

Dropout Voltage AVREF = 1%, louT = 5A 1.150 1.300 \Y

Current Limit (VIN=VourT) = 2V 5.1 5.5 A

Adjust Pin Current® 35 120 HA

Adjust Pin Current Change3 1.5V < (VIN — VouT) £5.75V, 0.2 5 HA
10mA < louT £ 5A

Minimum Load Current 1.5V < (VIN - VouT) £5.75V 10 mA

Quiescent Current VIN =5V 4 13 mA

Ripple Rejection f=120Hz, CouT = 22pF Tantalum, 60 72 dB
(VIN —VouT) =3V, louT = 5A

Thermal Regulation TA = 25°C, 30ms pulse 0.004 0.02 %/W

Temperature Stability 0.5 %

Long-Term Stability Ta = 125°C, 1000 hrs. 0.03 1.0 %

RMS Output Noise TA =25°C, 10Hz < f < 10kHz 0.003 %

(% of VourT)

Thermal Resistance, TO-220 3 °C/IW

Junction to Case T0-263 3 °C/W

Thermal Shutdown 150 °C

Notes:

1. See thermal regulation specifications for changes in output voltage due to heating effects. Load and line regulation are
measured at a constant junction temperature by low duty cycle pulse testing.

2. Line and load regulation are guaranteed up to the maximum power dissipation (18W). Power dissipation is determined by

input/output differential and the output currrent. Guaranteed maximum output power will not be available over the full input/

output voltage range.

RC1585 only.

4. RC1585-1.5 only.

w




RC1585 PRODUCT SPECIFICATION

Typical Performance Characteristics
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Figure 1. Dropout Voltage vs. Output Current Figure 2. Load Regulation vs. Temperature
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PRODUCT SPECIFICATION RC1585

Typical Performance Characteristics  (continued)
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RC1585 PRODUCT SPECIFICATION

Applications Information

General
The RC1585 and RC1585-1.5 are three-terminal regulators D1
optimized for GTL+ \fT termination and logic applica- (Oéﬁﬁgﬁiu
tions. These devices are short-circuit protected and offer .
thermal shutdown to turn off the regulator when the junction 4
temperature exceeds about 150°C. The RC1585 series pro- RC1585
vides low dropout \{oltage and fast.transn.ent response. F.re- VIN —{ ouT o8 VouT
guency compensation uses capacitors with low ESR while c1— ADJ "1 c2
still maintaining stability. This is critical in addressing the 10pF I I 22yF
needs of low voltage high speed microprocessor buses like +1
GTL+. I CaDJ R2
Stability )
The RC1585 series requires an output capacitor as a part of D1
the frequency compensation. It is recommended to use a 1N4002
22uF solid tantalum or a 100 pF aluminum electrolytic on (OPTIONAL)
the output to ensure stability. The frequency compensation of ¢
these devices optimizes the frequency response with low
ESR capacitors. In general, it is suggested to use capacitors RC1585-1.5
with an ESR of <@. It is also recommended to use bypass  VIN 7 IN out T Vourt
; i Cl—— —_—cC2
capau_tors s_uch as a 22pF tantalum ora 100uF alumlnu_m on 100F T GND T 22uF
the adjust pin of the RC1585 for low ripple and fast transient - J_ -
response. When these bypassing capacitors are not used at N
the adjust pin, larger values of output capacitors provide 65-1585-12
equally good results. Figure 10. Optional Protection
Protection Diodes Ripple Rejection

In normal operation, the RC1585 series does not require arniy applications that require improved ripple rejection, a
protection diodes. For the RC1585, internal resistors limit bypass capacitor from the adjust pin of the RC1585 to
internal current paths on the adjust pin. Therefore, even witlground reduces the output ripple by the ratioofiv/1.25V.
bypass capacitors on the adjust pin, no protection diode is The impedance of the adjust pin capacitor at the ripple fre-
needed to ensure device safety under short-circuit condi- quency should be less than the value of R1 (typically in the
tions. range of 100 to 12®) in the feedback divider network in
Figure 10. Therefore, the value of the required adjust pin
A protection diode between the input and output pinsis  capacitor is a function of the input ripple frequency. For
usually not needed. An internal diode between the input anéxample, if R1 equals 1@0and the ripple frequency equals
the output pins on the RC1585 series can handle micro-  120Hz, the adjust pin capacitor should be 22uF. At 10kHz,
second surge currents of 50A to 100A. Even with large valu®nly 0.22uF is needed.
output capacitors it is difficult to obtain those values of surge
currents in normal operation. Only with large values of Output Voltage

output capacitance, such as 1000pF to 5000pF, and with thepe RC1585 regulator develops a 1.25V reference voltage
input pin instantaneously shorted to ground can damage  peween the output pin and the adjust pin (see Figure 11).
occur. A crowbar circuit at the input can generate those  pj4cing 4 resistor R1 between these two terminals causes a
levels of current; a diode from output to input is then recomyqstant current to flow through R1 and down through R2 to
mended, as shown in Figure 10. Usually,

: | : normal POWET SUPset the overall output voltage. Normally, this current is the
ply cycling or system “hot plugging and unplugging” will - gpeified minimum load current of 10mA.
not generate current large enough to do any damage.

The current out of the adjust pin adds to the current from R1
and is typically 35pA. Its output voltage contribution is

small and only needs consideration when a very precise out-
put voltage setting is required.

The adjust pin can be driven on a transient basis £7V with
respect to the output, without any device degradation. As
with any IC regulator, exceeding the maximum input-to-
output voltage differential causes the internal transistors to
break down and none of the protection circuitry is then
functional.




PRODUCT SPECIFICATION RC1585

RC1585 Rp
v R R v eyepperes PARASITIC
NN ouT 1 out LINE RESISTANCE
c1 ADJ Veer SR1 ——C2 Vi —{IN ouT f—
I 10uF * I 22uF
- - ADJ
1aD3 Ly
35|J.A R2 R1*
VouT = VREF (1 + R2/R1) + 1apJ (R2) N 65-1585-13 RL
R2*
Figure 11. Basic Regulator Circuit *CONNECT R1 TO CASE
CONNECT R2 TO LOAD R\

Load Regulation =

Itis not possible to provide true remote load sensing because

the RC1585 series are three-terminal devices. Load regula- Figure 13. Connection for Best Load Regulation
tion is limited by the resistance of the wire connecting the

regulators to the load. Load regulation per the data sheet Thermal Considerations

specification is measured at the bottom of the package.  The RC1585 series protect themselves under overload condi-

) . o o tions with internal power and thermal limiting circuitry.
For flxed voltage deylces, negative §|de sensingis atrueé  However, for normal continuous load conditions, do not
Kelvin connection with the ground pin of the device retumnedexceed maximum junction temperature ratings. It is impor-

65-1585-15

to the negative side of the load. This is illustrated in tant to consider all sources of thermal resistance from junc-
Figure 12. tion-to-ambient. These sources include the junction-to-case
PARigITIC resistance, the case-to-heat sink interface resistance, and the
RC1585-1.5 LINE RESISTANCE heat sink resistance. Thermal resistance spemflcatlons have
VIN —] IN OUT ——AM— been developed to more accurately reflect device tempera-
GND ture and ensure safe operating temperatures.
RL

For example, look at using an RC1585T to generate 5A @
1.5V + 2% from a 3.3V source (3.2V to 3.6V).

L ’
i 65-1585-14 Assumptions:
Figure 12. Connection for Best Load Regulation
* VIN = 3.6V worst case
For adjustable voltage devices, negative side sensing is a trde \VoyT = 1.46V worst case
Kelvin connection with the bottom of the output divider e louT = 5A continuous
returned to the negative side of the load. The best load regu- Ta = 60°C
lation is obtained when the top of the resistor divider R1 con- 8case-to-Ambient 3C/W (assuming both a heatsink and
nects directly to the regulator output and not to the load. a thermally conductive material)
Figure 13 illustrates this point.
The power dissipation in this application is:
If R1 connects to the load, then the effective resistance
between the regulator and the load would be: PD = (VIN —Vour) * (louT) = (3.6 — 1.46) * (5) = 10.7W

Rpx (1 + R2/R1), R = Parasitic Line Resistance From the specification table:

The connection shown in Figure 13 does not multighbR ~ Tj=Ta + (PD) * (BCase-to-Ambient- 830

the divider ratio. As an examplepis about four milliohms =60+ (10.7)*(3+3)=12C

per foot with 16-gauge wire. This translates to 4mV per foot

at 1A load current. At higher load currents, this drop repre- The junction temperature is below the maximum rating.
sents a significant percentage of the overall regulation. It is

important to keep the positive lead between the regulator and

the load as short as possible and to use large wire or PC

board traces.
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PRODUCT SPECIFICATION

Junction-to-case thermal resistance is specified from the ICcase-to-heat sink interface is recommended. Use a thermally
junction to the bottom of the case directly below the die. Thisconductive spacer if the case of the device must be electri-
is the lowest resistance path for heat flow. Proper mountingcally isolated and include its contribution to the total thermal
ensures the best thermal flow from this area of the package tesistance. The cases of the RC1585 series are directly con-

the heat sink. Use of a thermally conductive material at the nected to the output of the device.

U1

v RC1585 v
IN _ _ out
3.3V I ViN Vour 1 15V

+ +
C1 ADJ 1240 Cc3
10pF —_|_ $- T 100puF
i Cc2 =/ R2 i
100pF /_1_\ 24.9Q

65-1586-16

Figure 14. Application Circuit (RC1585)

Table 1. Bill of Materials for Application Circuit for the RC1585
Item Quantity Manufacturer Part Number Description
C1 1 Xicon L10V10 10pF, 10V Aluminum
C2,C3 2 Xicon L10V100 100pF, 10V Aluminum
R1 1 Generic 124Q, 1%
R2 1 Generic 24.9Q, 1%
Ul 1 Fairchild RC1585T 5A Regulator
U1
o V|:C1585_5§UT vour
3.3V ClT . Tcsl.sv
10pF I 1 I 100pF

Table 2. Bill of Materials for Application Circuit for the RC1585-1.5

65-1585-17

Figure 15. Application Circuit (RC1585-1.5)

Item Quantity Manufacturer Part Number Description

C1 1 Xicon L10V10 10pF, 10V Aluminum
C3 1 Xicon L10V100 100uF, 10V Aluminum
Ul 1 Fairchild RC1585T-1.5 5A Regulator




PRODUCT SPECIFICATION

RC1585

Mechanical Dimensions

3-Lead TO-263 Package

Inches Millimeters
Symbol - - Notes
Min. Max. Min. Max.
A .160 .190 4.06 4.83
b .020 .039 0.51 0.99
b2 .049 .051 1.25 1.30
c2 .045 .055 1.14 1.40
D .340 .380 8.64 9.65
E .380 .405 9.65 10.29
e .100 BSC 2.54 BSC
575 .625 14.61 15.88

L1 .090 .110 2.29 2.79
L2 — .055 — 1.40
R .017 .019 0.43 0.78
o] 0° 8° 0° 8°

E

@PKG/ L2
@HEATSINK [

|

|

J t

| ]
. : SS—E-PIN
Il

I
[@]
Ty

I

A
4

| | |
IYRYENA

Notes:

1. Dimensions are exclusive of mold flash and metal burrs.

2. Standoff-height is measured from lead tip with ref. to Datum -B-.

3. Foot length is measured with ref. to Datum -A- with lead surface
(atinner R).

4. Dimensiuon exclusive of dambar protrusion or intrusion.

5. Formed leads to be planar with respect to one another at seating
place -C-.

o Fer

R (2 PLCS)
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PRODUCT SPECIFICATION

Mechanical Dimensions

3-Lead TO-263 Center Cut Package

(continued)

Inches Millimeters
Symbol Notes
Min. Max. Min. Max.
A .160 .190 4.06 4.83
b .020 .039 0.51 0.99
b2 .049 .051 1.25 1.30
c2 .045 .055 1.14 1.40
D .340 .380 8.64 9.65
E .380 .405 9.65 10.29
e .100 BSC 2.54 BSC
L 575 .625 14.61 15.88
L1 .090 .110 2.29 2.79
L2 — .055 — 1.40
R .017 .019 0.43 0.78
o] 0° 8° 0° 8°
E
@PKG/ L2
@HEATSINK [
|
|
j }
“
b |
! S—E-PIN
|
1

T
[@]
LS

I

Notes:

1. Dimensions are exclusive of mold flash and metal burrs.

2. Standoff-height is measured from lead tip with ref. to Datum -B-.

3. Foot length is measured with ref. to Datum -A- with lead surface
(at inner R).

4. Dimensiuon exclusive of dambar protrusion or intrusion.

5. Formed leads to be planar with respect to one another at seating
place -C-.

——| 2

R (2 PLCS)

10



PRODUCT SPECIFICATION

RC1585

Mechanical Dimensions (continued)
3-Lead TO-220 Package
Inches Millimeters
Symbol Notes
Min. Max. Min. Max.
A .140 .190 3.56 4.83
b .015 .040 .38 1.02
b1 .045 .070 1.14 1.78
cl 014 022 36 56
oP 139 161 3.53 4.09
D 560 650 | 14.22 | 1651
E .380 420 9.65 | 10.67
e .090 .110 2.29 2.79
el .190 210 4.83 5.33
e3 .045 — 1.14 —
F .020 .055 51 1.40
H1 230 270 5.94 6.87
J1 .060 115 2.04 2.92
L 500 580 | 12.70 | 14.73
L1 .250 BSC 6.35 BSC
Q .100 135 2.54 3.43 Notes:
a 3° 7° 3° 7°
e H1 —
L —— Q [
bl
e3
| r { 1
4( — = — — ¥ O e — = ]
e i
e e I
i P N
4( 777777777777
b !
L1— E-PIN\ oP

1. Dimension c1 apply for lead finish.

11
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PRODUCT SPECIFICATION

Ordering Information

Product Number Package
RC1585M TO-263
RC1585MC TO-263 Center Cut
RC1585T TO-220
RC1585M-1.5 TO-263
RC1585MC-1.5 TO-263 Center Cut
RC1585T-1.5 TO-220
DISCLAIMER

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

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

www.fairchildsemi.com

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

8/12/99 0.0m 001
Stock#DS30001585
[ 1999 Fairchild Semiconductor Corporation



TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is

not intended to be an exhaustive list of all such trademarks.
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DISCLAIMER
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LIFE SUPPORT POLICY

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

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

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

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

any manner without notice.

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

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

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

Rev. D
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RC1587

3A Adjustable/Fixed Low Dropout Linear Regulator

Features

» Fast transient response

* Low dropout voltage at up to 3A
» Load regulation: 0.05% typical

e Trimmed current limit

» On-chip thermal limiting

» Standard TO-220, TO-263 and TO-263 center cut

packages

Applications

« Pentiun® Class GTL+ bus supply
* Low voltage logic supply
 Post regulator for switching supply

Typical Applications

VIN = 3.3V

+
10pF I

VIN = 3.3V

10pF I

+

VIN =5V

10pF I

+

Pentium is a registered trademark of Intel Corporation.

Description

The RC1587, RC1587-1.5, and RC1587-3.3 are low dropout
three-terminal regulators with 3A output current capability.
These devices have been optimized for low voltage applica-
tions including \fT bus termination, where transient response
and minimum input voltage are critical. The RC1587 is ideal
for low voltage microprocessor applications requiring a reg-
ulated output from 1.5V to 3.6V with an input supply of 5V
or less. The RC1587-1.5 offers fixed 1.5V with 3A current
capability for GTL+ bus YT termination. The RC1587-3.3
offers fixed 3.3V current capability for logic IC operation.

Current limit is trimmed to ensure specified output current and
controlled short-circuit current. On-chip thermal limiting pro-
vides protection against any combination of overload and
ambient temperature that would create excessive junction
temperatures.

The RC1587, RC1587-1.5, and RC1587-3.3 are available in
the industry-standard TO-220, TO-263 and TO-263 center
cut power packages.

RC1587
VIN Vout 1.5V at 3A
ADJ _Lr
124Q I 22pF
24.9Q
RC1587-1.5
VIN VouTt T 1.5V at 3A
+

GND

RC1587-3.3
VIN Vout

9]
zZ
W)

3.3Vat3A
+

.||_

I 22uF

65-1587-16

Rev. 1.3.4
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Pin Assignments

RC1587T RC1587T-1.5, -3.3V
FRONT VIEW FRONT VIEW
RC1587M-1.5 RC1587M : :
FRONT VIEW FRONT VIEW
O O 1 2 3 1 2 3
1 2 3 1 2 3
GND OUT IN ADJ OUT IN ADJ OUT IN GND OUT IN
3-Lead Plastic TO-263 3-Lead Plastic TO-220
03c = 3°C/W* 03c = 3°C/W
RC1587MC-1.5, 3.3 RC1587MC
FRONT VIEW FRONT VIEW
Tab is Out.

1 2 3 1 2 3

GND IN ADJ IN

3-Lead Plastic TO-263 Center Cut

e.JC = 3°C/W* 65-1587-02
* 83A can vary from 20°C/W to >40°C/W with various mounting techniques.
Absolute Maximum Ratings

Parameter Min. Max. Unit
VIN 7 \Y%
Operating Junction Temperature Range 0 125 °C
Storage Temperature Range -65 150 °C
Lead Temperature (Soldering, 10 sec.) 300 °C
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RC1587

Electrical Characteristics
Tj = 25°C unless otherwise specified.

The « denotes specifications which apply over the specified operating temperature range.

Parameter Conditions Min. Typ. Max Units

Reference Voltage® 1.5V < (VIN — VouT) £5.75V, 1.225 1.250 1.275 \%
10mA < louT < 3A (-2%) (+2%)

Output Voltage? 33VVINSTV 1.47 15 1.53 Y,
10mA < louT < 3A

Output Voltage® 51VSVINS TV 3.234 3.3 3.366 \%
10mA < louT < 3A

Line Regulation® 2 (VOUT + 1.5V) < VIN < 7V, 0.005 0.2 %
louT = 10mA

Load Regulation® 2 (VIN — VOUT) = 3V 0.05 0.5 %
10mA < louT £ 3A

Dropout Voltage AVREF = 1%, louT = 3A 1.150 1.300 \Y

Current Limit (VIN —VourT) =2V 3.1 4 A

Adjust Pin Current® 35 120 HA

Adjust Pin Current Change®| 1.5V < (VIN — VOUT) < 5.75V, 0.2 5 MA
10mA < louT < 3A

Minimum Load Current 1.5V < (VIN - VouT) £5.75V 10 mA

Quiescent Current VIN =5V 4 13 mA

Ripple Rejection f=120Hz, CouT = 22pF Tantalum, 60 72 dB
(VIN—VourT) =3V, lout = 3A

Thermal Regulation TA = 25°C, 30ms pulse 0.004 0.02 %/W

Temperature Stability 0.5 %

Long-Term Stability Ta =125°C, 1000 hrs. 0.03 1.0 %

RMS Output Noise Ta =25°C, 10Hz < f < 10kHz 0.003 %

(% of VouT)

Thermal Resistance, TO-220 3 °C/W

Junction to Case T0-263 3 °C/W

Thermal Shutdown 150 °C

Notes:

1. See thermal regulation specifications for changes in output voltage due to heating effects. Load and line regulation are

measured at a constant junction temperature by low duty cycle pulse testing.

2. Line and load regulation are guaranteed up to the maximum power dissipation (18W). Power dissipation is determined by
input/output differential and the output currrent. Guaranteed maximum output power will not be available over the full input/

output voltage range.
RC1587 only.
RC1587-1.5 only.

5. RC1587-3.3 only.

»w
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Typical Performance Characteristics
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Figure 1. Dropout Voltage vs. Output Current Figure 2. Load Regulation vs. Temperature
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RC1587

Typical Performance Characteristics

5.0

»
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w
3

SHORT-CIRCUIT CURRENT (A)
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o
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65-1587-09

-75 -50 -25 0 25 50 75 100 125 150 175
JUNCTION TEMPERATURE (°C)

Figure 7. Short-Circuit Current vs. Temperature
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Applications Information

General
The RC1587, RC1587-1.5, and RC1587-3.3 are three-terminal D1
regulators optimized for GTL+¥#f termination applications. (Oéﬁﬁgﬁiu
These devices are short-circuit protected, and offer thermal .
shutdown to turn off the regulator when the junction temper- 4
ature exceeds about 150°C. The RC1587 series provides low RC1587
dropout voltage and fast transient response. Frequency com- IN ouT VouT
pensation uses capacitors with low ESR while still maintain- c1 — as c2
ing stability. This is critical in addressing the needs of low 10pF I AD R I 22yF
voltage high speed microprocessor buses like GTL+. +1
—_I__ CaDJ R2
Stability N 1
The RC1587 series require an output capacitor as a part of
the frequency compensation. It is recommended to use a D1
22pF solid tantalum or a 100pF aluminum electrolytic on the 1N4002
output to ensure stability. The frequency compensation of (OPTIONAL)
these devices optimizes the frequency response with low ¢

ESR capacitors. In general, it is suggested to use capacitors
with an ESR of <Q. It is also recommended to use bypass

RC1587-1.5, -3.3

capacitors such as a 22uF tantalum or a 100uF aluminum on VN ¥ IN out ¥ Vout
. . . ; Cl—— —

the adjust pin of the RC1587 fqr low rlppl_e and fast transient 100 L GND T oo

response. When these bypassing capacitors are not used at - J_ -

the adjust pin, larger values of output capacitors provide

equally good results. 65-1587-13
Figure 10. Optional Protection

Protection Diodes

In normal operation, the RC1587 series does not require arfriPPle Rejection
protection diodes. For the RC1587, internal resistors limit In applications that require improved ripple rejection, a
internal current paths on the adjust pin. Therefore, even witlvypass capacitor from the adjust pin of the RC1587 to
bypass capacitors on the adjust pin, no protection diode is ground reduces the output ripple by the ratioofiv/1.25V.
needed to ensure device safety under shortcircuit condition$he impedance of the adjust pin capacitor at the ripple fre-
guency should be less than the value of R1 (typically in the
A protection diode between the input and output pins is usurange of 10Q to 12M) in the feedback divider network in
ally not needed. An internal diode between the input and oukigure 10. Therefore, the value of the required adjust pin
put pins on the RC1587 series can handle microsecond surgapacitor is a function of the input ripple frequency. For
currents of 50A to 100A. Even with large value output example, if R1 equals 1@Dand the ripple frequency equals
capacitors it is difficult to obtain those values of surge cur- 120Hz, the adjust pin capacitor should be 22uF. At 10kHz,
rents in normal operation. Only with large values of output only 0.224F is needed.
capacitance, such as 1QG0to 500QuF, and with the input
pin instantaneously shorted to ground can damage occur. AOutput Voltage

crowbar _circuit at the input can ge_nerate those levels of curthe RC1587 regulator develops a 1.25V reference voltage
rent; a _dloqle from output to input is then recommendgd, aS petween the output pin and the adjust pin (see Figure 11).
shown in Figure 10. Usually, normal power supply cycling orpjacing a resistor R1 between these two terminals causes a
system “hot plugging and unplugging” will not generate cur;ongtant current to flow through R1 and down through R2 to
rent large enough to do any damage. set the overall output voltage. Normally, this current is the

. . . . _ specified minimum load current of 10mA.
The adjust pin can be driven on a transient kigdiswith

respect to the output, without any device degradation. As
with any IC regulator, exceeding the maximum input-to-
output voltage differential causes the internal transistors to
break down and none of the protection circuitry is then
functional.

The current out of the adjust pin adds to the current from R1
and is typically 3pA. Its output voltage contribution is

small and only needs consideration when very precise output
voltage setting is required.
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RC1587 PARRAPSITIC
VNN ouT t—+1_ Vour RC1587 LINE RESISTANCE
T ADJ VRer SRL T C2 ViN—{IN ouT —
= 10uF v L 22pF
- - ADJ
1aD3 Ly
35pA R2 R1*
VouT = VReF (1 + R2/R1) + 1Ay (R2) = 65-1567-14 RL
R2*
Figure 11. Basic Regulator Circuit *CONNECT R1 TO CASE
CONNECT R2 TO LOAD )
B

Load Regulation =

Itis not possible to provide true remote load sensing because
the RC1587 series are three-terminal devices. Load regula-
tion is limited by the resistance of the wire connecting the Thermal Considerations
regulators to the load. Load regulation per the data sheet
specification is measured at the bottom of the package.

65-1587-15

Figure 13. Connection for Best Load Regulation

The RC1587 series protect themselves under overload condi-
tions with internal power and thermal limiting circuitry.
However, for normal continuous load conditions, do not
dexceed maximum junction temperature ratings. It is impor-
tant to consider all sources of thermal resistance from junc-
tion-to-ambient. These sources include the junction-to-case

For fixed voltage devices, negative side sensing is a true
Kelvin connection with the ground pin of the device returne
to the negative side of the load. This is illustrated in

Figure 12. . = .
g resistance, the case-to-heat sink interface resistance, and the
Rp heat sink resistance. Thermal resistance specifications have
RC1587-1.5, -3.3 PARASITIC been d i
2,733 | | |NE RESISTANCE een developed to more accurately reflect device tempera-
VIN— IN ouUT ——VW\— ture and ensure safe operating temperatures.
GND R
- For example, look at using an RC1587T to generate 3A @
1.5V + 2% from a 3.3V source (3.2V to 3.6V).

= Assumptions:
65-1587-17

Figure 12. Connection for Best Load Regulation « VIN = 3.6V worst case

For adjustable voltage devices, negative side sensing is a trGeVOUT = 1.46V worst case

Kelvin connection with the bottom of the output divider EI_OU_T;O)B(':A‘ continuous
returned to the negative side of the load. The best load regu- BA B ) FCW ing both a h ink and
lation is obtained when the top of resistor divider R1 con- Case-to-Ambient (assuming both a heatsink an

nects directly to the regulator output and not to the load. a thermally cpnd_ucn\_/e m_aterlal_) S
Figure 13 illustrates this point. The power dissipation in this application is:

If R1 connects to the load, then the effective resistance PD = (VIN —VouT) * (IouT) = (3.6 - 1.46) * (3) = 6.42W
between the regulator and the load would be: A
From the specification table:
Rp x (1 + R2/R1), R= Parasitic Line Resistance
( ) TJ=TA + (PD) * (BCase-to-Ambient- 83C)

The connection shown in Figure 13 does not multighbR =70+(6.42)* (3 +3) =108

the divider ratio. As an examplepks about four milliohms
per foot with 16-gauge wire. This translates to 4mV per foo
at 1A load current. At higher load currents, this drop repre-
sents a significant percentage of the overall regulation. It is
important to keep the positive lead between the regulator and
the load as short as possible and to use large wire or PC
board traces.

tThe junction temperature is below the maximum rating.
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PRODUCT SPECIFICATION

Junction-to-case thermal resistance is specified from the ICcase-to-heat sink interface is recommended. Use a thermally
junction to the bottom of the case directly below the die. Thisconductive spacer if the case of the device must be electri-
is the lowest resistance path for heat flow. Proper mountingcally isolated and include its contribution to the total thermal
ensures the best thermal flow from this area of the package tesistance. The cases of the RC1587 series are directly con-

the heat sink. Use of a thermally conductive material at the nected to the output of the device.

UL

v RC1587 y
IN ~ ouT
3.3V I ViN Vour 1 15V

+ +
c1 ADJ 124Q c3
10pF T > T 100uF
i c2 = R2 i
1000F L 24.9Q

Figure 14. Application Circuit (RC1587)

Table 1. Bill of Materials for Application Circuit for the RC1587

65-1587-18

Table 2. Bill of Materials for Application Circuit for the RC1587-1.5

Iltem Quantity Manufacturer Part Number Description
C1 1 Xicon L10V10 10pF, 10V Aluminum
C2,C3 2 Xicon L10VvV100 100pF, 10V Aluminum
R1 1 Generic 124Q, 1%
R2 1 Generic 24.9Q, 1%
Ul 1 Fairchild RC1587T 3A Regulator
U1
v RC1587-1.5 v
IN out
ViN Vout
3.3V I+ . 1.5V
c1 GND c3
104F I 1 I 100pF

65-1587-19

Figure 15. Application Circuit (RC1587-1.5)

Item Quantity Manufacturer Part Number Description

C1 1 Xicon L10V10 10pF, 10V Aluminum
C3 1 Xicon L10V100 100pF, 10V Aluminum
Ul 1 Fairchild RC1587T-1.5 3A Regulator
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Ul

RC1587-3.3
VIN VouTt

3.3V I Vin Vour I 3.3V
+ +
GND
c1 c3
10pF 1 100pF
65-1587-20

Figure 16. Application Circuit (RC1587-3.3)

Table 3. Bill of Materials for Application Circuit for the RC1587-1.5

Item Quantity Manufacturer Part Number Description

Ci1 1 Xicon L10V10 10uF, 10V Aluminum
C3 1 Xicon L10V100 100pF, 10V Aluminum
Ul 1 Fairchild RC1587T-3.3 3A Regulator
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Notes
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Mechanical Dimensions
3-Lead TO-263 Package

Notes:
Inches Millimeters 1. Dimensions are exclusive of mold flash and metal burrs.
Symbol Notes L N
Min. Max. Min. Max. 2. Standoff-height is measured from lead tip with ref. to Datum -B-.
3. Foot length is measured with ref. to Datum -A- with lead surface
A .160 .190 4.06 4.83 (atinner R).
b .020 .039 0.51 0.99 4. Dimensiuon exclusive of dambar protrusion or intrusion.
b2 049 051 1.25 1.30 5. Formed leads to be planar with respect to one another at seating
c2 .045 .055 114 | 1.40 place -C-.
D .340 .380 8.64 9.65
E .380 .405 9.65 10.29
e .100 BSC 2.54 BSC
L 575 .625 14.61 15.88
L1 .090 .110 2.29 2.79
L2 — .055 — 1.40
.017 .019 0.43 0.78
o] 0° 8° 0° 8°
E
@PKG/ L2
@HEATSINK
. ~ e
|
i f

T b2 R (2 PLCS)
|
|
|

I
]
Ty

L

11
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PRODUCT SPECIFICATION

Mechanical Dimensions

3-Lead TO-263 Center Cut Package

(continued)

Inches Millimeters
Symbol Notes
Min. Max. Min. Max.
A .160 .190 4.06 4.83
b .020 .039 0.51 0.99
b2 .049 .051 1.25 1.30
c2 .045 .055 1.14 1.40
D .340 .380 8.64 9.65
E .380 .405 9.65 10.29
e .100 BSC 2.54 BSC
L 575 .625 14.61 15.88
L1 .090 .110 2.29 2.79
L2 — .055 — 1.40
R .017 .019 0.43 0.78
a 0° 8° 0° 8°
E
@PKG/ L2
@HEATSINK [
|
|
' !
D GEK
N | S—E-PIN
T - T
1| U b2
| |
| |
a7k
@~
| | |
f | | |
BT
i ! -C-
T | T

Notes:

1. Dimensions are exclusive of mold flash and metal burrs.

2. Standoff-height is measured from lead tip with ref. to Datum -B-.

3. Foot length is measured with ref. to Datum -A- with lead surface
(at inner R).

4. Dimensiuon exclusive of dambar protrusion or intrusion.

5. Formed leads to be planar with respect to one another at seating
place -C-.

——| - c2

R (2 PLCS)

12
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RC1587

Notes:

fe— H1 —=

Mechanical Dimensions (continued)
3-Lead TO-220 Package
Inches Millimeters

Symbol Notes

Min. Max. Min. Max.
A 140 .190 3.56 4.83
b .015 .040 .38 1.02
bl .045 .070 1.14 1.78
cl .014 .022 .36 .56
oP 139 161 3.53 4.09
D .560 .650 14.22 16.51
E .380 420 9.65 10.67
e .090 110 2.29 2.79
el .190 .210 4.83 5.33
e3 .045 — 1.14 —
F .020 .055 .51 1.40
H1 .230 .270 5.94 6.87
J1 .080 115 2.04 2.92
L .500 .580 12.70 14.73
L1 .250 BSC 6.35 BSC
Q .100 .135 2.54 3.43
[of 3° 7° 3° 7°

L
e3 bl

L1 —=f

1. Dimension cl apply for lead finish.

13
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Ordering Information

Product Number Package
RC1587M TO-263
RC1587MC TO-263 center cut
RC1587T TO-220
RC1587M-1.5 TO-263
RC1587MC-1.5 TO-263 center cut
RC1587T-1.5 TO-220
RC1587M-3.3 TO-263
RC1587MC-3.3 TO-263 center cut
RC1587T-3.3 TO-220

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

8/20/99 0.0m 001
Stock#DS30001587
0 1998 Fairchild Semiconductor Corporation
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RC1616
0.5A Adjustable/Fixed Low

Features

» Low dropout voltage

» Load regulation: 0.05% typical

* Current limit

» On-chip thermal limiting

» Standard SOT-223 and TO-263 packages

» Three-terminal adjustable or fixed 2.5V, 3.3V or 5V

Applications

USB Controlled Power Supply
 High efficiency linear regulators for
Mixed Voltage Logic, ASIC, FPGA based systems
» Post regulators for switching supplies
« Battery chargers
* 5V to 3.3V, or 2.5V, 1.8V, 1.5V linear regulators
» Motherboard clock supplies
* SDRAM Module supplies

Typical Applications

Dropout Linear Regulator

Description

The RC1616 and RC1616-2.5, -3.3 and -5 are low dropout
three-terminal regulators with 0.5A output current capability.
These devices have been optimized for low voltage where
transient response and minimum input voltage are critical.
The 5V version is designed also to be used in USB Hub and
Motherboard applications.

On-chip thermal limiting provides protection against any
combination of overload and ambient temperature that
would create excessive junction temperatures.

Unlike PNP type regulators where up to 10% of the output
current is wasted as quiescent current, the bias current of the
RC1616 flows into the load, increasing efficiency.

The RC1616 series regulators are available in the industry-
standard SOT-223 and TO-263 power packages.

RC1616
Vin=3.3V + Vin Vour . < 1.5V at 0.5A
10pF 22uF

ADJ 124Q
24.9Q
RC1616-3.3
Vin=5V — Vin Vour — 3.3V at0.5A
10pF 224F
GND

Rev. 1.0.4
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Pin Assignments

RC1616S (Variable)
RC1616S-X (Fixed)

Front View

3 [0 IN

Tab is > b out
Vourt

1 [ ADJ/GND

4-Lead Plastic SOT-223
©jc = 15°C/W*

*With package soldered to 0.5 square inch copper area over backside ground plane or internal pov@jysaneary from
30°C/W to >50°C/W. Other mounting techniques may provide better power dissipation than 30°C/W.

Absolute Maximum Ratings

RC1616S (Variable)
RC1616S-X (Fixed)

Front View

O

1 2 3
ADJ/ ouT IN
GND

3-Lead Plastic TO-263
Oyc = 10°C/W*

Parameter Min. Max. Unit
ViN 7.5 v
Operating Junction Temperature Range 0 125 °C
Storage Temperature Range -65 150 °C
Lead Temperature (Soldering, 10 sec.) 300 °C
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Electrical Characteristics
Operating Conditions: V|y < 7V, T; = 25°C unless otherwise specified.
The « denotes specifications which apply over the specified operating temperature range.

Parameter Conditions Min. Typ. Max. nits
Reference Voltage® 1.5V < (VN - Vour) £5.75V, 1.225 | 1.250 | 1.275 \Y
10mA < Igyt < 0.5A (-2%) (+2%)
Output Voltage 10mA < lgyT < 0.5A
RC1616-2.5,4.0V<V|ys 7V 2.450 | 2.500 | 2.550 \Y
RC1616-3.3,4.5V<V|y s 7V 3.234 | 3.300 | 3.366 \Y
RC1616-5, 6.2V < V|y < 7V 4900 | 5.000 | 5.100 \Y
Line Regulation®? (Mout + L5V) VNS 7V, loyt = 10mA 0.005 0.2 %
Load Regulation!?3 (Vin = Vour) = 2V, 10mA < g1 < 0.5A 0.05 0.5 %
Dropout Voltage AVReg = 1%, loyt = 0.5A 1.000 | 1.200 \Y
Adjust Pin Current® 35 120 HA
Adjust Pin Current Change® | 1.5V < (Vj\ — Vout) < 5.75, 0.2 5 HA
10mA < IOUT <0.5A
Minimum Load Current 15V < (Viy—Vour) £5.75 10 mA
Quiescent Current V\N = Vout + 1.25V 4 13 mA
Ripple Rejection f=120Hz, Coyt = 22pF Tantalum, 60 72 dB
(Vin = Vour) = 3V, loyt = 0.5A
Thermal Regulation Ta = 25°C, 30ms pulse 0.004 0.02 %/W
Temperature Stability 0.5 %
Long-Term Stability T =125°C, 1000hrs. 0.03 1.0 %
RMS Output Noise Ta =25°C, 10Hz < f < 10kHz 0.003 %
(% of Vouyr)
Thermal Resistance, SOT-223 15 °C/IW
Juncation to Case TO-263 10 °C/W
Thermal Shutdown 150 °C

Notes:

1. See thermal regulation specifications for changes in output voltage due to heating effects. Load and line regulation are
measured at a constant junction temperature by low duty cycle pulse testing.
2. Line and load regulation are guaranteed up to the maximum power dissipation. Power dissipation is determined by input/
output differential and the output current. Guaranteed maximum output power will not be available over the full input/output

voltage range.
3. RC1616 only.
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Typical Performance Characteristics
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0 0.2 0.4 0.6 0.8 1.0 -75-50 -25 0 25 50 75 100 125150 175
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Figure 1. Dropout Voltage vs. Output Current Figure 2. Load Regulation vs. Temperature
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Voyt SET WITH 1% RESISTORS
1.245 3.65 — 1
. . Vour = 3.6V
S 1.240 S 360
§ 1.235 § 355
= =
- -
9 1.230 g 3.50
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Z 1.220 Zz 340
s i
1.215 3.35
m m Vour = 3.3V
2 1210 2 330 : | |
1.205 3.25 Note:
1.200 3.20 1.RC1616 Only
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Typical Performance Characteristics
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Figure 7. Short-Circuit Current vs. Temperature
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RC1616

Mechanical Dimensions

3-Lead TO-263 Package

Inches Millimeters
Symbol Notes
Min. Max. Min. Max.
A .160 .190 4.06 4.83
b .020 .039 0.51 0.99
b2 .049 .051 1.25 1.30
c2 .045 .055 1.14 1.40
D .340 .380 8.64 9.65
E .380 405 9.65 10.29
e .100 BSC 2.54 BSC
L .575 .625 14.61 10.88
L1 .090 .100 2.29 2.79
L2 — .055 — 1.40
R .017 .019 0.43 0.48
o 0° 8° 0° 8°
E
@PKG/ L2
@HEATSINK [
|
|
' 1
D K
\ : S—E-PIN
T | T
1 1 -b2
i 4
il
_ gl
| | |
1 | | |
LR
i C-
T T T

Notes:
1. Dimensions are exclusive of mold flash and metal burrs.
2. Standoff-height is measured from lead tip with ref. to Datum -B-.

3. Foot length is measured with ref. to Datum -A- with lead surface
(atinner R).

4. Dimension exclusive of dambar protrusion or intrusion.

5. Formed leads to be planar with respect to one another at seating
place -C-.
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Mechanical Dimensions
4-Lead SOT-223 Package

Inches Millimeters
Symbol
Min. Max. Min. Max.
A — .071 — 1.80
Al — 181 — 4.80
B .025 .033 .640 .840
C — .090 — 2.29
D .248 .264 6.30 6.71
E .130 .148 3.30 3.71
e 115 124 2.95 3.15
F .033 .041 .840 1.04
H .264 .287 6.71 7.29
| .012 — .310 —
J — 10° — 10°
K 10° 16° 10° 16°
L .0008 .0040 .0203 .1018
M 10° 16° 10° 16°
N .010 .014 .250 .360
D |
——
|
I
I
H E —-—-—- [ — | .

IJ{'—H—i-—
RN
f

T
—| |

-« Al ——»
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RC1616

Ordering Information

Product Number Package
RC1616M TO-263
RC1616S SOT-223
RC1616M-2.5 TO-263
RC1616S-2.5 SOT-223
RC1616M-3.3 TO-263
RC1616S-3.3 SOT-223
RC1616M-5 TO-263
RC1616S-5 SOT-223

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

6/16/99 0.0m 003
Stock#DS30001616
0 1998 Fairchild Semiconductor Corporation
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RC2207

Voltage Controlled Oscillator

Features

Excellent temperature stability — 20 ppm/°C
Linear frequency sweep

Adjustable duty cycle — 0.1% to 99.9%

Two or four level FSK capability

Wide sweep range — 1000:1 min.

Logic compatible input and output levels
Wide supply voltage range — =4V to +13V
Low supply sensitivity +0.15%/V

Wide frequency range— 0.01 Hz to 1 MHz
Simultaneous triangle and squarewave outputs

Applications

FSK generation

Voltage and current-to-frequency conversion
Stable phase-locked loop

Waveform generation triangle, sawtooth, pulse,
sguarewave

FM and sweep generation

Block Diagram

Description

The RC2207 is a monolithic voltage-controlled oscillator
(VCO) integrated circuit featuring excellent frequency
stability and awide tuning range. The circuit provides
simultaneous triangle and squarewave outputs over a
frequency range of 0.01 Hzto 1 MHz. It isideally suited for
FM, FSK and sweep or tone generation as well asfor
phase-locked loop applications.

As shown in the Block Diagram, the circuit is comprised of
four functional blocks: a variable-frequency oscillator which
generates the basic periodic waveforms; four current
switches actuated by binary keying inputs; and buffer
amplifiers for both the triangle and squarewave outputs.
Theinternal switches transfer the oscillator current to any
of four external timing resistors to produce four discrete
frequencies which are selected according to the binary logic
levels at the keying terminals (pins 8 and 9).

The RC2207 has atypical drift specification of 20 ppm/°C.
The oscillator frequency can be linearly swept over a1000:1
range with an external control voltage; and the duty cycle of
both the triangle and the squarewave outputs can be varied
from 0.1% to 99.9% to generate stable pul se and sawtooth
waveforms.

TIMING CAPACITOR { p

TIMING RESISTORS
R1-R4

Al TRIANGLE WAVE OUTPUT
—— SQUARE WAVE OUTPUT
A2 —— -Vs

CURRENT
SWITCH

} BINARY KEY INPUTS

65-2207-01

Rev. 1.0.0
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Pin Assignments

Timing

I: 2 13
Capacitor I: 3 12

Timing
Resistors

Pin Descriptions

+Vs |: 1 14

| | Trianglewave output

| | squarewave output

[ ] +vs

rRi [ |a 11 | | Bias

r2 [ |5 10| ] onD

rs | |6 of | } Binary
[ ]

Keying
ra [ |7 8

Inputs
65-2207-02

Pin Name

Pin Number

Pin Function Description

Bias for Single
Supply

11

For single supply operations, pin 11 should be externally biased to a
potential between +Vs/3 and +Vs/2 (see Figure 8). The bias current at pin
11 is nominally 5% of the total oscillation timing current IT.

Binary Keying
Inputs

8,9

The internal impedance at these pins is approximately 5 kQ. Keying levels
are <1.4V for zero and > 3V for one logic levels referenced to the DC voltage
at pin 10.

Ground

10

For split supply operation, this pin serves as circuit ground. For single supply
operation, pin 10 should be AC grounded through a 1 uF bypass capacitor.
During split supply operation, a ground current of 2 IT flows out of this
terminal, where IT is the total timing current.

Squarewave
Output

13

The squarewave output at pin 13 is an open-collector stage capable of
sinking up to 20 mA of load current. RL serves as a pull-up load resistor for
this output. Recommended values for RL range from 1 k2 to 10 k2

Supply Voltage
(+Vs, -Vs)

1,12

The RC2207 is designed to operate over a power supply range of +4V to
+13V for split supplies, or 8V to 26V for single supplies. At high supply
voltages, the frequency sweep range is reduced. Performance is optimum
for =6V, or 12V single supply operation.

Timing Capacitor

2,3

The oscillator frequency is inversely proportional to the timing capacitor, C.
The minimum capacitance value is limited by stray capacitances and the
maximum value by physical size and leakage current considerations.
Recommended values range from 100 pF to 100 uF. The capacitor should
be non-polarized.

Timing Resistors
(R1-R4)

4-7

The timing resistors determine the total timing current, IT, available to
charge the timing capacitor. Values for timing resistors can range from 1.5
kQ to 2 MQ; however, for optimum temperature and power supply stability,
recommended values are 4 kQ to 200 kQ. To avoid parasitic pick up, timing
resistor leads should be kept as short as possible. For noise environments,
unused or deactivated timing terminals should be bypassed to ground
through 0.1 uF capacitors. Otherwise, they may be left open.

Trianglewave
Output

14

The output at pin 14 is a trianglewave with a peak swing of approximately
one-half of the total supply voltage. Pin 14 has a very low output impedance
of 10Q and is internally protected against short circuits.

Notice that the triangle waveform linearity is sensitive to parasite coupling
between the square and the trianglewave outputs (pins 13 and 14). In board
layout or circuit wiring, care should be taken to minimize stray wiring
capacitance between those pins.
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RC2207
Absolute Maximum Ratings
Parameter Min. Max. Units
Supply Voltage +26 \%
Storage Temperature Range -65 +150 \%
Operating Temperature Range -55 +125 °C
Lead Soldering Temperature (60 seconds) +300 °C
Thermal Characteristics
Ceramic DIP S{e][e: Plastic DIP
Maximum Juncton Temperature +175°C +125°C +125°C
Maximum Pp TA < 50°C 1042 mwW 300 mW 468 mw
Thermal Resistance, 6JC 60°C/W 60°C/W 60°C/W
Thermal Resistance, 8JA 120°C/W 200°C/W 160°C/W
For TA > 50°C Derate at 8.33 mw/°C 5.0 mw/°C 6.25 mWw/°C
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Electrical Characteristics

(Test Circuit of Figure 1, Vs = =6V, Ta = +25°C, C = 5000 pF, R1= R2 = R3 = R4 = 20 kQ, RL = 4.7Q binary inputs
grounded, S1 and S2 closed unless otherwise specified)

Parameters

Test Conditions

| Min. | Typ. |Max.|Units

General Characteristics

Supply Voltage | Single Supply See Typical Performance +8.0 +12 +26 \%
Characteristics
Split Supplies 4 +6 =13 \%
Supply Current | Single Supply Measured at pin 1, 5.0 7.0 mA
S1 open (See Fig. 8)
Split Positive Measured at pin 1, RC2207 5.0 7.0 mA
Supplies S1 open (See Fig. 7) RM2207 8.0
Negative Measured at pin 12, | RC2207 7.0 mA
S1, S2 open RM2207 40 | 6.0
Binary Keying Inputs
Switching Threshold Measured at pins 8 and 9. 14 2.2 2.8 \%
Refer to pin 10.
Input Resistance 5.0 kQ
Oscillator Section—Frequency Characteristics
Upper Frequency Limit C =500 pF, R3=2kQ 0.5 1.0 MHz
Lower Practical Frequency C =50 uF, R3=2kQ 0.01 Hz
Frequency Accuracy +1.0 | £3.0 |% of fo
Frequency Matching 0.5 % of fo
Frequency vs. Temperature (Note 1) | 0°C < TaA < +70°C 20 50 |ppm/°C
Stability vs. Supply Voltage 0.15 %/
Sweep Range R3 = 1.5 k< for fH 1000:1 | 3000:1 fH/fL
R3 =2 MQ for fL
Sweep Linearity C =5000 pF
10:1 Sweep1 fH =10 kHz, fL =1 kHz 1.0 2.0 %
1000:1 Sweep fH = 100 kHz, fL = 100 Hz 5.0 %
FM Distortion +10% FM Deviation 0.1 %
Recommended Range of Timing Resistors | See Characteristic Curves 15 2000 | kQ
Impedance at Timing Pins Measured at pins 4, 5, 6, or 7 75 Q
DC Level at Timing Terminals 10 mV
Output Characteristics
Triangle output | Amplitude Measured at pin 14 4 6 Vp-p
Impedance 10 Q
DC Level Referenced to pin 10 +100 mV
Linearity from 10% to 90% of swing 0.1 %
Squarewave Amplitude Measured at pin 13, 11 12 Vp-p
Output S2 Closed
Saturation Voltage Referenced to pin 12 0.2 0.4 \%
Rise Time CL=10pF 200 ns
Fall Time CL=10pF 20 ns
Note:

1. Guaranteed by design.

4




PRODUCT SPECIFICATION RC2207
Typical Performance Characteristics
7
+25 6 | /
= T /
S 5 Vs=+6V P
+20 2N i 4 —— C=5000pF 7
= & 3 —
2 +15 s s 1 —
= Typical 3 0 ~
N Operating < 1 7
o +10 R > -2 <
2 ange o 3 /
3 o _ 5 2~
® > - <
= T : g s L :
S L .6 §
0 8 7 8
0 5 -10 -15 -20 1K 10K 100K Y 10M
Negative Supply (V) Timing Resistance (Q)
Figure 1. Typical Operating Range for Figure 2. Frequency Accuracy vs. Timing Resistance
Split Supply Voltage
10M 1.04 I
Ta = +25°C - RT=2MQ
s £ 102 N RT = 2|O kQ __|
LY 2 1
3 § 1.00 N_ RT = 200 kQ
g : 2 — |
X 100K Timing = ® 098 L
E’ % Resistor t —
E Range ~ 2 096
= T
g 10K = - £ Ta=+20C _ \ -
o % ? S 0.94 | Rt = Total Timing Resistance \ <
o — o
g C = 5000 pF | | RT =2 kQ §
1K ] 0.92 | ! 8
0 4 8 12 16 2 4 6 8 10 12 14
Split Supply Voltage (V) Split Supply Voltage (V)
L | | | ] L | | | | | |
0 8 16 24 32 4 8 12 14 18 20 22

Single Supply Voltage (V)

1Rt = Parallel Combination of Activated Timing Resistors

Figure 3. Recommended Timing Resistor Value vs.

Power Supply Voltage

Figure 5. Pulse and Sawtooth Outputs

65-2207-07

Single Supply Voltage (V)

Figure 4. Normalized Frequency Drift vs.

Supply Voltage

o A T |

X Vs = +6V

< 2MQ —
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3 210 = /E 2ke —/)
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Figure 6. Normalized Frequency Drift vs. Temperature
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Applications Information

Table 1. Logic Table for Binary Keying Controls

Precautions

The following precautions should be observed when
operating the RC2207 family of integrated circuits:

Pulling excessive current from the timing termina s will
adversely affect the temperature stability of the circuit. To
minimize this disturbance, it is recommended that the

total current drawn from pins 4, 5, 6 and 7 be limited to <6
mA. In addition, permanent damage to the device may

occur if the total timing current exceeds 10 mA.

Terminals 2, 3, 4, 5, 6 and 7 have very low internal
impedance and should, therefore, be protected from
accidental shorting to ground or the supply voltages.
The keying logic pulse amplitude should not exceed the

supply voltage.

Split Supply Operation

Figure 7 is the recommended circuit connection for split
supply operation. The frequency of operation is determined
by the timing capacitor (C) and the activated timing resistors
(R1 through R4). The timing resistors are activated by the
logic signals at the binary keying inputs (pins 8 and 9), as
shown in Table 1. If asingle timing resistor activated, the
frequency is /RC.

Otherwise, the frequency is either 1/(R1| |R2)C or
V(R1| |R4)C.

0.1 uF

r

Logic | selected
Level | Timing
819 Pins Frequency Definitions
0| 6 fl f1 = 1/R3C | Afl = 1/R4C
0|1 6&7 f1 + Afy fo = 1/R2C,
Af2 = 1/R1C
110 5 2 Logic levels:
0 = Ground
14 | &5 | f2 + fA2 |Logiclevels:| 1 ==3V
Note:

1. For single supply operation, logic levels are referenced to
voltage at pin 10.

The squarewave output is obtained at pin 13 and has a
peak-to-peak voltage swing equal to the supply voltages.
This output is an open-collector type and requires an
externa pull-up load resistor (nominally 5 kQ) to the posi-
tive supply. The triangle waveform obtained at pin 14 is cen-
tered about ground and has a peak amplitude of +Vg/2.

The circuit operates with supply voltages ranging from +4V
to it +13V. Minimum drift occurs with 6V supplies.

Single Supply Operation

The circuit should be interconnected as shown in Figure 8
for single supply operation. Pin 12 should be grounded, and
pin 11 biased from +V s through aresistive divider to avalue
of bias voltage between +Vsg/3and +Vg/2. Pin 10 is
bypassed to ground through a 0.1uF capacitor.

+Vg
= c s2
Binary Keying l Is+ O—oO+V
Inputs °
R
9 8 1 2 3
10 13 Squarewave
_,__O_ RC2207 Output
1 1 Device
Under Test 14 5 Trianglewave
Output
0.1 uF 12+ 6
R2
1 lls_
Vs o 71

Note: This circuit is for Bench Tests only. DC

65-2207-09

testing is normally performed

with automated test equipment using an equivalent circuit.

Figure 7. Test Circuit for Split Supply Operation
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RC2207

0.1 uF
Lo
= c S2
Binary Keying l's O—o0O+V,
Inputs °
R
9 8 1 2 3
13 Squarewave
RC2207 Output
Device
Under Test 14 o Trianglewave
Output
12] 6 7 4 5
R3 R4 R1 R2
S1
o 65-2207-10

Figure 8. Test Circuit for Single Supply Operation

For single supply operation, the DC voltage at pin 10 and the
timing terminals (pins 4 through 7) are equal and approxi-
mately 0.6V above VB, the biasvoltage at pin 11 . Thelogic
levels at the binary keying terminals are referenced to the
voltage at pin 10.

On-Off Keying

The RC2207 can be keyed on and off by simply activating an
open circuited timing pin. Under certain conditions, the cir-
cuit may exhibit very low frequency (<1 Hz) residua oscilla-
tion in the off state due to internal bias current. If this effect
isundesirable, it can be eliminated by connecting a 10 MQ2
resistor frompin3to +Vs.

Frequency Control (Sweep and FM)

The frequency of operation is controlled by varying the total
timing current, 1T, drawn from the activated timing pin 4, 5,
6 or 7. The timing current can be modulated by applying a
control voltage, V¢, to the activated timing pin through a
series resistor Rc as shown in Figure 9.

For split supply operation, a negative control voltage, VC,
applied to the circuit of Figure 9 causes the total timing
current, 1T, and the frequency, to increase.

Asan example, in the circuit of Figure 9, the binary keying
inputs are grounded. Therefore, only timing pin 6 is
activated.

The frequency of operation determined by:

_ 1. VRS
= Rscs[l (Rc><—chHz

Pulse and Sawtooth Operation

The duty cycle of the output waveforms can be controlled by
frequency shift keying at the end of every half cycle of
oscillator output. Thisisaccomplished by connecting one or
both of the binary keying inputs (pin 8 or 9) to the square-
wave output at pin 13. The output waveforms can then be
converted to positive or negative pulses and sawtooth
waveform.

Figure 10 is the recommended circuit connection for duty
cycle control. Pin 8 is shorted to pin 13 so that the circuit
switches between the 0 0 and the 1 0 logic states given in
Table 1. Timing pin 5 is activated when the output is high,
and pin 6 is activated when the squarewave output goesto a
low state.

The duty cycle of the output waveforms given as:

R2

Duty Cycle = R3+R3

and can be varied from 0.1% to 99.9% by proper choice of
timing resistors. The frequency of oscillation, f, isgiven as:

CLR2+R3

The frequency can be modulated or swept without changing
the duty cycle by connecting R2 and R3 to acommon control
voltage V¢ instead of to -Vs. The sawtooth and the pulse
output waveforms are shown in the Typical Performance
Characteristics Graphs.
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9
—O—
J RC2207
- 12
5 6| 8| 13 14(L
RC2207 Sawtooth
R2 R3 Output
I
¢ o 12 8 9 47K
Vs O o
' 1 c Pulse
” ! i :|: ° OUtpUt 65-2207-12
Ce 65-2207-11 = +Vs
Figure 9. Frequency Sweep Operation Figure 10. Pulse and Sawtooth Generation




PRODUCT SPECIFICATION RC2207

Mechanical Dimensions

14-Lead SOIC
Inches Millimeters Notes:
Symbol - - Notes 1. Dimensioning and tolerancing per ANSI Y14.5M-1982.
Min. Max. Min. Max. X i
2. "D" and "E" do not include mold flash. Mold flash or protrusions
A 053 -069 135 175 shall not exceed .010 inch (0.25mm).
Al 004 010 0.10 0.25 3. "L"is the length of terminal for soldering to a substrate.
B 013 020 0.33 0.51 4. Terminal numbers are shown for reference only.
C .008 -010 0.19 0.25 5 5. "C" dimension does not include solder finish thickness.
D 336 345 854 8.76 2 6. Symbol "N" is the maximum number of terminals.
E .150 .158 3.81 4.01 2
e .050 BSC 1.27 BSC
H .228 244 5.79 6.20
h .010 .020 0.25 0.50
L .016 .050 0.40 1.27 3
N 14 14 6
o 0° 8° 0° 8°
cce — .004 — 0.10

npEEERRTT
T
s

'@HHHHHg__

H

| D iAl ——‘ hx 45° )
L \

gl N

} seating [-c-] X |_4>‘ g

— el —" L—B PLANE | EAD COPLANARITY

(= cce]c]
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Mechanical Dimensions (continued)

14-Lead Plastic DIP

Inches Millimeters
Symbol Notes
Min. Max. Min. Max.
A — .210 — 5.33
Al .015 — .38 —
A2 115 .195 2.93 4.95
B .014 .022 .36 .56
Bl .045 .070 1.14 1.78
C .008 .015 .20 .38 4
D 725 .795 18.42 20.19 2
D1 .005 — 13 —
E .300 .325 7.62 8.26
El .240 .280 6.10 7.11 2
e .100 BSC 2.54 BSC
eB — .430 — 10.92
L 115 .200 2.92 5.08
N 14 14 5

EEYYYY.

]

D1 -

TRTATRTATTATY

Notes:
1. Dimensioning and tolerancing per ANSI Y14.5M-1982.

2. "D" and "E1" do not include mold flashing. Mold flash or protrusions
shall not exceed .010 inch (0.25mm).

3. Terminal numbers are shown for reference only.
4. "C" dimension does not include solder finish thickness.
5. Symbol "N" is the maximum number of terminals.

10
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Mechanical Dimensions (continued)

14-Lead Ceramic DIP

Inches Millimeters Notes:
Symbol - - Notes 1. Index area: a notch or a pin one identification mark shall be located
Min. Max. Min. Max. adjacent to pin one. The manufacturer's identification shall not be
A — .200 — 5.08 used as pin one identification mark.
bl .014 .023 .36 .58 8 2. The minimum limit for dimension "b2" may be .023 (.58mm) for leads
b2 045 065 1.14 1.65 2 number 1, 7, 8 and 14 only.
cl 008 015 20 38 8 3. Dimension "Q" shall be measured from the seating plane to the base
D — 785 — 19.94 4 plane.
E 220 310 559 787 4 4. This dimension allows for off-center lid, meniscus and glass overrun.
e 100 BSC 254 BSC 5,9 5. The basic pin spacing is .100 (2.54mm) between centerlines. Each
pin centerline shall be located within +.010 (.25mm) of its exact
eA 300 BSC 7.62 BSC ! longitudinal position relative to pins 1 and 14.
L 125 .200 3.18 5.08 .
6. Applies to all four corners (leads number 1, 7, 8, and 14).
Q .015 .060 .38 1.52 3
005 13 5 7. "eA" shall be measured at the center of the lead bends or at the
si = _o = _o centerline of the leads when "a" is 90°.
o 90 105 90 105 8. Allleads — Increase maximum limit by .003 (.08mm) measured at the
center of the flat, when lead finish applied.
9. Twelve spaces.
D |
7 1
TP TP TP TP TP TP TP NOTE 1

b2 “ b1 |}~ -t

11
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RC2207

Ordering Information

Part Number Package Operating Temperature Range
RC2207M 14 Lead SOIC 0°C to +70°C
RC2207N 14 Lead Plastic DIP 0°Cto +70°C
RV2207M 14 Lead SOIC -25°C to +85°C
RV2207N 14 Lead Plastic DIP -25°C to +85°C
RM2207D 14 Lead Ceramic DIP -55°C to +125°C
RM2207D/883B 14 Lead Ceramic DIP -55°C to +125°C

Note:
1. /883B suffix denotes MIL-STD-883, Level B processing

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

5/20/98 0.0m 001
Stock#DS30002207
© 1998 Fairchild Semiconductor Corporation
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Raytheon Electronics

Semiconductor Division

RC2211

FSK Demodulator/Tone Decoder

Features

* Wide frequency range — 0.01 Hz to 300 kHz

* Wide supply voltage range — 4.5V to 20V

* DTL/TTL/ECL logic compatibility

* FSK demodulation with carrier-detector

* Wide dynamic range — 2 mV to 3 VRMS

* Adjustable tracking range — +1% to +80%

¢ Excellent temperature stability — 20 ppm/°C typical

Description

The RC2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications. It is
particularly well-suited for FSK modem applications, and

operates over a wide frequency range of 0.01 Hz to 300 kHz.

It can accommodate analog signals between 2 mV and 3V,
and can interface with conventional DTL, TTL and ECL
logic families. The circuit consists of a basic PLL for

Block Diagram

Applications

¢ FSK demodulation

* Data synchronization
e Tone decoding

¢ FM detection

e Carrier detection

tracking an input signal frequency within the passband, a
quadrature phase detector which provides carrier detection,
and an FSK voltage comparator which provides FSK
demodulation. External components are used to indepen-
dently set carrier frequency, bandwidth and output delay.

Loop Filter Data Filter
FSK
¢-Detector [—™ } } Data
Output
FSK
| ¢ Comparator
FSK —
Input O | VCO
9
Preamp
Lock
¢-Detector } Detector
Outputs
Lock
Lock 2211
Detector Detector 66-2211-01
Filter Comparator
Rev.1.0.1

Thic darniment wace creatad with FramaMalkar 4 (Y 4
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RC2211

Description of Circuit Controls

Signal Input (Pin 2)

The input signal is AC coupled to this terminal. The internal
impedance at pin 2 is 20 k€2. Recommended input signal
level is in the range of 10 mVRMS to 3 VRMS.

Quadrature Phase Detector Output, Q (Pin 3)

This is the high impedance output of the quadrature phase
detector, and is internally connected to the input of lock
detector voltage comparator. In tone detection applications,
pin 3 is connected to ground through a parallel combination
of RD and CD (see Figure 1) to eliminate chatter at the lock
detector outputs. If this tone detector section is not used,
pin 3 can be left open circuited.

Lock Detector Output, Q (Pin 5)

The output at pin 5 is at a “high” state when the PLL is out of
lock and goes to a “low” or conducting state when the PLL is
locked. It is an open collector output and requires a pull-up
resistor, R, to +V's for proper operation. In the “low” state it
can sink up to 5 mA of load current.

Lock Detector Complement, Q (Pin 6)

The output at pin 6 is the logic complement of the lock
detector output at pin 5. This output is also an open collector
type stage which can sink 5 mA of load current in the low or
“on” state.

FSK Data Output (Pin 7)

This output is an open collector stage which requires a
pull-up resistor, RL, to +V§ for proper operation. It can sink
5 mA of load current. When decoding FSK signals the FSK
data output will switch to a “high” or off state for low input
frequency, and will switch to a “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 RF and CF of
Figure 1. The threshold voltage of the comparator is set by
the internal reference voltage, VR, available at pin 10.

Reference Bypass (Pin 9)

This pin can have an optional 0.1, uF capacitor connected to
the ground.

Reference Voltage, VR (Pin 10)

This pin is internally biased at the reference voltage level,
VR; VR = +V§/2 — 650 mV. The DC voltage level at this pin
forms an internal reference for the voltage levels at pin 3, 8,
11 and 12. Pin 10 must be bypassed to ground with a 0.1 uF
capacitor.

R
510K RL 1)
RF AVAVAY. NN—O +Vs
Loop (11) 100K (8)
¢-Detector Q)
————— O
C1 Cg
1 FSK FSK
Input —
P = Comparator Output
reamp
9
@ (12) Internal
10
» vCo (10) | Reference
0.1 uF ¢
R J—
14 Q ¢, @ (13 0 Q
Input I 9 0.1 uF O (6)
Signal - - Lock
j Detector
Quad Outputs
- ¢d-Detector
Lock (5)
Detector Q
Comparator

3
RD
100K c
to 470K :I— D

65-2211-02

Figure 1. Generalized Circuit Connection for FSK and Tone Detection
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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 R1 and C1
connected to pin 11 (see Figure 1). 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 detector output is equal to +VR.

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 given by:

1
F,(Hz) = ——
0
ROCO
where Co is the timing capacitor across pins 13 and 14. For
optimum temperature stability Rg must be in the range of
10 k€2 to 100 k€ (see Typical Performance Characteristics).

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

VCO Timing Capacitor (Pins 13 and 14)

VCO frequency is inversely proportional to the external tim-
ing capacitor, Cp, connected across these terminals. Co must
be non-polarized, 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 Ro at pin 12 (see Figure 2).

VCO Free-Running Frequency, Fo

The RC2211 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, the VCO freerunning frequency can be
measured at pin 3 (with CD disconnected) with no input and
with pin 2 shorted to pin 10.

Design Equations

See Figure 1 for Definitions of Components.

1. VCO Center Frequency, Fo:

1

RyCo

F,(Hz) =

10.

Internal Reference Voltage, VR (measured at pin 10)
+Vg
V, = (—--> -650 mV
2
Loop Lowpass Filter Time Constant, t
t=R1C]
Loop Dampening, C:

== ()

1

Loop Tracking Bandwidth, +AF/Fo:

Af/lFo = RO/R1
Tracking

~+——— Bandwidth——————

Af Af

FLL F1 Fo F2 FLH

65-2211-03

FSK Data Filter Time Constant, TF:
TF = RFCF

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):

(-2) (Vg)
k¢ (in volts per radian) = TR
VCO Conversion Gain, Ko is the amount of change in
VCO frequency per unit of DC voltage change at pin 11:
-1

KO (in Hertz per volt) = ————
CoR Vg
Total Loop Gain, KT:

KT (in radians per second per volt)= 2 tK$pKO

Peak Phase Detector Current, IA:

Vr

I, (mA) = 73
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Pin Assignments
+Vs =] TUE [T = Timing Capacitor
Input =[] |2 13| [[J= Timing Capacitor
Lock Detector Filter = T| |3 12| [[}= Timing Resistor
GND =LT| |4 11| [[= Loop ¢-Detector
Q ={I] |5 10| [[= Reference Voltage Output
Q =II]|® 9| = Reference Bypass
FSK Data Output = ]| _8) [T'= FSK Comparator Input
65-2211-04
Absolute Maximum Ratings
Parameter Min Max Unit
Supply Voltage -20 +20 \%
Input Signal Level 3 VRMS
Storage Temperature Range -65 +150 °C
Operating Temperature Range RM2211D -55 +125 °C
RV2211N -25 +85 °C
RC2211N -0 +70 °C
Junction Temperature PDIP +125 °C
CerDIP +175 °C
Lead Soldering Temperature (60 sec.) +300 °C
Max. Pp TA<50°C PDIP 468 mw
CerDIP 1042 mw

Thermal Characteristics

Parameter 14 Lead Plastic DIP 14 Lead Ceramic DIP
Therm. Res 63C — 60°C/W
Therm. Res. 6JA 160°C/W 120°C/W

For Ta > 50°C Derate at 6.5 mwW/°C 8.33 mw/°C






RC2211

PRODUCT SPECIFICATION

Electrical Characteristics
(Test Conditions +Vs = +12V, Ta +25°C, RO = 30 kR, CO = 0.033 uF. See Figure 1 for component designations.)

RV/RM2211 RC2211

Parameters Test Conditlons Min | Typ | Max | Min | Typ | Max | Units
General
Supply Voltage? 45 20 45 20 v
Supply Current Ro = 10 kQ 4.0 9.0 5.0 11 mA
Oscillator
Frequency Accuracy Deviation from fo = 1/RoCo +1.0 | £3.0 +1.0 %
Frequency Stability!
Temperature Coefficient R1=w =20 | =50 +20 ppm/°C
Power Supply Rejection +Vs =12 +1V 0.05| 05 0.05 %IV

+Vs =5 0.5V 0.2 0.2 %/V
Upper Frequency Limit Ro = 8.2 kQ, Cp = 400 pF 100 | 300 300 kHz
Lowest Practical Operating | Ro =2 MQ, Co =50 uF 0.01 0.01 Hz
Frequency?!
Timing Resistor, Ro
Operating Range 5.0 2000 | 5.0 2000 kQ
Recommended Range 15 100 15 100 kQ
Loop Phase Detector
Peak Output Current Measured at pin 11 +150 | £200 | £300 | +100 | £200 | £300 uA
Output Offset Current +1.0 +2.0 uA
Output Impedance 1.0 1.0 MQ
Maximum Swing Ref. to pin 10 +4.0 | £5.0 +4.0 | £5.0 \%
Quadrature Phase Detector
Peak Output Current® Measured at pin 3 100 | 150 150 uA
Output Impedance 1.0 1.0 MQ
Maximum Swing 11 11 VpP-p
Input Preamp
Input Impedance Measured at pin 2 20 20 kQ
Input Signal Voltage 2.0 10 2.0 mVRMS
Required to Cause Limiting3
Voltage Comparator
Input Impedance Measured at pins 3 & 8 2.0 2.0 MQ
Input Bias Current 100 100 nA
Voltage Gain! RL =5.1kQ 55 70 55 | 70 dB
Output Voltage Low Ic =3mA 300 300 mV
Output Leakage Current Vo =12V 0.01 0.01 uA
Internal Reference
Voltage Level Measured at pin 10 4.9 53 57 | 475 | 53 | 5.85 \%
Output Impedance 100 100 Q

Notes:
1. Guaranteed by design.

2. Individual applications may need special circuitry to function at <12V.

3. Sample tested.
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RC2211

Applications
FSK Decoding

Figure 2 shows the basic circuit connection for FSK decod-
ing. With reference to Figures 1 and 2, the functions of
external components are defined as follows: Ro and Co set
the PLL center frequency, R1 sets the system bandwidth, and
C1 sets the loop filter time constant and the loop damping
factor. CF and RF form a one pole post-detection filter for the
FSK data output. The resistor RB (510 k€2) from pin 7 to pin
8 introduces positive feedback across FSK comparator to
facilitate rapid transition between output logic states.

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

+Vs
0.1 uF
if v Co VCO
Fsk | 01uF 1 144 D Fine Tune
2 13
Input 0—1 }— RO
3 12 W
Rx
4 11 R1
RL RC2211 | 0.1wF 5K
+Vg 51K = 5 10 Ai S W E—
—WW\—— |4 9 = c1
FSK Data =
Output —7 8
RF
o—¢
Rs | 100K

65-2211-05
510K Cp

Figure 2. Circuit Connectbn for FSK Decoding

Table 1. Recommended Component Values
for Commonly Used FSK Bands
(see Circuit of Figure 2)

FSK Band Component Values
300 Baud Co =0.039 uF, CF = 0.005 uF
F1=1070Hz | C1=0.01uF, Ro=18kQ
F2=1270Hz | R1=100kQ
300 Baud Co =0.022 uF, CF = 0.005 uF
F1=2025Hz | C1=0.0047 uF, Ro =18 kQ
F2 =2225Hz | R1=200kQ
1200 Baud Co =0.027 uF, CF = 0.0022 uF
F1=1200Hz | C1=0.01uF, Ro=18kQ
F2=2200Hz | R1=30kQ

Design Instructions

The circuit of Figure 2 can be tailored for any FSK decoding
application by the choice of five key circuit components: Ro,
R1, Co, C1 and CF. For a given set of FSK mark and space
frequencies, F1 and F2, these parameters can be calculated as
follows:

1. Calculate PLL center frequency, Fo
_ F, +F,
0T 2

2. Choose a value of timing resistor R0 to be in the range
of 10 kQ to 100 kQ. This choice is arbitrary. The recom-
mended value is Rg = 20 kQ. The final value of Rg ios
normally finetuned with the series potentiometer, RX.

3. Calculate value of Co from Design Equation No. 1 or
from Typical Performance Characteristics:

Co = 1/RoFo

4. Calculate R1 to give a Af equal to the markspace
deviation:

R1 =Ro [Fo/(F1 - F2)]

5. Calculate C1 to set loop damping. (See Design Equation
No. 4)

Normally, € =~ 1/2 is recommended
Then: C1 =Co/4 forT=1/2

6. Calculate Data Filter Capacitance, CF:
For RF =100 kQ2, RB =510 kL2, the recommended value
of CFis:

. 3
C F) = —o
 (in uF) Baud Rate

Note: All calculated component values except RO can be
rounded off to the nearest standard value, and RO can
be varied to fine-tune center frequency through a series
potentiometer, Rx (see Figure 2).

Design Example

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

Step 1: Calculate Fo:
Fo=(1110+1170)(1/2)= 1140Hz

Step 2:  Choose Ro = 20 k€2 (18 k2 fixed resistor in series
with 5 k€ potentiometer)

Step 3: Calculate Co from VCO Frequency vs. Timing
Capacitor: C9 = 0.044uF

Step 4: Calculate R1: R1 =Ro (1140/60) = 380 k<

Step 5: Calculate C1: C1 = Co/4 =0.011 uF

Note: All values except Ro can be rounded off to nearest
standard value.
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FSK Decoding with Carrier Detector

The lock detector section of the RC2211 can be used as a
carrier detector option for FSK decoding. The recommended
circuit connection for this application is shown in Figure 3.
The open-collector lock detector output, pin 6, is shorted to
the data output (pin 7). Thus, the data output will be disabled
at “low” state, until there is a carrier within the detection
band of the PLL, and the pin 6 output goes “high” to enable
the data output.

+Vs
0.1 uF
Lf v Co VCOo
Fsk | 01pF [t 144 D Fine Tune
Inputs O—{ }— 2 13
RO &
3 12 AAA—AAN—3
R
Co 470K —| 4 11 f51oF R o
RC2211 o
5 10 [H i ! —s
= —6 9 = C1 1
51K —7 8 -
. RE
Vs WVVT' 100K
Data L AW
Output j 510K Ce

65-2211-06

Note: Data output is "low" when no carrier is present.

Figure 3. External Connections for
FSK Demodulation with Carrier Detector Capability

The minimum value of the lock detector filter capacitance
CD 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 C1. For most applications,
AFC< AF/2. For RD =470 k<, the approximate minimum
value of CD can be determined by:

CD(uF) = 16/capture range in Hz

With values of Cp that are too small, chatter can be observed
on the lock detector output as an incoming signal frequency
approaches the capture bandwidth. Excessively large values
of CD will slow the response time of the lock detector
output.

Tone Detection

Figure 4 shows the generalized circuit connection for tone
detection. The logic outputs, Q and Q 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 becomes reversed to the
duration of the input tone. Each logic output can sink 5 mA
of load current.

+Vs
0.1uF
if L Y Co vCo
ESK 0.1 uF _t‘ Fine Tune
Inputs O—{ }— 2 13
3 12
Co %470K 4 11
RC2211
5 10
= 6 9
7 8
RL1
+Vs
Logic
L Output 5 S Looi
gic
i Q i Outputs ﬂ

65-2211-07

Figure 4. Circuit Connection for Tone Detection

Both logic outputs at pins 5 and 6 are open-collector type
stages, and require external pull-up resistors R[.1 and RL2 as
shown in Figure 4.

With reference to Figures 1 and 4, the function of the
external circuit components can be explained as follows:

R0 and Co set VCO center frequency, R1 sets the detection
bandwidth, C1 sets the lowpass-loop filter time constant and
the loop dampening factor, and RL1 and RL2 are the respec-
tive pull-up resistors for the Q and Q logic outputs.

Design Instructions

The circuit of Figure 4 can be optimized for any tone-detec-
tion application by the choice of five key circuit components:
Ro, R1, Co, C1 and CD. For a given input tone frequency, Fs,
these parameters are calculated as follows:

1. Choose Ry to be in the range of 15 kQ to 100 k2.
This choice is arbitrary.

2. Calculate Co to set center frequency, fo equal to
Fs: Co = 1/RoFs.

3. Calculate R1 to set bandwidth +AF (see Design Equa-
tion No. 5): R1 = Ro(Fo/AF). Note: The total detection
bandwidth covers the frequency range of Fo = AF.

4. Calculate value of C1 for a given loop damping factor:
C1 =Co/16¢2

Normally € = 1/2 is optimum for most tone detector
applications, giving C1 =0.25 CO.

Increasing C1 improves the out-of-band signal rejection,
but increases the PLL capture time.

5. Calculate value of filter capacitor CD. To avoid chatter
at the logic output, with Rp = 4702, CD must be:

CD(UF) = (16/capture range in Hz)

Increasing CD slows the logic output response time.
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Design Examples
Tone detector with a detection band of 1 kHz +20 Hz:

Step 1:

Step 2:
Step 3:

Step 4:

Step 5:

Step 6:

Choose R0 =20 kQ (18 kL2 in series with 5 kQ
potentiometer) .

Choose Co for Fo = 1 kHz: Co = 0.05 uF.
Calculate R1: R1 = (Ro) (1000/20) = 1 MQ.

Calculate C1: for T=1/2,C1 =0.25 uF,
Co=0.013 uF.

Calculate Cp: Cp = 16/38 = 0.42 uF.

Fine tune the center frequency with the 5 kQ
potentiometer. RX.

Linear FM Detection

The RC2211 can be used as a linear FM detector for a wide
range of analog communications and telemetry applications.
The recommended circuit connection for the application is
shown in Figure 5. The demodulated output is taken from the
loop phase detector output (pin 11), through a post detection
filter made up of RF and CF, 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, as shown in
Figure 5.

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

VouTt =R1 VR/100 Rg Volts/% deviation
where VR is the internal reference voltage. For the choice of

external components R1, Ro, Co, C1 and CF, see the section
on Design Instructions.

T O +Vg
0.1 uF
%(8) %(1) I
(10)

0.1 uF —
EM ) =
Input (13) ﬁ
co L°© RC2211 0.1 yF
Sk Tol %)_I
(14) 4 L
@2 @t =
RO
+Vg
= RF
RL | 100k
—O
C1 T CFI Demodulated
= = Ouput

65-2211-08

Figure 5. Linear FM Detector
Using RC2211 and an External Op Amp
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Typical Performance Characteristics
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10
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Figure 10. VCO Frequency vs. Supply Voltage
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Schematic Diagram
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Mechanical Dimensions

14-Lead Ceramic DIP Package

Inches Millimeters

Symbol - - Notes

Min. Max. Min. Max.
A — .200 — 5.08
bl .014 .023 .36 .58 8
b2 .045 .065 1.14 1.65 2
cl .008 .015 .20 .38 8
D — .785 — 19.94 4
E .220 .310 5.59 7.87 4
e .100 BSC 2.54 BSC 59
eA .300 BSC 7.62 BSC 7
L 125 .200 3.18 5.08
Q .015 .060 .38 1.52 3
sl .005 — .13 — 6
o 90° 105° 90° 105°

D |
7 1
TF TP TP TF TP TF TF NOTE 1

b2

Notes:

1.

Index area: a notch or a pin one identification mark shall be located
adjacent to pin one. The manufacturer's identification shall not be
used as pin one identification mark.

The minimum limit for dimension "b2" may be .023 (.58mm) for leads
number 1, 7, 8 and 14 only.

Dimension "Q" shall be measured from the seating plane to the base
plane.

This dimension allows for off-center lid, meniscus and glass overrun.

The basic pin spacing is .100 (2.54mm) between centerlines. Each
pin centerline shall be located within +.010 (.25mm) of its exact
longitudinal position relative to pins 1 and 14.

Applies to all four corners (leads number 1, 7, 8, and 14).

"eA" shall be measured at the center of the lead bends or at the
centerline of the leads when "a" is 90°.

All leads — Increase maximum limit by .003 (.08mm) measured at the
center of the flat, when lead finish applied.

Twelve spaces.
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Mechanical Dimensions (continued)

14-Lead Plastic DIP Package

Inches Millimeters Notes:
Symbol - - Notes 1. Dimensioning and tolerancing per ANSI Y14.5M-1982.
Min. Max. Min. Max. . . .
2. "D" and "E1" do not include mold flashing. Mold flash or protrusions

A — -210 — 5.33 shall not exceed .010 inch (0.25mm).
Al 015 — 38 — 3. Terminal numbers are shown for reference only.
A2 115 195 2.93 4.95 4. "C" dimension does not include solder finish thickness.
B 014 022 .36 -6 5. Symbol "N" is the maximum number of terminals.
Bl .045 .070 1.14 1.78
C .008 .015 .20 .38 4
D 725 .795 18.42 20.19 2
D1 .005 — .13 —
E .300 .325 7.62 8.26
E1 .240 .280 6.10 7.11 2
e .100 BSC 2.54 BSC
eB — .430 — 10.92
L 115 .200 2.92 5.08

14 14 5

1 I
j j

TR

D1 -

-~ B
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Ordering Information

Part Number Package Operating Temperature Range
RC2211N N 0°C to +70°C
RV2211N N -25°C to +85°C
RM2211D D -55°C to +125°C

RM2211D/883B D -55°C to +125°C

Notes:

/883B suffix denotes MIL-STD-883, Par 1.2.1 Compliant Devices

N = 14-Lead Plastic DIP
D = 14-Lead Ceramic DIP

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale.
No representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied.
Raytheon reserves the right to change the circuitry and any other data at any time without notice and assumes no liability for errors.

LIFE SUPPORT POLICY:

Raytheon’s products are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably
be expected to result in personal injury. The user of Raytheon components in life support applications assumes all risk of such use and
indemnifies Raytheon Company against all damages

Raytheon Electronics
Semiconductor Division
350 Ellis Street

Mountain View CA 94043
415968 9211

FAX 415966 7742

12/95 0.0m
Stock#DS20002211
© Raytheon Company 1995







I
FAIRCHILD

e ————————
SEMICONDUCTOR 1

www.fairchildsemi.com

RC2211A

FSK Demodulator/Tone Decoder

Features

» Wide frequency range— 0.01 Hz to 300 kHz

» Wide supply voltage range — 4.5V to 20V

e DTL/TTL/ECL logic compatibility

» FSK demodulation with carrier-detector

* Wide dynamic range—2 mV to 3VRMS

» Adjustable tracking range — £1% to +80%

» Excellent temperature stability — 20 ppm/°C typical

Applications

* FSK demodulation
 Datasynchronization
» Tone decoding

* FM detection
 Carrier detection

Block Diagram

Description

The RC2211A isamonolithic phase-locked loop (PLL)
system especially designed for data communications. Itis
particularly well-suited for FSK modem applications, and
operates over awide frequency range of 0.01 Hz to 300 kHz.
It can accommodate anal og signals between 2 mV and 3V,
and can interface with conventional DTL, TTL and ECL
logic families. The circuit consists of abasic PLL for
tracking an input signal frequency within the passband, a
guadrature phase detector which provides carrier detection,
and an FSK voltage comparator which provides FSK
demodulation. External components are used to indepen-
dently set carrier frequency, bandwidth and output delay.

Loop Filter Data Filter

FSK

} } Data
Output

VCO

¢-Detector
| o
FSK —
Input O |
¢
Preamp
¢-Detector

FSK
Comparator
Lock
:]_L Detector
Outputs
Lock
Lock 65-2211-01
Detector Detector
Filter

Comparator

Rev.1.3.1
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Functional Description

Signal Input (Pin 2)

Theinput signal isAC coupled to this terminal. The internal
impedance at pin 2 is 20 kQ. Recommended input signal
level isin therange of 10 MVRMSto 3VRMS.

Quadrature Phase Detector Output, Q (Pin 3)

This s the high impedance output of the quadrature phase
detector, and isinternally connected to the input of lock
detector voltage comparator. |n tone detection applications,
pin 3 is connected to ground through a parallel combination
of RD and Cp (see Figure 1) to eliminate chatter at the lock
detector outputs. If this tone detector section is not used,
pin 3 can be |eft open circuited.

Lock Detector Output, Q (Pin 5)

Theoutput at pin5isat a“high” state when the PLL isout of
lock and goesto a“low” or conducting state whenthePLL is
locked. It is an open collector output and requires a pull-up
resistor, RL, to +V sfor proper operation. Inthe“low” stateit
can sink up to 5 mA of load current.

Lock Detector Complement, Q (Pin 6)

The output at pin 6 is the logic complement of the lock
detector output at pin 5. This output is & so an open collector
type stage which can sink 5 mA of load current in the low or
“on” state.

FSK Data Output (Pin 7)

This output is an open collector stage which requires a
pull-up resistor, RL, to +V s for proper operation. It can sink
5 mA of load current. When decoding FSK signals the FSK
data output will switch to a“high” or off state for low input
frequency, and will switch to a“low” or on state for high
input frequency. If no input signal is present, the logic state
at pin 7 isindeterminate.

FSK Comparator Input (Pin 8)

Thisisthe high impedance input to the FSK voltage
comparator. Normally, an FSK post detection or datafilter is
connected between thisterminal and the PLL phase detector
output (pin 11). Thisdatafilter is formed by RF and CF of
Figure 1. The threshold voltage of the comparator is set by
the internal reference voltage, VR, available at pin 10.

Reference Bypass (Pin 9)

This pin can have an optional 0.1 uF capacitor connected to
the ground.

Reference Voltage, VR (Pin 10)

Thispinisinternally biased at the reference voltage level,
VR; VR = +Vg/2—-650 mV. The DC voltage level at thispin
forms an internal reference for the voltage levels at pin 3, 8,
11 and 12. Pin 10 must be bypassed to ground with a0.1 uF
capacitor.

RB
510K RL 1)
VMV ANNN—0 +Vs
Loop (8
¢-Detector (7)
——— O
Cr
Input FSK FSK
Pregmp Comparator Output
¢
@ (10) Internal
{ | Reference
0.1 uF ¢ O
R —
(14) 0 o)
Input I 0.1uF O (6)
Signal Lock
j Detector
— Quad Outputs

¢-Detector

@) Lock
RD Detector Q
100K Comparator
to 470K :I— Cp

(©)

65-2211-02

Figure 1. Generalized Circuit Connection for FSK and Tone Detection
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Loop Phase Detector Output (Pin 11)

Thisterminal provides a high impedance output for the loop
phase detector. The PLL loop filter isformed by R1 and C1
connected to pin 11 (see Figure 1). With no input signal, or
with no phase error withinthe PLL, the DC level at pin 11is
very nearly equal to VR. The peak voltage swing available at
the phase detector output is equal to +VR.

VCO Control Input (Pin 12)

V CO free running frequency is determined by external
timing resistor, RO, connected from this terminal to ground.
TheVCO free running frequency, Fo is given by:

=1
Fo(Hz) = RoCo
where Co is the timing capacitor across pins 13 and 14. For
optimum temperature stability Ro must be in the range of

10 kQ to 100 kQ (see Typical Performance Characteristics).

Thistermina isalow impedance point, and isinternally
biased at a DC level equal to VR. The maximum timing cur-
rent drawn from pin 12 must be limited to <3 mA for proper
operation of the circuit.

VCO Timing Capacitor (Pins 13 and 14)

VCO frequency isinversely proportional to the externa tim-
ing capacitor, Co, connected across these terminals. Co must
be non-polarized, and in the range of 200 pF to 10 uF.

VCO Frequency Adjustment

V CO can be fine tuned by connecting a potentiometer, Rx, in
serieswith Ro at pin 12 (see Figure 2).

VCO Free-Running Frequency, Fo

The RC2211A does not have a separate VVCO output termi-
nal. Instead, the VCO outputs are internally connected to the
phase detector sections of the circuit. However, for set-up or
adjustment purposes, the VCO freerunning 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 1 for Definitions of Components.

1. VCO Center Frequency, Fo:

1
Fy(Hz) = —
o(Hz2) R.Co

2. Interna Reference Voltage, VR (measured at pin 10)

+V
Vg = (—)-650mv

3. Loop Lowpass Filter Time Constant, t

Tt=R1C1

4. Loop Dampening, T:

= (|

5. Loop Tracking Bandwidth, +tAF/Fg:

Af/lFo = RO/R1
Tracking

<+— Bandwidth ————

Af Af

| l
FLL F1 Fo F2 FLH

65-2211-03

6. FSK DataFilter Time Constant, TF:
T = RFCE

7. Loop Phase Detector Conversion Gain, K¢ (K¢ isthe
differential DC voltage across pins 10 and 11, per unit
of phase error at phase-detector input):

ko(in volts per radian) = (_Z)nﬂ

8. VCO Conversion Gain, Ko is the amount of changein
V CO frequency per unit of DC voltage change at pin 11:

-1

KO(in Hertz per volt) =
CoR1VR

9. Total Loop Gain, KT:

KT (in radians per second per volt)= 2 tK$K O

10. Peak Phase Detector Current, IA:

VR
|A(mA) = %
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Pin Assignments

+Vs =] |1 :14 [T = Timing Capacitor
Input =[] |2 13| [[= Timing Capacitor
Lock Detector Filter =[] [3 12| [[J= Timing Resistor
GND =] |4 11| [[= Loop ¢-Detector
Q =LT] |5 10| [[}= Reference Voltage Output
Q =I]|® 9| [[= Reference Bypass
FSK Data Output = | 8) [T'= FSK Comparator Input
65-2211-04
Absolute Maximum Ratings
Parameter Conditions Min. Max. Unit
Supply Voltage +20 \%
Input Signal Level 3 VRMS
Storage Temperature Range -65 +150 °C
Operating Temperature Range RV2211A -25 +85 °C
RC2211A 0 +70 °C
Junction Temperature +125 °C
Lead Soldering Temperature (60 sec.) +300 °C
Max. Pp TA<50°C 468 mw
Thermal Characteristics

Parameter 14 Lead Plastic DIP 14 Lead SOIC
Therm. Res. 63A 92°C/W 150°C/W
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Electrical Characteristics
(Test Conditions +Vs = +12V, Ta +25°C, Ro = 30 kQ2, Cp = 0.033 uF. See Figure 1 for component designations.)

RV2211A RC2211A

Parameters Test Conditlons Min. | Typ. | Max. | Min. | Typ . | Max. | Units
General
Supply Voltage? 4.5 20 45 20 \%
Supply Current R0 = 10 kQ 50 | 11.0 5.0 11 mA
Oscillator
Frequency Accuracy Deviation from fg = 1/RoCo 1.0 | £3.0 1.0 | %5 %
Frequency Stability*
Temperature Coefficient R1 = +20 +20 ppm/°C
Power Supply Rejection +Vs =12 =1V 0.05 | 05 0.05 | 05 %IV

+Vs =5 +0.5V 0.2 0.2 %IV
Upper Frequency Limit Ro = 8.2 kQ, Co =400 pF 100 | 300 300 kHz
Lowest Practical Operating | Ro =2 MQ, Co =50 uF 0.01 0.01 Hz
Frequency?!
Timing Resistor, Ro
Operating Range 5.0 2000 | 5.0 2000 ke
Recommended Range 15 100 15 100 ke
Loop Phase Detector
Peak Output Current Measured at pin 11 +150 | =200 | +300 | +100 | =200 | +300 uA
Output Offset Current 1.0 +2.0 uA
Output Impedance 1.0 1.0 MQ
Maximum Swing Ref. to pin 10 +4.0 | £5.0 +4.0 | 5.0 \%
Quadrature Phase Detector
Peak Output Current® Measured at pin 3 100 | 150 150 uA
Output Impedance 1.0 1.0 MQ
Maximum Swing 11 11 Vp-p
Input Preamp
Input Impedance Measured at pin 2 18 18 kQ
Input Signal Voltage Vs = +6V 2.0 1.0 2.0 1.0 MVRMS
Required to Cause Limiting® | f = 1.7 kHz
Voltage Comparator
Input Impedance Measured at pins 3 & 8 2.0 2.0 MQ
Input Bias Current 100 100 nA
Voltage Gain' RL =5.1 kQ 55 70 55 70 dB
Output Voltage Low Ic =3mA 300 300 mV
Output Leakage Current Vo =12V 0.01 0.01 uA
Internal Reference
Voltage Level Measured at pin 10 4.9 5.3 57 | 475 | 53 | 5.85 Y
Output Impedance 100 100 Q

Notes:
1. Guaranteed by design.

2. Individual applications may need special circuitry to function at <12V.

3. Sample tested.




RC2211A

PRODUCT SPECIFICATION

Typical Performance Characteristics

Is (mA)

RO (kQ)

20

15

10

0

1K

100
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Vs (V)

Figure 10. VCO Frequency vs. Supply Voltage
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Applications Discussion

FSK Decoding

Figure 2 shows the basic circuit connection for FSK decod-
ing. With reference to Figures 1 and 2, the functions of
external components are defined as follows: Ro and Co set
the PLL center frequency, R1 setsthe system bandwidth, and
C1 sets the loop filter time constant and the loop damping
factor. CF and RF form a one pol e post-detection filter for the
FSK data output. Theresistor R (510 kQ2) from pin 7 to pin
8 introduces positive feedback across FSK comparator to
facilitate rapid transition between output logic states.

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

+Vsg
0.1 uF
if Y Co VCO
ESK 0.1 uF _1 Fine Tune
2 13
Input O—{ }— Ro
3 12 AM—ANM—
Rx
4 11 R
RL RC2211A | 0.1 uF 1 s
+Vg 51K — 5 10 4@ ' —s
O—VWV 6 9 — Ci1
FSK Data =
Output —17 8
RF
o—¢
Re | 100K

65-2211-05
510K Cp

Figure 2. Circuit Connection for FSK Decoding

Table 1. Recommended Component Values
for Commonly Used FSK Bands
(see Circuit of Figure 2)

FSK Band Component Values
300 Baud Co0 =0.039 uF, CF =0.005 uF
F1=1070Hz | C1=0.01 uF, Ro =18 kQ
F2=1270Hz | R1 =100 kQ
300 Baud Co =0.022 uF, CF =0.005 uF
F1=2025Hz | C1=0.0047 uF, Ro =18 kQ
F2=2225Hz | R1 =200 kQ
1200 Baud Co =0.027 uF, CF =0.0022 uF
F1=1200Hz | C1=0.01uF, Ro= 18 kQ
F2=2200Hz | R1=30kQ

Design Instructions

Thecircuit of Figure 2 can be tailored for any FSK decoding
application by the choice of five key circuit components: Ro,
R1, Co, C1 and CF. For agiven set of FSK mark and space
frequencies, F1 and F2, these parameters can be calculated as
follows:

1. Cadculate PLL center frequency, Fo
Fi+F,
FO = 1_2-

Choose avalue of timing resistor R to be in the range
of 10 kQ to 100 kQ. This choiceis arbitrary. The recom-
mended value is Ro = 20 kQ. Thefinal value of Ro ios
normally finetuned with the series potentiometer, Rx.

Calculate value of Co from Design Equation No. 1 or
from Typical Performance Characteristics:

Co = /RoFo

4. Cdculate R1 to give a Af equal to the markspace
deviation:

R1 = Ro [Fo/(F1 - F2)]

5. Calculate C1 to set loop damping. (See Design Equation
No. 4)

Normally, T = 1/2 is recommended
Then: C1=Co/4forC=1/2

6. Calculate DataFilter Capacitance, CF:
For RF =100 kR, R =510 kQ2, the recommended value
of CFis:

3

CrlinuF) = Baud Rate

Note: All calculated component values except Ro can be
rounded off to the nearest standard value, and Ro can
be varied to fine-tune center frequency through a
series potentiometer, Rx (see Figure 2).

Design Example

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

Step 1. Calculate Fo:
Fo=(1110+1170)(1/2)= 1140Hz

Step 2:  Choose Rp = 20 kQ (18 k< fixed resistor in series

with 5 kQ potentiometer)

Step 3:  Calculate Co from VCO Frequency vs. Timing

Capacitor: Cg = 0.044uF

Step 4: Calculate R1: R1 = Ro (1140/60) = 380 k2

Step 5. Calculate C1: C1=Cop/4=0.011 uF

Note: All values except Ro can be rounded off to nearest
standard value.
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FSK Decoding with Carrier Detector

The lock detector section of the RC2211A can be used asa
carrier detector option for FSK decoding. The recommended
circuit connection for this application is shown in Figure 3.
The open-collector lock detector output, pin 6, is shorted to
the data output (pin 7). Thus, the data output will be disabled
at “low” state, until thereisacarrier within the detection
band of the PLL, and the pin 6 output goes “high” to enable
the data outpuit.

+Vs
0.1 uF
j 1 ¥ 14 COD veo
ESK 0.1 uF 4 Fine Tune
Inputs H }— 2 13
RO £
3 12 —
Co Rx
%470K 4 11 R1
Rc2211A  |0-1uF 5K
5 10 Hp 4 —os
= — 6 9 = C1 1
51K —17 8 - N
. RE
Vs WVVT' 100K
Data AMA—e—] |
Outpu'[f)L 510K Cr i

65-2211-06

Note: Data output is "low" when no carrier is present.

Figure 3. External Connections for
FSK Demodulation with Carrier Detector Capability

The minimum value of the lock detector filter capacitance
Cp isinversely proportional to the capture range, +Afc.
Thisisthe range of incoming frequencies over which the
loop can acquire lock and is aways less than the tracking
range. It isfurther limited by C1. For most applications,
AFc< AF/2. For RD = 470 kQ, the approximate minimum
value of Cp can be determined by:

Cp(uF) = 16/capture range in Hz

With values of Cp that are too small, chatter can be observed
on the lock detector output as an incoming signal frequency
approaches the capture bandwidth. Excessively large values
of Cp will slow the response time of the lock detector
output.

Tone Detection

Figure 4 shows the generalized circuit connection for tone
detection. The logic outputs, Q and Q at pins 5 and 6 are
normally at “high” and “low” logic states, respectively.
When atoneis present within the detection band of the PLL,
the logic state at these outputs becomes reversed to the
duration of the input tone. Each logic output can sink 5 mA
of load current.

+Vs
0.1 uF
= . Y co VCOo
ESK 0.1 uF _t‘ Fine Tune
Inputs H }— 2 13
RO i
3 12 NN VVN—
Co Rx
4 11 R
470K RC2211A [0.1uF bosk
5 10 H }1 F .
= 6 9 = C1 1
7 8 +V N
RL1 s
+Vs RL2
Logic
L output jQ S Logic
= éi Outputs J L

65-2211-07

Figure 4. Circuit Connection for Tone Detection

Both logic outputs at pins 5 and 6 are open-collector type
stages, and require external pull-up resistors RL1 and RL2 as
shown in Figure 4.

With reference to Figures 1 and 4, the function of the
external circuit components can be explained as follows:

Ro and Cp set VCO center frequency, R1 sets the detection
bandwidth, C1 sets the lowpass-loop filter time constant and
the loop dampening factor, and RL1 and R 2 are the respec-
tive pull-up resistors for the Q and Q logic outputs.

Design Instructions

The circuit of Figure 4 can be optimized for any tone-detec-
tion application by the choice of five key circuit components:
Ro, R1, Co, C1 and Cp. For agiven input tone frequency, Fs,
these parameters are calculated as follows:

1. Choose Roto bein therange of 15 kQ to 100 kQ.
This choiceis arbitrary.

2. Cdlculate Co to set center frequency, fo equal to
Fs: Co = 1/RoFs.

3. Calculate R1 to set bandwidth +AF (see Design Equa-
tion No. 5): R1 = Ro(Fo/AF). Note: The total detection
bandwidth covers the frequency range of Fo = AF.

4. Cadculate value of C1 for agiven loop damping factor:
C1=Co/16¢2

Normally T = 1/2 is optimum for most tone detector
applications, giving C1 = 0.25 CO.

Increasing C1 improves the out-of-band signal rejection,
but increases the PLL capture time.

5. Calculate value of filter capacitor Cp. To avoid chatter
at the logic output, with RD = 470Q, Cp must be:

CD(uF) = (16/capture range in Hz)

Increasing Cp slows the logic output response time.
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Design Examples
Tone detector with a detection band of 1 kHz +20 Hz:

Step 1: Choose Ro = 20 kQ2 (18 kQ in serieswith 5 kQ

Step 2:
Step 3:

Step 4:

Step 5:

Step 6:

potentiometer) .
Choose Co for Fo = 1 kHz: Co=0.05 uF.
Caculate R1: R1 = (Ro) (1000/20) =1 MQ.

Calculate C1: for £ = 1/2, C1 = 0.25 uF,
Co=0.013 uF.

Calculate Cp: Cp = 16/38 = 0.42 uF.

Fine tune the center frequency with the 5 kQ
potentiometer. Rx.

Linear FM Detection

The RC2211A can be used asalinear FM detector for awide
range of analog communications and telemetry applications.
The recommended circuit connection for the applicationis
shown in Figure 5. The demodulated output is taken from the
loop phase detector output (pin 11), through a post detection
filter made up of RF and CF, 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, as shown in
Figure5.

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

VouT = R1VR/100 Ro Volts/% deviation
where VR isthe internal reference voltage. For the choice of

external components R1, Ro, Co, C1 and CF, see the section
on Design Instructions.

O +V
% % Los uF °
0.1 uF @ ® |@ 10) g

FM

Input (13)
Co L RC2211A 0.1 uF
ck o]

(14) 4

Demodulated
Ouput

65-2211-08

Figure 5. Linear FM Detector
Using RC2211A and an External Op Amp
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Mechanical Dimensions

14-Pin SOIC Package

Inches Millimeters
Symbol Notes
Min. Max. Min. Max.
A .053 .069 1.35 1.75
Al .004 .010 0.10 0.25
B .013 .020 0.33 0.51
C .008 .010 0.19 0.25 5
D .336 .345 8.54 8.76 2
E .150 .158 3.81 4.01 2
e .050 BSC 1.27 BSC
H 228 244 5.79 6.20
h .010 .020 0.25 0.50
L .016 .050 0.40 1.27 3
N 14 14 6
o 0° 8° 0° 8°
cce — .004 — 0.10
14 8
HEHHAHE
T
E H
© !
FHEEAAE
1 7 -
4 D |
| \ Al
A HIFET J_
I H I seaTinG [—c-—
—»| |— B PLANE

)

NG

Notes:

1.
2.

o g kM w

Dimensioning and tolerancing per ANSI Y14.5M-1982.

"D" and "E" do not include mold flash. Mold flash or protrusions
shall not exceed .010 inch (0.25mm).

"L" is the length of terminal for soldering to a substrate.
Terminal numbers are shown for reference only.

"C" dimension does not include solder finish thickness.
Symbol "N" is the maximum number of terminals.

C
53
4
LEAD COPLANARITY L

10
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Mechanical Dimensions (continued)

14-Lead Plastic DIP Package

Inches Millimeters Notes:
Symbol - - Notes 1. Dimensioning and tolerancing per ANSI Y14.5M-1982.
Min. Max. Min. Max. X K .
2. "D"and "E1" do not include mold flashing. Mold flash or protrusions
A - 210 - 5.33 shall not exceed .010 inch (0.25mm).
Al 015 — -38 — 3. Terminal numbers are shown for reference only.
A2 115 195 2.93 4.95 4. "C" dimension does not include solder finish thickness.
B 014 .022 36 .56 5. Symbol "N" is the maximum number of terminals.
B1 .045 .070 1.14 1.78
[ .008 .015 .20 .38 4
D .725 795 18.42 20.19 2
D1 .005 — .13 —
E .300 .325 7.62 8.26
El .240 .280 6.10 7.11 2
e .100 BSC 2.54 BSC
eB — 430 — 10.92
L 115 .200 2.92 5.08
N 14 14 5

1 @&&5&&@‘
7 | d

TRTATATATAT)

D1 -

11



RC2211A

PRODUCT SPECIFICATION

Ordering Information

Part Number Package Operating Temperature Range
RC2211AN 14-Lead Plastic DIP 0°C to +70°C
RC2211AM 14-Lead Plastic SOIC 0°C to +70°C
RV2211AN 14-Lead Plastic DIP -25°C to +85°C
RV2211AM 14-Lead Plastic SOIC -25°C to +85°C

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the

user.

www.fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

5/20/98 0.0m 001
Stock#DS30002211A
© 1998 Fairchild Semiconductor Corporation
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RC2798

Integrated QAM IF Downconverter

Features

* RFinput frequency range 30 to 250MHz
* On chipVCO with LO frequency range 30 to 250MHz

e |IF amplifier with AGC setting
 High dynamic range -9dBm |1P3
* On chipVideo Amplifier
 Builtin ESD protection

» Supply voltagerange5to 10V

* Space saving 20-Lead TSSOP package

Applications

 Digital Set-top receivers

» Cable modems

 Internet surfboards

» Network Interface Modules
» Multimedia PCs

Block Diagram

AGC_IN1
AGC_IN2
VAGC
VCC MIX
0SC_OuUT
GND

B2

c1

c2

Bl

Description

The RC2798 is an integrated solution for the down-
conversion of QAM IF signalsin the front-end design of
cable modem and set-top receivers. It isintended for usein
64QAM and 256QAM IF downconversion applications.
The RC2798 integrates | F amplifier with AGC , mixer, VCO,
and avideo amplifier on asingle chip. It acceptsthe QAM IF
signals via SAW filter and downconvertsit to SMHz
baseband signal.

The baseband signal can be digitized using Fairchild
Semiconductor’s 8 bit A/D (TMC1175 series) or 10bit A/D
(TMC1185 series) and decoded further with a QAM
demodulator. The IF, Oscillator and Mixer section work at
5V. The video amplifier works at 5V to 10V. The RC2798 is
availablein a 20 Lead TSSOP package.
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RC2798
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RC2798 PRODUCT SPECIFICATION

Absolute Maximum Ratings (Ta = 25°C unless otherwise specified)

Parameter | Test conditions | Min. | Typ. | Max. | Unit
Video Amplifier 5V Operation
Vcc_Mix | Supply voltage 1 (for AGC amplifier, | AGC amplifier, oscillator, 6 \%
oscillator, and mixer) and mixer block
VccVamp | Supply voltage 2 ( for video Video amplifier block 6 \%
amplifier)
PD Power dissipation Ta = 85°C? 430 mw
TA Operation temperature range -40 +85 °C
Tstg Storage temperature range -55 +150 °C
Video Amplifier 9V Operation
Vce_Mix | Supply voltage 1 (for AGC amplifier, | AGC amplifier, oscillator, 6 \%
oscillator, and mixer) and mixer block
VccVamp | Supply voltage 2 ( for video Video amplifier block 11 \%
amplifier)
PD Power dissipation Ta = 75°Ct 500 mw
TA Operation temperature range -40 +75 °C
Tstg Storage temperature range -55 +150 °C
Notes:

1. Mounted on 50 X 50 X 1.6mm double epoxy glasss board.

Recommended Operating Range

Parameter Min. Typ. Max. Unit
Vcec_Mix | Supply voltage 1 (for AGC amplifier, oscillator, 4.5 5.0 5.5 Y,
and mixer)
VccVamp | Supply voltage 2 ( for video amplifier) 4.5 5.0 10.0 Vv
Tal Operation temperature range 1t -40 +25 +85 °C
Ta2 Operation temperature range 22 -40 +25 +75 °C
Notes:

1. @ Vcc_Mix = VecVamp = 4.5 to 5.5V
2. @ Vec_Mix = 4.5t0 5.5V, VecVamp = 4.5 to 10.0V




PRODUCT SPECIFICATION RC2798
Electrical Characteristics (ta=25°C)
Parameter Test conditions Min. Typ. Max. Unit
AGC Amplifier, Oscillator, and Mixer Blocks (Vcc = 5V)
Iccl Supply current 1 no input signal 17.0 23.0 31.0 mA
fRF RF input frequency range 30 250 MHz
fosc OSC frequency range 30 250 MHz
fiIF IF output frequency range DC 150 MHz
CGMAX | Maximum conversion gain VAGC = 4.0V 25 dB
CGMIN | Minimum conversion gain VaAGC = 1.0V -7 dB
GCR AGC dynamic range VaGC =1.0to 4.0V 24 32 40 dB
NF Noise figure SSB, VAGC = 4.0V 9 dB
At maximum gain
VAGC H | AGC voltage high level At maximum gain 4.0 \%
Vagc L | AGC voltage low level At minimum gain 1.0 \%
Video Amplifier Block (Vcc = 5V)
Icc2 Supply current 2 No input signal 7.0 12.5 17.0 mA
VouT Output voltage RL = 1KQ, differential 3.0 Vp-p
Gl Differential gain 1 G1A-G1B pins: short, 150 200 250 VIV
VouT = 3Vp-p
G2 Differential gain 2 G1A-G1B pins: open, 22.0 26.0 30.0 VIV
Vourt = 3Vp-p
Video Amplifier Block (Vcc = 9V)
Icc2 Supply current 2 no input signal 18.0 24.0 32.0 mA
VouT Output voltage RL = 1KQ, differential 3.0 Vp-p
Gl Differential gain 1 G1A-G1B pins: short, 300 385 470 VIV
RL = 2KQ
G2 Differential gain 2 G1A-G1B pins: open, 25.0 28.5 32.0 VIV
RL = 2KQ
Video Amplifier Block (Vcc =5V or 9V)
BWG1 Bandwidth 1 Gl 50 MHz
BWG2 | Bandwidth 2 G2 50 MHz
Rinl Input resistance 1 Gl 3.5 KQ
Rin2 Input resistance 2 G2 7.5 KQ
Cin Input capacitance 1.6 pF
Standard Characteristics (vcc =5V, Ta = 25°C)
Parameter | Test conditions | Min. | Typ. | Max. | Unit
AGC Amplifier Block (Vcc = 5V)
AGC IIP3 | AGC input intercept point At minimum gain -9 dBm
(AGC amplifier + mixer)
Video Amplifier Block (Vcc =5V or 9V)
CMRR Common mode rejection ratio 80 dB
PSRR Power supply rejection ratio 70 dB
Tr Rise time 2.6 ns
TPD Propagation delay time 4.4 nS
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Typical Characteristics
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10nF  AGC_IN1 RC2798 GND
| 1 | 20
[ |
RF input
AGC_IN2 MIX_OUT2 10nF MIX OUT
51 | 2] 19 { 1 O
10nF AGC + MIX
1K
10K VAGC MIX_OUT1
O 1 3 18 |
VAGC (1.0-4.0
( V) 0.22uF 10K 10nF < 4
Vee_Mix(+5V) FB VCC MIX GlA
O ‘ My {4 ] [ 17]
* [ o1ur |+ [0.10F
10uF 10uF
0Sc_ouT G1B
O [ 5] 16 ]
Oscillator O/P 10nF
GND Vampinl
6 15
o N
B2 Vampln2
—=
{7 ] g EEE
10nF L
{9 c1 VecAmp
[8 ] [ 13 ]
c2 /\/ A ouT1
9 12
Ext. LO I/P B1 VldeOAmp ouT2
I (10 11 ]
51 10nF

Figure 3. Measurement Circuit 1—AGC + MIX Block




RC2798 PRODUCT SPECIFICATION

AGC_IN1 RC2798 GND
1 20
AGC_IN2 >< MIX_OUT2
2 19
AGC + MIX
VAGC MIX_OUT1
[ | [ 18]
VCC MIX G1A
(4] [ 17 ]
OSC_OouT G1B
5 16
GND Vampinl 0.01pF
5 15 | | (O Vampinl
o /N o
B2 Vampln2 0.01uF
7 14 Il (OVamplin2
c1 VecAmp FB Vecvamp
31 . YT,
(8] | | 13 | + To1uF T O (+5 or +9V)
10uF 10uF 0.1uF
c2 &Y A outt " "
9 12 |—|
Il QO ouT1
VideoAmp 10nF
Bl ouT2
(10 | [ 11 ] 1 QO ouT2
10nF

Figure 4. Measurement Circuit 2—Video Amplifier Block




RC2798

PRODUCT SPECIFICATION

ISCUSSION

Applications D

417°0 03 GTO 9bueyd pue ‘9zd ‘91D ‘81D ‘LT PEO) Jou Op ‘Auo 4

'6TO peoj jou op ‘i

|dwe oapiA Buisn o4
dwe 03pIA UM UOISSAUOD UMOP 104
"8TY pue ‘LTY ‘9TYH ‘ST ‘2A ‘TA ‘€1 ‘€€D ‘2€D ‘TED ‘0€D ‘62D ‘82D PeO| Jou 0p ‘(ODA) uond3(ul [eudixa o4
‘0TO pue ‘6D peo| Jou op ‘uol

ano
ano
ano
66
€Ty ano
_ MO'T z
dLlzLno
Ty d/ 01 °Lx3 T 4dooot
ano El
aNo et aNo
4doot 4110 .
~ D00A dL
Lno ag 820 oz
010
D00A
ano ano
41700) | .
ano u:o%ﬁo ot]tzo ON© son) | éno 18 o7 1
e e 4dst
10 €20 411°0|020 41700 | no 2 |zea T 1Nd1NO YOV 11I0SO
veo) I et 6 Ldor 1100y |
NI A6+
zd 6+ zad dwiyoop 1o 8 anos ano 8! _
€T Bt ano H rw\ ans 1n0"2s0
%INT iTo" R
41700 €0 4rot
vi zujdurep 29 -~—e YT 2ot % JiT0
810 d T / 4170 + NI AS+
ano 8y ano 428 —~ adat ano L0 o a4 Ll
ano » 920 ¢ Tuduwrep dNo L
4dzg ST 9 ans Tad o 1d
. Mm , %TIT a0y STO ato LNO-950 (AO'¥ - 0'T) LNdNI TOYLNOD NIVD
41100 ™ 110) 9T S Yot
d1 ZNIdINVA 1z 0|
T zd ano _
¥ Y %T 002 | V19 XIN DDA [ SOT A NIVO™NI
ed €D ano
Twﬁ TLNO XIN J9VA [ . . € ano
969X
_ _ duoT Y | )
-1nO NI
bsz{2noxam  znimoov -7 | - 2
_ duoT Y |
L +1N0 +NI
aB 52| AN INITO9V [ o 107 | g
86.20Y GILTEMYS 1ndNi i
4

Figure 5. Application Circuit




RC2798

PRODUCT SPECIFICATION

Crystal Oscillator Implementation
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Overtone Mode—Series Resonant XTL

If it isdesired to operate a X TL at non-fundamental or
overtonefregquency, an AC coupled parallel resonant network
should be connected to feedback input pin, B1. The typical
impedance looking into B1 with B2 AC grounded is approxi-
mately Rin =1KQ @ 38MHz. It is recommended to design
the value of Qo at approximately 15 to 25. The Lo and Co
values can be calculated from the following equations:

Qo =wp CoRin
wo=2x fo=(1/LoCo)Y?

The XTL isaseries resonant type and it is operated at third
overtone frequency.

AGC_IN1 RC2798 GND
[ Eﬂ
AGC_IN2 >< MIX_OUT2
2 19
VAGC MIX_OUT1
3 18
+5V VCC MIX G1A
17
L1MF RN
10uF
Oscmator oP OSC_ OUT G1B
16
GND Vamplinl
?E /\ 5
B2 Vampln2
220pF
;; C1 VccAmp
e 131
c2 :@ ouT1
9 12
Cc
15pF for Fundamentall
2pF for Overtone Bl ouT2
—
10 11
XTL L
1

38.886 MHz
Parallel Resonant g

Figure 8. Fundamental or Overtone Mode—~Parallel Resonant XTL

Fundamental or Overtone Mode— Parallel
Resonant XTL

Figure 8 showstheimplemenation of parallel resonant XTL at

fundamental or overtone frequency. The XTL isaparallel
resonant type and can be operated at either fundamental or
third overtone frequency depending upon the feedback
capacitor, Cc. When used with Cal Crystal Lab’s XTL,
P/N#CCL-6-38.8860G153, for Cc = 15pF it operates at
fundamental mode and for Cc = 2pF, it operates at third
overtone mode (38.886MHz).

For symmetrical reasons, the following design is recom-
mended for better duty cycle (50 to 50%) output from VCO
(seeFigure 9).
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Package Dimensions
20-pin TSSOP package

Inches Millimeters Notes:
Symbol - - Notes 1. Dimensioning and tolerancing per ANSI Y14.5M-1982.
Min. Max. Min. Max. i
2. "D"and "E1" do not include mold flash. Mold flash or
A - 047 - 120 protrusions shall not exceed .010 inch (0.25mm).
Al 002 -006 0.05 0.15 3. "L"is the length of terminal for soldering to a substrate.
A2 031 041 0.80 1.05 4. Terminal numbers are shown for reference only.
B 007 | 012 | 019 | 030 > 5. "B" & "C" dimensions include solder finish thickness.
c 004 .008 0.09 0.20 5 6. Symbol "N" is the maximum number of terminals.
D .250 257 6.40 6.60 2,4
E .240 .264 6.10 6.70
E1l .168 176 4.30 4.50
e .026 BSC 0.65 BSC
L .018 .029 0.45 0.75 3
N 20 20 6
0° 10° 0° 10°
cce — .004 — 0.10
D

} seating [—c-] OL‘\_.| -t T

PLANE | EAD COPLANARITY

(= cce]c]

11
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Ordering Information

Product Number Package
RC2798G 20 pin TSSOP

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

5/20/98 0.0m 001
Stock#DS30002798
© 1998 Fairchild Semiconductor Corporation
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RC2951

Adjustable Micropower Voltage Regulator

Features

 High accuracy output voltage

» Guaranteed 100 mA output current

o Extremely low quiescent current

» Extremely tight load and line regulation
* Requiresonly a 1.0uF output capacitor for stability
* Interna Current and Thermal Limiting
« Error flag warns of output dropout

* Logic-controlled electronic shutdown

» Output programmable from 1.24 to 29V
» Fixed 3.3V version available

» 8lead SOIC package

Block Diagram

Description

The RC2951 is a voltage regulator specifically designed to
maintain proper regulation with a very low dropout voltage
(Typ. 40mV at light loads and 380 mV at 100mA). It hasa
low quiescent bias current of 75uA and is capable of supply-
ing output currents in excess of 100mA. It hasinternal cur-
rent and thermal limiting protection. The output can be
programmed from 1.24V to 29V with two externa resistors.
A fixed output voltage (3.3V) isaso available.

The error flag output can be used as power-on reset for
warning of alow output voltage. The Shutdown input feature
allows alogic level signal to turn on and off the regulator
output. The RC2951 isideally suited for battery powered
computer, consumer, and industrial equipment where an
extension of useful battery lifeis desirable. The RC2951 is
availablein an 8-pin SOIC package.

Vout
Unregulated DC IL =100 mA
I @—»
7 | 8 1]
+
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— == ==| Input |- Output [~===-3
= Back npu Utpu :
T ’
— ! L2
— 1
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. Error 1 6 .
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From ‘ Amplifier v | | — . See Application
Shut TAP i i
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. : 5 330kQ
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1
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1
1
--------------------- \X ======-=1 Ground
Error Detection Comparator

Rev.0.9.3

PRELIMINARY INFORMATION describes products that are not in full production at the time of printing. Specifications are based on design goals
and limited characterization. They may change without notice. Contact Fairchild Semiconductor for current information.
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Pin Assignments
8 Lead SOIC Package

Output 1lo 8 Input
Sense 2 7 Feedback
Shutdown 3 6 V1ap
Ground 4 5 Error
Top View
Absolute Maximum Ratings
Power Dissipation Internally Limited
Lead Temp. (Soldering, 5 seconds) 260°C
Storage Temperature Range —65° to +150°C
Operating Junction Temperature Range® -55° to +150°C
Input Supply/Voltage —0.3 to +30V
Feedback Input Voltage?3 —1.5to +30V
Shutdown Input Voltage? —-0.3 to +30V
Error Comparator Output Voltage2 —0.3 to +30V

Notes:
1. Junction to ambient thermal resistance for the S.O. (M) package is 160°C/W.

2 May exceed input supply voltage.

3. When used in dual-supply systems where the output terminal sees loads returned to a negative supply, the output voltage

should be diode-clamped to ground.

Electrical Characteristics
The » denotes that the limits apply at temperature extremes.

Parameter Conditions?® Typ. Tested Limit? Units
Output Voltage T;=25°C 5.0 5.025 V max
(RC2951M) 4.975 V min
-25°C =T;=85°C 5.0 V max
V min
Full Operating Temperature . 5.0 5.06 V max
Range . 4.94 V min
Output Voltage 100uA = I = 100mA . 5.0 5.075 V max
(RC2951M) Ty = Tyuax . 4.925 V min
Output Voltage T;=25°C 3.3 3.317 V max
(RC2951M-3.3) 3.284 V min
-25°C = T;=85°C 3.3 V max
V min
Full Operating Temperature . 3.3 3.340 V max
Range . 3.260 V min
Output Voltage 100pA < I < 100mA . 3.3 3.346 V max
(RC2951M-3.3) T; = Tivax . 3.254 V min
Output Voltage Temperature . 20 120 ppm/°C
Coefficient’




PRODUCT SPECIFICATION RC2951
Electrical Characteristics (continued)
The » denotes that the limits apply at temperature extremes.
Parameter Conditions?® Typ. Tested Limit? Units
Line Regulation® 10 (VoNOM + 1)V = Vj, = 20V 0.03 0.1 % max
0.5 % max
Load Regulation® 100 pA < I =100 mA 0.08 0.2 % max
0.4 % max
Dropout Voltage® I =100 uA 50 80 mV max
150 mV max
I_ =100 mA 380 500 mV max
700 mV max
Ground Current IL =100 pA 75 120 wA max
140 uA max
IL =100 mA 8 14 MA max
15 MA max
Dropout Ground Current Vin = (VoNOM - 0.5)V 110 250 uwA max
I_ =100 pA 300 wA max
Current Limit Vout=0 160 200 MA max
220 mMA max
Thermal Regulation® 0.05 0.2 %/W max
Output Noise, C_ =1 uF (5V Only) 430 uV rms
10 Hz to _
100 KHz C_ =200 uF 160 uV rms
C_=33uF 100 uv rms
(Bypass = 0.01 uF
Pins 7 to 1 (RC2951)
Reference Voltage 1.235 1.25 V max
1.26 V max
1.22 V min
1.2 V min
Reference Voltage® 1.27 V max
1.19 V min
Feedback Pin Bias Current 20 40 nA max
60 nA max
Reference Voltage 20 ppm/°C
Temperature Coefficient’
Feedback Pin Bias Current 0.1 nA/°C
Temperature Coefficient
Error Comparator
Output Leakage Current Von = 30V 0.01 1 uA max
2 wA max
Output Low Voltage Vin = (VoNOM - 0.5)V 150 250 mV max
loL =400 uA 400 mV max
Upper Threshold Voltage? 60 40 mV min
25 mV min
Lower Threshold Voltage® 75 95 mV max
140 mV max
Hysteresis® 15 mv

uolyewJdoju] Areuiwijaid
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Electrical Characteristics (continued)
The » denotes that the limits apply at temperature extremes.

Parameter | Conditions?® | Typ. | Tested Limit? Units
Shutdown Input
Input Logic Voltage 1.3 Vv
Low (Regulator ON) . 0.6 V max
High (Regulator OFF) . 2.0 V min
Shutdown Pin Input Current Vshutdown = 2.4V 30 50 uA max
. 100 wA max
Vshutdown = 30V 450 600 uA max
. 750 wA max
Regulator Output 3 10 uA max
Current in Shutdown® . 20 uA max
Notes:
1. Unless otherwise specified all limits guaranteed for T; - 25°C, Vj, = (VoNOM + 1)V, I, = 100uA and C| = 1 uF for 5V

1

versions, and 2.2 uF for 3V and 3.3V versions. Additional conditions for the 8-pin versions are Feedback tied to V1ap,

Output tied to Output Sense and Vghyigown < 0.8V.

Guaranteed and 100% production tested.

Dropout Voltage is defined as the input to output differential at which the output voltage drops 100 mV below its nominal value

measured at 1V differential. At very low values of programmed output voltage, the minimum input supply voltage of 2V (2.3V

over temperature) must be taken into account.

Comparator thresholds are expressed in terms of a voltage differential at the Feedback terminal below the nominal

reference voltage measured at Vi, = (VoNOM + 1)V. To express these thresholds in terms of output voltage change, multiply

by the error amplifier gain = Vy,/Vet = (R1 + R2)/R2. For example, at a programmed output voltage of 5V, the Error output

is guaranteed to go low when the output drops by 95 mV x 5V/1.235V = 384 mV. Thresholds remain constant as a percent

of Vgt @s Vgt is varied, with the dropout warning occurring at typically 5% below nominal, 7.5% guaranteed.

Viet < Vout = (Vin— 1V), 2.3V = Vj, = 30V, 100uA < I =100 mA, T; = Tyyax-

Vshutdown = 2V, Vi, = 30V, Vg = 0, Feedback pin tied to V1pp.

Output or reference voltage temperature coefficient is defined as the worst case voltage change divided by the total

temperature range.

. Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, ex-

cluding load or line regulation effects. Specifications are for a 50 mA load pulse at V,y = 30V (1.25W pulse) for

T=10ms.

Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage

due to heating effects are covered under the specification for thermal regulation.

0. Line regulation for the RC2951 is tested at 150°C for I_ =1 mA. For I_ = 100 pA and T; = 125°C, line regulation is guaranteed
by design to 0.2%. See Typical Performance Characteristics for line regulation versus temperature and load current.
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Applications Discussion

The RC2951 regulator is designed with internal current lim-
iting and thermal shutdown. It is not internally compensated
and requires a 1.0uF (or greater) capacitor between the out-
put terminal and ground for stability. At lower output volt-
ages, more capacitanceis required (2.2uF or moreis
recommended for 3V and 3.3V versions) for stability. Most
types of auminum, tantalum or multilayer ceramic capaci-
tors will perform adequately. Solid tantalums or appropriate
multilayer ceramic capacitors are suggested for operation
below 25°C. At lower values of output current, |ess capaci-
tance is needed to maintain stability at output. The capacitor
at the output can be reduced to 0.33uF for currents less that
10mA, or 0.1uF for currents below 1.0mA.

Using the adjustable versions at voltages below 5V runs the
error amplifier at lower gains so that more output capaci-
tance is needed. For the worst-case situation of a 100 mA
load at 1.23V output (Output shorted to Feedback) a

3.3 uF (or greater) capacitor should be used.

When setting the output voltage of the RC2951 versionswith
external resistors, aminimum load of 1 uA isrecommended.
A 1 uF tantalum or aluminum electrolytic capacitor should
be placed from the RC2951 input to ground if thereis more
than 10 inches of wire between the input and the AC filter
capacitor or if abattery isused as the input.

Stray capacitance to the RC2951 Feedback terminal can
cause instability. This may especially be a problem when
using high value external resistors to set the output