




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Typical Performance

Characteristics (continued)
Unless otherwise specified:

Ta = 25°C, Vin = Vo now * 1V, Cour = 2.2 pF,

all voltage options, ON/ pin tied to V|N.
ON/OFF Pin Current vs
VoN/oFF
10

lon/orr (1A)
o

0/ .
0 2 4 6 8 10 12 14 16

Von/orr (V)
TL/H/12078-45

Application Hints

OUTPUT CAPACITOR

Like any low-dropout regulator, the LP2980 requires an out-
put capacitor to maintain regulator loop stability. This capac-
itor must be selected to meet the requirements of minimum
capacitance and equivalent series resistance (ESR) range.
It is not difficult to find capacitors which meet the criteria of
the LP2980, as the acceptable capacitance and ESFI
ranges are wider than for most other LDOs.

In general, the capacitor value must be at least 1 uF (over
the actual ambient operating temperature), and the ESR
must be within the range indicated in Figures 7, 2, and 3. It
should be noted that, although a maximum ESR is shown in
these Figures, it is very unhkely to find a capacltor with ESR
that high.

Tantalum Capacltors

Surface-mountable solid tantalum capacitors offer a good
combination of small physical size for the capacitance val-
ue, and ESR in the range needed by the LP2980.

The results of testing the LP2980 stability with surface-
mount solid tantalum capacitors show good stability with
values of at least 1 uF. The value can be increased to
2.2 pF (or more) for even better performance, including
transient response and noise.

Small value tantalum capacitors that have been verified as
suitable for use with the LP2980 are shown in Table II. Ca-
pacitance values can be increased without limit.

Aluminum Electrolytic Capacitors

Although probably not a good choice for a production de-
sign, because of relatively large physical size, an aluminum
electrolytic capacitor can be used in the design prototype
for an LP2980 regulator. A value of at least 1 uF should be
used, and the ESR must meet the conditions of Figures 1, 2,
and 3. If the operating temperature drops below 0°C, the
regulator may not remain stable, as the ESR of the alumi-
num electrolytic capacitor will increase, and may exceed the
limits indicated in the Figures.

TABLE Il. Surface-Mount Tantalum Capacitor
Selection Guide ’

1 uF Surface-Mount Tantalums

Manufacturer Part Number
Kemet T491A105MO10AS
NEC NRU105M10
Siemens- B45196-E3105-K
Nichicon F931CG105MA
Sprague ' 293D105X0016A2T
2.2 uF Surface-Mount Tantalums
Manufacturer Part Number
Kemet T491A225M010AS
NEC NRU225M06
Siemens © B45196/2.2/10/10
Nichicon F930J225MA
Sprague 293D225X0010A2T

Multilayer Ceramic Capacitors

Surface-mountable multilayer ceéramic capacitors may be an
attractive choice because of their relatively small physical
size and excellent RF characteristics. However, they some-
times have ESR values lower than the minimum required by
the LP2980, and r_elatively large capacitance change with
temperature. The manufacturer's datasheet for the capaci-
tor should be consulted before selecting a value.

Test results of LP2980 stability using multilayer ceramic ca-
pacitors show that a minimum value of 22 uF is usually
needed for the 5V regulator. For the lower output voltages,
or for better performance,-a higher value should be used,
such as 4.7 uF.

Multilayer ceramic capacitors that have been verified as
suitable for use with the LP2980 are shown in Table lII.

TABLE III Surface-Mount Multilayer Ceramic Capacitor

Selectlon Guide

2.2 uF Surface-Mount Ceramic
Manufacturer ' Part Number
Tokin o 1E225Z2Y5U-C203
Murata GRM42-6Y5V225216

‘4.7 uF Surface-Mount Ceramic
Manufacturer Part Number
Tokin 1E475ZY5U-C304
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LP2980

Application Hints (continueq)

ESR (Q)

0.01

. G = tuf
-40°C=<T;<+125°C

0.001 '—

0 10 20 30 40 S0

LOAD CURRENT (mA)
TL/H/12078-48
FIGURE 1. 1 uF ESR Range

'ESR (0)

LOAD CURRENT (mA)
TL/H/12078-49
FIGURE 2. 2.2 uF ESR Range :

AWMV B
NMWARY L“‘

ESR (Q.)

0 10 20 30 40 50

LOAD CURRENT (mA)
TL/H/12078-50
FIGURE 3. 10 u.F ESR Range

REVERSE CURRENT PATH

The power transistor used in the LP2980 has an inherent
diode connected between the regulator input and output
(see below).

"

1
Vin : Vout
g 0

[ —

TL/H/12078-34

If the output is forced above the input by more than a Vgg,
this diode will become forward biased and current will flow
from the Voyt terminal to V|n. No damage to the LP2980
will occur under these conditions as long as the current
flowing into the output pin does not exceed 100 mA.

ON/OFF INPUT OPERATION

The LP2980 is shut off by pulling the ON/OFF input low,
and turned on by driving the input high. if this feature is not
to be used, the ON/OFF input should be tied to Viy to keep
the regulator on at all times (the ON/OFF input must not be
left floating).

To ensure proper operation, the signal source used to drive
the ON/OFF input must be able to swing above and below
the specified turn-on/turn-off voltage thresholds which
guarantee an ON or OFF state (see Electrical Characteris-
tics).

The ON/OFF signal may come from either a totem-pole out-
put, or an open-collector output with pull-up resistor to the
LP2980 input voltage or another logic supply. The high-level
voltage may exceed the LP2980 input voltage, but must re-
main within the Absolute Maximum Ratings for the ON/OFF
pin. )

It is also important that the turn-on/turn-off voltage signals
applied to the ON/OFF input have a slew rate which is
greater than 40 mV/us.

Important: the regulator shutdown function will operate in-
correctly if a slow-moving signal is applied to the ON/OFF
input.
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Typical Applications

086¢d1

5V/400 mA Regulator
¥ WP529074
N44o
6-16 Voo Note B,
INPUT . Wy 5V OUT
(Note E) 100 I, =400 mA (max)
(Note E)
ON/OFF Ve "
< ON/OFF +
(Note A) / Vour |- 22
LP2980-5 ZNotes o))
7 ?°£i‘e'"'c GND
1 * » GND
TL/H/12078-51
The LP2980 can be used to control higher-current regula- Notes: [
tors, by adding an external PNP pass device. With the PNP A. Drive this input with a logic signal (see Application Hints).
transistors shown, the output current can be as high as 400 If the shutdown function is not to be used, tie the ON/OFF
mA, as long as the input voltage is held within the Safe pin directly to the VIN pin.

Operation Bounda'ry Curves' s.hown.below. . B. Recommended devices (other PNP transistors can be
To ensure regulation, the minimum input voltage of this reg- used if the current gain and voltage ratings are similar).

ulator is 6V. This “headroom” is the sum of the Vgg of the o . " . .
; . C. Capacitor is required for regulator stability. Minimum size
. external transistor and the dropout voltage of the LP2980. is shown, and may be increased without limit.

D. Increasing the output capacitance improves transient re-
sponse and increases phase margin.

E. Maximum safe input voltage and load current are limited
by power dissipation in the PNP pass transistor and the
maximum ambient temperature for the specific application.
If a TO-92 transistor such as the MPS2907A is used, the
thermal resistance from junction-to-ambient is 180°C/W in
still air.

Assuming a maximum allowable junction temperature of
150°C for the MPS2907A device, the following curves show
the maximum V)N and I values that may be safely used for
several ambient temperatures.

Safe Operation Boundary Curves

[}
_: OPERATING POINT MUST 1_
1 | BE ON OR BELOW CURVE :

_____________

Vi (MAX)

TL/H/12078-52
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LP2980

Typical Applications (continued)

5V to 3.3V @ 3A Converter
i M D45H5
(Note D)
VIN < AAA
4.5v-5.5v ¢ MAAS Vour -
100 3.3V @ 3A (mex)
Vin
ON/OFF 4 ON/OFF v +22uF
(Note A) : our Tantalum
T‘ltplF + LP2980-3.3 (Notes B,C)
antalum 2= L
(Note B) GND
l —> GND

With limited input voltage range, the LP2980 can control a
3.3V, 3A regulator with the use of a high current-gain exter-
nal PNP pass transistor. If the regulator is to be loaded with
the full 3A, heat sinking’ will be required on the pass transis-
tor to keep it within its rated temperature range. Refer to the
Heatsink Thermal ReSIstance Requirements, below. For
best load regulatlon at the hlgh load current, the LP2980
output voltage connection should be’ made as close to the
load as possible.

Although this regulator can handle a much higher load-cur-
rent than can the LP2980 alone, it can be shut down in the
same manner as the LP2980. When the ON/OFF control is
brought low, the converter will be in shutdown, and will draw
Iess than 1 p.A from the source.

TL/H/12078-53

Notes: L ‘

A. Drive this input with a logic slgnal (see Apphcatlon Hints).
If the shutdown function is not to be’ used tle the ON/OFF
pin directly to the V5 pin.

B. Capacitor is required for regulator stability. Mlnlmum size
is shown, and may be increased without limit. - ’

C. Increasing the output capamtance improves transnent re-
sponse and increases phase margin.

D. A heatsink may be required for this transistor. The maxi-
mum allowable value for thermal resistance of the heatsink
is dependent on ambient temperature and load current (see
curves below). Once the value is obtained from the graph, a
heatsink must be selected which has a thermal resistance
equal to or lower than this value. If the value is above
60°C/W, no heatsink is required (the TO-220 package alone
will safely dissipate this).

For these curves, a maximum junction temperature of 150°C
is assumed for the pass transistor. The case-to-heatsink at-
tachment thermal resistance is assumed to be 1.5°C/W. All
calculations are for 5.5V input voltage (which is worst-case
for power dissipation).

Heatélﬁk Thefmal Resl#tance hequlrements

°c/W A
60

50
40}-

30

MAXIMUM ALLOWABLE HEATSINK
THERMAL RESISTANCE

NO HEATSINK REQUIRED ABOVE 60 oc/w

TL/H/12078-54
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&National Semiconductor

LP2952/LP2952A/LP2953/LP2953A
Adjustable Micropower Low-Dropout Voltage Regulators

General Description

The LP2952 and LP2953 are micropower voltage regulators
with very low quiescent current (130 uA typical at 1 mA
load) and very low dropout voltage (typ. 60 mV at light load
and 470 mV at 250 mA load current). They are ideally suited
for battery-powered systems. Furthermore, the quiescent
current increases only slightly at dropout, which prolongs
battery life. - .

The LP2952 and LP2953 retain all the desirable characteris-
tics of the LP2951, but offer increased output current, addi-
tional features, and an improved shutdown function.

The internal crowbar pulls the output down quickly when the
shutdown is activated.

The error flag goes-low if the output voltage drops out of
regulation.

Reverse battery protection is provided.

The internal voltage reference is made available for external
use, providing a low-T.C. reference with very good line and
load regulation.

The parts are available in DIP and surface mount packages.

Features

m Output voltage adjusts from 1.23V to 28V
Guaranteed 250 mA output current
Extremely low quiescent current

Low dropout voltage

Extremely tight line and load regulation
Very low temperature coefficient
Current and thermal limiting

Reverse battery protection

m 50 mA (typical) output pulldown crowbar
m 5V and 3.3V versions available

LP2953 Versions Only

m Auxiliary comparator included with CMOS/TTL compati-
ble output levels. Can be used for fault detection, low
input line detection, etc.

Applications

m High-efficiency linear regulator

B Regulator with under-voltage shutdown
H Low dropout battery-powered regulator
m Snap-ON/Snap-OFF regulator

Block Diagrams

LP2952

FEED
BACK l i INPUT

bl —-| OUTPUT

-———-—

SENSE

\A4

AAA—O-AAA
vvi

60

my
.
- l_ N
DROPOUT -‘D_

DETECTION
COMP

SHUT
DOWN

¥ TAP

ERROR

r=
1
1
1
1
1
I
1
1
1
1
1
1
[}

1.23 Vorr L
e e .iGROUNDI

TL/H/11127-1

LP2953
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BACK -—-i INPUT

OUTPUT l----

s '
SENSE

r

1

1

1

1

: 3 —

1 my <

D B 3 :]

ERROR

! DROPOUT ¢ 3y |

! DETECTION T

! COMP H

SAUT 1
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1 - SHUTDOWN H

COMP cowe [—J 1

INPUT +_IT P
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Veer d I COMP i

1:]_1'.2” L
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LP2952/LP2952A/LP2953/LP2953A

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Storage Temperature Range —65°C < Ta < +150°C
Operating Temperature Range

LP2952I, LP2953l, LP2952Al,

LP2953Al, LP2952I-3.3, LP2953I-3.3,

LP2952Al-3.3, LP2953AI1-3.3 —40°C < Ty < +125°C

LP2953AM

—55°C < Tp < +125°C

Lead Temp. (Soldering, 5 seconds)

Power Dissipation (Note 2)
Input Supply Voltage

Feedback Input Voltage (Note 3)
Comparator Input Voltage (Note 4)

- Shutdown Input Voltage (Note 4)
Comparator Output Voltage (Note 4)

ESD Rating (Note 15)

260°C

Internally Limited
—20Vto +30V
—0.3Vto +5V
—0.3Vto +30V
—0.3Vto +30V
—0.3Vto +30V

Maximum Junction Temperature
LP2952I, LP2953I, LP2952Al, .
LP2953Al, LP29521-3.3, LP29531-3.3,
LP2952Al-3.3, LP2953AI-3.3
LP2953AM

+125°C
+150°C

2kvV

Electrical Characteristics Limits in standard typeface are for T; = 25°C, bold typeface applies over the full
operating temperature range. Limits are guaranteed by production testing or correlation .techniques using standard Statistical
Quality Control (SQC) methods. Unless otherwise specified: Viy = Vo(NOM) + 1V, I = 1 mA, C = 2.2 pF for 5V parts and
4.7uF for 3.3V parts. Feedback pin is tied to V Tap pin, Output pin is tied to Output Sense pin.

i

3.3V Versions
. LP2952A1-3.3, LP2953AI-3.3 LP2952I-3.3, LP2953I1-3.3
Symbol | Parameter Conditions - Typical Units
: ’ Min Max Min Max
Vo Output Voltage a3 3.284 3317 3.267 3.333
) 3.260 3.340 3.234 3.366 Vv
1mA < I <250 mA 3.3 3.254 3.346 3.221 3.379
5V Versions
LP2952Al, LP2953Al
: ’ ' LP2952I, LP29531
Symbol Parameter Conditions Typical LP2953AM (Note 17) ’ Units
Min Max ‘Min Max
Vo Output Voltage 5.0 4,975 5.025 4,950 5.050
) 4.940 5.060 4.900 5.100 Vv
1mA < I €250 mA 5.0 4.930 5.070 4.880 5.120
All Voltage Options
o L o LP2952Al, LP2953Al, LP20521, LP29531, '
LP2952Al-3.3, LP2953AI-3.3,
Symbol|  Parameter Conditions Typical LP2953AM (Note 17) LP2952|-3.3, LP29531-3.3 | ynits
) ' Min Max Min Max
AVo ' |Output Voltage |(Note 5) .
AT |Temp.Coefficient| - 20 100 180 |ppm/°C
AVo'  |Output Voltage |Vin = Vo(NOM) + 1V 0.03 0.1 0.2 %
Vo Line Regulation to 30V : 0.2 0.4
AVp Output Voltage |l = 1mAto250mA | 0.04 0.16 0.20 %
Vo Load Regulation [l = 0.1 mAto 1 mA ’ 0.20 0.30
: (Note 6) -
VIN-Vo | Dropout Voltage |1 = 1 mA 60 100 100
(Note 7) 150 150
- I = 50 mA 300 300
240 420 420
mV
I = 100 mA 310 400 400
520 520
IL = 250 mA 600 600
470 800 800
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Electrical Characteristics Limits in standard typeface are for Ty = 25°C, bold typeface applies over the full
operating temperature range. Limits are guaranteed by production testing or correlation techniques using standard Statistical
Quality Control (SQC) methods. Unless otherwise specified: Viny = Vo(NOM) + 1V, I = 1 mA, C = 2.2 uF for 5V parts and
4.7uF for 3.3V parts. Feedback pin is tied to V Tap pin, Output pin is tied to Output Sense pin. (Continued)

All Voltage Options (Continued)

LP2952Al, LP2953Al, LP29521, LP2953I,
LP2952Al-3.3, LP2953AI-3.3,
Symbol Parameter Conditions Typicall | pag53aM (Note 17). LP29521-3.3, LP29531-3.3 Units
Min . Max . Min Max
lgnp  |Ground Pin Current [l = 1 mA 130 170 170 .
(Note 8) 200 200 pA
IL = 50mA 14 2 .2
, ' 2.5 2.5
: IL = 100 mA 6 6
4.5 : 8 8 | mA
b IL = 250 mA 21 28 28
i a3 33 )
iGNp  |Ground Pin Current |V = Vo(NOM) —0.5V 165 210 210 ' uA
f at Dropout (Note 8) |1 = 100 nA 240 240
lanp  |Ground Pin Current  |(Note 9) ) - "
: at Shutdown (Note 8) ,105 140 140 . A
lumit  [Current Limit Vour =0 500 500
380 . - 530 530 mA
t:\;g Thermal Regulation [(Note 10) 0.05 02 02 %IW
en Output Noise Voltage|C| = 4.7 uF 400
(10 Hz to 100 kHz) =33 V RMS
I = 100 mA CL=33uF 260 »
CL = 33 uF (Note 11) 80
VRer |Reference Voltage [(Note 12) 1.230 1.215 1.245 1.205 1.255 v
) 1.205 1.255 1.190 1.270
AVRer {Reference Voltage |V = 2.5V to Vo(NOM)+1V| 0.03 0.1 0.2 o%
Vgaer |Line Regulation Vin = Vo(NOM)+1Vto 30V| . 0.2 0.4 °
(Note 13)

AVRer [Reference Voltage |lggr = 0to 200 pA 0.25 0.4 0.8 o%
Vaee |Load Regulation ) 0.6 1.0 -
AVRer [Reference Voltage |(Note 5) o

AT |Temp. Coefficient 20 ppm/°C
1g(FB) |Feedback Pin 40 40
Bias Current 20 60 60 nA
lo Output “OFF” (Note 9) 50 30 30 mA
(SINK) |Pulldown Current 20 20 . .
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LP2952/LP2952A/LP2953/LP2953A

Electrical CharacteristiCs Limits in standard typetace are for T; = 25°C, bold typeface applies over the full
operating temperature range. Limits are guaranteed by production testing or correlation techniques using standard Statistical
Quality Control (SQC) methods. Unless otherwise specified: ViN = Vo(NOM) + 1V, I = 1 mA, C = 2.2 uF for 5V parts and

4.7uF for 3.3V parts. Feedback pin is tied to V Tap pin, Output pin is tied to Output Sense pin. (Continued)

LP2952Al, LP2953Al .
y y L .
. ” ical LP2952A1-3.3, LP2953Al-3.3, Lng';:?ssz;' 'I'_';::i:;'l’ 33 | uni
Symbo Parameter Condit ons Typical LP2953AM (Note 17) -3, 2 nits
.Min Max Min Max
DROPQUT DETECTION COMPARATOR
104 Output "HIGH” Vou = 30V 1 1 -
0.01 A
Leakage 2 2 ”
VoL Output “LOW" ViN = VOINOM) — 0.5V | 250 250 v
Voltage 10(COMP) = 400 pA 400 400
VIHR - Upper Threshold (Note 14) —60 —80 —-35 —80 —-35 mv
(MAX) Voltage -95 -25 -95 —-25
VTHR Lower Threshold (Note 14) -85 -110 —55 —-110 -55 mv
(MIN) Voltage -160 —-40 -160 —-40
HYST Hysteresis (Note 14) 15 mV
SHUTDOWN INPUT (Note 16)
Vos Input Offset Voltage | (Referred to VRgg) +3 —7.5 7.5 -75 7.5 v
-10 10 -10 10
HYST Hysteresis 6 mV
Ig Input Bias Current VIN(S/D) = OV to 5V 10 -30 30
-50 50 —30 -30
LP29saAM | -30 30 -se se nA
-75 75
AUXILIARY COMPARATOR (LP2953 Only)
Vos Input Offset Voltage | (Referred to VRer) -75 7.5
+3 .
-10 10 -7.5 7.5 my -
LP2953AM | ~7.5 75 -1o 10
-12 12
HYST Hysteresis 6 mvV
Is Input Bias Current VIN(COMP) = 0V to 5V —30 30 )
10 '
-50 50 —30 30 A
LreosaAM | ~30 30 -so 5o
—-75 75
loH Output “HIGH” Vou = 30V 001 1
Leakage Vin(COMP) = 1.3V ’ 2 1 JA
LP2953AM 0.01 1 2
’ 2.2
VoL Output “LOW” VIN(COMP) = 1.1V 150 250
Voltage 10(COMP) = 400 pA 400 250 mv
LP2953AM 150 250 400
420
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Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specmcatlons do not apply when operating the
device outside of its rated operating conditions.

Note 2: The i llowable power dissipation is a function of the { junction tsmp ire, Ty(MAX), the junction-to-ambient thermal resistance, 63_a,
and the perature, Ta. The i power di ion at any ambient temperature Is calculated using: P (MAX) = T"( e )~ TA

. : J-A
Exceeding the maximum allowable power dissipation will cause ive die tamp: , and the regulator will go into thermal shutdown. See APPLICATION

HINTS for additional information on h and th )
Note 3: When used in dual-supply systems where the regulator load is returned to a negative supply, the output voltage must be diode-clamped to ground.
Note 4: May exceed the input supply voltage.

Note 5: Output or re voltage p re coefficient Is defined as the worst case voltage change divided by the total temperature range.

Note 6: Load regulation Is measured at constant junction temperature using low duty cycle pulse testing. Two separate tests are performed, one for the range of
100 pA to 1 mA and one for the 1 mA to 250 mA range. Changes In output voltage due to heating effects are covered by the thermal regulation specification.

Note 7: Dropout voltage is defined as the input to output differential at which the output voltage drops 100 mV below the value red with a 1V diff . At
very low values of programmed output voltage, the input voltage minimum of 2V (2.3V over temperature) must be observed.

Note 8: Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the ground pin current, output load current, and
current through the external resistive divider (if used).

Note 9: Vsyytoown < 1.1V, Voyut = Vo(NOM).

Note 10: Thermal regulation is the change in output voltage at a time T after a change in power dissipation, excluding load or line regulation effects. Specifications
are for a 200 mA load pulse at Vjy = Vo(NOM)+ 15V (3W pulse) for T = 10 ms.

Note 11: Connect a 0.1 nF capacitor from the output to the feedback pin.
Note 12: VRer < VouT < (ViN — 1V), 23V < ViN < 30V, 100 pA < I £ 250 mA.-
Note 13: Two separate tests are performed, one covering 2.5V < Viy < Vo(NOM)+ 1V and the other test for Vo(NOM)+ 1V < V)y < 30V.

Note 14: Comp o are exp d in terms of a voltage diff ial at the Feedback terminal below the inal e voltage d at
ViN = Vo(NOM) + 1V. To express these thresholds in terms of output voitage change, multiply by the Error amplifier gann, which is Vout/Veer = (R1 + R2)IR2
(refer to Figure 4).

Note 15: Human body model, 200 pF discharged through 1.5 k2.
Note 18: Drive Shutdown pin with TTL or CMOS-low level to shut regulator OFF, high level to turn regulator ON.

Note 17: A military RETS spacification is available upon request. At the time of printing, the LP2953AMJ/883C RETS specification complied with the boldface
limits in this column.

7-107

V€562d1/€562d1/ve56ed1/¢562d1




LP2952/LP2952A/LP2953/L.P2953A

Typical Performance Characterlstlcs Unless otherwise specified: vlN =6V,IL= 1mA,C_ =22 ,LF
Vsp = 3V, Ta = 25°C, Vout = 5V.

Quiescent Current Qulescent Cufrént ‘ " Ground Pin Current vs Load

200 I I 160 100
= 1 2 =
3 w0 | = 100 uA ES IR E
g 140 | 140 T
& 120 g I
3 100 3 130 3
= | =z P E
= 80 T N £
2 6 | g 120 s 1
3 [ 3 ™~ g
g 40 I g 110 = 1mA &
20 [ :
0 - 100 -1 o 0.1 L
[ 1 2 3 4 5 6 7 8 -75-50-25 0 25 50 75 100125150 Q.1 1 10 100 1000
INPUT YOLTAGE (V) TEMPERATURE (°C) QUTPUT CURRENT (mA)
Ground Pin Current Ground Pin Current Output Noise Voltage
20 25— - 500 -
i ‘ ‘ 5 R 1 g m
2 N 2 ol L] QRS 1 ekl
0 o S I g Ry R O TN
= z
g n g s S 300
3 10 3 8 I
= z 5 o0 LBt [T
: : g )
6 2 = 33 uF
£ : il !
& & 2 Cr M i I
2 =
0 0 L - 100mh 0 IIIIIlIllIIIIIIIIIIIIIIIIIIIIIIIIII
0 1 2 3 4 5 6 7 8 -75-50-25 0 25 50 75 100125150 0.1 10 100 1000
INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C) LOAD CURRENT (mA)
Ripple Rejection Ripple Rejection Ripple Rejection
100 90 | 100
90 80 920 f
I = 100mA
Z 80 / \ 2 7 AN L i F w0 / \
g 10 E 60— /\ 3 70 —
g o \ g “ IL = 250mA \\ E. © W= OT/\
] - 2 5
; 50 \ b lm}// ; %0 \\ ; 50 fﬂ
g 40 \\/ / g %0 / g w0 'V/ I = 100 uA
30 \v 20 / 30 l
20 A=tomt 10 N/ 20 I
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000
FREQUENCY (KHz) FREQUENCY (KHz) FREQUENCY (KHz)
Line Transient Response Line Transient Response Output Impedance
' | I 80 G = 33uf
g 40 T = T0mA w | = 10mA
S E Y =
v HE 40 &
> 0 ol
5% =% A g
2 2 A
© -0 z
o - g
58 sg ™ 3
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Typical Performance Characteristics uniess otherwise specified: Viy = 6V, IL = 1mA, C| = 2.2 pF,
Vep = 3V, Ta = 25°C, Vour = 5V. (Continued)
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LP2952/LP2952A/LP2953/LP2953A

Typical Performance Characteristics uniess otherwise specified: iy = 6V, 1, = 1mA, C_ = 2.2 uF,

Vgp = 3V, Ta = 25°C, Vout = 5V. (Continued)

Thermal Regulation Minimum Operating Voltage Dropout Voltage
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Application Hints

HEATSINK REQUIREMENTS (Industrial Temperature
Range Devices)

The maximum allowable power dissipation for the
LP2952/LP2953 is limited by the maximum junction temper-
ature (+ 125°C) and the external factors that determine how
quickly heat flows away from the part: the ambient tempera-
ture and the junction-to-ambient thermal resistance for the
specific application. i )

The industrial temperature range (—40°C < Ty < +125°C)
parts are manufactured in plastic DIP and surface mount
packages which contain a copper lead frame that allows
heat to be effectively conducted away from the die, through
the ground pins of the IC, and into the copper of the PC
board. Details on heatsinking using PC board copper are
covered later. ‘

To determine if a heatsink is required, the maximum power
dissipated by the regulator, P(max), must be calculated. It is
important to remember that if the regulator is powered from
a transformer connected to the AC line, the maximum
specified AC input voltage must be used (since this pro-
duces the maximum DC input voltage to the regulator). Fig-
ure 1 shows the voltages and currents which are present in
the circuit. The formula for calculating the power dissipated
in the regulator is also shown in Figure 7:

N — =1 Vour
Viy ¢—]N _our * I
LP2952/ l L
LP2953
: LOAD I
GND

=l +lg _JJ'G J_
= = TuHAnz-7
ProtaL = (Vin = Vour) IL + (Vi) la
FIGURE 1. Current/Voltage Diagram

The next parameter which must be calculated is the maxi-

Figure 2 shows copper patterns which may be used to dissi-
pate heat from the LP2952 and LP2953:
IH.

[:-o‘.-r

**16 PIN DIP

| N Lo
T.

0.15 IN.

: L* |

g

16 PIN SURFACE
MOUNT

&

TL/H/11127-8
*For best results, use L = 2H

**14-Pin DIP is similar, refer to Table | for pins designated for heatsinking.
FIGURE 2. Copper Heatsink Patterns

Table Il shows some values of junction-to-ambient thermal
resistance (6,-a) for values of L and W for 1 oz. copper:

mum allowable temperature rise, Tr(max). This is calculat- - TABLE Il
ed by using the formula: . Package L (in) H(in.) oJ-A cc/w)
Tr(max) = Tymax) - Tamax) 16-Pin DIP 1 0.5 70
where: Tj(max) is the maximum allowable junction tempera-
ture : 2 1 60
Ta(max) is the maximum ambient temperature 3 15 58
Using the calculated values for Tg(max) and P(max), the 4 0.19 66
required value for junction-to-ambient thermal resistance, -
6(J-A) can now be found: 6 0.19 66
6(-A) = Tr(max)/P(max) .14-Pin DIP 1 0.5 65
The heatsink is made using the PC board copper. The heat 2
is conducted from the die, through the lead frame (inside 1 51
the part), and out the pins which are soldered to the PC 3 15 49
board. The pi ed for heat ti H -
oar e pins used for heat conduction are Surface Mount ] 05 o3
TABLE| 2 1 70
Part Package Pins 3 15 67
LP2952IN, LP2952AIN, ! 3,4,5,
LP2952IN-3.3, LP2052AIN-3.3 | 14PINDIP | 46744 12 6 019 69
LP2953IN, LP2953AIN, 16-PInDIP 14 5.12. 13 4 0.19 A
LP2953IN-3.3, LP2953AIN-3.3 T 2 0.19 73
LP2952IM, LP2952AIM,
LP2952IM-3.3, LP2952AIM-3.3,| 16-Pin Surface 18916
LP2953IM, LP2953AIM, Mount e
LP2953IM-3.3, LP2953AIM-3.3
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LP2952/LP2952A/LP2953/LP2953A

Application Hints (continued)

HEATSINK REQUIREMENTS (Military Temperature
Range Devices)

The maximum allowable power dissipation for the
LP2953AMJ is limited by the maximum junction temperature
(+150°C) and the two parameters that determine how
quickly heat flows away from the die: the ambient tempera-
ture and the junction-to-ambient thermal resistance of the
part. .

The military temperature range (—55°C < T; <+150°C)
parts are manufactured in ceramic DIP packages which con-
tain a KOVAR lead frame (unlike the industrial parts, which
have a copper lead frame). The KOVAR material is neces-
sary to attain the hermetic seal required in military applica-
tions.

The KOVAR lead frame does not conduct heat as well as
copper, which means that the PC board copper can not be
used to significantly reduce the overall junction-to-ambient
thermal resistance in applications using the LP2953AMJ
part.

The power dissipation calculations for military applications
are done exactly the same as was detailed in the previous
section, with one important exception: the value for 6(y_a),
the junction-to-ambient thermal resistance, is fixed at
95°C/W and can not be changed by adding copper foil pat-
terns to the PC board. This leads to an important fact: The
maximum allowable power dissipation in any application us-
ing the LP2953AM.J is dependent only on the ambient tem-
perature:

P(max) = TR(max) / 0J-A) -

-7
P(max) = Tymax) — TAmax) ma’; 5 A)A max

_ 150 — Ta(max)
P(max) o5

Figure 3 shows a graph of maximum allowable power dissi-
pation vs. ambient temperature for the LP2953AMJ, made
using the 95°C/W value for 6(y_a) and assuming a maxi-
mum junction temperature of 150°C (caution: the maximum
ambient temperature which will be reached in a given appli-
cation must always be used to calculate maximum allowable
power dissipation).

EXTERNAL CAPACITORS

A 2.2 uF (or greater) capacitor is required between the out-
put pin and ground to assure stability when the output is set
to 5V. Without this capacitor, the part will oscillate. Most
type of tantalum or aluminum electrolytics will work here.
Film types will work, but are more expensive. Many alumi-
num electrolytics contain electrolytes which freeze at
~-30°C, which requires the use of solid tantalums below
—25°C. The important parameters of the capacitor are an
ESR of about 5Q or less and a resonant frequency above
500 kHz (the ESR may increase by a factor of 20 or 30 as
the temperature is reduced from 25°C to —30°C). The value
of this capacitor may be increased without limit.

At lower values of output current, less output capacitance is
required for stability. The capacitor can be reduced to
0.68 pF for currents below 10 mA or 0.22 nF for currents
below 1 mA.

Programming the output for voltages below 5V .runs the er-
ror amplifier at lower gains requiring more output capaci-
tance for stability. At 3.3V output, 2 minimum of 4.7 uF is
required. For the worst-case condition of 1.23V output and
250 mA of load current, a 6.8 wF (or larger) capacitor should
be used. .

A 1 pF capacitor should be placed from the input pin to
ground if there is more than 10 inches of wire between the
input and the AC filter capacitor or if a battery input is used.

Stray capacitance to the Feedback terminal can cause in-
stability. This problem is most likely to appear when using
high value external resistors to set the output voltage. Add-
ing a 100 pF capacitor between the Output and Feedback
pins and increasing the output capacitance to 6.8 uF (or
greater) will cure the problem.

MINIMUM LOAD

When setting the output voltage using an external resistive
divider, a minimum current of 1 pA is recommended through
the resistors to provide a minimum load.

It should be noted that a minimum load current is specified
in several of the electrical characteristic test conditions, so
this value must be used to obtain correlation on these test-
ed limits.

MAXIMUM POWER DISSIPATION (W)

0

=55 0

50

100 150

AMBIENT TEMPERATURE (°C)

TL/H/11127-26

FIGURE 3. Power Derating Curve for LP2953AMJ
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Application Hints (continued)

PROGRAMMING THE OUTPUT VOLTAGE

The regulator may be pin-strapped for 5V operation using its
internal resistive divider by tying the Output and Sense pins
together and also tying the Feedback and 5V Tap pins to-
gether.

Alternatively, it may be programmed for any voltage be-
tween the 1.23V reference and the 30V maximum rating
using an external pair of resistors (see Figure 4). The com-
plete equation for the output voltage is:

R1
Vour = VRer X (1 + ﬁ) + (Irg X R1)

where VRgr is the 1.23V reference and Igg is the Feedback
pin bias current (—20 nA typical). The minimum recom-
mended load current of 1 pA sets an upper limit of 1.2 MQ
on the value of R2 in cases where the regulator must work
with no load (see MINIMUM LOAD). Igg will produce a typi-
cal 2% error in Voyt which can be eliminated at room tem-
perature by trimming R1. For better accuracy, choosing
R2 = 100 k will reduce this error to 0.17% while increas-
ing the resistor program current to 12 pA. Since the typical
quiescent current is 120 pA, this added current is negligible.

+Viy
-~
100k
S 4 v
ERROR ° + our
outpur Yin 1.2-30V
< ERROR  Voyur =
R — LP2952/3
1. e
< s0 <
. < R 0.1 |6.8
GND B F F
INPUT®* A
o 3
OFF _I- —— A v prmmy
= | =
<
er - 3R

TL/H/11127-9
FIGURE 4. Adjustable Regulator
*See Application Hints
**Drive with TTL-low to shut down

DROPOUT VOLTAGE

The dropout voltage of the regulator is defined as the mini-
mum input-to-output voltage differential required for the out-
put voltage to stay within 100 mV of the output voltage mea-
sured with a 1V differential. The dropout voltage is indepen-
dent of the programmed output voltage.

DROPOUT DETECTION COMPARATOR

This comparator produces a logic “LOW" whenever the out-
put falls out of regulation by more than about 5%. This fig-
ure results from the comparator’s built-in offset of 60 mV
divided by the 1.23V reference (refer to block diagrams on
page 1). The 5% low trip level remains constant regardless
of the programmed output voltage. An out-of-regulation con-
dition can result from low input voltage, current limiting, or
thermal limiting.

Figure § gives a timing diagram showing the relationship
between the output voltage, the ERROR output, and input
voltage as the input voltage is ramped up and down to a
regulator programmed for 5V output. The ERROR signal be-
comes low at about 1.3V input. It goes high at about 5V
input, where the output equals 4.75V. Since the dropout
voltage is load dependent, the Input voltage trip points will
vary with load current. The output voltage trip point does
not vary.

The comparator has an open-collector output which re-
quires an external pull-up resistor. This resistor may be con-
nected to the regulator output or some other supply voltage.
Using the regulator output prevents an invalid “HIGH"” on
the comparator output which occurs if it is pulled up to an
external voltage while the regulator input voltage is reduced
below 1.3V. In selecting a value for the pull-up resistor, note
that while the output can sink 400 pA, this current adds to
battery drain. Suggested values range from 100 kQ to
1 MQ. This resistor is not required if the output is unused.

When V|y < 1.3V, the error flag pin becomes a high imped-
ance, allowing the error flag voltage to rise to its pull-up
voltage. Using Voyr as the pull-up voltage (rather than an
external 5V source) will keep the error flag voltage below
1.2V (typical) in this condition. The user may wish to divide
down the error flag voltage using equal-value resistors
(10 k2 suggested) to ensure a low-level logic signal during
any fault condition, while still allowing a valid high logic level
during normal operation.

4757 p=====""
OUTPUT ' !
VOLTAGE | i
—/ !
ERROR ~°7% H
ourrut _* ¢ , |
b I
b o
.e 1 ! : 1
5V oim - =D '
| t
1 '
INPUT 4.3y = o2
VOLTAGE

TL/H/11127-10
FIGURE 5. ERROR Output Timing

*In shutdown mode, ERROR will go high if it has been pulled up to an
external supply. To avoid this invalid responss, pull up to regulator output.

**Exact value depends on dropout voltage. (See Application Hints)

OUTPUT ISOLATION

The regulator output can be left connected to an active volt-
age source (such as a battery) with the regulator input pow-
er shut off, as long as the regulator ground pin is con-
nected to ground. If the ground pin is left floating, damage
to the regulator can occur if the output is pulled up by an
external voltage source.
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LP2952/LP2952A/LP2953/LP2953A

Application Hints (continued)

REDUCING OUTPUT NOISE Co

In reference applications it may be advantageous to reduce
the AC noise present on the output. One method is to re-
duce regulator bandwidth by increasing output capacitance.
This is relatively inefficient, since large increases in'capaci-
tance are required to get significant improvement.

Noise can be reduced more. effectively by a bypass capacu-
tor placed across R1 (refer to Figure 4). The formula for
selecting the capacitor to be used is: '
1

27 R1 X 20Hz

This glves a value of about 0.1 uF. When this is used, the
output' capacitor must be 6.8 uF (or greater) to maintain
stability. The 0.1 uF capacitor reduces the high frequency
gain of the circuit to unity, lowering the output noise from
260 pV to 80 pV using a 10 Hz to 100 kHz bandwidth. Also,
noise is'no longer proportional to the output voltage, so im-
provements are more pronounced at high output voltages.:

AUXILIARY COMPARATOR (LP2953 only)

The LP2953 contains an auxiliary comparator whose invert-
ing input is connected. to the 1.23V reference. The auxiliary
comparator_has an open-collector output whose electrical
characteristics are similar to the dropout detection compar-
ator. The non-inverting,input and output are brought out for
external connections.

SHUTDOWN INPUT

A logic-level signal will shut off the regulator output when a
“LOW” (<1.2V) is applied to the Shutdown input. )

To prevent possible mis-operation, the Shutdown input must
be actively terminated. If the input is driven.from open-col-
lector logic, a pull-up resistor (20 kQ1 to 100 k2 recommend-
ed) should be connected from the Shutdown input to the
regulator input.

If the Shutdown input is driven from a source that actively
pulls high and low (like an op-amp), the pull-up resistor is
not required, but may be used. -

If the shutdown function is not to be used the cost of the

Cg =

Pinout Drawings

LP2952 LP2952°
14-Pin DIP 16-Pin SO .
SHUTDOWN =1 1 14 = SENSE GROUND =1 1 16 —SROUND
ERROR=—] 2 13 —OUTPUT' NC—12 15 =INPUT
GROUND~—1 3 12=GROUND OUTPUT=—1 3 14 I=FEEDBACK
GROUND =1 4 * . 11}=GROUND SENSE=f 4 LA3p=V TAP
GROUND =1 5 10 = GROUND SHUTDOWN =1 5 . 12 =REFERENCE
REFERENCE=—] 6 . 9=INPUT ERROR =4 6 11f=NC .
VTAP={7 8 =FEEDBACK Ne—{ 7' , 10=NC
GROUNDJ 8 9 |—GROUND
TL/HA1127-11
TL/H/11127-12
LP2953 LP2953
16-Pin DIP 16-Pin SO -

N\

v TaP—
FEEDBACK ]
INPUT =1
GROUND —
GROUND —4
QUTPUT =
ne—4
SENSE—

11=NC

CEREEEEEE
R

10 = ERROR
9 = SHUTDOWN

£

15 =COMP. INPUT
14 |=CONP OUT
13—GROUND

= GROUND

TL/H/11127-13

outpur =
" sense—
SHUTDOWN —~f
‘ERROR =

GROUND —

NC—

NC=—

RS
I

|- Grounp
b= INPUT
p—FEEDBACK
b=V TAP
p==REFERENCE
—conP INPUT
- Ccomp out
= GROUND

TL/H/11127-14

Ordering Information

pull-up resistor can be saved by simply tying the §hutdown
input directly to the regulator input.

IMPORTANT: Since the Absolute Maximum Ratings state
that the Shutdown input can not go more than 0.3V below
ground, the reverse-battery protection feature which pro-
tects the regulator input is sacrmced if the Shutdown input is
tied directly to the regulator input. '

If reverse-battery protection is required in an application, the
pull-up resistor between the Shutdown input and the regula-
tor input must be used.

LP2952 -
Order Temp. . NSC
Number Range Package | Drawing
(Ty)°C Number
tiz‘sszl:, LP2952AIN, | _ 40to 14-Pin N14A
2952IN-3.3, +125 | Molded DIP
LP2952AIN-3.3
LP2952iM, LP2952AIM,; | - 4010 16-Pin
LP2952IM-3.3, Surface M16A
+125
LP2952AIM-3.3 Mount
LP2953
Order Temp. ‘ .| NsC
Number Range Package Drawing
(Ty)°C L Number
t::zess::, LP2953AIN, | _ 4010 16-Pin _ N1GA
2953IN-3.3, +125 | MoldedDIP |
LP2953AIN-3.3 - .
tzZQSg:m,:ZZQSSNM, - 40 to . 1 6-Pih -] oA .
2953IM-3.3, +125 | Surface Mount
LP2953AIM-3.3 :
~5510 "16-Pin )
LP2953AMJ/883 +150 | Geramic DIP. J16A




Typical Applications

Basic 5V Regulator

+Vin
V TAP N
E Vout >
FB SENSE 5V oUT
o) +
1 uF LP2952/ | 2.2==
LP2953 uF
‘
|
GND
|
f
TL/H/11127-15
Low T.C. Current Sink
V4 = 2,310 30V
i
o v by
: 1123
1 LoAD gy =22
1 )
e d
VIN
Vour
LP2952/
- LP2953 =1 uf
SHUTDOWN 5
INPUT
on | 6ND FB
OFF —I_
10 pF
< +
RS

1

TL/H/11127-17

5V Current Limiter with Load Fault Indicator

5v BUS
»
+Vin
viae ] o OUTRUT
[: re our 7 *4.3-5V
3 SENSE |— L
RIS LP2953 | 2.0 S 1k
comp  comp | 4F L
INPUT  QuT > FAULT
< -
5.k 2 GND T uf

TL/H/11127-16

*Output voltage equals + Vg minum dropout voltage, which varies with out-
put current. Current limits at a maximum of 380 mA (typical).
**Select R1 so that the comparator input voltage is 1.23V at the output
voltage which corresponds to the desired fault current value.

5V Regulator with Error Flags for
LOW BATTERY and OUT OF REGULATION

Yy

*LOW BATT
e

+___ +Vy
= 6V VTAP
T E ouT
1 M8 sense —
< ——
374k 3: 1 uf LP2953
COMP  coMmP
INPUT ouT
ERR
<P
100k 4: GND
nt
Lo

uF

*Connect to Logic or kP control inputs.

LOW BATT flag warns the user that the battery has discharged down to

»

* OUT OF
REGULATION

TL/H/11127-18

about 5.8V, giving the user time to recharge the battery or power down some
hardware with high power requirements. The output is still in regulation at

this time.

OUT OF REGULATION flag indicates when the battery is almost completely
discharged, and can be used to initiate a power-down sequence.
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LP2952/LP2952A/LP2953/LP2953A

Typical Applications (continued)

RECHARGE
CIRCUITRY

The circuit switches to the
NI-CAD backup battery
when the main battery volt-
age drops below about
5.6V, and returns to the
main battery when its volt-
age is recharged to about
8V.

The 5V MAIN output pow-
ers circuitry which requires
no backup, and the 5V
MEMORY output powers
critical circuitry which can
not be allowed to lose pow-
er.

*The BATTERY LOW flag
goes low whenever the cir-
cuit switches to the NI-CAD
backup battery.

5V Battery Powered Supply with Backup and Low Battery Flag

L 5V ouT
7 (MAIN)
f 1A SCHOTTKY
PHR @ < 383k 1 ) 5V ouT
on f S < > (MEMCRY)
i 71 3 _
i YN Your
} $  sns
1N 1uf| == V TAP tJ_
. 914 o 2 ok 23T
ov =L INPUT 2 2.’3
LEAD = LP2953 # VP12A
ACID =t | | conp 51k
MAIN 914 Ssiok | 100kS ouT MW
< 1% < GND I—ll
‘P
150k
> 3.65 —
< —
S Mee +
1% A
< NICAD =
“EATTTGR BACKUP -I-
FLAG

5V Regulator with Timed Power-On Reset

Vi —9———
]
+Viy
ey 5V Ut
1 MEG S R E e
S| M8 sEnsE |
Tiur] LP2953 |22== $ 100k
comp  cowp | A .
INPUT ouT — .
_ RESET
ERR
. oND 0 uP
"I
B

TL/H/11127-20

TL/H/11127-19

Timing Diagram for Timed Power-On Reset

|

t
RESET r I
—»| 28ms* |=— TIME DELAY
TU/H/AN27-21

*Ry = 1 MEG, Cr = 0.1 pF
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Typical Applications (continued)

5V Regulator with Snap-On/Snap-Oft
Feature and Hysteresis

Vin < ]‘-
+v S 374k
- IN Sz
v TA . N
I: Vour > *
A FB sENsE - 7.5ul 5V OUT
= S
1ur| LP2952 |22== 3 220
_ F
Sl e T°
DOWN -
>
GND 3 :9%0"

TL/H/11127-22
*Turns ON at Viy = 5.87V
Turns OFF at V| = 5.64V
(for component values shown)

5V Regulator with Error Flags for
LOW BATTERY and OUT OF REGULATION
with SNAP-ON/SNAP-OFF Output

1
220
Y, '
<M < +Viy
T 3 18%$ Vv TAP SV ouT
E Vour >
o FB senst|—e ]
» > 1M 2 M
< - LP2353 b3 b3
+ | 6V :: w% T <
COMP  COMP R
INPUT out o ——
T /0 W Low BATT;
9 —
S 499k GND * 0UT OF
REGULATION
] +
'IT'z

TL/H/11127-23
*Connect to Logic or uP control inputs.
OUTPUT has SNAP-ON/SNAP-OFF feature.
LOW BATT flag warns the user that the battery has discharged down to
about 5.8V, giving the user time to recharge the battery or shut down hard-

ware with high power requirements. The output is still in regulation at this
time.

OUT OF REGULATION flag goes low if the output goes below about 4.7V,
which could occur from a load fault.

OUTPUT has SNAP-ON/SNAP-OFF feature. Regulator snaps ON at about
5.7V input, and OFF at about 5.6V.

5V Regulator with Timed Power-On Reset, Snap-On/Snap-Off Feature and Hysteresis

Viy <
IN ]
J-zzo |
pF < | 37k +Y) .
= Mg %3 Ve sv ot
E Vour >
L@ sensef—e |
> ——
S 1 LP2953 e Ll
b KF COMP
INPUT C%'G’; >
570 RESET
S 100k R o 10 4P
S 1% c
0.1 uF

1
-— uF
TL/H/11127-24

= I

Timing Diagram

587V . o~ NG -
Vi /—\5'54\[
5 e
Your I I
0

RESET

TL/H/11127-25
Td = (0.28) RC = 28 ms for components shown.
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LM2574/LM2574HV

&National Semiconduc

LM2574/LM2574HV Series

tor

SIMPLE SWITCHER™ 0.5A Step-Down Voltage Regulator

General Description

The LM2574 series of regulators are monolithic integrated
circuits that provide all the active functions for a step-down
(buck) switching regulator, capable of driving a 0.5A load
with excellent line and load regulation. These devices are
available in fixed output voltages of 3.3V, 5V, 12V, 15V, and
an adjustable output version.

Requiring a minimum number of external components,
these regulators are simple to use and include internal fre-
quency compensation and a fixed-frequency oscillator.

The LM2574 series offers a high-efficiency replacement for
popular three-terminal linear regulators. Because of its high
efficiency, the copper traces on the printed circuit board are
normally the only heat sinking needed.

A standard series of inductors optimized for use wﬂh the
LM2574 are available from several different manufacturers.
This feature greatly simplifies the design of swntch mode
power supplies.

Other features include a guaranteed *4% tolerance on out-
put voltage within specified input voltages and output load
conditions, and +10% on the oscillator frequency. External
shutdown is included, featuring 50 pA (typical) standby cur-
rent. The output switch includes cycle-by-cycle current limit-
ing, as well as thermal shutdown for full protection under
fault conditions.

Features
m 3.3V, 5V, 12V, 15V, and adjustable output versnons
m Adjustable version output voltage range,
1.23V to 37V (57V for HV version) +4% max over line
and load conditions
® Guaranteed 0.5A output current
® Wide input voltage range, 40V, up to 60V
for HV version
B Requires only 4 external components
m 52 kHz fixed frequency internal oscillator
m TTL shutdown capability, low power standby mode
m High efficiency
m Uses readily available standard inductors
W Thermal shutdown and current limit protection

Applications

m Simple high-efficiency step-down (buck) regulator
m Efficient pre-regulator for linear regulators

m On-card switching regulators

m Positive to negative converter (Buck-Boost)

Typlcal Application (Fixed Output Voltage Versions)

Feedback
60V M +V,
Unr;gullai::( I: Lli:ggs;z:llv 1Du| ut Li Z:g(::;!ed
npu
Py Gy 3 330 uH | coyr 054 Loed
22 uf
I i"”“ A
= = = = TL/H/11394-1
Note: Pin numbers are for 8-pin DIP package.
Connection Diagrams v
-14-Lead Wide
8-Lead DIP (N) Surface Mount (WM)
il N\ s, *Nointernal
ten hd — connection, but o 14,
SIGGND 2 7 OUTPUT should be soldered e 2 13, .
3] 6 . to PC board for 3 12
ON/OFF A s ) best heat transfer. FB=] == OUTPUT
PWRGND — = Vin siconp =4 1L
TL/H/11394-2 oNJorF<) 10 Vi
Top View PHRGND =2 9 .
Order Number LM2574-3.3HVN, LM2574HVN-5.0, + e
LM2574HVN-12, LM2574HVN-15, LM2574HVN-ADJ, TL/H/11394-3
LM2574N-3.3, LM2574N-5.0, LM2574N-12, Top View

LM2574N-15 or LM2574N-ADJ
See NS Package Number NOSA

Patent Pending

Order Number LM2574HVM-3.3, LM2574HVM-5.0,
LM2574HVM-12, LM2574HVM-15, LM2574HVM-ADJ,
LM2574M-3.3 LM2574M-5.0, LM2574M-12,
LM2574M-15 or LM2574M-ADJ
See NS Package Number M14B
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,

-
=
N
a
please contact the Natlonal Semiconductor Sales (C = 100pF,R = 1.5k{}) 2kV Q
Office/Distributors for avallabllity and specmcatlons. Lead Temperature E
Maximum Supply Voltage (Soldering, 10 seconds) 260°C N
LM2574 45v Maximum Junction Temperature 1s0c | G
LM2574HV 63V . . E
ON/OFF Pin Input Voltage —~03V V< +Vy Operating Ratings =
Output Voltage to Ground Temperature Range ) '
(Steady State) -1V LM2574/LM2574HV —40°C < Ty < +125°C
Power Dissipation Internally Limited Supply Voltage s
Storage Temperature Range —65°Cto +150°C LM2574 40v

Minimum ESD Rating

LM2574HV : 60V

LM2574-3.3, LM2574HV-3.3

Electrical Characteristics specifications with standard type face are for Ty = 25°C, and those with boldface
type apply over full Operating Temperature Range.

LM2574-3.3
LM2574HV-3.3
Symbol Parameter Conditions S74HV-3 Units
T Limit (LImits)
yP -(Note 2)
| SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2
Vourt Output Voltage ViN = 12V, I oap = 100 mA 33 ’ SV
: 3.234 V(Min)
. 3.366 V(Max)
Vout Output Voltage 4.75V < V)N < 40V, 0.1A < | pap < 0.5A 3.3 \
; LM2574 3.168/3.135 V(Min)
3.432/3.465 V(Max)
Vout QOutput Voltage 4.75V < V|N £ 60V, 0.1A < | pap < 0.5A 3.3 )
. LM2574HV . 3.168/3.135 V(Min)
3.450/3.482 V(Max)
n ) Efficiency Vin = 12V, I oap = 0.5A 72 %

LM2574-5.0, LM2574HV-5.0

Electrical Characteristics specifications with standard type face are for Ty = 25°C, and those with boldface
type apply over full Operating Temperature Range.

LM2574-5.0
LM2574HV-5.0 i
Symbol Parameter Conditions HV-5 Units
T Limit (Limits)
yP (Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2
Vout Output Voltage Vin = 12V, I oap = 100 mA 5 \
4.900 V(Min)
5.100 V(Max)
Vourt Output Voltage 7V < V|N £ 40V, 0.1A < I oap < 0.5A 5 v .
LM2574 4.800/4.750 V(Min)
5.200/5.250 V(Max)
Vout Output Voltage 7V < V|y £ 60V, 0.1A < I pap < 0.5A 5
LM2574HV 4.800/4.750 V(Min)
5.225/5.275 V(Max)
n Efficiency Vin = 12V, ILoap = 0.5A 77 %
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LM2574/LM2574HV

LM2574-12, LM2574HV-12

Electrical Characteristics specifications with standard type face are for Ty = 25°C and those with boldface
type apply over full Operating Temperature Range.

LM2574-12
LM2574HV-12
Symbol Parameter Conditions t:nlltts
T Limit (Limits)
yP (Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2
Vour Output Voltage VIN = 25V, lILoap = 100 mA 10 \
11.76 V(Min)
) 12.24 V(Max)
Vour Output Voltage 15V < VN € 40V, 0.1A < | poap < 0.5A 12 Vv
LM2574 11.52/11.40 V(Min)
12.48/12.60 V(Max)
Vout Output Voltage 15V < V)N < 60V, 0.1A < | pap < 0.5A 12
LM2574HV 11.52/11.40 V(Min)
12.54/12.66 V(Max)
7 Efficiency Vin = 158V, I .oaDp = 0.5A 88 %

LM2574-15, LM2574HV-15

Electrical Characteristics specifications with standard type face are for Ty = 25°C, and those with boldface
type apply over full Operating Temperature Range.

LM2574-15
LM2574HV-15 Units
Symbol . Parameter Conditions T Umit (Limits)
e (Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2

Vout Output Voltage ViN = 30V, lpoap = 100 mA 15 \Y
: 14.70 V{Min)
15.30 V(Max)

Vout Output Voltage 18V < Vjy < 40V, 0.1A < I pap < 0.5A 15 \"
LM2574 14.40/14.25 V(Min)
15.60/15.75 V(Max)

Vour Output Voltage 18V < V|y £ 60V, 0.1A < | pap < 0.5A 15

LM2574HV 14.40/14.25 V(Min)
15.68/15.83 V(Max)

n Efficiency ViN = 18V, I .oap = 0.5A 88 %
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LM2574-ADJ, LM2574HV-ADJ

Electrical Characteristics Specifications with standard type face are for T; = 25°C, and those with boldface
type apply over full Operating Temperature Range. Unless otherwise specified, VN = 12V, I pap = 100 mA.

AHV2SCNT/PLSCNT

LM2574-ADJ
LM2574HV-ADJ
Symbol Parameter Conditions H I'_':n'ltf
Typ Limit (Limits)
y (Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2
VEs Feedback Voltage VIN = 12V, lILoap = 100 mA 1.230 \
1.217 V(Min)
1.243 V(Max)
VEB Feedback Voltage 7V < VN < 40V, 0.1A < I poap < 0.5A 1.230 v
. LM2574 Vour Programmed for 5V. Circuit of Figure 2 1.193/1.180 V(Min)
1.267/1.280 V(Max)
VEB Feedback Voltage 7V < V|n < 60V, 0.1A < I poap < 0.5A 1.230
LM2574HV Vout Programmed for 5V. Circuit of Figure 2 1.193/1.180 V(Min)
1.273/1.286 V(Max)
] Efficiency ViN = 12V, VouTt = 5V, lioap = 0.5A 77 %

All Output Voltage Versions

Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface
type apply over full Operating Temperature Range. Unless otherwise specified, Viy = 12V for the 3.3V, 5V, and
Adjustable version, V| = 25V for the 12V version, and V| = 30V for the 15V version. I pap = 100 mA.

LM2574-XX
LM2574HV-XX
Symbol Parameter Conditions Il_.:nits
T Limit (Limits)
yp (Note 2)
DEVICE PARAMETERS
Ip Feedback Bias Current Adjustable Version Only, Voyt = 5V 50 100/500 nA
fo Oscillator Frequency (see Note 10) 52 kHz
47/42 kHz(Min)
58/63 kHz(Max)
VsaT Saturation Voltage lout = 0.5A (Note 4) 0.9 v
1.2/1.4 V(max)
DC Max Duty Cycle (ON) (Note 5) 98 %
93 %(Min)
loL Current Limit Peak Current, (Notes 4, 10) 1.0 A
0.7/0.65 A(Min)
1.6/1.8 A(Max)
IL Output Leakage Current (Notes 6, 7) Output = 0V 2 mA(Max)
Output = —1V 7.5 mA
Qutput = —1V 30 mA(Max)
la Quiescent Current (Note 6) 5 mA
: 10 mA(Max)
IsTRY Standby Quiescent ON/OFF Pin= 5V (OFF) 50 A
Current 200 pA(Max)
CATN Thermal Resistance N Package, Junction to Ambient (Note 8) 92
AT N Package, Junction to Ambient (Note 9) 72 “CIW
CATN M Package, Junction to Ambient (Note 8) 102
AT M Package, Junction to Ambient (Note 9) 78
ON/OFF CONTROL Test Circuit Figure 2
ViH ON/OFF Pin Logic VouTt = 0V 1.4 22/2.4 V(Min)
Vi Input Level Vour = Nominal Output Voltage 12 1.0/0.8 V(Max)
IH ON/OFF Pin Input ON/OFF Pin = 5V (OFF) 12 pA
Current 30 pA(Max)
I ON/OFF Pin = OV {ON) 0 pA
10 pA(Max)
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LM2574/LM2574HV

Electrical Characteristics (continued)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.

Note 2: All limits guaranteed at room temperature (Standard type face) and at temperature extremes (bold type face).'All room temperature limits are 100%
production tested. All limits at temperature extremes are guaranteed via correlation using standard Statistical Quality Control (SQC) methods. All limits are used
to calculate Average Outgoing Quality Level.

Note 3: External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance. When the LM2574
is used as shown in the Figure 2 test circuit, system performance will be as shown in system parameters section of Electrical Characteristics.

Note 4: Output pin sourcing current. No diode, inductor or capacitor connected to output pin.

Note 5: Feedback pin removed from output and connected to OV.

Note 6: Feedback pin removed from output and connected to +12V for the Adjustable, 3.3V, and 5V versions, and + 25V for the 12V and 15V versions, to force
the output transistor OFF. .

Note 7: V|y = 40V (60V for high voltage version).

Note 8: Junction to ambient thermal resistance with approximately 1 square inch of printed circuit board copper surrounding the leads. Additional copper area will
lower thermal resi further. See application hints in this data sheet and the thermal model in Switchers Made Simple software.

Note 9: Junction to ambient thermal resistance with approximately 4 square inches of 1 oz. (0.0014 in. thick) printed circuit board copper surrounding the leads.
Additional copper area will lower thermal resistance further. (See Note 8.)

Note 10: The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overload which causes the regulated output voltage to drop
approximately 40% from the nominal output voltage. This self protection feature lowers the average power dissipation of the IC by lowering the minimum duty cycle
from 5% down to approximately 2%.

Typical Performance Characteristics (it ot Figure 2)

Normalized Output Voltage Line Regulation Dropout Voltage
+1.0 e . 14 20
. s08 |1 Vwz20V l _ 12 hoap = 100 mA = L=350 uH
R Yoap = 100 mA R T, =25 —~ 2 Ryp = 0.20
~  40.6 [— Normalized at R — =2 |
8 T,=259C <} = 18
2 04 = 2 o8 2 |
I 3 e 7 g
9. i g4 £ =l foap=500maA
g 0 v g o4 3.3V, 5V, K ADY & 10
: p = i g Ml : ~
3..-02 7 g 02 —12v & 15V ] g
z 04 [—A Z 0 o £ Loap = 100 mA —
5 7 5 2 os
E -0 E -0z 717 5
S 08 - z
-1.0 -0.6 - e
© 50 -25 -0 25 S50 75 100 125 0 10 20 30 40 50 60 -50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C) - INPUT VOLTAGE {V) JUNCTION TEMPERATURE (°C)
: Standby .
Current Limit Supply Current Quiescent Current
14 - 20 e 200 :
Viy = 25V our =5V |~ < V=40V ] oA
1.3 N 18 Measured at 3 L
) - Ground Pin (=3 fp?
—~ < 1 z ]
2 2 E 1= 25% g "
= s 3
FRR] g | e Vew/orr = 5V
'3 £ 12 g 100 t
S L o koap = 500 mA 23
5 P I~ > 10 g |
£ o9 N RN 3 A i D
.°. @ lLoap = 100 mA ] I ——
08 . 6 0 2
07 4 0
-50 =25 0 ‘25 50 75 100 125 0 10 20 30 40 50 60 -50.-25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C)
C TL/H/11394-17
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. s a- =
Typical Performance Characteristics (Gircuit of Figure 2) (Continued) »
~
N
Switch Saturation r\"
Osclllator Frequency Voltage Efficlency =
8 — 13 95 I N
ormalized at 25°C (3]
. 12 90
g ¢ - = 054 I~
£, = 85 [ Voup = 15V T
2 g 10 g — ® & <
3 2 S osfaocc T ashv e ——l_
w [} ouT ~ ~Q. 1A
E o L P 2 g0l_= ——
8 - 2 o7 ] ] \\ 0.5k
151
5 = 40V K 125°C SR N
R N, Vin = 40v /) g os - R
3 S 05 R 1A
z -6 *
0.4 55
iy =12V
-8 L 03 50
-75-50-25 0 25 50 75 100 125150 0o 01 02 03 04 05 0 10 20 30 40 50 60
JUNCTION TEMPERATURE (°C) SWITCH CURRENT (A) INPUT VOLTAGE (V)
Supply Current Feedback Voltage
Minimum Operating Voltage vs Duty Cycle vs Duty Cycle
5.0 200 r r T 20 T T T
.5 Adjustable Version Only Adjustable Version Only , < Ad]Justabls Version Onty
17.5 " — 74 E B ti mio "
X - N =7V =100m
= U Z 150 L SV 8 10—y <
g 35 E v/ = N |
[~ - =3 AN
W 30 =128 3 5 +
g ¥ = ] ° \w =40V
5 25 & 100 I vy = 40V g o —
° - 3 - IN = ~
2 3 | 5 T S
- 20 ~. 15 3 5 N I~
2 g Yours 123V : I A Loap = 100 mA o T
. Yoap = 100 mA S 50 0AD 8 -0
10 o 2
05 l 25 g -5
a ™
0 l 0 -20
-50-25 0 25 50 75 100 125 0 20 40 60 8 100 0 20 40 6 80 100
JUNCTION TEMPERATURE (°C) DUTY CYCLE (%) *DUTY CYCLE (%)
TL/H/11394-4
Feedback Junction to Ambient
Pin Current Thermal Resistance
100 150
Adjusteble Version Only
-~ 15 o~ 140
z 2
) g1 \
& w 120
g 25 <] \ S0-14 (WN)
3 ] = 10
= 0 / 20\ ||
S @2 100
) ] [\ DIP-8 (N)
3] o 90
b4 = \
g -5 Z 80
o ] ——
L 15 = 7
-100 60
-75-50-25 0 25 50 75 100125150 0 1 23 456 7 89
JUNCTION TEMPERATURE (°C) PC BOARD AREA (SQ. IN. OF 1 OZ. COPPER)
TL/H/11394-5
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LM2574/LM2574HV

Typical Performance Characteristics (circuit of Figure 2) (Continued) ot

Continuous Mode Switching Waveforms
Vout = 5V 500 mA Load Current, L. = 330 uH

TL/H/11394-6
-A: Output Pin Voltage, 10V/div
B: Inductor Current, 0.2 A/div
C: Output Ripple Voltage, 20 mVIdiv,
AC-Coupled
Horizontal Time Base: 5us/div

500 mA Load Transient Response for Continuous
Mode Operation, L = 330 uH, COUT = 300 uF

TL/H/11394-8

A: Output Voltage, 50 mV/div

AC Coupled :
B: 100 mA to 500 mA Load Pulse
Horizontal Time Base: 200 us/div

Block Diagram

A/
IN _
Unregulated __o I'g'l - I INTERNAL | N/ OFF 3 ON/CFF
OC Input ™[+ I | ResuLaTor |
Cin 1 =
I Feed-
= back R2 Fixed Gain
_ Error Amp
R1 = + Comparator 0.5 Amp
3.3V, R2 = 1.7k R1 Switch
5V,R2 = 3.1k Si9cnad' > DRIVER Output Lt Vour
12V, R2 = 8.84k _I:—[zj £ 7 -
15V, R2 = 11.3k = T2 —t <7 Cour !
For Adj. Version BAND-GAP 52 kHz RESET THERMAL || CURRENT — I_ 0
R1 = Open, R2 = 0Q REFERENCE | JOSCILLATOR| SHUTDOWN LiMIT 4 = -— A
— D
Pwr Gnd
Note: Pin numbers are for the 8-pin DIP package. TL/H/11394-10
FIGURE 1

Discontinuous Mode Switching Waveforms
“Vout = 5V, 100 mA Load Current, L = 100 p,H

TL/H/11394-7
A: Output Pin Voltage, 10V/div
B: Inductor Current, 0.2 A/div
C: Output Ripple Voltage, 20 mV/div,
AC-Coupled
Horizontal Time Base: 5 us/div

250 mA Load Transient Response for Discontinuous
Mode Operation. L = 68 uH, Coyr = 470 uF

200 mA
B{ 100 mA

0OmA
TL/H/11394-9

A: Output Voltage, 50 mV/div.
AC Coupled

B: 50 mA to 250 mA Load Pulse

Horizontal Time Base: 200 us/div
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~ Test Circuit and Layout Guidelines

r
=
N
S
Fixed Output Voltage Versions CIN— 22 pF, 75V td
Feod Back Aluminum Electrolytic E
+Vy LM2574(HV) |1 330 g . Cout— 220 ’.LF: 25V . a
f FIXED OUTPUT Outpuim Vour : Aluminum Electrolytic ~
y Y D1— Schottky, 110Q06 o
Unregulated 122 AF B P s *Cur |5 Li— 330 uH, 52627 <
TR G T T 073 100 1284100,
| pH, RL- -
- R1— 2k, 0.1%

— R2— 6.12k,0.1%

TU/H/11394-11
Adjustable Output Voltage Version

Fead Back
| maszagy [ Vour = Veee (1 + 22
| (HV) 330 uH v sy ouT = VRer R,
7 —~ADJ Output our = v
‘ out
7-60v 7 L 1 2 R = Ay (_v - ,)
Unregulated = 22 pF 2 2 Cour 6,12k REF

where Vgeg = 1.23V,

DC Input Cy
R1 between 1k & 5k.

5>

-
3
3 D1 <
Si —-—
Cng 110006 220 uF -ER'
2k

, TL/H/11394-12
FIGURE 2 '

As in any switching regulator, layout is very important. Rap-

idly switching currents associated with wiring inductance Inductor | Pulse Eng. Renco NPl

generate voltage transients which can cause problems. For Value (Note 1) (Note 2) (Note 3)
minimal inductance and ground loops, the length of the 68 puH * RL-1284-68 NP5915
leads indicated by heavy lines should be kept as short as 100 pH * RL-1284-100 NP5916
possible. Single-point grounding (as indicated) or ground 150 pH 52625 RL-1284-150 NP5917

plane construction should be used for best results. When
using the Adjustable version, physically locate the program-
ming resistors near the regulator, to keep the sensitive feed-

220 pH 52626 | RL-1284-220 | NP5918/5919
330 pH 52627 RL-1284-330 | NP5920/5921

back wiring Short. 470pH | 52628 | RL-1284-470 NP5922
680 uH | 52629 | RL-1283-680 NP5923

1000 pH | 52631 | RL-1283-1000 .

1500 uH | . * RL-1283-1500 .

2200pH | - ¢ RL-1283-2200 *

FIGURE 3. Inductor Selection by
Manufaclurer_’s Part Number

U.S. Source European Source
Note 1: Pulse Engineering, (619) 674-8100 Note 3: NPI/APC ‘ . 144 (0)634 290588
P.O. Box 12236, San Diego, CA 92112 47 Riverside, Medway City Estate

. » ) Strood, Rochester, Kent ~ ME24DP. UK
Note 2: Renco Electronics Inc., (516) 586-5566 )
60 Jeffryn Blvd. East, Deer Park, NY 11729 *Contact Manufacturer
*Contact Manufacturer
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LM2574/LM2574HV

LM2574 Series Buck Regulator Design Procedure

PROCEDURE (Fixed Output Voltage Versions)

EXAMPLE (Fixed Output Voltage Versions)

Given:

1.

2,

3.

Vout = Regulated Output Voitage (3.3V, 5V, 12V, or 15V)
Vin(Max) = Maximum Input Voltage

ILoap(Max) = Maximum Load Current

Inductor Selection (L1)

A. Select the correct Inductor value selection guide from
Figures 4, 5, 6 or 7. (Output voltages of 3.3V, 5V, 12V or
15V respectively). For other output voltages, see the
design procedure for the adjustable version.

B. From the inductor value selection guide, identify the
inductance region intersected by V|n(Max) and
ILoaD(Max).

C. Select an appropriate inductor from the table shownin
Figure 3 . Part numbers are listed for three inductor
manufacturers. The inductor chosen must be rated for
operation at the LM2574 switching frequency (52 kHz) and
for a current rating of 1.5 X I oap. For additional inductor
information, see the inductor section in the Application
Hints section of this data sheet.

Output Capacitor Selection (Coyr)

A. The value of the output capacitor together with the
inductor defines the dominate pole-pair of the switching
regulator loop. For stable operation and an acceptable
output ripple voltage, (approximately 1% of the output
voltage) a value between 100 pF and 470 pFis
recommended.

B. The capacitor’s voltage rating should be at least 1.5
times greater than the output voltage. For a 5V regulator,
arating of at least 8V is appropriate, and a 10V or 15V
rating is recommended. - '

Higher voltage electrolytic capacitors generally have lower
ESR numbers, and for this reasion it may be necessary to
select a capacitor rated for a higher voltage than would
normally be needed.

Catch Diode Selection (D1)

A. The catch-diode current rating must be at least 1.5
times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output
short, the diode should have a current rating equal to the
maximum current limit of the LM2574. The most stressful
condition for this diode is an overload or shorted output
condition.

B. The reverse voltage rating of the diode should be at
least 1.25 times the maximum input voltage.

Input Capacitor (C|y)

An aluminum or tantalum electrolytic bypass capacitor
located close to the regulator is needed for stable
operation.

Given:
Vout = 8V
Vin(Max) = 15V
ILoap(Max) = 0.4A

1. Inductor Selection (L 1)

2,

3.

4.

A. Use the selection guide shown in Figure 5.

B. From the selection guide, the inductance area
intersected by the 15V line and 0.4A line is 330.

C. Inductor value required is 330 pH. From the table in
Figure 3, choose Pulse Engineering PE-52627,

Renco RL-1284-330, or NPI NP5920/5921.

Output Capacitor Selection (Cout)

A. Coyt = 100 pnF to 470 uF standard aluminum
electrolytic.

B. Capacitor voltage rating = 20V.

Catch Diode Selection (D1)

A. For this example, a 1A current rating is adequate.

B. Use a 20V 1N5817 or SR102 Schottky diode, or any of
the suggested fast-recovery diodes shown in Figure 9.

Input Capacitor (Cyy)
A 22 pF aluminum electrolytic capacitor located near the
input and ground pins provides sufficient bypassing.
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LM2574 Series Buck Regulator Design Procedure (continued)
INDUCTOR VALUE SELECTION GUIDES (For Continuous Mode Operation) :

AHYZSEWN/P25CNT

60 60V

10 —X Z 4

20—\ sov |1000 / / A

151680 P 7 /< y
) :g 7[470\ . 2ov 7
e 9 /\{ g 680N\ »
< 8 . » w
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LM2574/LM2574HV

LM2574 Series Buck Regulator Design Procedure (continued)

PROCEDURE (Adjustable Output Voltage Versions)

EXAMPLE (Adjustable Output Voltage Versions)

Given:
Vout = Regulated Output Voltage
Vin(Max) = Maximum Input Voltage
ILoap(Max) = Maximum Load Current
F = Switching Frequency (Fixed at 52 kHz)
1. Programming Output Voltage (Selecting R1 and R2, as
shown in Figure 2)

Use the following formula to select the appropriate
resistor values.

R
Voutr = VeRer |1 + R—?) where VRgr = 1.23V

R1 can be between 1k and 5k. (For best temperature
coefficient and stability with time, use 1% metal film

resistors)
P V
Ro = Ry (—~—V2LE’: - 1)

2. Inductor Selection (L1)

A. Calculate the inductor Volt ® microsecond constant,

E o T (V ® ps), from the following formula:
VOUT 01000
F (in kHz)

B. Use the E e T value from 1he previous formula and
match it with the E ® T number on the vertical axis of the
Inductor Value Selection Guide shown in Figure 8.
C. On the horizontal axis, select the maximum load
current.
D. Identify the inductance region intersected by the E® T
value and the maximum load current value, and note the
inductor value for that region.
E. Select an appropriate inductor from the table shown in
Figure 3. Part numbers are listed for three inductor
manufacturers. The inductor chosen must be rated for
operation at the LM2574 switching frequency (52 kHz)
and for a currentrating of 1.5 X I oap. For additional
inductor information, see the inductor section in the
application hints section of this data sheet.

EeT=(ViN— VOUT) (Ve us)

3. Output Capacitor Selection (Coyr)

A. The value of the output capacitor together with the
inductor defines the dominate pole-pair of the switching
regulator loop. For stable operation, the capacitor must
satisfy the following requireme\r}t: (M)
INtVIax
Cout = 13,300 Vour s L(xH)
The above formula yields capacitor values between 5 uF
and 1000 pF that will satisfy the loop requirements for
stable operation. But to achieve an acceptable output
ripple voltage, (approximately 1% of the output voltage)
and transient response, the output capacitor may need to
be several times larger than the above formula yields.
B. The capacitor’s voltage rating should be at last 1.5
times greater than the output voltage. For a 24V regulator,
arating of at least 35V is recommended.:
Higher voltage electrolytic capacitors generally have
lower ESR numbers, and for this reasion.it may be
necessary to select a capacitor rate for a higher voltage
than would normally be needed.

(1F)

Given:
Vout = 24V
Vin(Max) = 40V
ILoap(Max) = 0.4A
F = 52 kHz
1. Programming Output Voltage (Se/eci/ng R1andR2)

R
VouT = 1.23(1 + R—z) Select R1 = 1k
1

Vour ) ( 24V )
1) = 1 = -
Rz H‘(VREF T2av

Ra = 1k (19.51 — 1) = 18.51k, closest 1% value is 18.7k

2. Inductor Selection (L1)
A.CalculateEe T (V o 1us)

24 1000
. 40 — 24 o—o
EeT = (40 — 24) 5

=185V epus

B.EeT =185Veyus

C.l oap(Max) = 0.4A

D. Inductance Region = 1000

E. Inductor Value = 1000 uH Choose from Pulse
Engineering Part #PE-52631, or Renco

Part #RL-1283-1000.

3. Output Capacitor Selection (Cour)

A.Coyr > 13,300 = 22.2 uF

0
24 ¢ 1000
However, for acceptable output ripple voltage select
Cout = 100 pF
Cout = 100 uF electrolytic capacitor
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LM2574 Series Buck Regulator Design Procedure (continued)

PROCEDURE (Adjustable Output Voltage Versions)

EXAMPLE (Adjustable Output Voltage Versions)

Catch Dlode Selection (D1)

A. The catch-diode current rating must be at least 1.5
times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output
short, the diode should have a current rating equal to the
maximum current limit of the LM2574. The most stressful
condition for this diode is an overload or shorted output
condition. Suitable diodes are shown in the selection
guide of Figure 9.

B. The reverse voltage rating of the diode should be at
least 1.25 times the maximum input voltage.

. Input Capacitor (C|y)

An aluminum or tantalum electrolytic bypass capacitor
located close to the regulator is needed for stable
operation.

4.

Catch Diode Selection (D1)

A. For this example, a 1A current rating is adequate.

B. Use a 50V MBR150 or 11DQ05 Schottky diode, or any of the
suggested fast-recovery diodes in Figure 9.

Input Capacitor (Cin)
A 22 pF aluminum electrolytic capacitor located near the input
and ground pins provides sufficient bypassing.

v 1 Amp Diodes
R
Schottky Fast Recovery
1N5817
20V SR102
MBR120P
1N5818
SR103
30V 11DQ03
MBR130P The
10JQ030 following
diodes
1N5819 are all
SR104 rated to
40V 11DQo04 100V
11JQ04
MBR140P
11DF1
o e
50V MUR110
11DQO05 HER102
11JQ05 :
MBR160
SR106
eov 11DQ06
11JQ06
90V 11DQ09

FIGURE 9. Diode Selection Guide

To further simplify the buck regulator design procedure, National
Semiconductor is making available computer design software to
be used with the Simple Switcher line of switching regulators.
Switchers Made Simple (version 3.3) is available on a (313”)
diskette for IBM compatible computers from a National
Semiconductor sales office in your area.
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Application Hints
INPUT CAPACITOR (Cy)

‘To maintain stability, the regulator mput pin must be by- .

passed with at least a 22 uF electrolytic capacitor. The ca-
pacitor's leads must be kept short, and located near the
regulator.

If the operating temperature range includes temperatures

below —25°C, the input capacitor value may need to be
larger. With most electrolytic capacitors, the capacitance
value decreases and the ESR increases with lower temper-
atures and age. Paralleling a ceramic or solid tantalum ca-
pacitor will increase the regulator stability at cold tempera-
tures. For maximum capacitor operating lifetime, the capaci-
tor's RMS ripple current rating should be greater than

ton
1.2 X X1
(T) LOAD

t V, '
ON _ Tout for a buck regulator
T Vin

where
ton _ __IVourl
T Noutl + Vin

INDUCTOR SELECTION

All switching regulators have two basic modes of operation:
continuous and discontinuous. The difference between the
two types relates to the inductor current, whether it is flow-
ing continuously, or if it drops to zero for a period of time in
the normal switching cycle. Each mode has distinctively dif-
ferent operating characteristics, which can affect the regula-
tor performance and requirements.

The LM2574 (or any of the Simple Switcher family) can be
used for both continuous and discontinuous modes of oper-
ation.

In many cases the preferred mode of operation is in the
continuous mode. It offers better load regulation, lower peak
switch, inductor and diode currents, and can have lower out-
put ripple voltage. But it does require relatively large induc-
tor values to keep the inductor current flowing contlnuously,
especially at low output load currents.

To simplify the inductor selection process, an inductor se-
lection guide (nomograph) was designed (see Figures 4
through 8). This guide assumes continuous mode opera-
tion, and selects an inductor that will allow a peak-to-peak
inductor ripple current (Aljnp) to be a certain percentage of
the maximum design load current. In the LM2574 SIMPLE
SWITCHER, the peak-to-peak inductor ripple current per-

and for a buck-boost regulator.

centage (of load current) is allowed to change as different .

design load currents are selected. By allowing the percent-

age of inductor ripple current to increase for lower current

applications, the inductor size and value can be kept rela-
tively low.

INDUCTOR RIPPLE CURRENT

When the switcher is operating in the continuous mode, the

inductor current waveform ranges from a triangular to a
sawtooth type of waveform (depending on the input volt-
age). For a given input voltage and output voltage, the peak-
to-peak amplitude of this inductor current waveform remains

constant. As the load current. rises or falls, the entire saw-
tooth current waveform also rises or falls. The average DC .-
value of this waveform is equal to the DC Ioad current @in
the buck regulator configuration).

If the load current drops to a low enough level, the bottom
of the sawtooth current waveform will reach zero, and the

. switcher will change to a discontinuous mode of operation.
" This is a perfectly acceptable mode of operation. Any buck

switching regulator (no matter how large the inductor value
is) will be forced to run discontinuous if the load current is
light enough.

The curve shown in Figure 10 illustrates how the peak-to-

- peak inductor ripple current (Aljyp) is allowed to change as

different maximum load currents are selected, and also how
it changes as the operating point varies from the upper bor-
der to the lower border within an inductance region (see
Inductor Selection guides).

90

80

70

60

50

Inductance

40 Region

Alyp (% of MAX DESIGN LOAD CURRENT)

30
0.2 0.3 0.4
MAXIMUM LOAD CURRENT (A)

TL/H/11394-18
FIGURE 10. Inductor Ripple Current (Aljyp) Range
Based on Selection Guides from Figures 4-8.
Consider the following example:
VouTt = 5V @ 0.4A
ViN = 10V minimum up to 20V maximum

The selection guide in Figure 5 shows that for a 0.4A load
current, and an input voltage range between 10V and 20V,
the inductance region selected by the guide is 330 pH. This
value of inductance will allow a peak-to-peak inductor ripple
current (Aljnp) to flow that will be a percentage of the maxi-
mum load current. For this inductor value, the Aljyp will also
vary depending on the input voltage. As the input voltage
increases to 20V, it approaches the upper border of the
inductance region, and the inductor ripple current increases.
Referring to the curve in Figure 10, it can be seen that at the

'0.4A load current level, and operating near the upper border

of the 330 uH inductance region, the Aljnp will be 53% of
0.4A, or 212 mA p-p.

This Alinp is important because from this number the peak
inductor current rating can be determined, the minimum
load current required before the circuit goes to discontinu-
ous operation, and also, knowing the ESR of the output
capacitor, the output ripple voltage can be calculated, or
conversely, measuring the output ripple voltage and know-
ing the Aljnp, the ESR can be calculated.
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Application Hints (continued)

From the previous example, the Peak-to-peak Inductor Rip-
ple Current (Aljyp) = 212 mA p-p. Once the Ajyp value is
known, the following three formulas can be used to calcu-
late additional information about the switching regulator cir-
cuit:

1. Peak Inductor or peak switch current

(ILOAD + %) = <0.4A + %) = 506 mA

2. Mimimum load current before the circuit becomes discon-
tinuous

_ Alnp _

3. Output Ripple Voltage = (Aljnp) X (ESR of Coyr)

The selection guide chooses inductor values suitable for
continuous mode operation, but if the inductor value chosen
is prohibitively high, the designer should investigate the pos-
sibility of discontinuous operation. The computer design
software Switchers Made Simple will provide all compo-
nent values for discontinuous (as well as continuous) mode
of operation.

Inductors are available in different styles such as pot core,
toroid, E-frame, bobbin core, etc., as well as different core
materials, such as ferrites and powdered iron. The least ex-
pensive, the bobbin core type, consists of wire wrapped on
a ferrite rod core. This type of construction makes for an
inexpensive inductor, but since the magnetic flux is not com-
pletely contained within the core, it generates more electro-
magnetic interference (EMI). This EMI can cause problems
in sensitive circuits, or can give incorrect scope readings
because of induced voltages in the scope probe.

The inductors listed in the selection chart include powdered
iron toroid for Pulse Engineering, and ferrite bobbin core for
Renco.

An inductor should not be operated beyond its maximum
rated current because it may saturate. When an inductor
begins to saturate, the inductance decreases rapidly and
the inductor begins to look mainly resistive (the DC resist-
ance of the winding). This can cause the inductor current to
rise very rapidly and will affect the energy storage capabili-
ties of the inductor and could cause inductor overheating.
Different inductor types have different saturation character-
istics, and this should be kept in mind when selecting an
inductor. The inductor manufacturers’ data sheets include
current and energy limits to avoid inductor saturation.

OUTPUT CAPACITOR

An output capacitor is required to filter the output voltage
and is needed for loop stability. The capacitor should be
located near the L M2574 using short pc board traces. Stan-
dard aluminum electrolytics are usually adequate, but low
ESR types are recommended for low output ripple voltage
and good stability. The ESR of a capacitor depends on
many factors, some which are: the value, the voltage rating,
physical size and the type of construction. In general, low
value or low voltage (less than 12V) electrolytic capacitors
usually have higher ESR numbers.

The amount of output ripple voltage is primarily a function of
the ESR (Equivalent Series Resistance) of the output ca-
pacitor and the amplitude of the inductor ripple current

(AlinD)- See the section on inductor ripple current in Appli-
cation Hints.

The lower capacitor values (100 pF- 330 pF) will allow typi-
cally 50 mV to 150 mV of output ripple voltage, while larger-
value capacitors will reduce the ripple to approximately
20 mV to 50 mV.

Output Ripple Voltage = (Alinp) (ESR of Cout)

To further reduce the output ripple voltage, several standard
electrolytic capacitors may be paralleled, or a higher-grade
capacitor may be used. Such capacitors are often called
“high-frequency,” “low-inductance,” or “low-ESR.” These
will reduce the output ripple to 10 mV or 20 mV. However,
when operating in the continuous mode, reducing the ESR
below 0.03Q can cause instability in the regulator.

Tantalum capacitors can have a very low ESR, and should
be carefully evaluated if it is the only output capacitor. Be-
cause of their good low temperature characteristics, a tanta-
lum can be used in parallel with aluminum slectrolytics, with
the tantalum making. up 10% or 20% of the total capaci-
tance.

The capacitor’s ripple current rating-at 52 kHz should be at
least 50% higher than the peak-to-peak inductor ripple cur-
rent.

CATCH DIODE

Buck regulators require a diode to prowde areturn path for
the inductor current when the switch is off. This diode
should be located close to the LM2574 using short leads
and short printed circuit traces.

Because of their fast switching speed and low forward volt-
age drop, Schottky diodes provide the best efficiency, espe-
cially in low output voltage switching regulators (less than
5V). Fast-Recovery, High-Efficiency, or Ultra-Fast Recovery
diodes are also suitable, but some types with an abrupt turn-
off characteristic may cause instability and EMI problems. A
fast-recovery ‘'diode with soft recovery characteristics is a
better choice. Standard 60 Hz diodes (e.g., 1N4001 or
1N5400, etc.) are also not suitable. See Figure 9 for
Schottky and ‘“‘soft" fast-recovery diode selection guide.

OUTPUT VOLTAGE RIPPLE AND TRANSIENTS

The output voltage of a switching power supply will contain
a sawtooth ripple voltage at the switcher frequency, typically
about 1% of the output voltage, and may also contain short
voltage spikes at the peaks of the sawtooth waveform.

The output ripple voltage is due mainly to the inductor saw-
tooth ripple current multiplied by the ESR of the output ca-
pacitor. (See the inductor selection in the application hints.)

The voltage spikes are present because of the the fast
switching action of the output switch, and the parasitic in-
ductance of the output filter capacitor. To minimize these
voltage spikes, special low inductance capacitors can be
used, and their lead lengths must be kept short. Wiring in-
ductance, stray capacitance, as well as the scope probe
used to evaluate these transients, all contribute to the am-
plitude of these spikes.

An additional small LC filter (20 uH & 100 pF) can be added
to the output (as shown in Figure 16 to further reduce the
amount of output ripple and transients. A 10 X reduction in
output ripple voltage and transients is possible with this fil-
ter.
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Application Hints (continued)

FEEDBACK CONNECTION

The LM2574 (fixed voltage versions) feedback pin must be
wired to the output voltage point of the switching power
supply. When using the adjustable version, physically locate
both output voltage programming resistors near the LM2574
to avoid picking up unwanted noise. Avoid using resistors
greater than 100 kQ® because of the increased chance of
noise pickup.

ON/OFF INPUT

For normal operation, the ON/OFF pin should be grounded
or driven with a low-level TTL voltage (typically below 1.6V).
To put the regulator into standby mode, drive this pin with a
high-level TTL or CMOS signal. The ON/OFF pin can be
safely pulled up to +Vy without a resistor in series with it.
The ON/OFF pin should not be left open.

GROUNDING

The 8-pin molded DIP and the 14-pin surface mount pack-
age have separate power and signal ground pins. Both
ground pins should be soldered directly to wide printed cir-
cuit board copper traces to assure low inductance connec-
tions and good thermal properties.

THERMAL CONSIDERATIONS

The 8-pin DIP (N) package and the 14-pin Surface Mount
(M) package are molded plastic packages with solid copper
lead frames. The copper lead frame conducts the majority
of the heat from the die, through the leads, to the printed
circuit board copper, which acts as the heat sink. For best
thermal performance, wide copper traces should be used,
and all ground and unused pins should be soldered to gen-
erous amounts of printed circuit board copper, such as a
ground plane. Large areas of copper provide the best trans-
fer of heat (lower thermal resistance) to the surrounding air,
and even double-sided or multilayer boards provide better
heat paths to the surrounding air. Unless the power levels
are small, using a socket for the 8-pin package is not recom-
mended because of the additional thermal resistance it in-
troduces, and the resultant higher junction temperature.

Because of the 0.5A current rating of the LM2574, the total
package power dissipation for this switcher is quite low,
ranging from approximately 0.1W up to 0.75W under varying
conditions. In a carefully engineered printed circuit board,
both the N and the M package can easily dissipate up to
0.75W, even at ambient temperatures of 60°C, and still keep
the maximum junction temperature below 125°C.

A curve displaying thermal resistance vs. pc board area for
the two packages is shown in the Typical Performance
Characteristics curves section of this data sheet.

These thermal resistance numbers are approximate, and
there can be many factors that will affect the final thermal
resistance. Some of these factors include board size,
shape, thickness, position, location, and board temperature.
Other factors are, the area of printed circuit copper, copper
thickness, trace width, multi-layer, single- or double-sided,
and the amount of solder on the board. The effectiveness of
the pc board to dissipate heat also depends on the size,
number and spacing of other components on the board.
Furthermore, some of these components, such as the catch
diode and inductor will generate some additional heat. Also,
the thermal resistance decreases as the power level in-
creases because of the increased air current activity at the
higher power levels, and the lower surface to air resistance
coefficient at higher temperatures.

The data sheet thermal resistance curves and the thermal
model in Switchers Made Simple software (version 3.3)
can estimate the maximum junction temperature based on
operating conditions. In addition, the junction temperature
can be estimated in actual circuit operation by using the
following equation.
Tj= Teu + (6j.cu X Pp)

With the switcher operating under worst case conditions
and all other components on the board in the intended en-
closure, measure the copper temperature (Tcy ) near the IC.
This can be done by temporarily soldering a small thermo-
couple to the pc board copper near the IC, or by holding a
small thermocouple on the pc board copper using thermal
grease for good thermal conduction.
The thermal resistance (6}.c,) for the two packages is:

j.cy = 42°C/W for the N-8 package °

j.cu = 52°C/W for the M-14 package
The power dissipation (Pp) for the IC could be measured, or
it can be estimated by using the formula:

V
Pp = (ViN) (Is) + (\—/ﬁ) (iLoAD) (VsaT)

Where Ig is obtained from the typical supply current curve
(adjustable version use the supply current vs. duty cycle
curve).

Additional Applications

INVERTING REGULATOR

Figure 11 shows a LM2574-12 in a buck-boost configuration
to generate a negative 12V output from a positive input volt-
age. This circuit bootstraps the regulator’s ground pin to the
negative output voltage, then by grounding the feedback
pin, the regulator senses the inverted output voltage and
regulates it to —12V.

+8 to +25V
Unregulated Feedback
DC Input +Viy 1
=] LM2574 =12 output Lt
7 l
+ 68 uH *
(Z:l;pF 2 3 S T gglgyr =
D i e |
- =-12V@ 100 mA
Regulated
Output

Note: Pin numbers are for the 8-pin DIP package.

TL/H/11394-18

FIGURE 11. Inverting Buck-Boost Develops — 12V




Additional Applications (continued)

For an input voltage of 8V or more, the maximum available
output current in this configuration is approximately 100 mA.
At lighter loads, the minimum input voltage required drops to
approximately 4.7V.

The switch currents in this buck-boost configuration are
higher than in the standard buck-mode design, thus lower-
ing the available output current. Also, the start-up input cur-
rent of the buck-boost converter is higher than the standard
buck-mode regulator, and this may overload an input power
source with a current limit less than 0.6A. Using a delayed
turn-on or an undervoltage lockout circuit (described in the
next section) would allow the input voltage to rise to a high
enough level before the switcher would be allowed to turn
on.

Because of the structural differences between the buck and
the buck-boost regulator topologies, the buck regulator de-
sign procedure section can not be used to to select the
inductor or the output capacitor. The recommended range
of inductor values for the buck-boost design is between
68 uH and 220 pH, and the output capacitor values must be
larger than what is normally required for buck designs. Low
input voltages or high output currents require a large value
output capacitor (in the thousands of micro Farads).

The peak inductor current, which is the same as the peak
switch current, can be calculated from the following formula:

| =~ oaVin+ Vo) | VinNol 1

P ViN Vint [Vol 2Ly fose
Where fosc = 52 kHz. Under normal continuous inductor
current operating conditions, the minimum V|y represents

the worst case. Select an inductor that is rated for the peak
current anticipated.

Also, the maximum voltage appearing across the regulator
is the absolute sum of the input and output voltage. For a
—12V output, the maximum input voltage for the LM2574 is
+28V, or +48V for the LM2574HV.

The Switchers Made Simple (version 3.3) design software
can be used to determine the feasibility of regulator designs
using different topologies, different input-output parameters,
different components, etc.

NEGATIVE BOOST REGULATOR

Another variation on the buck-boost topology is the nega-
tive boost configuration. The circuit in Figure 12 accepts an
input voltage ranging from —5V to —12V and provides a
regulated ~12V output. Input voltages greater than —12V
will cause the output to rise above —12V, but will not dam-
age the regulator.

= ey R =
v Ir Cour
IN 1000 uF
= LM2574-12 | output . 1 o
7
o q 42 B 1N5817
= "IN Pwr |Sig |ON/oFF )
22 uF |6nd |Gnd Vour = =12V
“Vig 330 pH
& ~ OV — Load Current
-5to -12V 60mA for Vjy = 5.2

120 mA for Vy = =7V
TL/H/11394-20
Note: Pin numbers are for 8-pin DIP package.

FIGURE 12. Negative Boost

Because of the boosting function of this type of regulator,
the switch current is relatively high, especially at low input
voltages. Output load current limitations are a result of the
maximum current rating of the switch. Also, boost regulators
can not provide current limiting load protection in the event
of a shorted load, so some other means (such as a fuse)
may be necessary.

UNDERVOLTAGE LOCKOUT

In some applications it is desirable to keep the regulator off
until the input voltage reaches a certain threshold. An un-
dervoltage lockout circuit which accomplishes this task is
shown in Figure 13, while Figure 14 shows the same circuit
applied to a buck-boost configuration. These circuits keep
the regulator off until the input voltage reaches a predeter-
mined level.

VrH = Vz1 + 2Vee (Q1)

+Viy +Viy

LM2574 - XX

Gn  3]|ON/OFF 2&4|Gnds

TL/H/11394-21
Note: Complete circuit not shown.
Note: Pin numbers are for 8-pin DIP package.

FIGURE 13. Undervoltage Lockout for Buck Circult

+V, +V,
¢ i': LM2574 - XX

S 2 —
b3 20k Ton s[onjorr 244 |ends
— pins
71
Qt
R2
~Vour

TL/H/11394-22
Note: Complete circuit not shown (see Figure 11).
Note: Pin numbers are for 8-pin DIP package.

FIGURE 14. Undervoltage Lockout
for Buck-Boost Circuit -
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LM2574/LM2574HV

Additional Applications (continued)

DELAYED STARTUP

The ON/OFF pin can be used to provide a delayed startup
feature as shown in Figure 15. With an input voltage of 20V
and for the part values shown, the circuit provides approxi-
mately 10 ms of delay time before the circuit begins switch-
ing. Increasing the RC time constant can provide longer de-
lay times. But excessively large RC time constants can
cause problems with input voltages that are high in 60 Hz or
120 Hz ripple, by coupling the ripple into the ON/OFF pin.

ADJUSTABLE OUTPUT, LOW-RIPPLE

POWER SUPPLY

A 500 mA power supply that features an adjustable output
voltage is shown in Figure 16. An additional L-C filter that
reduces the output ripple by a factor of 10 or more is includ-
ed in this circuit.

AL o— | M2574 - XX

Cp 0.1 uf — .
ON/OFF 2&4 |Gnds

L
S 47k —_—
L

w

+

i

22 uf Ro

I_AAA

Ill—TF——o

TL/H/11394-23
Note: Complete circuit not shown.
Note: Pin numbers are for 8-pin DIP package.

FIGURE 15. Delayed Startup

Feadback e ——- outout
60V Max "‘VIN 1 utpu
Unregulated LM2574HY Outout L1 L2 Voltage
0C Input —-ADJ 7 s el 'Ll R Yo
3 150 uH l < ggk 20 pH gbzst: 55V
— < .
+] Gn Pr Sig ON/OFF +] Cour -"_l

Gnd | Gnd D1
‘ZZ“F 110Q06

R2 - Output voltage adjust

Note: Pin numbers are for 8-pin DIP package.

1000 uF 100 4F

—F—

- ] -
o
- - - - -

L L L ey |
optional output ripple filter
TL/H/11394-24

FIGURE 16. 1.2V to 55V Adjustable 500 mA Power Supply with Low Output Ripple

Definition of Terms

BUCK REGULATOR

A switching regulator topology in which a higher voltage is
converted to a lower voltage. Also known as a step-down
switching regulator. -

BUCK-BOOST REGULATOR

A switching regulator topology in which a positive voltage is
converted to a negative voltage without a transformer.
DUTY CYCLE (D)

Ratio of the output switch’s on-time to the oscillator period.

t V
for buck regulator p=2N_Your
T VIN
ton _ Vol
for buck-boost regulator - D = —_—
g T ol +Vin

CATCH DIODE OR CURRENT STEERING DIODE

The diode which provides a return path for the load current
when the LM2574 switch is OFF.

EFFICIENCY (7)
The proportion of input power actually delivered to the load.
n= Pour _ Pour

PN Pout + PLoss

CAPACITOR EQUIVALENT SERIES RESISTANCE (ESR)

The purely resistive component of a real capacitor’s imped-
ance (see Figure 17). It causes power loss resulting in ca-
pacitor heating, which directly affects the capacitor's oper-
ating lifetime. When used as a switching regulator output
filter, higher ESR values result in higher output ripple volt-

ages.
ESR ~ ESL ¢
TL/H/11394-25

FIGURE 17. Simple Model of a Real Capacitor

Most standard aluminum electrolytic capacitors in the
100 nF-1000 pF range have 0.5 to 0.1 ESR. Higher-
grade capacitors (“‘low-ESR”, “high-frequency”, or “low-in-
ductance’) in the 100 pF-1000 uF range generally have
ESR of less than 0.150.

EQUIVALENT SERIES INDUCTANCE (ESL)

The pure inductance component of a capacitor (see Figure
17). The amount of inductance is determined to a large
extent on the capacitor’s construction. In a buck regulator,
this unwanted inductance causes voltage spikes to appear
on the output.

7-134




Definition of Terms (continued)

OUTPUT RIPPLE VOLTAGE

The AC component of the switching regulator’s output volt-
age. It is usually dominated by the output capacitor’s ESR
multiplied by the inductor’s ripple current (Aljnp). The peak-
to-peak value of this sawtooth ripple current can be deter-
mined by reading the Inductor Ripple Current section of the
Application hints.

CAPACITOR RIPPLE CURRENT

RMS value of the maximum allowable alternating current at
which a capacitor can be operated continuously at a speci-
fied temperature. - : : )

STANDBY QUIESCENT CURRENT (IsTgy)

Supply current required by the LM2574 when in the standby
mode (ON/OFF pin is driven to TTL-high voltage, thus turn-
ing the output switch OFF).

INDUCTOR RIPPLE CURRENT (Aljnp)

The’ peaklto-peak value of the inductor current waveform,
typically a sawtooth waveform when the regulator is operat-
ing in the continuous mode (vs. discontinuous mode).

CONTINUOUS/DISCONTINUOUS MODE OPERATION

Relates to the inductor current. In the continuous mode, the
inductor current is always flowing and never drops to zero,
vs. the discontinuous mode, where the inductor current
drops to zero for a period of time in the normal switching
cycle.

INDUCTOR SATURATION

The condition which exists when an inductor cannot hold
any more magnetic flux. When an inductor saturates, the
inductor appears less inductive and the resistive component
dominates. Inductor current is then limited only by the DC
resistance of the wire and the available source current.

OPERATING VOLT MICROSECOND CONSTANT (E*Tgp)

The product (in Volteus) of the voltage applied to the induc-
tor and the timethe voltage is applied. This EsTop constant
is a measure of the energy handling capability of an inductor
and is dependent upon the type of core, the core area, the
number of turns, and the duty cycle.
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LM2594

&Nat_ional Semiconductor

LM2594

SIMPLE SWITCHER® Power Converter
150 kHz 0.5A Step-Down Voltage Regulator

General Description

The LM2594 series of regulators are monolithic integrated
circuits that provide all the active functions for a step-down
(buck) switching regulator, capable of driving a 0.5A load
with excellent line and load regulation. These devices are
available in fixed output voltages of 3.3V, 5V, 12V, and an
adjustable output version, and are packaged in a 8-lead DIP
and a 8-lead surface mount package.

Requiring a minimum number . of external components,
these regulators are simple to use and feature internal fre-
quency compensationt, a fixed-frequency oscillator, and im-
proved line and load regulation specifications.

The LM2594 series operates at a switching frequency of
150 kHz thus allowing smaller sized filter components than
what would be needed with lower frequency switching regu-
lators. Because of its high efficiency, the copper traces on
the printed circuit board are normally the only heat sinking
needed.

A standard series of inductors (both through hole and sur-
face mount types) are available from several different manu-
facturers optimized for use with the LM2594 series. This
feature greatly simplifies the design of switch-mode power
supplies.

Other features include a guaranteed +4% tolerance on out-
put voltage under all conditions of input voltage and output
load conditions, and +15% on the oscillator frequency. Ex-
ternal shutdown is included, featuring typically 85 pA stand-

by current. Self protection features include a two stage fre-
quency reducing current limit for the output switch and an
over temperature shutdown for complete protection under
fault conditions.

Features

m 3.3V, 5V, 12V, and adjustable output versions

m Adjustable version output voltage range, 1.2V to 37V
+4% max over line and load conditions

m Available in 8-pin surface mount and DIP-8 package

m Guaranteed 0.5A output current

m Input voltage range up to 40V

m Requires only 4 external components

® 150 kHz fixed frequency internal oscillator

W TTL Shutdown capability

m Low power standby mode, iq typically 85 pA

m High Efficiency

W Uses readily available standard inductors

B Thermal shutdown and current limit protection

Applications

m Simple high-efficiency step-down (buck) regulator
m Efficient pre-regulator for linear regulators

m On-card switching regulators

m Positive to Negative convertor

Typlcal Application (Fixed Output Voltage Versions)

Fesdbach
12V +V,

Unregulated I: LM52394 t)utput L1 ge%ula:ed

DC tnput 4 B i OUSZuL 4

N H A Coyr 94 Loa

espur |3 6 01 120 uF
I ON/OFF GND IN5817 K
- - - - - TL/H/12439-1
Connection Diagrams and Order Information
8-Lead Surface Mount (M)
8-Lead DIP (N)
. Y *No internal connection, but should be L= FRPY 8 = ouTpUT
1@ 8 = OUTPUT soldered to pc board for best heat .
L= V) 7 Vi transfer. -2 7 Vin
* =
s 1 3 6 |= GND
FB—4 5 |~ on/ofF FB =14 S | ON/OFF
TL/H/M2439-2 TL/H/12439-3
Top View Top View
Order Number

LM2594N-3.3, LM2594N-5.0,
LM2594N-12 or LM2594N-ADJ
See NS Package Number NOSE
‘tPatent Number 5,382,918,

Order Number LM2594M-3.3,
LM2594M-5.0, LM2594M-12 or
LM2594M-ADJ
See NS Package Number MOSA
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Absolute Maximum Ratings (ote 1)
If Military/Aerospace specified devices are required,

Lead Temperature

652N

please contact the National Semiconductor Sales M8 Package :
Office/Distributors for availability and specifications. Vapor Phase (60 sec.) +215°C
Maximum Supply Voltage 45V Infrared (15 sec.) +220°C
ON/OFF Pin Input Voltage —-03<V< +25V N Package (Soldering, 10 sec.) +260°C
Feedback Pin Voltage -03<V<+25V Maximum Junction Temperature +150°C
Output Voltage to Ground (Steady State) -1V R re

Power Dissipation Internally limited ' Operatlng Conditions

Temperature Range
Supply Voltage

—40°C < Ty +125°C
4.5V to 40V

Storage Temperature Range —65°Cto +150°C
ESD Susceptibility

Human Body Model (Note 2) 2kVv

LM2594-3.3

Electrical Characteristics specifications with standard type face are for T, = 25°C and those with boldface
type apply over full Operating Temperature Range

LM2594-3.3 Units
Symbol Parameter Conditions Type Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2
Vout Output Voltage 475V < V)y < 40V, 0.1A < | oap < 0.5A 3.3 \
3.168/3.135 V(min)
3.432/3.465 V(max)
n Efficiency ViN = 12V, ILoaD = 0.5A " 80 ' %
LM2594-5.0

Electrical Characteristics specifications with standard type face are for TJ = 25°C, and those with boldface
type apply over full Operating Temperature Range

LM2594-5.0 Units
. n
Symbol Parameter Conditions Type Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2
Vout Output Voltage 7V < VN €40V, 0.1A < I paDp < 0.5A 5.0 . v
: 4.800/4.750 V(min)
5.200/5.250 V(max)
7 Efficiency ViN = 12V, IL.oaDp = 0.5A 82 %
LM2594-12

Electrical Characteristics specifications with standard type face are for T, = 25°C, and those with boldface
type apply over full Operating Temperature Range

LM2594-12 Units

Symbol Parameter Conditions Type Limit (Limits)

(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2 v ‘

Vout Output Voltage 15V'< VN < 40V, 0.1A < I oap < 0.5A 12.0 ] \
11.52/11.40 V(min)
12.48/12.60 V(max)

n Efficiency Vin = 12V, lLoap = 0.5A ) 88 %
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LM2594

LM2594-ADJ

Electrical Characteristics specitications with standard type face are for T, = 25°C, and those with boldface

type apply over full Operating Temperature Range

LM2594-ADJ Unit
nits
Symbol Parameter Conditions Type Limit - (Limits)

(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2

VEB Feedback Voltage | 4.5V < V)y < 40V, 0.1A < I oap < 0.5A 1.230 \Y
Vour programmed for 3V. Circuit of Figure 2 1.193/1.180 V(min)
1.267/1.280 V(max)

n Efficiency ViN = 12V, I oaDp = 0.5A 80 %

All Output Voltage Versions

Electrical Characteristics Specifications with standard type face are for T = 25°C, and those with boldface
12V for the 3.3V, 5V, and

type apply over full Operating Temperature Range. Unless otherwise specified, V|y

Adjustable version and V|y = 24V for the 12V version. I oap = 100 mA

: LM2594-XX Unit )
nits
Symbol Parameter Conditions Type Limit (Limits) .
(Note 3) | * (Note 4) S
DEVICE PARAMETERS ‘ '
Ip . Feedback Bias Current Adjustable Version Only, VFB.= 1.3V 10 50/100 nA
fo Oscillator Frequency (Note 6) 150 . kHz
r 127/110 kHz(min)
173/173 kHz(max)
Vsat Saturation Voltage lout = 0.5A (Notes 7 and 8) 0.9 ) V.
: ‘ 1.1/1.2 V(max
bC - Max Duty Cycle (ON) (Note 8) 100 o
Min Duty Cycle (OFF) (Note 9) 0 )
lor - Current Limit Peak Current, (Notes 7 and 8) 0.8 A
0.65/0.58 A(min)
. 1.3/1.4 A(max) -
IL Output Leakage Current (Notes 7, 9, and 10) Output = 0V 50 rA(max)
: . Output = —1V 2 mA
15 mA(max)
la Quiescent Current (Note 9) 5 mA
10 mA(max)
IsTBY Standby Quiescent ON/OFF pin = 5V (OFF) (Note 10) 85 pA
Current 200/250 pA(max)
AT Thermal Resistance N Package, Junction to Ambient (Note 11) 95 . c/w
. M Package, Junction to Ambient (Note 11) 150
ON/OFF CONTROL Test Circuit Figure 2
ON/OFF Pin Logic Input- 1.3 v
VIH Threshold Voltage Low (Regulator ON) 0.6 V(max)
ViL . High (Regulator OFF) 2.0 " V(min) -
I ON/OFF Pin Vioaic = 2.5V (Regulator OFF) 5 wA
Input Current 15 pA(max)
IL Vioagic = 0.5V (Regulator ON) .0.02 ‘ pA
5 pA(max)
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Electrical Characteristics (Continued)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.

Note 2: The human body model is a 100 pF capacitor discharged through a 1.5k resistor into each pin.
Note 3: Typical numbers are at 25°C and represent the most likely norm.

Note 4: All limits guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits are 100%
production tested. All limits at temperature extremes are guaranteed via correlation using standard Statistical Quality Control (SQC) methods. All limits are used
to calculate Average Outgoing Quality Level (AOQL).

Note §: External components such as the catch diods, inductor, input and output capacitors, and voltage programming resistors can affect switching regulator
system performance. When the LM2594 is used as shown in the Figure 2 test circuit, system performance will be as shown in system parameters section of
Electrical Characteristics.

Note 6: The switching freq! is reduced when the second stage current limit is activated. The amount of reduction is determined by the severity of current
overload.

Note 7: No diods, inductor or capacitor connected to output pin.
Note 8: Feedback pin removed from output and connected to 0V to force the output transistor switch ON.

Note 9: Feedback pin removed from output and connected to 12V for the 3.3V, 5V, and the ADJ. version, and 15V for the 12V version, to force the output transistor
switch OFF.

Note 10: V)y = 40V.

Note 11: Junction to ambient thermal resistance with approximately 1 square inch of printed circuit board copper surrounding the leads. Additional copper area will
lower thermal resistance further. See application hints in this data sheet and the thermal mode! in Switchers Made Simple software.

Typical Performance Characteristics (Circuit of Figure 2)
Normalized
Output Voltage Line Regulation Efficlency

15 — 0.4 95 —
Vin = 20V 03 [ Vour = v [j 20V 400 mA
1.0 YLoap = 500mA g hoap = 100 mA o |12V 500mA | ==L

Normalized at 0.2 T, = 25°C . ( I
[
0.1 8s =

T, = 25°C
5V 500mA

80

EFFICIENCY (%)

~0.1 T~~~

™~

-0.2 3.3V 500mA [N

4
o AERERERRN

50 -25 0 25 50 75 100 125 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
TL/H/12439-4 TL/H/12439~5 TL/H/12439-6

QUTPUT YOLTAGE CHANGE (%)
o
OUTPUT VOLTAGE CHANGE (%)

Switch Saturation
Voltage Switch Current Limit Dropout Voltage

1.2 11 — 14
Vi = 12v

L = 100 uH
Ryp = 0.050
1.2 Twp = 25°C
AVgyp = 50mV

s | T Kl

/
hoap = 100 mA ™~~~
b

: /r lLoap = 500mA
05 08 04 L 1|

o 0.1 02 03 04 05 =50 =25 0 25 S50 75 100 125 ‘-50 =25 0 25 50 75 100 125
SWITCH CURRENT (A) JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
TL/H/12438-7 TL/H/12439-8 TL/H/12439-9

0gf Ty = -40°C 09

1

08 | 250¢

038 >

L1
0.7 V4

SATURATION VOLTAGE (V)
~ ‘\
SWITCH CURRENT LIMIT (A)

\\
INPUT-QUTPUT DIFFERENTIAL (V)
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LM2594

Typical Performance Characteristics (Gircuit of Figure 2) (Continued)

SUPPLY CURRENT (mA)

THRESHOLD VOLTAGE (V)

Quiescent Current
2
4.5V < vy < 40V
=0
20 [ Iswitew = 0
16 T
SWITCH ON
.\\
12
8
SWITCH OFF
4
]
-50 =25 0 25 S50 75 100 125

JUNCTION TEMPERATURE (°C)
TL/H/12439-10

'ON/OFF Threshold
Voltage
25
20
OFF
15 ~y f
o T
’ [}
ON
05
0
=50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)
TL/H/12439-13

FEEDBACK BIAS CURRENT (nA)

Standby
‘Quiescent Current
120
l Von/orr = Y
100 [ ) = 250¢ 5
= 80 ST
3 — X
; 60 Ty = -40°C AND 125°C
g |
g
3 40
20
0 10 20 30 40
SUPPLY VOLTAGE (V)
TL/H/12439-11
ON/OFF Pin
Current (Sinking)
16
-40%C << 125°C
14
12
i 10 /
£ 8
&
£ 5 "]
3
4
2
0

0 5 10 15 20 25
ON/OFF PIN VOLTAGE (V)
TL/H/12439-14

Feedback Pin
Bias Current

N

75
A

. ADJUSTABLE VERSION ONLY \
2.5 - - \
. .

-25

5.0

' -5.0
-50 -25 0 25 S0 75 100 125

JUNCTION TEMPERATURE (°C)
TL/H/12439-16

SUPPLY VOLTAGE (V)

FREQUENCY (kHz)

Minimum Operating

Supply Voltage
5

160

155

150

145

140

135

130

-50 =25 0

.23V
20mA

<
S
e
s
non

0
~-50 =25 0

25 50 75 100 125
JUNCTION TEMPERATURE (°C)
TL/H/12439-12

Switching Frequency

s

25 50 75 100 125
JUNCTION TEMPERATURE (°C)
TL/H/12439-15

7-140




Typical Performance Characteristics (circuit of Figure 2)

P6SCINT

Continuous Mode Switching Waveforms ’ Discontinuous Mode Switching Waveforms
ViN = 20V, VouT = 5V, ILoaDp = 400 mA VIN = 20V, Vout = 5V, ILoAaD = 200 mA
L = 100 nH, CoyTt = 120 uF, Coyt ESR = 140 mQ2 L = 33 uH, Coyt = 220 pF, Coyt ESR = 60 mf)

TL/H/12439-17 : TL/H/12439-18

A: Output Pin Voltage, 10V/div. A: Output Pin Voltage, 10V/div.
B: Inductor Current 0.2A/div. B: Inductor Current 0.2A/div.
C: Output Ripple Voltage, 20 mV/div. C: Output Ripple Voltage, 20 mV/div.
Horizontal Time Base: 2 us/div. Horizontal Time Base: 2 us/div.
Load Transient Response for Continuous Mode | Load Transient Response for Discontinuous Mode
VIN = 20V, VouT = 5V, ILoAaD = 200 mA to 500 mA VIN = 20V, VouTt = 5V, ILoaD = 100 mA to 200 mA
L = 100 pH, Coyt = 120 uF, CouT ESR = 140 mQ L = 33 uH, Cout = 220 pF, Coyt ESR = 60 mQ

s0mV |k
Ad acs
div.

B { 0.2A

0A
TL/H/12439-19 ' ’ TL/H/12439-20
A: Output Voltage, 50 mV/div. (AC) A: Output Voltage, 50 mV/div. (AC)
B: 200 mA to 500 mA Load Pulse B: 100 mA to 200 mA Load Pulse
Horizontal Time Base: 50 us/div. Horizontal Time Base: 200 ps/div.
Block Diagram
ON/OFF
Py

+

T 220mv 200 mV
) g ~{ 1y
N N4 1d Vin
L L L7
<
CSUO'EJRRECNET— 1.235v | & 2.5V || START *_T P
REFERENCE REGULATOR up op

W

BIAS

v l ) CURRENT
2.5V LINIT
. . 0.54
FEEDBACK H }— SWITCH
oM
). .
R.Z b3 )3
- Latcn f—] oriver
<
R1 =25k 2 ACTIVE 3
= 2. 2
. ¥ CAPACITOR FreQ. | swiFT | RESET
+ y
0P AMP pdd | 150 kHz THERMAL ] outpur
3.3V, R2 = 4.2k 0sC. LIMIT
5V, R2 = 7.6k
12v, R2 = 21.8k oD
ADJ, R2 = 00
R1 = OPEN

TL/H/12439-21
FIGURE 1
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LM2594

Test Circuit and Layout Guidelines

Fixed Output Voltage Versions

4 I FEEDBACK

QUTPUT

“in] LM2594
FIXED OUTPUT

7 8
UNREGULATED

KEEP FEEDBACK WIRING AWAY
<= FROM INDUCTOR FLUX

LEalada il o st b aliadiaibadiadh |
3 uH
00

REGULATED QUTPUT

100 pF

REGUATD o slcno slon/orr

HEAVY LINES MUST BE KEPT SHORT AND USE

GROUND PLANE CONSTRUCTION FOR BEST RESULTS

CiN — 68 pF, 35V, Aluminum Electrolytic
Nichicon "PL Series”

Cout — 120 uF, 25V Aluminum Electrolytic,
Nichicon “PL Series”

Dt — 1A, 40V Schottky Rectifier, IN5819
L1 — 100 pH, L20

H LOW ESR
1 SHORT LEADS

o
OPTIONAL POST RIPPLE FILTER
TL/H/12439-~22

or»or

Adjustable Output Voltage Versions

Gr
_l

LOCATE THE PROGRAMMING RESISTORS NEAR

KEEP FEEDBACK WIRING AWAY
=" FROM INDUCTOR FLUX

REGULATED OUTPUT

THE FEEDBACK PIN USING SHORT LEADS
R1 R2
AAA AAA
yyy yYvy -
1k
" 4| reepBAcK
*Yn] Lm2s94 |outrur
+
T ADJUSTABLE

7 8
g | [ o, ‘ l-/

TL/H/12439-23

HEAVY LINES MUST BE KEPT SHORT AND USE Cin  — 68 uF, 35V, Aluminum Electrolytic

GROUND PLANE CONSTRUCTION FOR BEST RESULTS

Vout = VRer (1 + :Eg_) where VRgr = 1.23V
1

Vi
Ro = Ry (__Vgg; - 1)

Select Ry to be approximately 1 kQ,
use a 1% resistor for best stability.

Nichicon “'PL Series”

Cout — 120 pF, 25V Aluminum Electrolytic,
Nichicon “PL Series”

D1 — 1A, 40V Schottky Rectifier, IN5819
L1 — 100 pH, L20
Ry —1kQ, 1%

Crr — See Application Information Section

FIGURE 2. Standard Test Circuits and Layout Guides

As in any switching regulator, layout is very important. Rap-
idly switching currents associated with wiring inductance
can generate voltage transients which can cause problems.
For minimal inductance and ground loops, the wires indicat-
ed by heavy lines should be wide printed circuit traces
and should be kept as short as possible. For best results,
external components should be located as close to the
switcher IC as possible using ground plane construction or
single point grounding.

If open core Inductors are used, special care must be
taken as to the location and positioning of this type of induc-
tor. Allowing the inductor flux to intersect sensitive feed-
back, IC groundpath and Coyt wiring can cause problems.

When using the adjustable version, special care must be
taken as to the location of the feedback resistors and the
associated wiring. Physically locate both resistors near the
IC, and route the wiring away from the inductor, especially
an open core type of inductor. (See application section for
more information.)
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LM2594 Series Buck Regulator Design Procedure (Fixed Output)

PROCEDURE (Fixed Output Voltage Version)

EXAMPLE (Fixed Output Voltage Version)

Glven:

3

Vout = Regulated Output Voltage (3. SV 5V or 12V)
Vin(max) = Maximum DC Input Voltage
ILoap(max) = Maximum Load Current

. Inductor Selection (L1)

A. Select the correct inductor value selection guide from
Figures 5, 6, or 7. (Output voltages of 3.3V, 5V, or 12V
respectively.) For all other voltages, see the design pro-
cedure for the adjustable version.

B. From the inductor value selection guide, identify the
inductance region intersected by the Maximum Input
Voltage line and the Maximum Load Current line. Each
region is identified by an inductance value and an induc-
tor code (LXX).

C. Select an appropriate inductor from the four manufac-
turer’s part numbers listed in Figure 9.

. Output Capacitor Selection (Cout)

A. In the majority of applications, low ESR (Equivalent
Series Resistance) electrolytic capacitors ' between
82 uF and 220 uF and low ESR solid tantalum capaci-
tors between 15 uF and 100 pF provide the best resuits.
This capacitor should be located close to the IC using
short capacitor leads and short copper traces. Do not
use capacitors larger than 220 uF.

For additional information, see section on output ca-
pacitors In application information section.

B. To simplify the capacitor selection procedure, refer to
the quick design component selection table shown in
Figure 3. This table contains different input voltages, out-
put voltages, and load currents, and lists various induc-
tors and output capacitors that will provide the best de-
sign solutions.

C. The capacitor voltage rating for electrolytic capacnors

" should be at least 1.5 times greater than the output volt-

~ age, and often much higher voltage ratings are needed

to satisfy the low ESR requirements for low output ripple
voltage.

- D. For computer aided design software, see Switchers

Made Simple® version 4.1 or later.
Catch Diode Selection (D1)
A. The catch diode current rating must be at least 1.3

times greater than the maximum load current. Also; if the

power supply design must withstand a continuous output
short, the diode should have a current rating equal to the
maximum current limit of the LM2594. The most stressful
condition for this diode is an overload or shorted output
condition.

B. The reverse voltage rating of the diode should be at
least 1.25 times the maximum input voltage.

C. This diode must be fast (short reverse recovery time)
and must be located close to the LM2594 using short
leads and short printed circuit traces. Because of their
fast switching speed and low forward voltage drop,
Schottky diodes provide the best performance and effi-
ciency, and should be the first choice, especially in low
output voltage applications. Ultra-fast recovery, or High-

Procedure continued on next page.

Given:

Vour = 5V

Vin(max) = 12V )
ILoap(max) = 0.4A
Inductor Selection (L1)

A. Use the inductor selection guide for the 5V version
shown in Figure 6.

B. From the inductor value selection guide shown in Fig-
ure 6, the inductance region intersected by the 12V hori-
zontal line and the 0.4A vertical line is 100 pH, and the
inductor code is L20.

C. The inductance value required is 100 pH. From the
table in Figure 9, go to the L20 line and choose an induc-
tor part number from any of the four manufacturers
shown. (In most instance, both through hole and surface
mount inductors are available.)

2. Output Capacitor Selection (Coyr)

A. See section on output capacitors in appllcatlon
Information section.

B. From the quick design component selection table
shown in Figure 3, locate the 5V output voltage section.
In the load current column, choose the load current line
that is closest to the current needed in your application,
for this example, use the 0.5A line. In the maximum input
voltage column, select the line that covers the input volt-
age needed in your application, in this example, use the
15V line. Continuing on this line are recommended in-
ductors and capacitors that will provide the best overall
performance.

The capacitor list contains both through hole electrolytic
and surface mount tantalum capacitors from four differ-
ent capacitor manufacturers. It is recommended that
both the manufacturers and the manufacturer's series
that are listed in the table be used.

In this example aluminum electrolytic capacitors from
several different manufacturers are available with the
range of ESR numbers needed.

120 uF 25V Panasonic HFQ Series
120 uF 25V Nichicon PL Series

C. For a 5V output, a capacitor voltage rating at least
7.5V or more is needed. But, in this example, even a low
ESR, switching grade, 120 uF 10V aluminum electrolytic
capacitor would exhibit approximately 400 m} of ESR
(see the curve in Figure 14 for the ESR vs voltage rat-
ing). This amount of ESR would result in relatively high
output ripple voltage. To reduce the ripple to 1% of the
output voltage, or less, a capacitor with a higher voltage
rating (lower ESR) should be selected. A 16V or 25V
capacitor will reduce the ripple voltage by approximately
half.

Catch Diode Selection (D1)

A. Refer to the table shown in Figure 72. In this example,
a 1A, 20V, 1N5817 Schottky diode will provide the best
performance, and will not be overstressed even for a
shorted output.

1

3

Example continued on next page.
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LM2594

LM2594 Series Buck Regulator Design Procedure (Fixed Output) (continued)

PROCEDURE (Fixed Output Voltage Version)

EXAMPLE (Fixed Output Voltage Version)

Efficiency rectifiers also provide good results. Ultra-fast
recovery diodes typically have reverse recovery times of
50 ns or less. Rectifiers such as the 1N4001 series are
much too slow and should not be used.

Input Capacitor (Ciy)

A low ESR aluminum or tantalum bypass capacitor is
needed between the input pin and ground to prevent
large voltage transients from appearing at the input. In
addition, the RMS current rating of the input capacitor
should be selected to be at least 1/, the DC load current.
The capacitor manufacturers data sheet must be
checked to assure that this current rating is not exceed-
ed. The curve shown in Figure 13 shows typical RMS
current ratings for several different aluminum electrolytic
capacitor values.

This capacitor should be located close to the IC using
short leads and the voltage rating should be approxi-
mately 1.5 times the maximum input voltage.

-If solid tantalum input capacitors are used, it is recom-
ended that they be surge current tested by the manufac-
turer.

Use caution when using ceramic capacitors for input by-
passing, because it may cause severe ringing at the V|y

b

pin.

For additional information, see section on input ca-

pacitors in Application Information section.

4. Input Capacitor (Ciy)

The important parameters for the Input capacitor are the
input voltage rating and the RMS current rating. With a
nominal input voltage of 12V, an aluminum electrolytic
capacitor with a voltage rating greater than 18V (1.5 X
V|n) would be needed. The next higher capacitor voltage
rating is 25V.

The RMS current rating requirement for the input capaci-
tor in a buck regulator is approximately 4, the DC load
current. In this example, with a 400 mA load, a capacitor
with a RMS current rating of at least 200 mA is needed.
The curves shown in Figure 13 can be used to select an
appropriate input capacitor. From the curves, locate the
25V line and note which capacitor values have RMS cur-
rent ratings greater than 200 mA. Either a 47 uF or
68 pF, 25V capacitor could be used.

For a through hole design, a 68 uF/25V electrolytic ca-
pacitor (Panasonic HFQ series or Nichicon PL series or
equivalent) would be adequate. other types or other
manufacturers capacitors can be used provided the
RMS ripple current ratings are adequate.

For surface mount designs, solid tantalum capacitors are
recommended. The TPS series available from AVX, and
the 593D series from Sprague are both surge current
tested.

Conditions Inductor Output Capacitor -
Through Hole Surface Mount
vortoae | comat | Mortapat | inductance | Inductor | FETRSORE | Jieleon | A IS | s
v) (A) v (uH) #) (uF/V) WEYY | (uFIV) (uF/V)
5 33 L14 220/16 220/16 100/16 100/6.3
05 7 47 L13 120/25 120/25 100/16 100/6.3
10 68 L21 120/25 120/25 100/16 100/6.3
33 40 100 L20 120/35 120/35 100/16 100/6.3
6 68 L4 120/25 120/25 100/16 100/6.3
0.2 10 150 L10 120/16 120/16 100/16 100/6.3
40 220 L9 120/16 120/16 100/16 100/6.3
8 47 L13 180/16 180/16 100/16 33/25
05 10 68 L21 180/16 180/16 100/16 33/25
15 100 L20 120/25 120/25 100/16 33/25
5 40 150 L19 120/25 120/25 100/16 33/25
9 150 L10 82/16 82/16 100/16 33/25
0.2 20 220 L9 120/16 120/16 100/16 33/25
‘ 40 330 L8 120/16 120/16 100/16 33/25
15 68 L21 82/25 82/25 100/16 15/25
05 18 150 L19 82/25 82/25 100/16 15/25
30 220 L27 82/25 82/25 100/16 .15/25
12 40 330 L26 82/25 82/25 100/16 15/25
15 100 L11 82/25 82/25 100/16 15/25
0.2 20 220 L9 82/25 82/25 100/16 15/25
40 330 L17 82/25 82/25 100/16 15/25

FIGURE 3. LM2594 Fixed Voltage Quick Design Component Selection Table
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LM2594 Series Buck Regulator Design Procedure (Adjustable Output)

PROCEDURE (Adjustable Output Voltage Version)

EXAMPLE (Adjustable Output Voltage Version)

Given:
Vout = Regulated Output Voltage
V|N(max) = Maximum Input Voltage
ILoap{max) = Maximum Load Current
F = Switching Frequency (Fixed at a nominal 150 kHz).
1. Programming Output Voltage (Selecting R and Ry, as
shown in Figure 2)

Use the following formula to select the appropriate resis-
tor values.

R
Vout = VREF (1 + 'R—z) where Vger = 1.23V
1

Select a value for Ry between 2400 and 1.5 kQ. The
lower resistor values minimize noise pickup in the sensi-
tive feedback pin. (For the lowest temperature coeffi-
cient and the best stability with time, use 1% metal film
resistors.)

V

2. Inductor Selection (L1)

A. Calculate the inductor Volt microsecond constant
E ¢ T (V ® us), from the following formula:

Vout + Vb R 1000
VIN — VsaT + Vp . 150 kHz

where VgaT = internal switch saturation voltage = 0.9V
and Vp = diode forward voltage drop = 0.5V

B. Use the E ® T value from the previous formula and
match it with the E ® T number on the vertical axis of the
Inductor Value Selection Guide shown in Figure 8.

C. on the horizontal axis, select the maximum load cur-
rent.

D. Identify the inductance region intersected by the Ee T
value and the Maximum Load Current value. Each region
is identified by an inductance value and an inductor code
(LXX).

E. Select an appropriate inductor from the four manufac-
turer’s part numbers listed in Figure 9.

3. Output Capacitor Selection (Couyr)

A. In the majority of applications, low ESR electrolytic or
solid tantalum capacitors between 82 pF and 220 pF
provide the best results. This capacitor should be locat-
ed close to the IC using short capacitor leads and short
copper traces. Do not use capacitors larger than 220 pF.
For additional information, see section on output ca-
pacitors in application information section.

B. To simplify the capacitor selection procedure, refer to
the quick design table shown in Figure 4. This table con-
tains different output voltages, and lists various output
capacitors that will provide the best design solutions.

C. The capacitor voltage rating should be at least 1.5
times greater than the output voltage, and often much
higher voltage ratings are needed to satisfy the low ESR
requirements needed for low output ripple voltage.

EeT = (Viy— Vour — Vsar) * (Ve pus)

Procedure continued on next page.

Glven:
Vout = 20V
Vin(max) = 28V

ILoap(max) = 0.5A

F = Switching Frequency (Fixed at a nominal 150 kHz).
1. Programming Output Voltage (Selecting Ry and Ry, as

shown in Figure 2)

Select Ry to be 1 k€2, 1%. Solve for Ra.
Vout ) ( 20V )
Ro=Ry{=—— 1) =1k | — —
2= (VREF Tz

Rz = 1k (16.26 — 1) = 15.26k, closest 1% value is
15.4 kQ.

Rg = 15.4KkQ.

2. Inductor Selection (L1)
A. Calculate the inductor Volt ¢ microsecond constant
(EeT),

20 + 0.5 o 1000

28-09+05 150 (W H

EeT=(28-20-0.9)¢
20.5
27.6
B.EeT =352(Vepus)
C. lLoap(max) = 0.5A

D. From the inductor value selection guide shown in Fig-
ure 8, the inductance region intersected by the 35 (V ¢
ps) horizontal line and the 0.5A vertical line is 150 uH,
and the inductor code is L19. .

E. From the table in Figure 9, locate line L19, and select
an inductor part number from the list of manufacturers
part numbers.

EeT =(7.1)e ©6.67 (Vo ps) = 35.2(Vepus)

3. Output Capacitor Selection (Coyr)

A. See section on Coyr in Application Information sec-
tion.

B. From the quick design table shown in Figure 4, locate
the output voltage column. From that column, locate the
output voltage closest to the output voltage in your appli-
cation. In this example, select the 24V line. Under the
output capacitor section, select a capacitor from the list
of through hole electrolytic or surface mount tantalum
types from four different capacitor manufacturers. It is
recommended that both the manufacturers and the man-
ufacturers series that are listed in the table be used.

In this example, through hole aluminum electrolytic ca-
pacitors from several different manufacturers are avail-
able.

82 uF 50V Panasonic HFQ Series
120 uF 50V Nichicon PL Series
Example continued on next page.
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LM2594

LM2594 Series Buck Regulator Design Procedure (Adjustable Output)

PROCEDURE (Adjustable Output Voltage Version)

EXAMPLE (Adjustable Output Voltage Version)

. Feedforward Capacitor (Crp) (See Figure 2) '

For output voltages greater than approximately 10V, an
additional capacitor is required. The compensation ca-
pacitor is typically between 50 pF and 10 nF, and is wired
in parallel with the output voltage setting resistor, Ro. It
provides additional stability for high output voltages, low

- input-output voltages, and/or very low ESR output ca-

pacitors, such as solid tantalum capacitors.
. 1 R
31 X 103 X Ry
This capacitor type can be ceramic, plastic, silver mica,
etc. (Because of the unstable characteristics of ceramic

capacitors made with Z5U material, they are not recom-
mended.)

Crr =

. Catch Diode Selection (D1)

A. The catch diode current rating must be at least 1.3
times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output
short, the diode should have a current rating equal to the
maximum current limit of the LM2594. The most stressful
condition for this diode is an overload or shorted output
condition.

B. The reverse voltage rating of the diode should be at
least 1.25 times the maximum input voltage.

C. This diode must be fast (short reverse recovery time)
and must be located close .to the LM2594 using short
leads and short printed circuit traces. Because of their
fast switching speed and low forward voltage drop,
Schottky diodes provide the best performance and effi-
ciency, and should be the first choice, especially in low
output voltage applications. Ultra-fast recovery, or High-
Efficiency rectifiers are also a good choice, but some
types with an abrupt turn-off characteristic may cause
instability or EMI problems. Ultra-fast recovery diodes
typically have reverse recovery times of 50 ns or less.

...Rectifiers such as the 1N4001 series are much too slow

and should not be used. : .

. Input Capacitor (Cy)

A low ESR aluminum or tantalum bypass capacitor is
needed between the input pin and ground to prevent
large voltage transients from appearing at the input. In
addition, the RMS current rating of the input capacitor
should be selected to be at least 1/, the DC load current.
The capacitor manufacturers . data sheet must be
checked to assure that this current rating is not exceed-
ed. The curve shown in Figure 13 shows typical RMS
current ratings for several different aluminum electrolytic
capacitor values.

This capacitor should be located close to the IC using

short leads and the-voltage rating should be . approxi-
mately 1.5 times the maximum input voltage.

If solid-tantalum input capacitors are used, it is recom-
ended that they be surge current tested by the manufac-
turer.

Use caution when using ceramic capacitors for input by-
passing, because it may cause severe ringing at the V|n
pin.

For additional lnformalion, see sectlon on input capaci-
tors in application information section.

C. For a 20V output, a capacitor rating of at least 30V or
more is needed. In this example, either a 35V or 50V
capacitor would work. A 50V rating was chosen because
it has a lower ESR which provides a lower output ripple
voltage.
Other manufacturers or other types of capacitors may
also be used, provided the capacitor specifications (es-
pecially the 100 kHz ESR) closely match the types listed
- in the table. Refer to the capacitor manufacturers data
sheet for this information. .

4. Feedforward Capacitor (Cgr)

The table shown in Figure 4 contains feed forward ca-
pacitor values for various output voltages. In this exam-
ple, a 1 nF capacitor is needed. '

5. Catch Diode Selection (D1)

A. Refer to the table shown in Figure 12. Schottky diodes
provide the best performance, and in this example a 1A,
40V, 1N5819 Schottky diode would be a good choice.
The 1A diode rating is more than adequate and will not
be overstressed even for a shorted output.
6. Input Capacitor (Ciy)

"The important parameters for the Input capacnor are the
input voltage rating and the RMS current rating. With a
nominal input voltage of 28V, an aluminum electrolytic
aluminum electrolytic capacitor with a voltage rating
greater than 42V (1.5 X V|y) would be needed. Since
the the next higher capacitor voltage rating is 50V, a 50V
capacitor should be used. The capacitor voltage rating of
(1.5 X V|n) is a conservative guideline, and can be modi-
fied somewhat if desired.

The RMS current rating requirement for the input capaci—
tor of a buck regulator is approximately 1 the DC load
current. In this example, with a 400 mA load, a capacitor
with a RMS current rating of at least 200 mA is’ needed.

The curves shown in Figure 13 can be used to select an
appropriate input capacitor. From the curves, locate the
50V line and note which capacitor values have RMS cur-
rent ratings greater than 200 mA. A 47 uF/50V low ESR
electrolytic capacitor capacitor is needed.

For a through hole design, a 47 pF/50V electrolytic ca-
pacitor (Panasonic HFQ series or Nichicon PL series or
equivalent) would be adequate. Other types or other
manufacturers capacitors can be used provided the
RMS ripple current ratings are adequate.

For surface mount designs, solid tantalum capacitors are
recommended. The TPS series available from AVX, and
the 593D series from Sprague are both surge current
tested.

To further simplify the buck regu/ator design procedure, Na-
tional Semiconductor is making available computer design
software to be used with the Simple Switcher line ot switch-
ing regulators. Switchers Made Simple (version 4.1 or lat-
er) is available on a 314" diskette for IBM compatible com-
puters.
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LM2594 Series Buck Regulator Design Procedure (Adjustable Output) 0
(Continued) o
=S
Through Hole Output Capacitor Surface Mount Output Capacitor
Output
Voltage Panasonic Nichicon PL Feedforward AVX TPS Sprague Feedforward
V) HFQ Series Series Capacitor Series 595D Series Capacitor
(#F/V) (1F/V) P (#F/V) (LF/V) P
1.2 220/25 220/25 0 220/10 220/10 0
4 180/25 180/25 4.7 nF 100/10 120/10 4.7 nF
6 82/25 82/25 4.7 nF 100/10 120/10 4.7 nF
9 82/25 82/25 3.3nF 100/16 100/16 3.3nF
12 82/25 82/25 2.2nF | 100/16 100/16 2.2nF
15 82/25 82/25 1.5nF 68/20 100/20 1.5nF
24 82/50 120/50 1nF 10/35 15/35 220 pF
28 82/50 120/50 820 pF 10/35 15/35 220 pF
FIGURE 4. Output Capacitor and Feedforward Capacitor Selection Table
LM2594 Series Buck Regulator Design Procedure
INDUCTOR VALUE SELECTION GUIDES (For Continuous Mode Operation)
' 40v 40v
20v 30v 3 L8 L18
o 2 g Al
g g s 17
2 8v 2 L1 A L20
S R 5’ L11
—_l = » 121
=z 2 v 5
=\
z 2 7 s @Y Lis
Z E: 2
= L4 <y
5V v
0.1 0.2 03 04 05 0.1 0.2 0.3 04 05
MAXIMUM LOAD CURRENT (A) MAXIMUM LOAD CURRENT (A)
TL/H/12439-24 TL/H/12439-25
FIGURE 5. LM2594-3.3 FIGURE 6. LM2594-5.0
iv \ X b 26
v L26 126 —
o W8 T L7 )45 50 ok
= 25v 2 40
8 v _@ / L18 )/ .
T\ 0
S sy T
5 1V >
Z  tev -y
= w
ERRE
>
3
14V
0.1 C 02 0.3 0.4 05 0.1 0.2 0.3 04 05
MAXIMUM LOAD CURRENT (A) MAXIMUM LOAD CURRENT (A)
TL/H/12439-26 TL/H/12439-27
FIGURE 7. LM2594-12 FIGURE 8. LM2594-ADJ
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LM2594 Series Buck Regulator Design Procedure (Continued)

Inductance | Current Schott - Renco Pulse Englneering Collcraft
(1H) (A) Through | Surface Through Surface Through Surface Surface
Hole Mount Hole Mount Hole Mount Mount
L1 220 0.18 67143910 | 67144280 | RL-5470-3 RL1500-220 | PE-53801 | PE-53801-S | DO1608-224
L2 150 0.21 67143920 | 67144290 | RL-5470-4 RL1500-150 | PE-53802 | PE-53802-S | DO1608-154
L3 100 0.26 67143930 | 67144300 | RL-5470-5 RL1500-100 | PE-53803 | PE-53803-S | DO1608-104
L4 68 0.32 67143940 | 67144310 | RL-1284-68 | RL1500-68 PE-53804 | PE-53804-S | DO1608-68
L5 47 0.37 67148310 | 67148420 | RL-1284-47 | RL1500-47 PE-53805 | PE-53805-S | DO1608-473
L6 33 0.44 67148320 | 67148430 | RL-1284-33 | RL1500-33 PE-53806 | PE-53806-S | DO1608-333
L7 22 0.60 67148330 | 67148440 | RL-1284-22 | RL1500-22 | PE-53807 | PE-53807-S | DO1608-223
L8 330 0.26 67143950 | 67144320 | RL-5470-2 | RL1500-330 | PE-53808 | PE-53808-S | DO3308-334
L9 220 0.32 67143960 | 67144330 | RL-5470-3 | RL1500-220 | PE-53809 | PE-53809-S | DO3308-224
L10 150 0.39 67143970 | 67144340 | RL-5470-4 RL1500-150 | PE-53810 | PE-53810-S | DO3308-154
L11 100 0.48 67143980 | 67144350 | RL-5470-5 | RL1500-100 | PE-53811 | PE-53811-S | DO3308-104
L12 68 0.58 67143990 | 67144360 | RL-5470-6 | RL1500-68 | PE-53812 | PE-53812-S | DO1608-683
L13 47 0.70 67144000 | 67144380 | RL-5470-7 | RL1500-47 | PE-53813 | PE-53813-S | DO3308-473
L14 33 0.83 67148340 | 67148450 | RL-1284-33 | RL1500-33 PE-53814 | PE-53814-S | DO1608-333
L15 22 0.99 67148350 | 67148460 | RL-1284-22 | RL1500-22 | PE-53815 | PE-53815-S | DO1608-223
L16 15 1.24 67148360 | 67148470 | RL-1284-15 | RL1500-15 | PE-53816 | PE-53816-S | DO1608-153
L17 330 0.42 67144030 | 67144410 | RL-5471-1 RL1500-330 | PE-53817 | PE-53817-S | DO3316-334
Li8 220 0.55 67144040 | 67144420 | RL-5471-2 | RL1500-220 | PE-53818 | PE-53818-S | DO3316-224
L19 150 0.66 67144050 | 67144430 | RL-5471-3 RL1500-150 | PE-53819 | PE-53819-S | DO3316-154
L20 100 0.82 67144060 | 67144440 | RL-5471-4 RL1500-100 | PE-53820 | PE-53820-S | DO3316-104
L21 68 0.99 67144070 | 67144450 | RL-5471-5 RL1500-68 PE-53821 | PE-53821-S | DDO3316-683
L26 330 0.80 67144100 | 67144480 | RL-5471-1 —_— PE-53826 | PE-53826-S _
L27 220 1.00 67144110 | 67144490 | RL-5471-2 —_ PE-53827 | PE-53827-S —
FIGURE 9. Inductor Manufacturers Part Numbers
Coilcraft Inc. Phone | (800) 322-2645 Nichicon Corp. -Phone (708) 843-7500
FAX (708) 639-1469 FAX (708) 843-2798
Collcraft Inc., Europe Phone | +11 1236 730595 Panasonic Phone (714) 373-7857
FAX +44 1236 730 627 FAX (714) 373-7102
Pulse Engineering Inc. | Phone | (619) 674-8100 AVX Corp. Phone (803) 448-9411
) FAX (619) 674-8262 FAX (803) 448-1943
Pulse Engineering Inc., | Phone | +3539324 107 Sprague/Vishay Phone (207) 324-7223
Europe FAX | +3539324459 FAX (207) 324-4140
Renco Electronics Inc. | Phone | (800) 645-5828 FIGURE 11. Capacitor Manufacturers Phone Numbers
FAX (516) 586-5562
Schott Corp. Phone | (612) 475-1173
FAX (612) 475-1786

FIGURE 10. Inductor Manufacturers Phone Numbers
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LM2594 Series Buck Regulator
Design Procedure (continued)

1A Diodes
VR Surface Mount Through Hole
Schottky Ultra Fast Schottky Ultra Fast
Recovery Recovery
20V All of 1N5817 All of
these these
diodes are SR102 diodes are
MBRS130 | ratedtoat | 1IN5818 rated to at
30V least 50V. SR103 least 50V.
11DQ03
MBRS140 | MURS120 | 1N5819 | MUR120
40V | 10BQO40 | 10BF10 SR104 HER101
10MQ040 11DQ04 | 11DF1
50V | MBRS160 SR105
or 1 10BQO50 MBR150
more
10MQ060 11DQ05

FIGURE 12. Diode Selectlon Table

Application Information

PIN FUNCTIONS

+ V|N—This is the positive input supply for the IC switching
regulator. A suitable input bypass capacitor must be present
at this pin to minimize voltage transients and to supply the
switching currents needed by the regulator.

Ground—Circuit ground.

Output—Internal switch. The voltage at this pin switches
between (+ VN — VsaT) and approximately —0.5V, with a
duty cycle of Voyt/V|n. To minimize coupling to sensitive
circuitry, the PC board copper area connected to this pin
should be kept to a minimum.

Feedback—Senses the regulated output voltage to com-
plete the feedback loop.

ON/OFF—Allows the switching regulator circuit to be shut
down using logic level signals thus dropping the total input
supply current to approximately 80 pA. Pulling this pin be-
low a threshold voltage of approximately 1.3V turns the reg-
ulator on, and pulling this pin above 1.3V (up to a maximum
of 25V) shuts the regulator down. If this shutdown feature is
not needed, the ON/OFF pin can be wired to the ground pin
or it can be left open, in either case the regulator will be in
the ON condition.

EXTERNAL COMPONENTS

CiN—A low ESR aluminum or tantalum bypass capacitor is
needed between the input pin and ground pin. It must be
located near the regulator using short leads. This capacitor
prevents large voltage transients from appearing at the in-
put, and provides the instantaneous current needed each
time the switch turns on.

The important parameters for the Input capacitor are the
voltage rating and the RMS current rating. Because of the
relatively high RMS currents flowing in a buck regulator's

input capacitor, this capacitor shculd be chosen for its RMS
current rating rather than its capacitance or voltage ratings,
although the capacitance value and voltage rating are di-
rectly related to the RMS current rating.

The RMS current rating of a capacitor could be viewed as a
capacitor's power rating. The RMS current flowing through
the capacitors internal ESR produces power which causes
the internal temperature of the capacitor to rise. The RMS
current rating of a capacitor is determined by the amount of
current required to raise the internal temperature approxi-
mately 10°C above an ambient temperature of 105°C. The
ability of the capacitor to dissipate this heat to the surround-
ing air will determine the amount of current the capacitor
can safely sustain. Capacitors that are physically large and
have a large surface area will typically have higher RMS
current ratings. For a given capacitor value, a higher voltage
electrolytic capacitor will be physically larger than a lower
voltage capacitor, and thus be able to dissipate more heat
to the surrounding air, and therefore will have a higher RMS
current rating.

The consequences of operating an electrolytic capacitor
above the RMS current rating is a shortened operating life.
The higher temperature speeds up the evaporation of the
capacitor's electrolyte, resulting in eventual failure.

Selecting an input capacitor requires consulting the manu-
facturers data sheet for maximum allowable RMS ripple cur-
rent. For a maximum ambient temperature of 40°C, a gener-
al guideline would be to select a capacitor with a ripple cur-
rent rating of approximately 50% of the DC load current. For
ambient temperatures up to 70°C, a current rating of 75% of
the DC load current would be a good choice for a conserva-
tive design. The capacitor voltage rating must be at loast
1.25 times greater than the maximum input voltage, and of-
ten a much higher voltage capacitor is needed to sahsfy the
RMS current requirements.

A graph shown in Figure 13 shows the relationship between
an electrolytic capacitor value, its voltage rating, and the
RMS current it is rated for. These curves were obtained
from the Nichicon “PL" series of low ESR, high reliability
electrolytic capacitors designed for switching regulator ap-
plications. Other capacitor manufacturers offer similar types
of capacitors, but always check the capacitor data sheet.

“Standard” electrolytic capacitors typically have much high-
er ESR numbers, lower RMS current ratlngs and typically
have a shorter operating lifetime.

Because of their small size and excellent performance, sur-
face mount solid tantalum capacitors are often used for in-
put bypassing, but several precautions must be observed. A
small percentage of solid tantalum capacitors can short if
the inrush current rating is exceeded. This can happen at
turn on when the input voltage is suddenly applied, and of
course, higher input voltages produce higher inrush cur-
rents. Several capacitor manufacturers do a 100% surge
current testing on their products to minimize this potential
problem. If high turn on currents are expected, it may be
necessary to limit this current by adding either some resist-
ance or inductance before the tantalum capacitor, or select
a higher voltage capacitor. As with aluminum electrolytic ca-
pacitors, the RMS ripple current rating must be sized to the
load current.
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LM2594

Application Information (continued)

500
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ol ,///68;,
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74
// TYPICAL RMS CURRENT RATINGS

OF LOW ESR ELECTROLYTIC
CAPACITORS. 100 kHz, @105°C

0 10 20 30 40 50 60 70

CAPACITOR VOLTAGE RATING (V)

TL/H/12439-28
FIGURE 13. RMS Current Ratings for Low ESR
Electrolytic Capacitors (Typical)

OUTPUT CAPACITOR

CouTt—An output capacitor is required to filter the output
and provide regulator loop stability. Low impedance or low
ESR Electrolytic or solid tantalum capacitors designed for
switching regulator applications must be used. When select-

180 uf | 82 puf,
450 Ll y L

400

150

100

CAPACITOR CURRENT RATING @ 105°C (RMS mA)

ing an output capacitor, the important capacitor parameters.

are; the 100 kHz Equivalent Series Resistance (ESR), the
RMS ripple current rating, voltage rating, and capacitance
value. For the output capacitor, the ESR value is the most
important parameter.

The output capacitor requires an ESR value that has an
upper and lower limit. For low output ripple voltage, a low
ESR value is needed. This value is determined by the maxi-
mum allowable output ripple voltage, typically 1% to 2% of
the output voltage. But if the selected capacitor's ESR is
extremely low, there is a possibility of an unstable feedback
loop, resulting in an oscillation at the output. Using the ca-
pacitors listed in the tables, or similar types, will provide
design solutions under all conditions.

If very low output ripple voltage (less than 15 mV) is re-
quired, refer to the section on Output Voltage Ripple and
Transients for a post ripple filter.

An aluminum electrolytic capacitor's ESR value is related to
the capacitance value and its voltage rating. In most cases,
Higher voltage electrolytic capacitors have lower ESR val-
ues (see Figure 14). Often, capacitors with much higher
voltage ratings may be needed to provide the low ESR val-
ues required for low output ripple voltage.

The output capacitor for many different switcher designs
often can be satisfied with only three or four different capac-
itor values and several different voltage ratings. See the
quick design component selection tables in Figures 3 and 4
for typical capacitor values, voltage ratings, and manufac-
turers capacitor types.

Electrolytic capacitors are not recommended for tempera-
tures below —25°C. The ESR rises dramatically at cold tem-
peratures and typically rises 3X @ —25°C and as much as
10X at —40°C. See curve shown in Figure 15.

Solid tantalum capacitors have a much better ESR spec for

cold temperatures and are recommended for temperatures
below —25°C.

400
\ TYPICAL ESR @ 25°C
= 350 \ FOR LOW ESR SERIES
g \ \ELECTROLY!IC CAPACITORS
~ 300
()
]
o 250
® \
o 200 N _
(4] \ 82 uf
o 150
2 \\
S 100 N - 120 uF
o ) \
S 50
. 220 uF
0 1020 30 40 50 60 70

CAPACITOR VOLTAGE RATING (V)
TL/H/12439-29
FIGURE 14. Capacitor ESR vs Capacitor Voltage Rating
(Typical Low ESR Electrolytic Capacitor)

CATCH DIODE

Buck regulators require a diode to provide a return path for
the inductor current when the switch turns off. This must be
a fast diode and must be located close to the LM2594 using
short leads and short printed circuit traces.

Because of their very fast switching speed and low forward
voltage drop, Schottky diodes provide the best perform-
ancs, especially in low output voltage applications (5V and
lower). Ultra-fast recovery, or High-Efficiency rectifiers are
also a good choice, but some types with an abrupt turnoff
characteristic may cause instability or EMI problems. Ultra-
fast recovery diodes typically have reverse recovery times
of 50 ns or less. Rectifiers such as the 1N4001 series are
much too slow and should not be used.

500

400 N
300

TYPICAL ESR OF
120 uF 25V LOW ESR
ELECTROLYTIC CAPACITOR

N

200

ESR (mQ)

=20 0 20 40 60 80 100

TEMPERATURE (5c)
TL/H/12439-30
FIGURE 15. Capacitor ESR Change vs Temperature

INDUCTOR SELECTION

All switching regulators have two basic modes of operation;
continuous and discontinuous. The difference between the
two types relates to the inductor current, whether it is flow-
ing continuously, or if it drops to zero for a period of time in
the normal switching cycle. Each mode has distinctively dif-
ferent operating characteristics, which can affect the regula-
tors performance and requirements. Most switcher designs
will operate in the discontinuous mode when the load cur-
rent is low.

The LM2594 (or any of the Simple Switcher family) can be

used for both continuous or discontinuous modes of opera-
tion.
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Application Information (continued)

In many cases the preferred mode of operation is the con-
tinuous mode. It offers greater output power, lower peak
switch, inductor and diode currents, and can have lower out-
put ripple voltage. But it does require larger inductor values
to keep the inductor current flowing continuously, especially
at low output load currents and/or high input voltages.

To simplify the inductor selection process, an inductor se-
lection guide (nomograph) was designed (see Figures &
through 8). This guide assumes that the regulator is operat-
ing in the continuous mode, and selects an inductor that will
allow a peak-to-peak inductor ripple current to be a certain
percentage of the maximum design load current. This peak-
to-peak inductor ripple current percentage is not fixed, but is
allowed to change as different design load currents are se-
lected. (See Figure 16.)
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30
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MAXIMUM LOAD CURRENT (A)
} TL/H/12439-31
FIGURE 16. (Aljyp) Peak-to-Peak Inductor Ripple Current
(as a Percentage of the Load Current) vs Load Current

By allowing the percentage of inductor ripple current to in-
crease for low load currents, the inductor value and size can
be kept relatively low.

When operating in the continuous mode, the inductor cur-
rent waveform ranges from a triangular to a sawtooth type
of waveform (depending on the input voltage), with the aver-
age value of this current waveform equal to the DC output
load current.

Inductors are available in different styles such as pot core,
toroid, E-core, bobbin core, etc., as well as different core
materials, such as ferrites and powdered iron. The least ex-
pensive, the bobbin, rod or stick core, consists of wire
wrapped on a ferrite bobbin. This type of construction
makes for a inexpensive inductor, but since the magnetic
flux is not completely contained within the core, it generates
more Electro-Magnetic Interference (EMI). This magnetic
flux can induce voltages into nearby printed circuit traces,
thus causing problems with both the switching regulator op-
eration and nearby sensitive circuitry, and can give incorrect
scope readings because of induced voltages in the scope
probe. Also see section on Open Core Inductors.

The inductors listed in the selection chart include ferrite
E-core construction for Schott, ferrite bobbin core for Renco
and Coilcraft, and powdered iron toroid for Pulse Engineer-
ing. :

Exceeding an inductor's maximum current rating may cause
the inductor to overheat because of the copper wire losses,
or the core may saturate. If the inductor begins to saturate,
the inductance decreases rapidly and the inductor begins to
look mainly resistive (the DC resistance of the winding). This
can cause the switch current to rise very rapidly and force
the switch into a cycle-by-cycle current limit, thus reducing
the DC output load current. This can also result in overheat-
ing of the inductor and/or the LM2594. Different inductor
types ‘have different saturation characteristics, and 'this
should be kept in mind when selecting an inductor.

The inductor manufacturers data sheets include current and
energy limits to avoid inductor saturation.

DISCONTINUOUS MODE OPERATION

The selection guide chooses inductor values suitable for
continuous mode operation, but for low current applications
and/or high input voltages, a discontinuous mode design
may be a better choice. It would use an inductor that would
be physically smaller, and would need only one half to one
third the inductance value needed for a continuous mode
design. The peak switch and inductor currents will be higher
in a discontinuous design, but at these low load currents
(200 mA and below), the maximum switch current will still be
less than the switch current limit.

Discontinuous operation can have voltage waveforms that
are considerable different than a_continuous design. The
output pin (switch) waveform can have some damped sinus-
oidal ringing present. (See photo titled; Discontinuous Mode
Switching Waveforms) This ringing is normal for discontinu-
ous operation, and is not caused by feedback loop instabill-
ties. In discontinuous operation, there is a period of time
where neither the switch or the diode are conducting, and
the inductor current has dropped to zero. During this time, a
small amount of energy can circulate between the inductor
and the switch/diode parasitic capacitance causing this
characteristic ringing. Normally this ringing is not a problem,
unless the amplitude becomes great enough to exceed the
input voltage, and even then, there is very little energy pres-
ent to cause damage.

Different inductor types and/or core materials produce dif-
ferent amounts of this characteristic ringing. Ferrite core in-
ductors have very little core loss and therefore produce the
most ringing. The higher core loss of powdered iron induc-
tors produce less ringing. If desired, a series RC could be
placed in parallel with the inductor to dampen the ringing.
The computer aided design software Switchers Made Sim-
ple (version 4.1) will provide all component values for con-
tinuous and discontinuous modes of operation.

Before
Ripple
Filter

5 mV/div.
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Ripple
Filter
TL/H/12439-32

FIGURE 17. Post Ripple Filter Waveform

2 psec/div

7-151

652N




LM2594

Application Information (continued)

OUTPUT VOLTAGE RIPPLE AND TRANSIENTS

The output voltage of a switching power supply operating in
the continuous mode will contain a sawtooth ripple voltage
at the switcher frequency, and may also contain short volt-
age spikes at the peaks of the sawtooth waveform.

The output ripple voltage is a function of the inductor saw-
tooth ripple current and the ESR of the output capacitor. A
typical output ripple voltage can range from approximately
0.5% to 3% of the output voltage. To obtain low ripple volt-
age, the ESR of the output capacitor must be low, however,
caution must be exercised when using extremely low ESR
capacitors because they can affect the loop stability, result-
ing in oscillation problems. If very low output ripple voltage
is needed (less than 15 mV), a post ripple filter is recom-
mended. (See Figure 2.) The inductance required is typically
between 1 pH and 5 pH, with low DC resistance, to main-
tain good load regulation. A low ESR output filter capacitor
is also required to assure good dynamic load response and
ripple reduction. The ESR of this capacitor may be as low as
desired, because it is out of the regulator feedback loop.
The photo shown in Figure 17 shows a typical output ripple
voltage, with and without a post ripple filter.

When observing output ripple with a scope, it is essential
that a short, low inductance scope probe ground connection
be used. Most scope probe manufacturers provide a special
probe terminator which is soldered onto the regulator board,
preferable at the output capacitor. This provides a very
short scope ground thus eliminating the problems associat-
ed with the 3 inch ground lead normally provided with the
probe, and provides a much cleaner and more accurate pic-
ture of the ripple voltage waveform.

The voltage spikes are caused by the fast switching action
of the output switch and the diode, and the parasitic induc-
tance of the output filter capacitor, and its associated wiring.
To minimize these voltage spikes, the output capacitor
should be designed for switching regulator applications, and
the lead lengths must be kept very short. Wiring inductance,
stray capacitance, as well as the scope probe used to eval-
uate these transients, all contribute to the amplitude of
these spikes.

When a switching regulator is operating in the continuous
mode, the inductor current waveform ranges from a triangu-
lar to a sawtooth type of waveform (depending on the input
voltage). For a given input and output yoltage, the peak-to-
peak amplitude of this inductor current waveform remains
constant. As the load current increases or decreases, the
entire sawtooth current waveform also rises and falls. The
average value (or the center) of this current waveform is
equal to the DC load current.

If the load current drops to a low enough level, the bottom
of the sawtooth current waveform will reach zero, and the
switcher will smoothly change from a continuous to a dis-
continuous mode of operation. Most switcher designs (irre-
gardless how large the inductor value is) will be forced to
run discontinuous if the output is lightly loaded. This is a
perfectly acceptable mode of operation.
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TL/H/12439-33
FIGURE 18. Peak-to-Peak Inductor
Ripple Current vs Load Current

In a switching regulator design, knowing the value of the
peak-to-peak inductor ripple current (Aljnp) can be useful
for determining a number of other circuit parameters. Pa-
rameters such as, peak inductor or peak switch current,
minimum load current before the circuit becomes discontin-
uous, output ripple voltage and output capacitor ESR can all
be calculated from the peak-to-peak Aljnp. When the induc-
tor nomographs shown in Figures 5 through 8 are used to
select an inductor value, the peak-to-peak inductor ripple
current can immediately be determined. The curve shown in
Figure 18 shows the range of (Aljnp) that can be expected
for different load currents. The curve also shows how the
peak-to-peak inductor ripple current (Aljyp) changes as you
go from the lower border to the upper border (for a given
load current) within an inductance region. The upper border
represents a higher input voltage, while the lower border
represents a lower input voltage (see Inductor Selectio
Guides). :
These curves are only correct for continuous mode opera-
tion, and only if the inductor selection guides are used to
select the inductor value

Consider the following example:
Vout = 5V, maximum load current of 300 mA
Vin = 15V, nominal, varying between 11V and 20V.

The selection guide in Figure 6 shows that the vertical line
for a 0.3A load current, and the horizontal line for the 15V
input voltage intersect approximately midway between the
upper and lower borders of the 150 uH inductance region. A
150 pH inductor-will allow a peak-to-peak inductor current
(Alinp) to flow that will be a percentage of the maximum
load current. Referring to Figure 18, follow the 0.3A line
approximately midway into the inductance region, and read
the peak-to-peak inductor ripple current (Aljyp) on the left
hand axis (approximately 150 mA p-p).

As the input voltage increases to 20V, it approaches the
upper border of the inductance region, and the inductor rip-
ple current increases. Referring to the curve in Figure 18, it
can be seen that for a load current of 0.3A, the peak-to-
peak inductor ripple current (Aljnp) is 150 mA with 15V in,
and can range from 175 mA at the upper border (20V in) to
120 mA at the lower border (11V in).
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Once the Aljnp value is known, the following formulas can
be used to calculate additional information about the switch-
ing regulator circuit.

1. Peak Inductor or peak switch current

Al 0.1
= (ILOAD + %) = (O‘SA + %) = 0.375A

2. Minimum load current before the circuit becomes discon-
tinuous

3. Output Ripple Voltage = (Alnp) X (ESR of CouT)

= 0.150AX0.2400=36 mV p-p
or

4. ESRof Cou = Output Ripple Voltage (AVouT)

Alinp

_ 0.036V
0.150A

= 0.2400

OPEN CORE INDUCTORS

Another possible source of increased output ripple voltage
or unstable operation is from an open core inductor. Ferrite
bobbin or stick inductors have magnetic lines of flux flowing
through the air from one end of the bobbin to the other end.
These magnetic lines of flux will induce a voltage into any
wire or PC board copper trace that comes within the induc-
tor’s magnetic field. The strength of the magnetic field, the
orientation and location of the PC copper trace to the mag-
netic field, and the distance between the copper trace and
the inductor, determine the amount of voltage generated in
the copper trace. Another way of looking at this inductive
coupling is to consider the PC board copper trace as one
turn of a transformer (secondary) with the inductor winding
as the primary. Many millivolts can be generated in a copper
trace located near an open core inductor which can cause
stability problems or high output ripple voltage problems.

If unstable operation is seen, and an open core inductor is
used, it's possible that the location of the inductor with re-
spect to other PC traces may be the problem. To determine
if this is the problem, temporarily raise the inductor away
from the board by several inches and then check circuit
operation. If the circuit now operates correctly, then the
magnetic flux from the open core inductor is causing the
problem. Substituting a closed core inductor such as a tor-
roid or E-core will correct the problem, or re-arranging the
PC layout may be necessary. Magnetic flux cutting the IC
device ground trace, feedback trace, or the positive or neg-
ative traces of the output capacitor should be minimized.

Sometimes, locating a trace directly beneath a bobbin in-
ductor will provide good results, provided it is exactly in the
center of the inductor (because the induced voltages cancel
themselves out), but if it is off center one direction or the
other, then problems could arise. If flux problems are pres-
ent, even the direction of the inductor winding can make a
difference in some circuits.

This discussion on open core inductors is not to frighten the
user, but to alert the user on what kind of problems to watch
out for when using them. Open core bobbin or “stick” induc-
tors are an inexpensive, simple way of making a compact
efficient inductor, and they are used by the millions in many
different applications.

THERMAL CONSIDERATIONS

The LM2594 is available in two packages, an 8-pin through
hote DIP (N) and an 8-pin surface mount SO-8 (M). Both
packages are molded plastic with a copper lead frame.
When the package is soldered to the PC board, the copper
and the board are the heat sink for the LM2594 and the
other heat producing components.

For best thermal performance, wide copper traces should
be used and all ground and unused pins should be soldered
to generous amounts of printed circuit board copper, such
as a ground plane (one exception to this is the output
(switch) pin, which should not have large areas of copper).
Large areas of copper provide the best transfer of heat (low-
er thermal resistance) to the surrounding air, and even dou-
ble-sided or multilayer boards provide a better heat path to
the surrounding air. Unless power levels are small, sockets
are not recommended because of the added thermal resist-
ance it adds and the resultant higher junction temperatures.

Package thermal resistance and junction temperature rise
numbers are all approximate, and there are many factors
that will affect the junction temperature. Some of these fac-
tors include board size, shape, thickness, position, location,
and even board temperature. Other factors are, trace width,
printed circuit copper area, copper thickness, single- or dou-
ble-sided, multilayer board, and the amount of solder on the
board. The effectiveness of the PC board to dissipate heat
also depends on the size, quantity and spacing of other
components on the board. Furthermore, some of these
components such as the catch diode will add heat to the PC
board and the heat can vary as the input voltage changes.
For the inductor, depending on the physical size, type of
core material and the DC resistance, it could either act as a
heat sink taking heat away from the board, or it could add
heat to the board.

5 10 15 20 25 30 35 40
INPUT VOLTAGE (V)

)

o

= 75

5. DIP-8 PACKAGE [T
2 701500 mA LOAD Vo= 707
o 65[4n? corR —— U7

S 60| 25°C STILL AR p.

< |

w55 l

= 50 Vour = 12V ~
w ouT —
Z 45 "

< -
g 40 I -
£ 35 + Vour = 5V i

wr

2 o

g2 25

(&}

=z

E}

TL/H/12439-35

Circuit Data for Temperature Rise Curve (DIP-8)

Capacitors Through hole electrolytic

Inductor Through hole, Schott, 100 pH

Diode Through hole, 1A 40V, Schottky

PC board 4 square inches single sided 2 oz. copper
(0.0028")

FIGURE 19. Junction Temperature Rise, DIP-8
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TL/H/12439-34

Circuit Data for Temperature Rise Curve (Surface Mount)

Capacitors Surface mount tantalum, molded “D” size

Inductor Surface mount, Coilcraft DO33, 100 pH

Diode Surface mount, 1A 40V, Schottky

PC board 4 square inches single sided 2 oz. copper
(0.0028")

FIGURE 20. Junction Temperature Rise, SO-8

The curves shown in Figures 19 and 20 show the LM2594
junction temperature rise above ambient temperature with a
500 mA load for various input and output voltages. This data
was taken with the circuit operating as a buck switcher with
all components mounted on a PC board to simulate the
junction temperature under actual operating conditions. This
curve is typical, and can be used for a quick check on the
maximum junction temperature for various conditions, but
keep in mind that there are many factors that can affect the
junction temperature.
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FIGURE 21. Delayed Startup
iy — ] LM2594
3 R2 7 5.0
> 47k N
) 5| ON/OFF 6 | GND
I P S L
KA BETYY =

Q1
2N3904

- TL/H/12439-37
FIGURE 22. Undervoltage Lockout
for Buck Regulator

DELAYED STARTUP

The circuit in Figure 21 uses the the ON/OFF pin to provide
a time delay between the time the input voltage is applied
and the time the output voltage comes up (only the circuitry
pertaining to the delayed start up is shown). As the input
voltage rises, ‘the charging of capacitor C1 pulls the
ON/OFF pin high, keeping the regulator off. Once the input
voltage reaches its final value and the. capacitor stops
charging, and resistor Ry pulls the ON/OFF pin low, thus
allowing the circuit to start switching. Resistor Ry is included
to limit the maximum voltage applied to the ON/OFF pin
(maximum of 25V), reduces power supply noise sensitivity,
and also limits the capacitor, C1, discharge current. When
high input ripple voltage' exists, avoid long delay time, be-
cause this ripple can be coupled into the ON/OFF pin and
cause problems. '

This delayed startup feature is useful in situations where the
input power source is limited in the amount of current it can
deliver. It allows the input voltage to rise to a higher voltage
before the regulator starts operating. Buck regulators re-
quire less input current at higher input voitages.

UNDERVOLTAGE LOCKOUT

Some applications require .the regulator to remain off until
the input voltage reaches a predetermined voltage. An un-
dervoltage lockout feature applied to a buck regulator is
shown in Figure 22, while Figures 23 and 24 applies the
same feature to an inverting circuit. The circuit in Figure 23
features a constant threshold voltage for turn on and turn
off (zener voltage plus approximately one volt). If hysteresis
is needed, the circuit in Figure 24 has a turn ON voltage
which is different than the turn OFF voltage. The amount of
hysteresis is approximately equal to the value of the output
voltage. If zener voltages greater than 25V are used, an
additional 47 ke resistor is needed from the ON/OFF pin to
the ground pin to stay within the 25V maximum limit of the
ON/OFF pin.

INVERTING REGULATOR

The circuit in Figure 25 converts a positive input voltage to a
negative output voltage with a common ground. The circuit
operates by bootstrapping the regulators ground pin to the
negative output voltage, then grounding the feedback pin,
the regulator senses the inverted output voltage and regu-
lates it.
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TL/H/12439-38
This circuit has an ON/OFF threshold of approximately 13V.
FIGURE 23. Undervoltage Lockout
for Inverting Regulator
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FIGURE 24. Undervoltage Lockout with Hysteresis for Inverting Regulator
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FIGURE 25. inverting — 5V Regulator with Delayed Startup

This example uses the LM2594-5 to generate a —5V out- 450
put, but other output voltages are possible by selecting oth- 400 L =100 uH l
er output voltage versions, including the adjustable version. < ——
Since this regulator topology can produce an output voltage = 350 /’ -Syour
that is either greater than or less than the input voltage, the 3 300 /
maximum output current greatly depends on both the input § 250 /
and output voltage. The curve shown in Figure 26 provides 2 - -12v ouT
a guide as to the amount of output load current possible for g 200
the different input and output voltage conditions. ; 150 /
The maximum voltage appearing across the regulator is the 3 00 7~ ~20v our
absolute sum of the input and output voltage, and this must E 50 /
be limited to a maximum of 40V. For example, when con- 4

0

verting +20V to —12V, the regulator would see 32V be-
tween the input pin and ground pin. The LM2594 has a max-
imum input voltage spec of 40V.

Additional diodes are required in this regulator configuration.
Diode D1 is used to isolate input voltage ripple or noise from
coupling through the Cjy capacitor to the output, under light
or no load conditions. Also, this diode isolation changes the
topology to closley resemble a buck configuration thus pro-
viding good closed loop stability. A Schottky diode is recom-
mended for low input voltages, (because of its lower voltage
drop) but for higher input voltages, a fast recovery diode
could be used.

Without diode D3, when the input voltage is first applied, the
charging current of Cjy can pull the output positive by sever-
al volts for a short period of time. Adding D3 prevents the
output from going positive by more than a diode voltage.

0 S 10 15 20 25

INPUT VOLTAGE (V)
TL/H/12439-41
FIGURE 26. Inverting Regulator Typlcal Load Current

Because of differences in the operation of the inverting reg-
ulator, the standard design procedure is not used to select
the inductor value. In the majority of designs, a 100 pH, 1A
inductor is the best choice. Capacitor selection can also be
narrowed down to just a few values. Using the values shown
in Figure 25 will provide good results in the majority of in-
verting designs.

This type of inverting regulator can require relatively large
amounts of input current when starting up, even with light
loads. Input currents as high as the LM2594 current limit
(approx 0.8A) are needed for at least 2 ms or mors, until the
output reaches its nominal output voltage. The actual time
depends on the output voltage and the size of the output
capacitor. Input power sources that are current limited or
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sources that can not deliver these currents without getting
loaded down, may not work correctly. Because of the rela-
tively high startup currents required by the inverting topolo-
gy, the delayed startup feature (C1, Rq and Rjp) shown in
Figure 25 is recommended. By delaying the regulator start-
up, the input capacitor is allowed to charge up to a higher
voltage before the switcher begins operating. A portion of
the high input current needed for startup is now supplied by
the input capacitor (Cjy). For severe start up conditions, the
input capacitor can be made much larger than normal.

INVERTING REGULATOR SHUTDOWN METHODS

To use the ON/OFF pin in a standard buck configuration is
simple, pull it below 1.3V (@25°C, referenced to ground) to
turn regulator ON, pull it above 1.3V to shut the regulator
OFF. With the inverting configuration, some level shifting is
required, because the ground pin of the regulator is no long-
er at ground, but is now setting at the negative output volt-
age level. Two different shutdown methods for inverting reg-
ulators are shown in Figures 27 and 28.

V== R4 6.2k
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0 OFF  SHUTDOWN ___, an
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N 9 7 5.0
1NE[:);17 KO‘ : =
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-5V
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TL/H/12439-42

FIGURE 27. Inverting Regulator Ground Referenced Shutdown
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FIGURE 28. Inverting Regulator Ground Referenced Shutdown using Opto Device
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TYPICAL SURFACE MOUNT PC BOARD LAYOUT, FIXED OUTPUT (2X SIZE)
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TL/H/12439-44
Ciy — 10 pF, 35V, Solid Tantalum
AVX, “TPS sories”
Cout — 100 pF, 10V Solid Tantalum
AVX, “TPS series™

D1 — 1A, 40V Schottky Rectifier,
surface mount
L1 — 100 puH, L20, Coilcraft DO33

TYPICAL SURFACE MOUNT PC BOARD LAYOUT, ADJUSTABLE OUTPUT (2X SIZE)

D1

: +
Nl—
I T L DC INPUT VOLTAGE
1 | 10/35

/ o]

Cout _

Rifl | to0/10 REGULATED
Cer OUTPUT VOLTAGE
R2
+

TL/H/12438-45
CiNy - — 10 uF, 35V, Solid Tantalum
AVX, “TPS series™
Coyut — 100 kF, 10V Solid Tantalum
AVX, “TPS series”

D1 — 1A, 40V Schottky Rectifier, surface
mount
L1 — 100 uH, L20, Coilcraft DO33 )
R1 — 1k, 1% ’ | ’
Rz ' — Use formulain Design Procedure

Crr  — See Figure 4.
FIGURE 29. PC Board Layout
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LM3420

&National Semiconductor

LM3420-4.2, -8.4, -12.6, -16.8

Lithium-lon Battery Charge Controller

General Description

The LM3420 series of controllers are monolithic integrated
circuits designed for charging and end-of-charge control for
Lithium-lon rechargeable batteries. The LM3420 is available
in four fixed voltage versions for one through four cell charg-
er applications (4.2V, 8.4V, 12.6V and 16.8V respectively).

Included in a very small package is an (internally compen-
sated) op amp, a bandgap reference, an NPN output tran-
sistor, and voltage setting resistors. The amplifier's inverting
input is externally accessible for loop frequency compensa-
tion. The output is an open-emitter NPN transistor capable
of driving up to 15 mA of output current into external
circuitry.

A trimmed precision bandgap reference utilizes temperature
drift curvature correction for excellent voltage stability over
the operating temperature range. Available with an initial tol-
erance of 0.5% for the A grade version, and 1% for the
standard version, the LM3420 allows for precision end-of-
charge control for Lithium-lon rechargeable batteries.

The LM3420 is available in a sub-miniature 5-lead SOT23-5
surface mount package thus allowing very compact de-
signs.

Features

m Voltage options for charging 1, 2, 3 or 4 cells
m Tiny SOT23-5 package

m Precision (0.5%) end-of-charge control

m Drive capability for external power stage

W Low quiescent current, 85 pA (typ.)

Applications

| Lithium-lon battery charging

m Suitable for linear and switching regulator charger de-
signs

Typical Application and Functional Diagram

_1.25
Rlv.ll? . v =%, (W
Input Heat Sink | TR
Voltage +ViN out R |N42?1 CH_A&GE . |
sl )
+13V to LM3177 1'5}) L r3 'l1 Q1 1A Charge . + S 3tk coup
+20V D) R 1A 2N2222 Current our .
<
et J:‘ L ! IINOOTHEL ) Lt 2 con SH
Zng nsszol T Li-lon
tk jo0xgps OUT| -8.4 JCoNP
[ )] GND CYfoND g 75k for 4.2v
181k for 8.4V

—h

Typlcal Constant Current/Constant Voltage

Li-fon Battery Charger

287k for 12,6V
392k for 16.8Y

TL/H/12358-2
LM3420 Functional Dlagram

TL/H/12359-1

Connection Diagrams and Order Information

5-Lead Small Outline Package (M5)

+IN=11 5 |- OuT
GND —{ 2
e 4 |- COMP
TL/H/12359-3
Top View

Actual Size

{F

TL/H/12359-4

*No internal connection, but should be soldered
to PC board for best heat transfer.

For Ordering Information
See Figure 1 In this Data Sheet
See NS Package Number MAOSA
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Absolute Maximum Ratings (Nots 1)

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

Input Voltage V(IN) 20V
Output Current 20 mA
Junction Temperature 150°C
Storage Temperature —65°Cto +150°C

Lead Temperature

Vapor Phase (60 seconds) +215°C
Infrared (15 seconds) +220°C
Power Dissipation (Tp = 25°C) (Note 2) 300 mW

LM3420-4.2
Electrical Characteristics

ESD Susceptibility (Note 3)
Human Body Model - 1500V

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for methods on soldering surface-
mount devices.

Operating Ratings (Notes 1 and 2)

Ambient Temperature Range —40°C < Tp < +85°C
Junction Temperature Range —40°C < Ty < +125°C
Output Current 15mA

Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tem-
perature Range. Unless otherwise specified, V(IN) = Vgeg, Vout = 1.5V.

Typical LM3420A-4.2 | LM3420-4.2 Units

Symbol Parameter Conditions (N):)pte i Limit Limit Limits)

) (Note 5) (Note 5) (

VREG Regulation Voltage | loyt = 1 mA 4.2 } Vv
4.221/4.242 | 4.242/4.284 V(max)
4.179/4.158 | 4.158/4.116 V(min)

Regulation Voltage | loyr = 1mA +0.5/+ 1 +1/+2 %(max)
Tolerance
I Quiescent Current | loyt = 1 mA 85 T pA
110/115 125/150 pA(max)
Gm Transconductance | 20 pA < loyT < 1mA 3.3 mA/mvV
Alout/AVREG Vout = 2V 1.3/0.75 1.0/0.50 mA/mV(min)
1mA < lgyt £ 15mA 6.0 mA/mV
Vout = 2V 3.0/1.5 25/1.4 mA/mV(min)
Ay Voltage Gain 1V £ Vout <€ VReg — 1.2V (—1.3) 1000 VIV
AVouT/AVReg RL = 2009 (Note 6) 550/250 450/200 V/V(min)
1V < Vour £ VReg — 1.2V (—1.3) 3500 VIV
RL = 2kQ 1500/960 1000/700 V/V(min)
VsaT Output Saturation | V(IN) = Vgeg +100 mV 1.0 \
(Note 7) lour = 15mA 1.2/1.3 1.2/1.3 V(max)
I Output Leakage V(IN) = Vggg —100 mV 0.1 RA
Current Vout = 0V 0.5/1.0 0.5/1.0 pA(max)
Rs¢ Internal Feedback 75 kQ
Resistor (Note 8) 94 94 kQ(max)
56 56 k2 (min)
En Output Noise lout = 1mMA,10Hz < f < 10 kHz
Voltage " H#VRMS
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LM3420

LM3420-8.4
Electrical Characteristics

Specifications with standard type face are for Ty =

perature Range. Unless otherwise specified, V(IN) = Vreg, Vout = 1.5V.

25°C, and those with boldface type apply over full Operating Tem-

Typical LM3420A-8.4 LM3420-8.4 Unit
Symbol Parameter Conditions’ Nypte 4 Limit Limit (Limits
(No (Note 5) (Note 5) s)
VREG .Regulation Voltage | loyt = 1 mA 8.4 \"
8.442/8.484 | 8.484/8.568 V(max)
8.358/8.316 | 8.316/8.232 V(min)
Regulation Voltage | loyt = 1 mA £05/+1 £1/+2 %(max)
Tolerance
Ig Quiescent Current | loyt = 1 mA 85 nA
110/115 125/150 pA(max)
Gm Transconductance | 20 pA < lgyt < 1 mA 3.3 mA/mV
Alout/AVREG VouTt = 6V 1.3/0.75 1.0/0.50 mA/mV(min)
1mA <loyt £ 15mA 6.0 mA/mV
Vout = 6V 3.0/1.5 25/1.4 mA/mV(min)
Av Voltage Gain 1V < Voyr < VReg — 1.2V (- 1.3) 1000 VIV
AVout/AVREG RL = 4700 (Note 6) 550/250 450/200 V/V(min)
) 1V s'VOUT < VReg — 1.2V(—1.3) 3500 VIV
RL = 5kQ 1500/900 1000/700 V/V(min)
VsaAT Output Saturation | V(IN) = Vggg +100 mV 1.0 \"
(Note 7) lout = 15mA 1.2/1.3 1.2/1.3 V(max)
IL Output Leakage V(IN) = VRgg —100 mV 0.1 pA
Current Vout = 0V 0.5/1.0 0.5/1.0 pA(max)
R¢ Internal Feedback 181 kQ
Resistor (Note 8) 227 227 k2 (max)
135 135 kQ(min)
En Output Noise loutr = 1mA, 10Hz < f < 10kHz
40
Voltage 1 MVRMS
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LM3420-12.6

Electrical Characteristics
Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tem-
perature Range. Unless otherwise specified, V(IN) = Vgea, Vout = 1.5V.

02HENT

Tvpical LM3420A-12.6 LM3420-12.6 Unit
Symbol Parameter Conditions (Ny:te a) Limit Limit (L"r:ms
(Note 5) (Note 5) s)
VREG Regulation Voltage | loyt = 1 mA 12.6 \
12.663/12.726 | 12.726/12.852 V(max)
12.537/12.474 | 12.474/12.348 V(min)
Regulation Voltage | loyt = 1 mA +0.5/+1 +1/+2 % (max)
Tolerance
lq Quiescent Current | loyt = 1mA 85 pA
110/115 125/150 pA(max)
Gm Transconductance | 20 pA < loyT < 1 mA 3.3 mA/mV
AloyT/AVREG Vout = 10V 1.3/0.75 1.0/0.f mA/mV(min)
1mA < lgyt £ 15 mA 6.0 mA/mV
Vout = 10V 3.0/1.5 25/1.4 mA/mV(min)
Ay | Voltage Gain 1V < Vout < VReg — 1.2V(—1.3) | 1000 v/V
AVouT/AVREG R = 7500 (Note 6) 550/250 450/200 V/V(min)
1V £ Vout € VReg — 1.2V (—1.3) | 3500 v/vV
Ry = 10k 1500/900 1000/700 V/V(min)
Vsar Output Saturation | V(IN) = VRgg + 100 mV 1.0 \
(Note 7) lout = 15mA 1.2/1.3 1.2/1.3 V(max)
I Output Leakage V(IN) = Vggg —100 mV 0.1 RA
Current Vourt = 0V 0.5/1.0 0.5/1.0 pA(max)
Ry Internal Feedback 287 kQ
Resistor (Note 8) 359 359 kQ(max)
215 215 k€ (min)
En Output Noise lour = 1mA,10Hz < f < 10kHz )
Voltage 210 “VRMS
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LM3420

LM3420-16.8

Electrical Characteristics o .
Specifications with standard type face are for T; = 25°C, and those with boldface type apply over full Operating Tem-
perature Range. Unless otherwise specified, V(IN) = Vgeg, Vout = 1.5V. : ‘

Typlcal LM3420A-16.8 LM3420-16.8 Unit
Symbol Parameter Condltlons_ (Noﬁe a) Limit Limit - (LImI:s )
) (Note 5) (Note 5)
VREG Regulation Voltage | loyt = 1 mA - 16.8 oV
: . 16.884/16.968 | 16.968/17.136 V(max)
16.716/16.632 | 16.632/16.464 V(min)
Regulation Voltage | loyT = 1 mA £05/+1 +1/+2 ‘9% (max)
Tolerance .
Quiescent Current | loyt = 1 mA ' 85 Lo RA
: 110/115 125/150 uA(max)
Gm Transconductance | 20 pA < lpyT < 1 mA 3.3 - y mA/mV
Aloyt/AVREG Vout = 15V 0.8/0.4 - 0.7/0.35 mA/mV(min)
1TmA<Ioytr<15mA 6.0 mA/mV
. Vour = 15V 2.9/0.9 2.5/0.75 mA/mV(min)
Ay Voltage Gain 1V < Vout £ VReg — 1.2V (—1.3) | 1000 . v/V
AVout/AVReg Ry = 1k (Note 6) 550/250 450/200 - V/V(min)
1V £ Vout < VReg — 1.2V (—1.3) | 3500 VIV
RL =15k 1200/750 1000/650 V/V(min)
VsaAT Output Saturation | V(IN) = Vrgg +100 mV 1.0 : V-
(Note 7) louT = 15 mA 1.2/1.3 1.2/1.3 V(max)
Output Leakage V(IN) = VRgg —100 mV 0.1 . o pA
Current Vout = 0V 0.5/1.0 0.5/1.0 pA(max)
Ry Internal Feedback 392 . )
Resistor (Note 8) 490 490 | kQ(max)
294 294 kQ(min)
En Output Noise lour = 1mA,10Hz < f < 10 kHz . .
Voltage ) 280 - KAms

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.
The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the
listed test conditions.

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction temperature), 8,4 (junction to
ambient thermal resistance), and T4 (ambient temperature). The maximum allowable power dissipation at any temperature is Ppmax = (Tymax — TA)/8Ja or the
number given in the Absolute Maximum Ratings, whichever is lower. The typical thermal resistance (6,4) when soldered to a printed circuit board is approximately
306°C/W for the M5 package.

Note 3: The human body model is a 100 pF capacitor discharged through a 1.5 k2 resistor into each pin.
Note 4: Typical numbers are at 25°C and represent the most likely parametric norm.

Note 5: Limits are 100% production tested at 25°C. Limits over the operating temperature range are guaranteed through correlation using Statistical Quality Control
(SQC) methods. The limits are used to calculate National's Averaging Outgoing Quality Level (AOQL).

Note 6: Actual test is done using equivalent current sink instead of a resistor load.
Note 7: Vsat = V(IN) — Vour, when the voltage at the IN pin is forced 100 mV above the nominal regulating voltage (VReg).
Note 8: See Applications and Curves sections for information on this resistor.
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Typical Performance Characteristics
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LM3420

Typical Performance Characteristics (continued)

. REGULATION VOLTAGE (V)
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Five Lead Surface Mount Package Information

The small SOT23-5 package allows only 4 alphanumeric characters to Identify the product. The table below contains the field
information marked on the package.

02veEN

Voltage Grade Inf«g’::::lon ::;';T:; Supplied as

4.2V A (Prime) LM3420AM5-4.2 D02A 250 unit increments on tape and reel
4.2V A (Prime) LM3420AM5X-4.2 DO2A - 3k unit increments on tape and reel
4.2V B (Standard) | LM3420M5-4.2 D02B 250 unit increments on tape and reel
4.2V B (Standard) LM3420M5X-4.2 D02B 3k unit increments on tape and reel
8.4V A (Prime) LM3420AM5-8.4 DO3A 250 unit increments on tape and reel
8.4V A (Prime) LM3420AM5X-8.4 DO3A 3k unit increments on tape and reel
8.4V B (Standard) | LM3420M5-8.4 D03B 250 unit increments on tape and reel
8.4V B (Standard) | LM3420M5X-8.4 DO03B 3k unit increments on tape and reel
12.6V A (Prime) LM3420AM5-12.6 D04A 250 unit increments on tape and reel
12.6V A (Prime) LM3420AM5X-12.6 DO4A 3k unit increments on tape and reel
12.6V B (Standard) LM3420M5-12.6 D04B 250 unit increments on tape and reel
12.6V B (Standard) | LM3420M5X-12.6 D04B 3k unit increments on tape and reel
16.8V A (Prime) LM3420AM5-16.8 DO5A 250 unit increments on tape and reel
16.8V A (Prime) LM3420AM5X-16.8 DOSA 3k unitincrements on tape and reel
16.8V B (Standard) | LM3420M5-16.8 D05B 250 unit increments on tape and reel
16.8V B (Standard) | LM3420M5X-16.8 D0osSB 3k unit increments on tape and reel

FIGURE 1. SOT23-5 Marking

The first letter “D” identifies the part as a Driver, the next two numbers indicate the voltage, “02” for a 4.2V part, ‘03" for a 8.4V
part, “04" for a 12.6V part, and “05" for a 16.8V part. The fourth letter indicates the grade, *“B” for standard grade, “A” for the
prime grade.

The SOT23-5 surface mount package is only available on tape in quantity increments of 250 on tape and reel (indicated by the

letters “M5" in the part number), or in quantity increments of 3000 on tape and reel (indicated by the letters ‘‘M5X" in the part
number).
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LM3420

Product Description

The LM3420 is a shunt regulator specifically designed to be
the reference and control section in an overall feedback
loop of a Lithium-lon battery charger. The regulated output
voltage is sensed between the IN pin and GROUND pin of
the LM3420. If the voltage ‘at the IN pin is less than the
LM3420 regulating voltage (VReg), the OUT pin sources no
current. As the voltage at the IN pin approaches the Vieg
voltage, the OUT pin begins sourcing current. This current is
then used to drive a feedback device, (opto-coupler) or a
power device, (linear regulator, switching regulator, etc.)
which servos the output voltage to be the same value as
VREG-

In some applications, (even under normal operating condi-
tions) the voltage on the IN pin can be forced above the
VREG voltage. In these instances, the maximum voltage ap--
plied to the IN pin should not exceed 20V. In addition, an
external resistor may be required on the OUT pin to limit the
maximum current to 20 mA.

Compensation

The inverting input of the error amplifier is brought out to
allow overall closed-loop compensation. In many of the ap-
plications circuits shown here, compensation is provided by
a single capacitor (Cc) connected from the compensation
pin to the out pin of the LM3420. The capacitor values
shown in the schematics are adequate under most condi-
tions, but they can be increased or decreased depending on
the desired loop response. Applying a load pulse to the out-
put of a regulator circuit and observing the resultant output
voltage response is an easy method of determining the sta-
bility of the control loop.

100

Analyzing more complex feedback loops requires additional
information.

The formula for AC gain at a frequency (f) is as follows,

- Zi(f)
Gam =1+ — R

1

Z -

where Z; (f) jeomefecCo

where Ry = 75 kQ} for the 4.2V part, Rf = 181 kQ for the

8.4V part, Ry = 287 kQ for the 12.6V part, and Ry = 392 kQ
for the 16.8V part.

The resistor (Ry) in the formula is an internal resistor located
on the die. Since this resistor value will affect the phase
margin, the worst case maximum and minimum values are
important when analyzing closed loop stability. The mini-
mum and maximum room temperature values of this resistor
are specified in the Electrical Characteristics section of this

.data sheet, and a curve showing the temperature coefficient

is shown in the curves section. Minimum values of R¢ result
in lower phase margins.

Test Circuit

The test circuit shown in Figure 2 can be used to measure
and verify various LM3420 parameters. Test conditions are
set by forcing the appropriate voltage at the Voyt Set test
point and selecting the appropriate Ry or loyT as specified
in the Electrical Characteristics section. Use a DVM at the
“measure” test points to read the data.

AAA 5 Measure
vy | . » V
1N4148 R @ | REG
r23y_[+
/,,I__T b3
Rz oy .\_l COMP
[0k s LM3420
Op-amp > Device
LM6218 (dual) ™~ Under
£V = +30,-5
-y (=) ] 6nD 10k Test
Vour Set —pi W
(Voltage Range from 10pf R3
OV to Vpgg - 1.2V) c2 '
o—”——
l +V
cu7 o
D2 - 100 Measure
INS817 1/2 M~ |y
100 uA/V

= -y

TL/H/12359-7

FIGURE 2. LM3420 Test Circuit
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VReg External Voltage Trim

02PENT

The regulation voltage (VReg) of the LM3420 can be exter- For LM3420-12.6
nally trimmed by adding a single resistor from the COMP. 28 X 105
pin to the +IN pin or from the COMP. pin to the GND pin, Rincrease = ———"
depending on the desired trim direction. Trim adjustments : % increase
up to £10% of VReg can be realized, with only a small 259 X 105
increase in the temperature coefficient. (See temperature Rdecreass = ——————— — 287 X 103
coefficient curve shown below) ‘ % decrease
Normalized Temperature Drift with For LM3420-16.8
Output Externally Trimmed 29 X 105
12 Rincrease = % increase’
T, ==
T _ L +10%
o 8 364 X 105
Z s Raecrease = 5 gocrease ~ 002 X 10°
E ‘ +29':" )
g o Yo Thme] Application Information
5 =
5 2] The LM3420 regulator/driver provides the reference and
3 f feedback drive functions for a Lithium-lon battery charger. It
< ‘s [ =5%= . can be used in many different charger configurations using
3 both linear and switching topologies to provide the precision
= -12 -10% . needed for charging Lithium-lon batteries safely and effi-
-50 -25 0 25 50 75 100 125 ciently. Output voltage tolerances better than 0.5% are pos-
JUNCTION TEMPERATURE (°C) sible without using trim pots or precision resistors. The cir-
TL/H/12359-8 cuits shown are designed for 2 cell operation, but they can
FIGURE 3 rfeadlly be changed for either 1, 3 or 4 cell charging applica-
‘ . tions.
One item to keep in mind when designing with the LM3420
N N is that there are parasitic diodes present. In some designs,
Rincrease _OUT | L3420 COMP . under special electrical conditions, unwanted currents may
o LM3420 . flow. Parasitic diodes exist from OUT to IN, as well as from
coue- . GND Rdccrease GROUND to IN. In both instances the diode arrow is pointed
GND q toward the IN pin.
TL/H/12359-9 TL/H/12359-10 s : : :
Increasing VReg Decreasing VReg App lication Circuits

X The circuit shown in Figure 5 performs constant-current,
FIGURE 4 constant-voltage charging of two Li-lon cells. At the begin-
ning of the charge cycle, when the battery voltage is less

Formulas for selecting trim resistor values are shown below.
ormuia eclingtn ! alue shown below. than 8.4V, the LM3420 sources no current from the OUT

For LM3420-4.2 pin, keeping Q2 off, thus allowing the LM317 Adjustable
22 X 105 : voltage regulator to operate as a constant-current source.
Rincrease = % increase (The LM317 is rated for currents up to 1.5A, and the LM350

and LM338 can be used for higher currents.) The LM317

R _ 63X 105 75 X 103 forces a constant 1.25V dcross Ry, thus generating a con-
decrease = o T ce stant current of ‘ '
For LM3420-8.4 Iy = 2V
R _ 26X 105 : Rum
increase = o4 increase '
. 154 X 105 :
R =————— 181 X 108
decreass ™ o "decrease -
R1 10k =125
~AAMA . lLm Rim
Input ) Heat Sink ) ™ I )
Voltage +ViN Out Rium ‘3?‘ HARGE
LM317T f—ww
3y bo 120 Ers oy g2 Q1 Curvent™®
+20V J 4 o 1k )
+ +
C15= 1 uF R4 c2== 2 cell
2232 LM3420 Li=lon
r 1k 100k grs OUT| -84 [coNP
1 ()] GND

TL/H/12359-1
FIGURE 5. Constant Current/Constant Voltage Li-lon Battery Charger
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Application Circuits (continued)

Heat Sink
v+ 55
9.4V to 20V R1 IRF9533
oosa kIDN’uw::R“ I-I- e g
4 1oy $100k Schottky
SR2  SR3 : S,
oc
$500 i:soo 100 pA #“ o &
342, 2N2222
‘ ¢t Q2 1%_0‘ 8.4V
IN .
CAEL”"F * 22"' 200mV | do.1 =1, wsaz0 ;'Lz.'°.°"
c3 i=ion
L 0:33 4F oo e LFT -8.4
500gR8  SR7 500 ourt
D3 1N4148 ;;200 3ok lGND

1

TL/H/12359-11

FIGURE 6. Low Drop-Out Constant Current/Constant Voitage 2-Cell Charger

Transistor Q1 provides a disconnect between the battery
and the LM3420 when the input voltage is removed. This
prevents the 85 A quiescent current of the LM3420 from
eventually discharging the battery. In this application Q1 is
used as a low offset saturated switch, with the majority of
the base drive current flowing through the collector and
crossing over to the emitter as the battery becomes fully
charged. It provides a very low collector to emitter satura-
tion voltage (approximately 5 mV). Diode D1 is also used to
prevent the battery current from flowing through the LM317
regulator from the output to the input when the DC input
voltage is removed.

As the battery charges, its voltage begins to rise, and is
sensed at the IN pin of the LM3420. Once the battery volt-
age reaches 8.4V, the LM3420 begins to regulate and starts
sourcing current to the base of Q2. Transistor Q2 begins
controlling the ADJ. pin of the LM317 which begins to regu-
late the voltage across the battery and the constant voltage
portion of the charging cycle starts. Once the charger is in
the constant voltage mode, the charger maintains a regulat-
ed 8.4V across the battery and the charging current is de-
pendent on the state of charge of the battery. As the cells
approach a fully charged condition, the charge current falls
to a very low value.

Figure 6 shows a Li-lon battery charger that features a drop-
out voltage of less than one volt. This charger is a constant-
current, constant-voltage charger (it operates in constant-
current mode at the beginning of the charge cycle and
switches over to a constant-voltage mode near the end of
the charging cycle). The circuit consists of two basic feed-
back loops. The first loop controls the constant charge cur-
rent delivered to the battery, and the second determines the
final voltage across the battery.

With a discharged battery connected to the charger, (bat-
tery voltage is less than 8.4V) the circuit begins the charge
cycle with a constant charge current. The value of this cur-
rent is set by using the reference section of the LM10C to
force 200 mV across R7 thus causing approximately 100 pA
of emitter current to flow through Q1, and approximately
1 mA of emitter current to flow through Q2. The collector
current of Q1 is also approximately 100 pA, and this current

flows through R2 developing 50 mV across it. This 50 mV is
used as a reference to develop the constant charge current
through the current sense resistor R1.

The constant current feedback loop operates as follows.
Initially, the emitter and collector current of Q2 are both
approximately 1 mA, thus providing gate drive to the MOS-
FET Q8, turning it on. The output of the LM301A op-amp is
low. As Q3’s current reaches 1A, the voltage across R1
approaches 50 mV, thus canceling the 50 mV drop across
R2, and causing the op-amp’s output to start going positive,
and begin sourcing current into R8. As more current is
forced into R8 from the op-amp, the collector current of Q2
is reduced by the same amount, which decreases the gate
drive to Q3, to-maintain a constant 50 mV across the 0.050
current sensing resistor, thus maintaining a constant 1A of
charge current.

The current limit loop is stabilized by compensating the
LM301A with C1 (the standard frequency compensation
used with this op-amp) and C2, which is additional compen-
sation needed when D3 is forward biased. This helps speed
up the response time during the reverse bias of D3. When
the LM301A output is low, diode D3 reverse biases and
prevents the op-amp from pulling more current through the
emitter of Q2. This is important when the battery voltage
reaches 8.4V, and the 1A charge current is no longer need-
ed. Resistor R5 isolates the LM301A feedback node at the
emitter of Q2.

The battery voltage is sensed and buffered by the op-amp
section of the LM10C, connected as a voltage follower driv-
ing the LM3420. When the battery voltage reaches 8.4V, the
LM3420 will begin regulating by sourcing current into RS,
which controls the collector current of Q2, which in turn re-
duces the gate voltage of Q3 and becomes a constant volt-
age regulator for charging the battery. Resistor R6 isolates
the LM3420 from the common feedback node at the emitter
of Q2. If R5 and R6 are omitted, oscillations could occur
during the transition from the constant-current to the con-
stant-voltage mode. D2 and the PNP transistor input stage
of the LM10C will disconnect the battery from the charger
circuit when the input supply voltage is removed to prevent
the battery from discharging.
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Application Circuits (continued)

v+

11V to 30V
c3
. —y i
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10k UT s

TL/H/12359-12
FIGURE 7. High Etficiency Switching Regulator

Constant Current/Constant Voltage 2-Cell Charger

A switching regulator, constant-current, constant-voltage
two-cell Li-lon battery charging circuit is shown in Figure 7.
This circuit provides much better efficiency, especially over
a wide input voltage range than the linear topologies. For a
1A charger an LM2575-ADJ. switching regulator IC is used
in a standard buck topology. For other currents, or other
packages, other members of the SIMPLE SWITCHER®
buck regulator family may be used.

Circuit operation is as follows. With a discharged battery
connected to the charger, the circuit operates as a constant
current source. The constant-current portion of the charger
is formed by the loop consisting of one half of the LM358 op
amp along with gain setting resistors R3 and R4, current
sensing resistor R5, and the feedback reference voltage of
1.23V. Initially the LM358’s output is low causing the output
of the LM2575-ADJ. to rise thus causing some charging cur-
rent to flow into the battery. When the current reaches 1A, it
is sensed by resistor R5 (50 m), and produces 50 mV. This
50 mV is amplified by the op-amps gain of 25 to produce
1.23V, which is applied to the feedback pin of the LM2575-
ADJ. to satisfy the feedback loop. '

Once the battery voltage reaches 8.4V, the LM3420 takes
over and begins to control the feedback pin of the LM2575-
ADJ. The LM3420 now regulates the voltage across the bat-
tery, and the charger becomes a constant-voltage charger.
Loop compensation network R6 and C3 ensure stable oper-
ation of the charger circuit under both constant-current and
constant-voltage conditions. If the input supply voltage is
removed, diode D2 and the PNP input stage of the LM358
become reversed biased and disconnects the battery to en-
sure that the battery is not discharged. Diode D3 reverse
biases to prevent the op-amp from sinking current when the
charger changes to constant voltage mode.

The minimum supply voltage for this charger is approxi-
mately 11V, and the maximum is around 30V (limited by the
32V maximum operating voltage of the LM358). If another
op-amp is substituted for the LM358, make sure that the
input common-mode range of the op-amp extends down to
ground so that it can accurately sense 50 mV. R1 is includ-
ed to provide a minimum load for the switching regulator to
assure that switch leakage current will not cause the output
to rise when the battery is removed.

v+
10V to 15V
c3

il | o
1 ufF T 0.1 uf

# Heat Sink |Viy 5

raf Lw2esr]our 1Nseil 02
ADJ T 4" ) "V_T_

C1==22 uf .
GND [ON /OFF 2-cell ==
1 IN Li-ion

38
10k ) L
LM358 50 my
Dual Op Amp R5<
0‘050;'
SR4
> 4.99k

h TL/H/12359-13
FIGURE 8. Low Dropout Constant Current/Constant
Voltage Li-lon Battery Charger

The circuit in Figure 8 is very similar to Figure 7, except the
switching regulator has been replaced with a low dropout
linear regulator, allowing the input voltage to be as low as
10V. The constant current and constant voltage control
loops are the same as the previous circuit. Diode D2 has
been changed to a Schottky diode to provide a reduction in
the overall dropout voltage of this circuit, but Schottky di-
odes typically have higher leakage currents than a standard
silicon diode. This leakage current could discharge the bat-
tery if the input voltage is removed for an extended period of
time. .
Another variation of a constant current/constant voltage
switch mode charger is shown in Figure 9. The basic feed-
back loops for current and voltage are similar to the previ-
ous circuits. This circuit has the current sensing resistor, for
the constant current part of the feedback loop, on the posi-
tive side of the battery, thus allowing a common ground
between the input supply and the battery. Also, the
LMC7101 op-amp is available in a very small SOT23-5
package thus allowing a very compact pc board design. Di-
ode D4 prevents the battery from discharging through the
charger circuitry if the input voltage is removed, although
the quiescent current of the LM3420 will still be present
(approximately 85 pA). .
L1

0 uH .
W | iwaszs Jour | 330MM
U ADS
EL 4’
47 uF 78 JoND Jon/orr 4 1Ns818
= R2 12k 1%

R4

.E1.2k)""y ] ik
2 W2 s

R

=< et 1k $0.10
D2 jx MW
ING 148 | RS | gD
osi: R3 12k 1% T 1Ne001
1N 148 O
COMP
01 I w3420 o +] 2-cell

= =Li-ion

P ¢35
T -84 [ss0,f 8.4V
OUT b
1C1 - LNC7101

TL/H/12359-14
FIGURE 9. High Efficiency Switching Charger
with High Side Current Sensing
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Application Circuits (continued)

v+
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cet —
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L |
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: $10k 1M ] 510k SR2 8.4V
IN4148SR10 3RO Ve | RESET COMP L COMP u =2-cell
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D4 DiscH.] msss [tRie 1k qur| -84 |CTHFTCZ | -84
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FIGURE 10. (Fast) Pulsed Constant Current 2-Cell Charger

A rapid charge Lithium-lon battery charging circuit is shown
in Figure 10. This configuration uses a switching regulator to
deliver the charging current in a series of constant current
pulses. At the beginning of the charge cycle (constant-cur-
rent mode), this circuit performs identically to the previous
LM2575 charger by charging the battery at a constant cur-
rent of 1A. As the battery voltage reaches 8.4V, this charger
changes from a constant continuous current of 1A to a 5
second pulsed 1A. This allows the total battery charge time
to be reduced considerably. This is different from the other
charging circuits that switch from a constant current charge
to a constant voltage charge once the battery voltage
reaches 8.4V. After charging the battery with 1A for 5 sec-
onds, the charge stops, and the battery voltage begins to
drop. When it drops below 8.4V, the LM555 timer again
starts the timing cycle and charges the battery with 1A for
another 5 seconds. This cycling continues with a constant 5
second charge time, and a variable off time. In this manner,
the battery will be charged with 1A for 5 seconds, followed
by an off period (determined by the battery’s state of
charge), setting up a periodic 1A charge current. The off
time is determined by how long it takes the battery voltage
to decrease back down to 8.4V. When the battery first
reaches 8.4V, the off time will be very short (1 ms or less),

TL/H/12359-15

but when the battery approaches full charge, the off time will
begin increasing to tens of seconds, then minutes, and
eventually hours. '

The constant-current loop for this charger and the method
used for programming the 1A constant current is identical to
the previous LM2575-ADJ. charger. In this circuit, a second
LM3420-8.4 has its VRgg increased by approximately
400 mV (via R2), and is used to limit the output voltage of
the charger to 8.8V in the event of a bad battery connection,
or the battery is removed or possibly damaged.

The LM555 timer is connected as a one-shot, and is used to
provide the 5§ second charging pulses. As long as the bat-
tery voltage is less than the 8.4V, the output of IC3 will be
held low, and the LM555 one-shot will never fire (the output
of the LM555 will be held high) and the one-shot will have
no effect on the charger. Once the battery voltage exceeds
the 8.4V regulation voltage of IC3, the trigger pin of the
LM555 is pulled high, enabling the one shot to begin timing.
The charge current will now be pulsed into the battery ata 5
second rate, with the off time determined by the battery’s
state of charge. The LM555 output will go high for 5 sec-
onds (pulling down the collector of Q1) which allows the 1A
constant-current loop to control the circuit.
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Application Circuits (continued)

0ZFENT
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TL/H/12359-16
FIGURE 11. MOSFET Low Dropout Charger

Figure 11 shows a low dropout constant voltage charger Note: Although the application circuits shown here
using a MOSFET as the pass element, but this circuit does have been built and tested, they should be thoroughly
not include current limiting. This circuit uses Q3 and a evaluated with the same type of battery the charger will
Schottky diode to isolate the battery from the charging cir- eventually be used with.

cuitry when the input voltage is removed, to prevent the Different battery manufacturers may use a slightly dif-
battery from discharging. Q2 should be a high current (0.20) ferent battery chemistry which may require different
FET, while Q3 can be a low current (202) device. charging characteristics. Always consult the battery

manufacturer for information on charging specifica-
tions and battery details, and always observe the manu-
facturers precautions when using their batteries. Avoid
overcharging or shorting Lithium-lon batteries.
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&National Semiconductor

NCL354 .
Cordless Telephone IC

General Description

The NCL354 combines a high performance, dual conversion
superheterodyne VHF radio receiver with the audio process-
ing functions required to build a full featured narrow band
FM cordiess telephone system. Superior RF sensitivity,
combined with advanced audio channel signal pre-empha-
sis/de-emphasis and compression/expansion processing,
creates a high performance communications system with
excellent noise characteristics and wide dynamic range.
The built-in receive signal strength indicator (RSSI) allows
for easy identification of channels which are not suitable for
use or monitoring of the signal strength on the selected
channel. A built-in phase locked loop (PLL) discriminator
provides for low distortion demodulation of signals which
have a wide dynamic range while eliminating the need for
external adjustments. A microphone expander circuit reduc-
es the transmitted background noise during silent periods,
and enhanced power supply management techniques ex-
tend battery life. The audio portion includes digitally select-
ed analog switches which allow the designer to easily incor-
porate speaker-phone and intercom features.

PRELIMINARY
Features
m Low supply voltage 3v-5v
m Dual conversion receiver 46 MHz/49 MHz
m Companded audio channel 60 dB

m Microphone expander

PLL discriminator

Receive signal strength indicator for channel selection
Highly selective filter for data reception

Speaker phone and intercom capabilities

Universal transmit and receive frequency synthesizers
Battery saving features: - .

—lcc = 50 pA in standby state

—lcc = 5.5 mA in sniff mode

—Icc = 13 mA in communication mode

Available in 56-pin TSSOP package

NCL354 Block Diagram

16 15 14 12 1 8

20 38 48

2
e OO ____O____,
I AUDIO Yeo AUDIO GND DEMOD GND 1
: 1
'
AUDIO Voo /RF CONTROL |

4
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LIMITER

]
DEMOD BUFFER |

SYNTHESIZER

RF Vgc/RF CONTROL

[YSpRpEpRypiy [N N ——

) 2ND L0 IN

1
30—

1

!
ild

27 ) swmestze Voo

]
24 Og;mmtsxzea GND
f ‘

lemcecccccccccccccccaaa.

REF DIVIDER

PROGRAMMABLE
DIVIDER }

SYNTHESIZER Yoo/
RF CONTROL

12
PHASE
DETECT

AUDIO Vo /AUDIO CONTROL

39 40 41 42 43 44

45 48
TL/W/12474-1
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NCL354

1.0 Pin-Names and Functions

Frequency Synthesizer . _

The frequency synthesizer architecture (shown in Figure 1)
uses two phase-locked loops to generate transmit and re-
ceive mix frequencies for most country channels; including
US (25¢h), China, Spain, France, Korea, New Zealand, UK.,
Netherlands, and ‘Australia.. The frequencies are pro-
grammed through the microprocessor serial interface and a
on board ROM. The 2nd LO and reference divider provides
the reference frequencies for both transmit and receive
loops. This synthesizer contains separate: 14-bit dividers

and phase detectors for each loop. In addition, the varactor’

Function Name Note P;n ‘ Function Name Noté P;"

RF Power VCCRF 13 Speakerphone RX SPKPHRX ‘45
RF Ground RFGND 20 Hybrid RX Amp Out HYRXOUT S 41
Audio Power VCCAUD 38 Hybridr RX Amp —In HYRXINN- L - ‘40
Audio Ground AUDGND 48 Hybrid RX Amp +in HYRXINP 39
Synthesizer Power VCCSYNTH 27 Mic Expander Filter Cap | MEXPCAP | Coxt = 0.4 ;lF 42
| synthesizer GND SYNTHGND| =~ .~ 24 Int. Reference Bypass | IREFBYP | Coyt = 0.1 uF|'10
Demodulator Buffer Out | DMDOUT "| Preemphasis —in PREEMIN | =~ “ | 86
Demodulator Buffer in | DMDIN o | o4 Preemphasis Out PREEMOT 37
Demodulator Loop Filter | DMDFILT - -| Compressor Output COMPOUT |~ C 33
Demodulator Ground DMDGND * . Compressor Filter Cap, .| COMPCAP | Cgxt =-2.2 uF |:34
Expander Input EXPIN . ' 52 Compressor Error Cap | CPERCAP | Cext =1 #F | 35
Expand Filter Cap EXPCAP: -: [ Gext-= 2.2 uF | 51 LO1 LO1A ! o) 17
Deemphasis In DEEMIN 53 Lot i1 [ |19
Deemphasis Out: DEEMOUT |- - | 54 Varactor . 1 VARAC |18
Data Filter In DFIN - | -~ = 1 Mixer1 RF In1 MXIREINT| |16
Data Filter Out DFOUT 56 Mixer1 RF In2 MX1RFIN2 Lo .15
Data Slicer Out RXDATA 55 Mixer1 Out MX100T . |14
Chip Select Ccs Active Hi, 31 Mixer2 RF In ‘| MX2RFIN o 12
- ' CMOSLevs | - Mixer2 Out MX20UT 1
Serial In S| CMOSLevs | 30 Limiter +1n e L | e
Serial Clock - CLKIN CMOS Fevs 29 | Limiter ~In LIMINN '8
Clock Out~ .| CLKOUT CMOS Levs 28 Limiter Bypass LIMBYP 7
Receive Mute RCVMUT . |CMOS Levs | 32 RsSI RSSI 6
Hyb TX Amp +Out HYTXOTP : 49 LO2 IN LO2IN 25
Hyb TX Amp —In HYTXIN _ | __| 80 LO2 OUT LO20UT |CMOSLevs |26
Auxilliary Amp Out .| PAOUT . ' 47 - | Receive Loop Phase Det | RXPD - ‘22
Auxilliary Amp —In PAN _ . ‘ 46 Transmit Loop Phase Det | TXPD o 23
Mic Amp —In MICIN } 44, Transmit RF In Jrxeen | [
Mic Amp Out MICOUT 43 TOTAL j 56

for the 1st LO is on chip-with two pins for connectionto an

external tank circuit.. - :

Power Management

To maximize battery life, the NCL354 handset has 2 power
down modes of operation. In Standby mode, all power is
turned off except for the data registers so that logic control
states are preserved. Power down is done in a-manner that
preserves the charge in all external capacitors. This mini-
mizes the cycle time needed to restore operation, and elimi-
nates the current needed to recharge the capacitors. Stand-

by current is < 50 pA. In Sniff mode only those circuits

needed to detect an incoming ring signal are turned on. This
includes the RF section, Receive Synthesizer, and Data de-
tector. In'this mode, supply current is < 5.5 mA.
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1.0 Pin Names and Functions (continued)

REFERENCE DIVIDE
10,24 MHz O—w— MUX - COUNTER

vSETON

X '
28 . I ‘
14-BIT PROGRAMMABLE & owes
RX COUNTER o] PHASE DET
Vo 15TL0
) 14=BIT PROGRAMMABLE — . '
TXveo o [ |;Z ¢ TX COUNTER »| PHaSE DET TXPD

A

14B ' 148
CLK et
DATA = SERIAL INTERFACE/REGISTER
EN =

- TL/W/12474-2
FIGURE 1. Block Diagram of Serial Interface and Frequency Synthesizer-

2.0 Receiver System Characteristics (istand 2nd IF Mixers, Limiter, RSSI, and PLL)
Ta = 25°C, RF Vg = 3.3 Vpg, fo = 50 MHz, A fg = £ 1.0 kHz, C Message Weight, fmod = 1.0 kHz

Symbol Characteristic Conditions Min .| Typ .| Max | . Units
Psin' - RF Input for 12 dB SINAD Measured @ Deemphasis Out . . : !
- ) Matched Input, w/C—messags Weighting —110 dBm
RF Vee 2 3.0 Vpg : ' - : :
THD Total Harmonic Distortion 0.1 1.5 %
BWpemop | Demodulation Bandwidth ' " 20 | | | kHz
T Ultimate Qdieting . Measured @ Deemphasis Out . B
' w/C-message Weighting e gt o
fmod = 1 kHz 35 ) dB
fdev = 1 kHz
AM to PM Conversion Measured @ Deemphasis Out S ) .
RF = —60dBm, AM = 30% -30 -20 dB,
fmod = 1 kHz ) - ) -
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NCL354

3.0 Electrical Specifications
3.1 ABSOLUTE MAXIMUM RATINGS

3.2 RECOMMENDED OPERATING CONDITIONS

Symbol Characteristic Maximum Units
RF Vce RF Supply Voltage 5.5 Voc
AUDIOVce | Audio Supply Voltage - 55 Vpe
Ty Junction Temperature 150 °C
TsTy Storage Temperature * | —50to +150 | - °C

Symbol Characteristic Min Typ Max Units
RF Voo RF Supply Voltage 3.0 5.0 Vpe
AUDIO Vo Audio Supply Voltage (Base) 3.0 50 Vpc
AUDIO Ve Audio Supply Voltage (Handset) 3.0 5.0 Vpc
TA Ambient Operating Temperature Range —30 +25 +80 °C
FRF RF Input Frequency 49 80 MHz
Fit1 Maximum 1st IF 10.7 23 MHz
Fit2 Maximum 2nd IF 0.455 3 MHz
3.3 RECEIVER CHARACTERISTICS (1st and 2nd IF Mixers, Limiter, RSSI, andPLL) -
Ta = 25°C, RF V¢ = 3.3 Vpg, fo = 50 MHz, Afg = 11.0 kHz, C Message Weight, fmeq = 1.0 kHz
Symbol Characteristic Conditions Min Typ - Max Units
lcc Drain Current No Input Signal, RF Vg Enabled 4.2 mAdc
Icc Drain Current No Input Signal, RF Vg Disabled 20 100 pAde
3.3.1 1st Mixer Characteristics Ty = 25°C, RF Vg = 3.3 Vg, fif = 50 MHz, fio = 40 MHz
Symbol Characteristic Conditions Min Typ Max Units
GMmc1 1st Mixer Conversion Voltage Gain Loaded by 3302 '
frf = 50 MHz 11 15 dB
fio = 40 MHz
Zout1st 1st Mixer Output Impedance fo-= 10 MHz 330 . a
Zinqst 1st Mixer RF Input Impedance frs = 50 MHz 2k kQ
Vnistm 1st Mixer Input Noise Voltage Referenced to 1st Mixer Input 14 - nV/yAz
as an Amplifier
1st Mixer LO Output Feedthrough Measured @ 1st Mixer Output 28 dB
1st Mixer LO Input Feedthrough Measured @ 1st Mixer Input 28 dB
Ipam1 1st Mixer 3rd Order Intercept Referenced to 1st Mixer Input 30 mvrms
1st Mixer 1dB Compression Point Referenced to 1st Mixer Input 10 mvVrms




=
3.0 Electrical Specifications (continued) 2
3.3.2 2nd Mixer Characteristics Tp = 25°C, RF Vgc = 3.3 Vpg, fit. = 10.695 MHz, fio, = 10.24 MHz 'j;"
Symbol Characteristic Conditions Min Typ Max Units
ZinRF2nd 2nd Mixer RF Input Impedance frt = 10.695 MHz 330 Q
Zout2nd 2nd Mixer Output Impedance fo = 455 kHz 1.5 k0
GMC2 2nd Mixer Conversion Voltage Gain Loaded by 1.5 k2
frt = 10.695 MHz 10 15 dB
fio = 10.24 MHz
ZinLO2nd 2nd Mixer LO Input Impedance fio = 10.24 MHz 20k 1)
Vn2ndM 2nd Mixer Noise Voltage :segar:tz\nnc‘ggﬁtgrand Mixer Input 9 aV/FZ
2nd Mixer LO Output Feedthrough Measured @ 2nd Mixer Output 40 dB
2nd Mixer LO Input Feedthrough Measured @ 2nd Mixer Input 40 dB
IP3m2 2nd Mixer 3rd Order Intercept Referenced to 2nd Mixer Input 30 mvVrms
2nd Mixer 1 dB Compression Paint Referenced to 2nd Mixer Input 10 mVrms
3.3.3 Limiter CharacterlstlcsiTA. = 25°C, RF Vc¢ = 3.3 Vpg, fo = 455 kHz
Symbol Characteristic Conditions Min Typ Max Units’
Limiter Voltage Gain 90 dB
Limiter Input Noise Voltage Referenced to Limiter Input 20 nV/Hz
Limiter Output Voltage Swing 400 mVpp
BWIim Limiter —3 dB Bandwidth 2 MHz
SENSImt Limiter Sensitivity For 12 dB sinad @ DEOUT 25 © pVrms
3.3.4 RSSI Characteristics Tp = 25°C, RF Vgg = 3.3 Vpg, fo = 455 kHz
Symbol Characteristic Conditions Min Typ Max Units
DRRSSI RSSI Dynamic Range
(Logarithmic Response) 60 d8
RSSI Voltage Output - Limiterin = 10 pVrms 0.2 v
Limiterin = 10 mVrms 1.2
RSSI Attack Time 100 us
RSSI Decay Time 100 ps
3.3.5 PLL Demodulator Characteristics .
Ta = 25°C, Audio Vo = 3.3 Vpg, fo = 455 kHz, Afg = *1.0 kHz, C Message Weight, fyog = 1.0 kHz -
Symbol Characteristic Conditions Min Typ - Max Units
ko VCO Gain 100 kHz/V
kd Phase Detector Gain 0.20 pA/O
kv PLL Open Loop Gain 360 X 103 - 1/s
fo VCO Center Frequency Open Loop 398 455 512 kHz
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3.0 Electrical Specifications (continued)
3.4 AUDIO CHARACTERISTICS Tp = 25°C, Audio Vo6 = 3.6 Vpc'

Symbol Characteristic Conditions Min - Typ Max Units’
Audio Vgg Enabled Drain Current " lcca 8 mAdc
Audio Vg Disabled Drain Current ~leeca 120 100 pAde
From Enable Transition ' Audio Switch Time . ts1...87 ' 0.5 ms
‘ Audio Switch Isolation | Iy, g7 65 dB
‘Audio Switch Loss Lsw 0.5 ‘dB
3.4.1 Compressor Chafacteﬂstlcs Ta = 25’0, Audid Vcc = 3.6 Vpc “
Symbol Characteristic Conditions ‘Min Typ Max Units
THD . Total Harmonic Distortion "VIN < ViMax @ 1 kHz 0.5 1.0 %
Gcg '0 dB Gain Vin = 90mVrms ~ 1.7 —-1.5" o 1.5 ~dB
tca - "Attack Time - Ggo, COMPCAP = 2.2 pF 6 ms
tcd Decay Time Gco, COMPCAP = 2.2 uF 22 ms
Gt Gain Tracking Linearity 11dB > Gg > —20dB -2 +2- dB
PBW Power Bandwidth - ' Unity Gain _ 10 kHz
DRIN Input Dynamic Range —40 . +22 dB
DRout Outputv Dynamic Range S -20 ‘ ' +11 dB
Vimax Maximum Input Voltage Swing fo = 1kHz e ' Veceg— 04 | Voo — 0.2( Vpp
Vomax Maximum Output Voltage Swing fo = 1kHz Vec—20 | Vg — 1.6 .-Vpp
fio Low Frequency Roll-Off Gor) = Goll kHz) — 3dB, ‘
o ’ " CPERCAP ='1.0 pF 180 Hz
Vin = Gco
fhi High Frequency Roll-Off GeF) = G(j(i kHz) — 3dB 4 kHz
3.4.2 Expander Characteristics Ta = 25°C, Audio Ve = 3.6 Vpe
Symbol Characteristic Conditions Min " Typ Max Units
THD Total Harmonic Distortion Vo < Vomax @1 kHz 0.5 1.0 %
Geo 0dBGain | ViN = 90 mVrms ~7.5 -6 —4.5 dB
tea Attack Time Ggo, EXPCAP = 2.2 uF 19 ms
teq Decay Time Ggo, EXPCAP = 2.2 pF 22 ms
Gr Gain Tracking Linearity 11dB > Gg > —20dB -2 o +2: dB
PBW Power Bandwidth “ Unity Gain 10 ! kHz
DRiN - Input Dynamic Range A -20 +11 dB
DRouT Output Dynamic Range ~* . —46 +16 -dB
Vimax - [ Maximum Input Voltage Swing “fo = 1kHz Vecc— 04 | Voc— 1.6 Vpp
Vomax Maximum Output Voltage Swing | fo = 1 kHz Vee — 2.0 Vpp
fio Low Frequency Roll-Off - Go(ry = Go(1 kHz) — 3dB 180 Hz
fhi High Frequency Roll-Off Ge(F) = Ge(1 kHz) — 3dB 4 KHz
VIN = Gco




3.0 Electrical Specifications (continued)
3.4.3 Deemphasis Filter Op Amp Characteristics Tp = 25°C, Audio Vgg = 3.6 Vpc

PSETON

Symbol . Characteristic Conditions Min Typ Max Units
" AoL ) Open Loop Gain ’ 2 X RL VIV

GBW Gain-Bandwidth Product 200 ‘ kHz
Vinmax Maximum [nput Voltage Swing AcL = 10dB Veo — 1.6 Vpp
Voutmax Maximum Output Voltage Swing AcL = 10dB Vec — 20 . ’ Vpep
g " Input Bias Current 200 ' nA
Requiv Equivalent External DG

Resistance for Minimal Input 13.2 kQ

Offset to Expander

3.4.4 TX Amplifier Characteristics Ty = 25°C

Symbol Characteristic Conditions Min Typ Max Units

AoL Open Loop Gain 80 3 dB

GBW Gain-Bandwidth Product 200 kHz

Tp- Total Distortion fo=4kHz 0.5 1.0 %
Handset Application, Inductive Earpiece, Audio Vcc = 3.6 Vpe )

Vinmax Maximum Input Voltage Swing (1st Amp) fo = 4kHz Vec— 1.6 Vpp

Vomax Maximum Output Voltage Swing (1st Amp) fo = 4kHz Vec — 20 Vpp

Vinmax Maximum Input Voltage Swing (2nd Amp) fo=4kHz Ve — 1.6

Vomax Maximum Oufput Voltage Swing (2nd Amp) fo = 4kHz Vee — 2.0 Vpp

Z Differential Ended Output Load ' 270 Q
Handset Application, Ceramic Earpiece, Audio Vg = 3.6 Vpg

Vinmax Maximum Input Voltage Swing (1st Amp) fo = 4kHz Vec— 1.6 Vj:p

Vomax Maximum Output Voltage Swing (1st Amp) fo = 4kHz Vee — 1.0 Vec — 0.6 . Vpp

Vinmax Maximum Input Voltage Swing (2nd Amp) fo = 4kHz ) Vog — 0.2

Vomax Maximum Output Voltage Swing (2nd Amp) fo = 4 kHz Vec— 1.0 | Voo — 0.6 ‘ V[SPY

ZL Differential Ended Output Load 1000 Q
Base Application, Audio Vec = 5 Vpc

Vinmax Maximum Input Voltage Swing (1st Amp) fo = 4kHz 1.9 Vpp

Vomax Maximum Output Voltage Swing (1st Amp) fo = 4kHz 3 Vpp

Vinmax Maximum Input Voitage Swing (2nd Amp) fo = 4kHz Vec— 1.6

Vomax Maximum Output Voltage Swing (2nd Amp) fo = 4kHz 3 Vpp

Z . Single Ended Output Load 450 Q
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3.0 Electrical Specifications (continued)
3.4.5 RX Amplifier Characteristics Tp ='25°C, Audio Vg = 5 Vpg

Symbol . L .. Characteristic . Conditions Min Typ -Max Units
Aol - OpenLoop Gain . .. : ‘ . 80 dB
GBW Gain-Bandwidth Product . : | " 200 : kHz
ViN max ‘ " Maximum Input Voltage Swing (Differential) fo = 4kHz 0.32 3.2 Vpp:
VouT max Maximum Output Voltage Swing . . | fo = 4kHz 32 ’ Vpp
Z Output Load : , 10k || 70p ' afF
™ Total Distortion fo = 4 kHz 0.5 1.0 %
g . Input Bias Current . 100 nA

3.4.6 Microphone Amplifier/Expander Characteristics Tpo = 25°C, Audio Voc = 3.6 Vpg

Symbol - Characteristic i Conditions Min Typ Max Units
AoL Open Loop Gain ‘ 60 ' dB
GBW Gain-Bandwidth Product 500 kHz
VN max Maximum Iﬁput Voltage Swing AcL = 20dB, fo = 4kHz Vec— 16| Vpp
Vout max | Maximum Output Voltage Swing AcL = 20dB, fo = 4kHz Vcc — 0.6 | Voo — 0.4 Vpp
AcLH Closed Loop Gain—High Output Vo > Vswh, fo = 1 kHz : 20 - dB
AcLL Closed Loop Gain—Low Output Vo < VswL fo = 1kHz - 14 ‘ ds
VswL Low Gain Switching Output Voltage | 90% of final gain - . 5 mVrms
VswH High Gain Switching Ouiput Voltage | 90% of final gain - . 50 mVrms
tépAT(jK ‘Speech Rgsponse Attack Time Cext = 9.4 pf, @ 100 mVrms 25 ‘ . ms

90% of final gain .
tsppEcY Speech Response Decay Time | Cegxt = 9.4 p,F., @ Voyt max 85 ms
90% of final gain
™ Total Distortion : fo = 200 Hz-4 kHz ' ' 05 1.0 %
fLaw Low Frequency Cut-off ZoL= Zolo — 3dB v 180 Hz
Zs Source Impedance S : . : 47 kQ
External Resistor Value for Defeat | Handset 75
Base 200 ka
Gain Switching Threshold ’ . 35 mVrms
s Input Bias Current : 100 Y

3.4.7 Preemphasis Filter Characteristics To = 25°C, Audio Vcc = 3.6 Vpc

Symbol Characteristic Conditions Min V Typ Max Units
AoL Open Loop Gain 80 dB

GBW Gain-Bandwidth Product 500 kHz
VN max Maximum Input Voltage Swing AcL = 0dB, fo = 4kHz Vec— 1.6 Vpp
Vout max | Maximum Output Voltage Swing | AgL = 0dB,fo =4kHz | Voo — 2.0 Vpp
Zy Output Load 10k || 70p QfF
AcL Closed Loop Gain fo = 4kHz 0 dB
fp Filter Pole Frequency (—3 dB) ZoL = 2o — 3dB 1.0 kHz

Is Input Bias Current 100 nA
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3.0 Electrical Specifications (continued) g
3.4.8 Auxilliary Amplifier Characterlstics T4 = 25°C, Audio Vgc = 3.6 Vpg 52
Symbol Characteristic Test Conditions Min " Typ Max Units
AoL Open Loop Gain 80 dB
GBW Gain-Bandwidth Product 200 kHz
VN max Maximum Input Voltage Swing fo = 4kHz - Vog —1.6 Vpp
Vout max Maximum Output Voltage Swing fo = 4kHz, Vg = 5V Vee — 2.0 Vec — 1.6 Vpp
VouTt max Maximum Output Voltage Swing Ve =5V 3 Vpp
Z. Output Load fo = 4kHz 10k 1
AcL Closed Loop Gain fo = DC 6 .. dB
TD Total Distortion fo = 4kHz 0.5 1.0 %
3.5 RX Data Slicer Characteristics Ty = 25°C, Audio Vcc = 3.6 Vpg
Symbol Characteristic Conditions Min Typ Max Units
ViN max Maximum Input Voltage Swing Veg — 1.6 Vpp
Vo low Output Voltage Low (OC Out) 0 0.25 Vg v
Vo high Output Voltage High (OC Out) 0.75 Veo 5.0 v
VswiT Switching Point VREF* VREF VREFE v
450 mV 500 mV 600 mV
e/t v Rise and Fall Time 10%-90% . P ps
90%-10%
Output State When No Data Last
Valid
Data
ISINK Sink Current VoL = 0.45V 2 mA
3.6 Serial Interface DC and AC Characteristics Ty = 25°C, Audio Vgc = 3.0 Vpg-5.0 Vpg, Vss = 0Vpc
Symbol Characteristic Conditions Min Typ Max Units
h Input Leakage ViN = 0Vto Vpp -1 1 MA
ViH Input High Voltage N = 20 pA Vee — 0.3 Vce Vv
ViL Input Low Voltage In = 20 pA 0, 0.3 v
H % —80%
t/t Rise and Fall Times :g 02 _Zg 02 and 200 ns
fsk CLK Clock Frequency 0 256 260 kHz
tskH CLK High Time 1.2 ps
tsKL CLK Low Time 1.2 s
tcss CS Setup Time Relative to CLK 12 s
tLH Data Latch Hold Time Relative to CS Inactive 5 us
tsis Sl Setup Time Relative to CLK 800 ns
tsiH Sl Hold Time Relative to CLK 800 ns
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3.0 Electrical Specifications (continued)
3.7 PLL Synthesizer DC CharacteristicsTp = 25°C, Voo = 3.6 DC

[

ViN = 200 mVpp

Symbol - Characteristic Conditions - Pin . Min Max | Units
ViL Input Voltage Low Data, Clk, En . 0.3 v
‘V|H Input Voltage High Data, Clk,En. | . Vo — 03 .| ¢ Ve
[T Input Current Low Data, Clk, En -5 pA !
™ Input Current High - . Data, Clk, En -5 o pA
IPDSRC Phase Detect Source Current + RxPD, TxPD./| - —0.5 ' - mA
IPDSNK’ Phase Detect Sink Current * RxPD, Tx PD 0.5 mA’
VoLpp Phase Detect Output Voltage Low ‘Ippsnk = 0.5 mA Rx PD, Tx PD 0.6 V.
VoHPD Phase Detect Output Voltage High | .lppsrc = —0.5 mA Rx PD, Tx PD -3.0 - ‘ Vv
TRI-STATE® Leakage Current Rx PD, Tx PD —-50 50 nA
Input Capacitance Data,CIk,En’, . pF:
Output Capacitance RxPD, TxPD .. ‘ pF.
tsu Setup Time Data to CLK Data, CLK 100 ns.
tsu " Setup Time En to CLK En, CLK 200 ns.
tH "Hold Time o B Data, CLK 90 ns
tREC Recovery Time ) En, CLK '90. ns
tw Input Pulse Width En, Clk 100 ns
2nd LO Frequency ‘ 12 MHz
80 MHz

Tx VCO Input Frequency
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TL/W/12474-1
FIGURE 3. NCL354 Block Diagram
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4.0 NCL354 Serial Interface Timing

DI
PRIMARY REG
EN

0
ADDRESS 1 o
DECODER 2 RX REG
3 EN
Q0:13 Q14:15
St
16-BIT SHIFT REGISTER
CLK ——4 b oLk
R ~— TX REG
4 EN
cs - r 1 ?1
S ]
. 0D Q
—\ AUXILIARY REG
— EN
D> CLK 3 J
T, oK
D cLk ~
Q
r R
|
TL/W/12474-3
FIGURE 4. Serial Interface
Serial Interface Timing
FIRST BIT IN
S|
CLK |
cs _] . .
EN
R

TL/W/12474-4
Note: “EN” is an internal signal that loads the registers.
“R" is an internal signal that resets the 16-bit shift register.
An extra clock pulse is required for resetting the shift register when < 16-bits are entered (SNFF mode).




4.0 NCL354 Serial Interface Timing (continued)

Serlal Interface Timing—Primary Control Register

SN € € 6 €0 €0 €5 €0, €5 €0.€1 &5, € 420 A
S S I I s I T A 6 I 6 6y 6
ch |___

TL/W/12474-5

CK1-CKO  Clock Divider Select
SW7-SW1 Switch Select (“1" = switch closed)

TxM Transmit Mute
RxM Receive Mute
APwr Audio Power Switch

Serial Interface Timing—Auxiliary Control Register

S/ 18t KEexe X Rext X Rexd X Rtz X Rxt X Rtx0 X Crx2 X cret X crx0 X 04 X c03 X 02 X cot X €00 \
cs l I

TL/W/12474-6

Rrx2-Rrx0 Receive Reference Frequency Select
Rtx2-Rtx0 Transmit Reference Frequency Select
Crx2-Crx0 Capacitor Select for Receive VCO
CD4-CDO  Carrier Detect Level

RPwr RF Power Switch

Serial Interface Timing—Receive Divider

Serial Interface Timing—Transmit Divider

TL/W/12474-8
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NNational Semiconductor

8 Lead Ceramic Sidebrazed Dual-in-Line Package

suojsuawiq jeoishud

NS Package Number D0O8C
. All dimensions are in inches (millimeters)
0.540
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T {16200 (zsaoaozsal'l L_ "l"(u.sal-u.su) B
REF MIN
DO8C (REV C)

20 Lead Ceramic Leadless Chip Carrier, Type C

NS Package Number E20A ‘ ,
All dimensions are in inches (millimeters)
0.200+0.005 ' .
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e a5ox 0.015£0.010
. ¥ > (0.381£0.254)
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| A S
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(11831397
W

0or7-00s3 A
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o 0.045-0.055 % |
(1.183-1.397)

Z DETAILA e

Top View Slde View

0.067-0.083
(1.702=2.108)
v

450x D.040£0.010
{1.016£0.254)
3PLCS

‘Botiofn View’

. 0015
. (o 381)
(o (176)
MK rvﬁ_m— Y
 0.022
10.559) 559)—-» 41_- 0.006

MAX TYP (0.152)
MIN TYP

Detail A

€204 (REV D}
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Physical Dimensions

8 Lead (0.200” Diameter P.C.) TO-5 Metal Can Package

NS Package Number H08C ,
All dimensions are in inches (millimeters)
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SPACED HOBC (REV E)

8 Lead Ceramic Dual-in-Line Package

NS Package Number JOSA
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14 Lead Ceramic Dual-in-Line Package

NS Package Number J14A
All dimensions are in inches (millimeters)
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16 Lead Ceramic Dual-in-Line Package
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0.785

[19.94] MAX ——»
16 9
DA AN A

All dimensions are in inches [millimeters]

T
0.220-0.310
[5.59-7.87]
¥
0.025 PRV IRV L L L R N |
R [ 54] 1 8
g
0.037 £0.005
0.005 ™ [o.94+0.13] TP ?.7239-g.3§f
: gl 0.055 £ 0.005 -37-8.1
M[I:III:]P—’ - = [ T.40z013] TP |~ ousss seaant

* a2 ! Z

0.200 511,
. . 18
(5.08] = = 1_ ; 4.57) WA
MAX TYP i 0.010£0.002
. TYp
_‘_]: T [05 185101 MIN TYP [} [0.25£0.05]
L - )
0.125-0.200 9002 40 959 50
YP P

[3.18-5.08] 1YP

0.080 e 1

[2.03] MAX =1 1~
BOTH ENDS 0.018£0.003 1yp
0.100£0.010 [0.46 £0.08]

[2.5420.25] TP

J16A (REV L)

suolsuawiq [esisAyd

9-5




Physical Dimensions

3 Lead Molded SOT-23, Low Profile
NS Package Number M03B
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8 Lead (0.150” Wide) Molded Small Outline Package, JEDEC
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14 Lead (0.150” Wide) Molded Small Outline Package, JEDEC

NS Package Number M14A
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14 Lead (0.300" Wide) Molded Small Outline Package, JEDEC
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IDENT

)

LB

FTTT]

2 6 7
0.027
{0.686) *
0.083-0.104
Ra2=2.682)
¥ y 0.004 20,012
0102-030)
SEATING
oo e
{0880-1.118) ‘
0.050 0.014-0.018
.27 > 3R o0aE)
v

M14B (REV D}
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Physical Dimensions

16 Lead (0.150" Wide) Molded Small Outline Package, JEDEC R

0.035-0.040

[0.89-1.02]
e 0.070-0.080
l'“ [1.78-2.03] T'F

|
|

/

10° ALL AROUND

\/ 10° ALL AROUND

0.110-0.120
[2.79-3.05]

NS Package Number M16A . R
All dlmenS|ons arein mches (millimeters)
0.386~-0.394
(9.804 —10.00}
18 15 14 13 12 11 10 9
AAAAARD
0.228-0.244 200
(5.791 -6.198) TYP
& A
mm_,j‘g? ? L? ? ? t,j ?‘*j
IDENT _0.010 yax
(0.254)
.
0.010-0.020 0.053 -0.069 K
x45° . - .004 - 0.
0254 -0.508) 4" l“ e (63750 Sason
J_ry % . '!E!E!E!E!EIE!E!E ¥ e
oms—ame | ' °°“ om0 00 oum“
B B )
: 0.102) " wogevin
. ILLLEAI‘ITIPS‘ SR
-5 Lead Molded SOT-23-5
NS Package Number MAO5A - : L
' All dlmensmns are in lnches [mllllmeters]
0.016-0.018 ‘
‘[0.41-0.46] P —I"’I 0.075
- - [1.90]
A, A
: [0.69] "I hc
.
0.102-0.118
| ’ [2.58-3.00] 7
T~ "+t~ "1 0.059-0.070
| [1.50-1.78)
e : |
|'_':| , H:I 0.0375 0.0375
- [0.953] l'_ [0.953]

LAND PATTERN RECOMMENDATION

0.028-0.035

™ [0.71-0.90] ¥

l 0.039-0.051
-0.005 [0.99-1.30]
-0.13] TP : l

. - ] R
| 0.021-0.026 ‘
TYP
[0.53-0. ss]
0.0035-0.0056 1,

[0.089-0.142)

MAOS5A (REV D)
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28 Lead (0.350" Wide) Molded Small Outline Package

k ]]”H uuuuu I.”.H“”] 0310011 SEATING PLANE
PIN 1 IDENT: o fore 07l DETAIL A

TYP. SCALE: 20X

NS Package Number MA28A o : P ,
o oL All dimensions are in inches [millimeters]
0714 33358 ———
[18.14 1371
0.470£0.007 1o P : 0.34610.004 /‘GAGE PLANE
[11.94%0.17] . L [8.79£0.1] 00-80
f A PRy Sy SPRpRR, o . —
l % \ {010
g . [0.25]

TP . 0.032£0.002
0.095 £ 0.005 [127] I"l [0.8140.05]
[2.41£0.12] PraN
TP by AW ’
=[6.005 (o o7)|c 12242 0.05] N
v0.00¢ | | . I - RT O o —L 0.0080 *0:0045
[=c-] BRI __“__ , T\ see peTALL A o
0.007 £ 0.003 T,P : [0.41 20107 TP A [0-203 550
[0.18£0.07] -e.0s TYp
l$|0010 (0. 25)®TD| B@IA@ ‘ . . MAZ8A (REV A)

28 Lead Thin Small- Outline Package, Type |
NS Package Number MBS28A

I —  |e-1.00%0.05
025 {cTB]A] ‘ , ‘
ALL LEAD TIPS ' . ‘ . o —
13.4 | A ; &
| e

1= —28 i .

= O = =

— . — . -

= = 0.2240.05 TYP 8.020.2

— — -“ =

= g_[4>°~°°a®chA©la©l =

= = . E:
14 = . 15. ) ¥ =

T GAGE PLANE’
11.8 £0.1 1.2 MAX \
1 es eV oaass V 00_60
I ’/ \ : 0,05-0, 15-f |/
- . 0.15

't ~_ SEATING PLANE 0.55 1pgs

0.150£0.008 . . ... '< : _ _ E

(LEADFRAME THICKNESS) SEE DETAILA. - . DETAIL A

TYPICAL
DIMENSIONS ARE IN MILLIMETERS AR B NBS28A (REVA)

All dimensions are in millimeters

suojsuawiq [ea1sAuyd
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Physical Dimensions

44 Lead Thin Small Outline Package, EIAJ, Type Il

NS Package Number MDA44

44 35 32 23

OOOOAAAAR  DOOOAARAAE ~

LEAD #1

TATTEGETY AR

i

1 LIS 1] 22
= 0.805 TYP 0.30£0.05
o] LI RAEC)

18.81 MAX

————18.41 £ 0.1 ) |

All dimensions are in millimeters

11.76£0.20

V_J 0.10£0.05

0.5%0.1

DETAIL A
TYP TYPICAL

1.0£0.1 SEE DETAIL A
l’ o /}—-—-'——10.1510.10—0‘

s

\ 1

, » _r . ‘_/l JL

DIMENSIONS ARE IN MILLIMETERS

+0.10
0.15Zg'05 TYP WDA44 (REV A)

44 Lead Thin Small Outline Package, EIAJ, Type Il

NS Package Number MDB44

1 10 13 22

Cl\; LEAD #1

" IDENT

-

All dimensions are in millimeters

11.76 £0.20

r—J 0.10£0.05

0.5%0.1

“ v 135 B DETAIL A
— 0.805 TYP’I I__ 0.30 ¢ o 05 TYP TYPICAL
pETvF]

(1013 )]

18.81 MAX:

13‘4110.10——————1

1.0£0.1 SEE DETAIL A '
[ /:—————10.1610;10——-

[ 1 AY

DIMENSIONS ARE IN MILLIMETERS

+ UIT 8

0.15:8:ég-TYP ’ ’ WDB44 (REV A)

9-10




20 Lead Molded Thin Shrink Small Outline Package, JEDEC
NS Package Number MTC20

All dlmensxons are in millimeters

--’F---___
g |
4

—— e —

1 I
AN AR A
(t7aTYP)mm ][ .
[¢————— 6,5 £ 0,1 ————>] - SR NQNY S R
20 1 0.42 TYP —J
Lannnannng s
" : LAND PATTERN RECOMMENDATION

‘ GAGE PLANE
Ez' ) 4430 _E 0.25

1O o
[ oo %—L'__

[0.2]C]BTA] TYPICAL
ALL LEAD TIPS SEE DETAIL D .
' -

e
(0 90) ;
f \

%‘
ALL LEAD TIPS Wi "1 MAX , _J EJ_
0.09-0.20 ]-

- | OGSTYP_JL O101005TYP

0.19 - 0.30 TYP

r-$'|o'13®|AIB®IC©J - NTC20 (REV C}

suoisuauwiq [eoisAyd




Physical Dimensions

56 Lead Molded Thin Shrink Small Outline Package, JEDEC

NS PaCkage Number MTDSe All dimensions are in millimeters
56 | 140.1 }
ST AT
[e.1] i ) ) ) ) i s..1 %J%/I 0.25
4.05 O 00-8° L_o . :*g :S;ATING PLANE
L
IPS (00) /—-\/‘—SEE DETAIL A
_ ulli!i!i!i!i!i!i!i!i!i!i!i!i!i!i!i!i!i!i!i!i!i!i!i!i!i!- 1.1 MAX {\J{ /\ J&j‘-

-“—0.17 - 0.27 TYP [0’10 £ 0.05 TYP

[#]o.13 ®[a[s ®c ®)]

R

MTD56 (REV A)

8 Lead (0.300” Wide) Molded Dual-in-Line Package

NS Package Number NOSE .
All dimensions are in inches (millimeters)
0.373-0.400
(9.474—10.16)
0.090
- {2.286)
o002 8l (7] [5] [5] 0.032 +0.005
230 ~ 081320127)
oI NOD. 1 DET @ N 0.250:£0.005 RAD
. N A (6.3510.127) PIN NO. 1 1DENT-
OPTION 1 “ T e
0.280 oy
— 8T |t 0.040
g W 0030 0 [1.016) ms,“”—’l l— 0.09 OPTION 2
0.300-0.320 |  (0762) T 0.145 -0.200
e =X i wrEr— /<— (0.991) 3.683-5.080)
! - § * R A 0.130+0.005 [
[T 11 y  (3.302%0.127) J
. y
95°+5° 4" 0.125-0.140 1
oags 2068 pms-asss L
0.009-0.015 - Ty 6 S0° 40 {0.508)
pz2a-0an | pam) v N
0.325 +0-040 NOM 0.018:+0.003
325 _o.015 {0.457%0.076)
+1.016 0.100£0.010
(sasst g3 (254020.250)
0.045+0.015 |
(1143 10.381
b
0.050 | (1.524)
(1.210) NOBE (REV F)
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14 Lead (0.300"” Wide) Molded Dual-in-Line Package

NS Package Number N14A

0.740-0.770
(18.:80—19.56)

—

[4] (73] (2] ("] [vo] [9] (@]

0.090
(2.286)

PIN NO. 1
IDENT D2 s La] ()8 12]
0.092 0.030 MAX
2.33) {0.762) DEPTH
OPTION 1
0.1350.005
(3.429%0.121)
0.145-0.200 0.060 .
— '4—_ e e
(3.663-5.080) ‘ (1.524 "\nnmNAL
A 4 11
o
8020 90° +4° TYP
{0.508) o o
M M ' - 0.0750.015
3.175-3.810) ‘ {1.905 £0.381)
0.014-0.023
g VP 0.100+0.010
{0.356—0.584) — 0.10020.010
0.05040.010 251010258
> {1270-0.254)

All dimensions are in inches (millimeters)

PIN NO. 1 _/'.
IDENT T 2] &
OPTION 02
0.300-0.320
{7.620-3.128) 0.065
1.651)

o 0.008 -0.016
95°15° ——
Jt (0.203-0. 405) e
0.280

7.12) 1|2)—>

+ﬂ 040
0.325 0355 gms
+1. 015)
~0.381

(l 255
NI4A(REV F)

16 Lead (0.300” Wide) Molded Dual-in-Line Package

0.843-0.870

All dimensions are in inches (millimeters)

NS Package Number N16A
0.090
0.0%2 {2.286) 1
(2.337) NOM
DIA NOM

(21.41-22.10)

\j

{2x)
0.250 :0.005
PIN NO. 1 IDENT \\@ @ B
0280 e
- 7.112) = gp30 L 12 o] [af s s T2] L8]
MIN —_—
@762
0.300-0.320 | (762 0040
{7.620-8.128) 0065 0060 ) 0130 40.005
l fesy 1 52“)_—i Typ_.-l r {3302 :0.127) §
| Sy e '._ -
f i 0.145-0.200
{3.683-5.080]
95°:5° A 0.009-0.015 I “orae] ot
{0229-0381)
| 00750015 _ | _“_ 0.018 0,003 y_zs_wa"’mﬁ‘:,”
0325 000 {1905 20.381) {0357 70,075 @-175-3.566)
— omnm 010
(a 255 +l.|]15) —_
255 _gam {2,580 :0258)

N1BA (REV E)

1d lesisAyd

suoisusauw
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Physical Dimensions

16 Lead (0.300” Wide) Molded Dual-in-Line Package, Thermally Enhanced
NS Package Number N16G

All dimensions are in inches

0.870
0.843
- 0.090 NOM
BE i~ [t e
PIN NO. 1
'DE"T\zb O [o250£0.005
Mo
- vnd bed bemd Led b Led Ll L
T 234567 8 »
0.135£0.005 —
0325 0.065
0.200_ | }«-0.060 TYP 0.300
0.145 I
T

v .
7 'T L.
0.020 MIN J P

8149 oowtooos e=0.075£0.015
|—’L_o 100£0.010

0.32510:042
0.015 N16G (REV B)

28 Lead (0.600” Wide) Molded Dual-m Llne Package

NS Package Number N28B
All dimensions are ininches (millimeters)
HMWHMWMWWMMMHM
s |
Y ‘
%( ©) - ®
LJUULIL]LILILILIL“IIEII_ZIIEII'_J
PIN NO. 1 IDENT
1.393-1.420
(35.38-36.07T)
0.030 0.600—0.620 : 1450, N .
o " [ sz 1s.79) ) 1?1.;::-:;:{:) o (l:_,:%m_” |‘_ (g:;:-::g;
-175-4.131) 9,020

TH — h i ] N

0.009-0.015 f
‘/‘gso = 0229-0.381 86 84 TYP
0580 N> o u)osotnms 0.100:£0.010 N
f—— ‘ 05040, .100:£0. 0.018+0.003 i
() . l<—- ->| I«— —»I e L0n820.003 0.125-0.145
1,200,381 54020,
T ) ( 381) {2.54020.254) (0:45720.076) e
—0.015——»] N
0,635 :
(15 88 —0.381 . o ‘ . N28B(REVE)




28 Lead Molded Plastic Leaded Chip Carrier

NS Package Number V28A
All dimensions are in inches [millimeters]
+0.006
g 450 a0
[1 1.43] 104
PIN #1 IDENT 450 x 043
. [1.14]  p.o1720. .004 1yp
4 1 26 0.0290.003 1y [o 430.10)
[0.74£0.08) l —_
Eln ] 25 [
0 0 ¥
L u 0.410£0.020 1yp
O [] [10.4120.51}
[ []
N ]
nl’_‘ [119 ]—1
1 |_ll_ll_ll_lL,J L[.Is T
| 0.050 1o o] 1O |, SEATING PLANE
[1.27] | [ 0020y 7yp
0.300 yp [0.51]
[7.62] 0.105£0.015
0.045 [2.670.38]
450 X
. 0.165-0.180 1yp
............. [4.19-4.57)
"""""" 7> 10.004 {0.10]]

FOORFRAR AR AR AR

‘ |n|u]u|u]a]=]
0.490£0.005
[12.4520.13] e

JJ.Z

V28A (REV K)

suojsuawiq jesisAyd
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Physical Dimensions

48 Lead (7mm x 7mm) Molded Plastic Quad Flat: Package, JEDEc i
NS Package Number VBH48A e o

All dlmenSIons arein mllllmeters

9.0£0.25 TYP

=oa oo . B .__1,0_.,‘ 12° TOP AND BOTTOM

0° MIN — 3 _

R008—020

GAGE" PLANE

o 0.25 _\ \ :
: ; . 1——-1'" \_ o a[0.08
qI==IEE 00 - 70. SEATING PLANE

1.6 MAX

i : 0.05-0.10

- 0.60£0.15 R 0.08 MIN

PIN #1 — OPTIONAL: IS L

IDENT * SHARP CORNERS LT e 0.20 MK

L L— ' EXCEPT PIN 1 IDENT '
0.240.05 TYP —>| 0.5 TYP : CORNER o - i, 0 DETAIL A
RRER . ! . ! Lo ' TYPICAL
/SE”,E._.TA'LA.“ i RS .
A ; ‘ 0% 0.05
1.40 £ 0.
1 _UT L
%—Lu 7.0 0.1 ———»]
0.125 TYP R ;\‘,v VBH48A (REV C)
Ao L
3 Lead Molded TO-92 o
NS Package Number. Z03A TRTRE
‘ All dimensions are in inches [millimeters]
/'\"\ 50 2 PLCS
— _L
0.0145-0.0155
| caey | 0,500 ) [0.368-0.394] PEFORE LEAD FINISH
P “— [12.70]MN
SEATING PLANE ? 135-0. “f
3.43-3.68

0.090
[2.29] | 0.045-0.055
(UNCONTROLLED [ [1.14-1.40)

LEAD DIA 0.045-0.055
T 0 ) [1.14-1.40] P
1)
?.175-0.1515 H {
4.45-4.70] |
. 3 N
]
-
?.015-0.0211 Tvp ]-
EJECTION MARK 0.41-0.53 0.090
0.065 —/ R[2 29] 10° 2 PLCS
2 11.65]
¥ [00031551 MAX 2034 (REV F)
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NOTES




NOTES




NOTES




NOTES




NOTES




NOTES
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NOTES




NOTES
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NNationalf Semiconductor

Bookshelf of Technical Support Information

National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical
literature.

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and
section contents for each book.

For datasheets on new products and devices still in production but not found in a databook, please contact the National
Semiconductor Customer Support Center at 1-800-272-9959.

We are interested in your comments on our technical literature and your suggestions for improvement.

Pleass send them to:
Technical Communications Dept. M/S 16-300
2900 Semiconductor Drive
P.O. Box 58090
Santa Clara, CA 95052-8090

ADVANCED BiCMOS LOGIC (ABTC, IBF, BiCMOS SCAN, LOW VOLTAGE
BiCMOS, EXTENDED TTL TECHNOLOGY) DATABOOK—1994

ABTC/BCT Description and Family Characteristics ® ABTC/BCT Ratings, Specifications and Waveforms

ABTC Applications and Design Considerations ® Quality and Reliability ® Integrated Bus Function (IBF) Introduction
54/74ABT3283 Synchronous Datapath Multiplexer ® 74FR900/25900 9-Bit 3-Port Latchable Datapath Multiplexer
54/74ACTQ3283 32-Bit Latchable Transceiver with Parity Generator/Checker and Byte Multiplexing

SCAN18xxxA BiCMOS 5V Logic with Boundary Scan e 74LVT Low Voltage BiCMOS Logic

VME Extended TTL Technology for Backplanes

ADVANCED BIPOLAR LOGIC
FAST, FASTr, ALS, AS DATABOOK—1995

Introduction to Advanced Bipolar Logic Families ® FAST/FASTr/ALS/AS Famlly Characteristics
Ratings, Specifications and Waveforms Desxgn Considerations ® Datasheets ¢ Ordering and Packaging Informauon

APPLICATION SPECIFIC ANALOG PRODUCTS DATABOOK—1995

Audio Circuits ® Video Circuits ® Automotive e Specral Functions e Surface Mount

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987

SSI/MSI Functions e Peripheral Functions e LSI/VLSI Functions ® Design Guidelines ® Packaging

CMOS LOGIC DATABOOK—1988

CMOS AC Switching Test Circuits and Timing Waveforms ¢ CMOS Application Notes ¢ MM54HC/MM74HC
MM54HCT/MM74HCT e CD4XXX ¢ MM54CXXX/MM74CXXX ® Surface Mount

CLOCK GENERATION AND SUPPORT (CGS) DESIGN DATABOOK—1995

Low Skew Clock Buffers/Drivers ® Video Clock Generators ® Low Skew PLL Clock Generators
Crystal Clock Oscillators

COP8™ DATABOOK—1994

COP8 Family ¢ COP8 Applications ¢ MICROWIRE/PLUS Peripherals ¢ COP8 Development Support

CROSSVOLT™ LOW VOLTAGE LOGIC SERIES DATABOOK—1994

LCX Family ® LVX Translator Family ® LVX Bus Switch Family ® LVX Family ¢ LVQ Family  LVT Family -

DATA ACQUISITION DATABOOK—1995

Data Acquisition Systems ® Analog-to-Digital Converters ¢ Digital-to-Analog Converters ® Voltage References
Temperature Sensors ® Active Filters ® Analog Switches/Multiplexers ¢ Surface Mount

DATA ACQUISITION DATABOOK SUPPLEMENT—1992

New devices released since the printing of the 1989 Data Acquisition Linear Devices Databook.




DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK—1989

Selection Guide and Cross Reference Guides e Diodes @ Bipolar NPN Transistors
Bipolar PNP Transistors ® JFET Transistors ® Surface Mount Products ® Pro-Electron Series
Consumer Series ® Power Components ® Transistor Datasheets ® Process Characteristics

DRAM MANAGEMENT HANDBOOK—1993

Dynamic Memory Control ¢ CPU Specific System Solutions e Error Detection and Correction
Microprocessor Applications

EMBEDDED CONTROLLERS DATABOOK—1992

COP400 Family « COP800 Family ¢ COPS Applications ® HPC Family ¢ HPC Applications
MICROWIRE and MICROWIRE/PLUS Peripherals ® Microcontroller Development Tools

FDDI DATABOOK—1994

Datasheets ® Application Notes

F100K ECL LOGIC DATABOOK & DESIGN GUIDE—1992

Family Overview ® 300 Series (Low-Power) Datasheets ® 100 Series Datasheets ® 11C Datasheets
Design Guide ® Circuit Basics ® Logic Design ® Transmission Line Concepts ® System Considerations
Power Distribution and Thermal Considerations ® Testing Techniques ® 300 Series Package Qualification
Quality Assurance and Reliability ¢ ' Application Notes

FACT™ ADVANCED CMOS LOGIC DATABOOK—1993

Description and Family Characteristics ® Ratings, Specifications and Waveforms
Design Considerations ® 54AC/74ACXXX ¢ 54ACT/74ACTXXX e Quiet Series: 54ACQ/74ACQXXX
Quiet Series: 54ACTQ/74ACTQXXX @ 54FCT/74FCTXXX ® FCTA: 54FCTXXXA/74FCTXXXA/B

FAST® APPLICATIONS HANDBOOK—1990

Reprint of 1987 Fairchild FAST Applications Handbook

Contains application information on the FAST family: Introduction ¢ Multiplexers ® Decoders ¢ Encoders
Operators ® FIFOs @ Counters ® TTL Small Scale Integration ® Line Driving and System Design

FAST Charactenstlcs and Testing ¢ Packaging Characteristics

HIGH-PERFORMANCE BUS INTERFACE DATABOOK—1994

QuickRing ® Futurebus+ /BTL Devices ® BTL Transceiver Application Notes ¢ Futurebus+ Application Notes
High Performance TTL Bus Drivers ® Pl-Bus ® Futurebus+ /BTL Reference

IBM DATA COMMUNICATIONS HANDBOOK—1992

IBM Data Communications ¢ Application Notes

INTERFACE: DATA TRANSMISSION DATABOOK—1994

TIA/EIA-232 (RS-232) ® TIA/EIA-422/423 ¢ TIA/EIA-485 ¢ Line Drivers ® Receivers ® Repeaters
Transceivers ® Low Voltage Differential Signaling ® Special Interface ® Application Notes

LINEAR APPLICATIONS HANDBOOK—1994

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit
applications using both monolithic and hybrid circuits from National Semiconductor.

Individual application notes are normally written to explain the operation and use of one particular device or to detail various
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index.

LOCAL AREA NETWORKS DATABOOK—1993 SECOND EDITION

Integrated Ethernet Network Interface Controller Products ® Ethernet Physical Layer Transceivers
Ethernet Repeater Interface Controller Products ® Token-Ring Interface Controller (TROPIC)
Hardware and Software Support Products ® FDDI Products ® Glossary and Acronyms

LOW VOLTAGE DATABOOK—1992

This databook contains information on National’s expanding portfolio of low and extended voltage products. Product datashests

included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SRAM, Interfacs, ASIC, Embedded Controllers, Real Time
Clocks, and Clock Generation and Support (CGS).




MASS STORAGE HANDBOOK—1989

Rigid Disk Pulse Detectors ¢ Rigid Disk Data Separators/Synchronizers and ENDECs
Rigid Disk Data Controller ® SCSI Bus Interface Circuits ® Floppy Disk Controllers ® Disk Drive Interface Circuits
Rigid Disk Preamplifiers and Servo Control Circuits ® Rigid Disk Microcontroller Circuits ® Disk Interface Design Guide

MEMORY DATABOOK—1994

FLASH ¢ CMOS EPROMs ® CMOS EEPROMs e PROMs ® Application Notes

MEMORY APPLICATIONS HANDBOOK—1994

FLASH ¢ EEPROMs ® EPROMs e Application Notes

OPERATIONAL AMPLIFIERS DATABOOK—1995

Operational Amplifiers ® Buffers ® Voltage Comparators  Active Matrix/LCD Display Drivers
Special Functions ® Surface Mount

PACKAGING DATABOOK—1993

Introduction to Packaging ® Hermetic Packages e Plastic Packages ® Advanced Packaging Technology
Package Reliability Considerations ® Packing Considerations ® Surface Mount Considerations

POWER IC’s DATABOOK—1995

Linear Voltage Regulators ® Low Dropout Voltage Regulators ® Switching Voltage Regulators
Motion Control e Surface Mount

PRODUCTS FOR WIRELESS COMMUNICATIONS—1996

Radio Transceiver Components ¢ Baseband Processing Components ® Control and Signal Processing Components
Non-Volatile Memory ® Audio Interface Components ® Support Circuitry ® Power Management
Complete Cordless Phone Solution

PROGRAMMABLE LOGIC DEVICE DATABOOK AND

DESIGN GUIDE—1993

Product Line Overview ® Datasheets ® Design Guide: Designing with PLDs ® PLD Design Methodology
PLD Design Development Tools ® Fabrication of Programmable Logic ® Application Examples

REAL TIME CLOCK HANDBOOK—1993

3-Volt Low Voltage Real Time Clocks @ Real Time Clocks and Timer Clock Peripherals ® Application Notes

RELIABILITY HANDBOOK—1987

Reliability and the Die ® Internal Construction ® Finished Package ® MIL-STD-883  MIL-M-38510

The Specification Development Process ¢ Reliability and the Hybrid Device ¢ VLSI/VHSIC Devices
Radiation Environment e Electrostatic Discharge ¢ Discrete Device ® Standardization

Quality Assurance and Reliability Engineering ¢ Reliability and Documentation ® Commercial Grade Device
European Reliability Programs e Reliability and the Cost of Semiconductor Ownership

Reliability Testing at National Semiconductor ® The Total Military/Aerospace Standardization Program
883B/RETS™ Products ® MILS/RETST™ Products ¢ 883/RETST™ Hybrids ® MIL-M-38510 Class B Products
Radiation Hardened Technology ® Wafer Fabrication ® Semiconductor Assembly and Packaging
Semiconductor Packages ® Glossary of Terms ® Key Government Agencies ® AN/ Numbers and Acronyms
Bibliography ® MIL-M-38510 and DESC Drawing Cross Listing

SCAN™ DATABOOK—1994

Evolution of IEEE 1149.1 Standard ¢ SCAN BiCMOS Products * SCAN ACMOS Products ® System Test Products
Other |IEEE 1149.1 Devices

TELECOMMUNICATIONS—1994

COMBO and SLIC Devices ® ISDN e Digital Loop Devices ® Analog Telephone Components ® Software ® Application Notes

VHC/VHCT ADVANCED CMOS LOGIC DATABOOK—1993
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