














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Typical Performance 
Characteristics (Continued) 
Unless otherwise specified: . 
TA "." 25°C, V1N = Vo(N_QM)_ + 1V, CouT' ~ 2.2 µf, 
all voltage options, ON/OFF pin tied to V1N· .. 

... ... 
~ 

_o 

10 

0 

ON/OFF Pin Current vs 
VON/OFF 

I 

17 
7 

7 
7__ 

0 6 8 10 12 14 16 

VON/Off (V) 

Application Hints 
OUTPUT CAPACITOR 

TL/H/12078-45 

Like any low~dropout regulator, the LP2980 requires an out­
put capacitor to maintain regulator loop stability. Th.is 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 ESR 
ranges are wider than for most other LDOs. 

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

Tantalum Capacitors 

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 µF. The value can be increased to 
2.2 µF (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. 

Alumlnum Electrolytlc 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 µF should be 
used, and the ESR must meet the conditions of Agures 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. 

7-99 

TABLE II. Surface-Mount Tantalum Capacitor 
Selection Gulde · 

1 µF Surface-Mount Tantalums 

Manufacturer Part Number 

Kemet T491A10SM010AS 

NEC NRU105M10 

Siemens B45196-E3105-K 

Nichicon F931C105MA 

Sprague 2930105X0016A2T 

2.2 µF Surface-Mount Tantalums 

Manufacturer Part Number 

Kemet T491A225M010AS 

NEC NRU225M06 

Siemens 84519612.2/10/10 

Nichicon F930J225MA 

Sprague 293D225X001 OA2T 

Multllayer Ceramic Capacitors 

Surface-mountable multilayer c~ramic capacitors may be an 
attractive ctioice 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 usin·g multilayer ceramic ca­
pacitors show that a. minimum value of 2.2 µF 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 µF. 

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

TABLE Ill. Surface-Mount Multllayer Ceramic Capacitor 
Selection Gulde 

2.2 µF Surface-Mount Ceramic 

Manufacturer Part Number 

To kin 1 E225ZY5U-C203 

Murata GRM42-6Y5V225Z16 

4.7 µF Surface-Mount Ceramic 

Manufacturer Part Number 

Tokin 1 E475ZY5U-C304 
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Application Hints (Continued) 
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TL/H/12078-48 

FIGURE 1. 1 µF ESR Range 

LOAD CURRENT (mA) 

TL/H/12078-49 

FIGURE 2. 2.2 µF ESR Range 

LOAD CURRENT (mA) 

TL/H/12078-50 

FIGURE 3.10 µF ESR Range 
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REVERSE CURRENT PATH 
The power transistor used in the LP2980 has an inherent 
diode connected between the regulator input and output 
(see below). 

r--~--., 
I I 

VIN : : Your 

o ...... --••---~----•----10 

TL/H/12078-34 

If the output is forced above the input by more than a VsE. 
this diode will become forward biased and current will flow 
from the VouT terminal to V1N· 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 V1N 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 / µs. 

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



Typical Applications 
5V / 400 mA Regulator 

MPS2907A 
OR 

iN440~ 
{Note 8) 6-16 Voe 

INPUT 4--.._J\/'.ll\ro------e 
(Note E). 

-----• SV OUT 
IL= 400 mA (max) 

(Note E) 
100 

VIN 
ON/Off 4---~-----t ON/OFF 

(Note A) Your 
LP2980-5 0.1 µF 

Ceramic;_ 
(Note CJ GND 

L----------4..._--------t...--~ GND TL/H/12078-51 

The LP2980 can be used to control higher-current regula­
tors, by adding an external PNP pass device. With the PNP 
transistors shown, the output current can be as high as 400 
mA, as long as the input voltage is held within the Safe 
Operation Boundary Curves shown below. 

Notes: 

A. Drive this input with a logic signal (see Application Hints). 
If the shutdown function is not to be used, tie the ON/OFF 
pin directly to the V1N pin. 

B. Recommended devices (other PNP transistors can be 
used if the current gain and voltage ratings are similar). To ensure regulation, the minimum input voltage of this reg­

ulator is 6V. This "headroom" is the sum of the VsE of the 
external transistor and the dropout voltage of the LP2980. 

C. Capacitor is required for regulator stability. Minimum size 
is shown, and may be increased without limit. 

20 

x 15 
< 
3 10 

z 
>-

0 

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 T0-92 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 MPS2907 A device, the following curves show 
the maximum V1N and IL values that may be safely used for 
several ambient temperatures. 

Safe Operation Boundary Curves 

v 

----~----~----~--~-~-
' I I I 

-~ OPERATING POINT MUST ~-
....:1 i....BE_ON-OR_BE_L_ow ...... cu_R_v_,E : 

--- -r--:r-=-2~oc---:--
TA = sooc A ' I 

;-=-8~~C7-r-----r---- I 
A I I I I 1.--_ __. __ -M __ ..._ __ ....... _,. mA 

0 100 200 300 400 

IL (MAX) 
TUH/12078-52 
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Typical Applications (Continued) 

5V to 3.3V @ 3A Converter 

VIN 
4.5V-5.5V +--+-""""'IAr-..... ---_. 

100 

D45H5 
(Note D) 

-----• VouT 
3.3V @ 3A' (max) 

VIN 
ON/OFT +------'--.-I ON/OFF 

(Note A) Vou1 
LP2980-3.3 · 1 µF 

Tantalum 
(Note B) 

+ 22 µF 
Tantalum 
(Notes B,C) 

GND 

._----t.-..-------4~--+GND 

With limited input voltage range, the LP2980 can control a 
3.3V, 3Aregulator with the use of a high current-gain exter­
nal PNP pass tran~istor~ If the regulator is to be loaded with 
the full 3A, heat sinking will be required on the pass transis­
tor t() keep it ~ithin its rated temperature range. Refer to the 
Heatsink Th.ermal !1esista'nce . Requirements, below .. For 
best load regulation at the high load current, the LP29BO 
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 
less than 1 . µ.A from the source. 

TL/H/12078-53 

Notes: 

A: Drive this input with a logic signal (see Application Hints). 
If the shutdown function is not to be used, tie the ON/OFF 
pin directly to the V1N pin. · 

B. Capacitor is required for re'gulator stability. Minimum size 
is shown; and may be increased without limit. · 

C. Increasing the. output capacitance 'improves transi.ent 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 T0-220 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). 

Heatslnk Thermal Resistance Requirements 

°C/W 
~ 
z 60 iii 

B~ 50 ::c< ....... 
_,(I) 

40 
~~ g_, 

30 ..J< 
<:::E 
:::E~ 20 :::>::C 

NO HEATSINK REQUIRED ABOVE 60 °C/W 
-- - ~----~-----, 

. I. I 
_ _; __ j _____ ~ 

rT;=2soc : __ _. _____ , 
I I 
I . I ,-!-----, 

I 
_J 

::El-
x 
< 10 :::E 

0 
0 A 

TL/H/12078-54 
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lflNational 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 µA 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. 

Block Diagrams 

LP2952 

t ____________________ _ 

TL/H/11127-1 

Features 
• Output voltage adjusts from 1.23V to 29V 
• 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 
• 50 mA (typical) output pulldown crowbar 
• 5V and 3.3V versions available 

LP2953 Versions Only 
• Auxiliary comparator included with CMOS/TIL compati­

ble output levels. Can be used for fault detection, low 
input line detection, etc. 

Applications 
• High-efficiency linear regulator 
• Regulator with under-voltage shutdown 
• Low dropout battery-powered regulator 
• Snap-ON/Snap-OFF regulator 

LP2953 

TL/H/11127-2 
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Absolute Maximum Ratings (Note 1) 

If Military I Aerospace specified devices are required, Lead Temp. (Soldering, 5 seconds) 260°C 
please contact the National Semiconductor Sales Power Dissipation (Note 2) Internally Limited 
Office/Distributors for availability and specifications. Input Supply Voltage -20Vto +30V 
Storage Temperature Range -65°C ~TA~ +150°C Feedback Input Voltage (Note 3) -0.3Vto +5V 
Operating Temperature Range Comparator Input Voltage (Note 4) -0.3Vto +30V 

LP29521, LP29531, LP2952AI, 
LP2953AI, LP29521-3.3, LP29531-3.3, Shutdown Input Voltage (Note 4) -0.3V to +30V 

LP2952Al-3.3, LP2953Al-3.3 -40°C ~ TJ ~ + 125°C Comparator Output Voltage (Note 4) - 0.3V to + 30V 
LP2953AM -55°C ~TA~ +125°C ESD Rating (Note 15) 2kV 

Maximum Junction Temperature 
LP29521, LP29531, LP2952AI, 
LP2953AI, LP29521-3.3, LP29531-3.3, 
LP2952Al-3.3, LP2953Al-3.3 + 125°C 
LP2953AM +150°C 

Electrical Characteristics Limits in standard typeface are for TJ = 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 (SOC) methods. Unless otherwise specified: V1N = Vo(NOM) + 1V, IL = 1 mA, CL = 2.2 µF for 5V parts and 
4.7µF for 3.3V parts. Feedback pin is tied to V Tap pin, Output pin is tied to Output Sense pin. 

3.3V Versions 

Symbol Parameter Conditions · Typical 
LP2952Al·3.3, LP2953Al·3.3 LP29521·3.3, LP29531·3.3 

Units 
Min Max Min Max 

Vo Output Voltage 
3.3 

3.284 3.317 3.267 3.333 
3.260 3.340 3.234 3.366 v 

1 mA ~ IL ~ 250 mA 3.3 3.254 3.346 3.221 3.379 

SVVersions 
LP2952AI, LP2953AI, 

LP29521, 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 v 

1 mA ~ IL ~ 250 mA 5.0 4.930 5.070 4.880 5.120 

All Voltage Options 
LP2952AI, LP2953AI, 

LP29521, LP29531, 

Symbol Parameter Conditions Typical 
LP2952Al·3.3, LP2953Al·3.3, 

LP29521·3.3, LP29531·3.3 Units LP2953AM (Note 17) 

Min Max Min Max 

fl Vo Output Voltage (Note 5) 20 100 150 ppm/°C 
aT Temp. Coefficient 

fl Vo Output Voltage V1N = Vo(NOM) + 1V 0.03 . 0.1 0.2 % 
Vo Line Regulation to30V 0.2 0.4 

fl Vo Output Voltage IL= 1 mAto250mA 
0.04 

0.16 0.20 % 
Vo Load Regulation IL= 0.1 mA to 1 mA 0.20 0.30 

(Note6) 

V1N-Vo Dropout Voltage IL= 1 mA 60 
100 100 

(Note 7) 150 150 

IL= 50mA 240 
300 300 
420 420 

mV 
IL= 100 mA 310 

400 400 
520 520 

IL= 250mA 
470 

600 600 
800 800 
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Electrical Characteristics Limits in standard typeface are for TJ = 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 (SOC) methods. Unless otherwise specified: V1N = Vo(NOM) + 1V, IL= 1 mA, CL= 2.2 µFfor 5V parts and 
4.7µF 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) 

LP2952AI, LP2953AI, 
LP29521, LP29531, 

Symbol Parameter Conditions Typical 
LP2952Al-3.3, LP2953Al·3.3, 

LP29521~3.3, LP29531-3.3 Units LP2953AM (Note 17). 

Min Max_ Min Max 

IGND Ground Pin Current IL= 1 mA 
130 

170 170 
(Note8) 200 200 µA 

IL= 50mA 
1.1 

2 2 
2.5 " 2.5 

: 
IL= 100 mA 

4.5 
6 6 

mA ; e e 
I 

I 

: IL= 250mA 28 28 
21 

i 33 33 

jGND Ground Pin Current V1N = Vo(NOM) -0.5V 
165 

210 210 
µA i at Dropout (Note 8) IL= 100 µA 240 240 

!GND Ground Pin Current (Note9) 
105 140 140 µA 

: at Shutdown (Note 8) 

ILIMIT Current Limit VouT = o 380 
500 500 

mA 
530 530 

tJ..Vo Thermal Regulation (Note 10) 
tJ..Pd 

0.05 0.2 0.2 %/W 

en Output Noise Voltage CL= 4.7 µF 400 
(10 Hz to 100 kHz) CL= 33 µF 
IL= 100mA 

260 µVRMS 

CL= 33 µF (Note 11) 80 

VREF Reference Voltage (Note 12) 
1.230 

1.215 1.245 1.205 1.255 v 
1.205 1.255 1.190 1.270 

AVREF Reference Voltage V1N = 2.5V to Vo(NOM) + 1 v 
0.03 

0.1 0.2 
% 

VREF Line Regulation V1N = Vo(NOM) + 1V to 30V . 0.2 0.4 
(Note 13) 

AVREF Reference Voltage IREF = 0 to 200 µA 
0.25 

0.4 0.8 
% 

VREF Load Regulation 0.6 1.0 

AVREF Reference Voltage (Note5) 
20 ppml°C 

AT Temp. Coefficient 

le(FB) Feedback Pin 
20 

40 40 
nA 

Bias Current 60 60 

lo Output "OFF" (Note9) 
50 

30 30 
mA 

(SINK) Pulldown Current 20 20 
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Electrical Characteristics Limits in standard typeface are for T J = 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: V1N = Vo(NOM) + 1V, IL = 1 mA, CL = 2.2 µF for 5V parts and 
4.7µF for 3.3V parts. Feedback pin is tied to V Tap pin, Output pin is tied to Output Sense pin. (Continued) 

LP2952AI, LP2953AI, 
LP29521, LP29531, 

Symbol Parameter Conditions Typical 
LP2952Al-3.3, LP2953Al-3.3, 

LP29521-3.3, LP29531-3.3 Units 
LP2953AM (Note 17) 

,Min l Max Min I Max 

~ DROPOUT DETECTION COMPARATOR 
a.. 
..J ...... 
N 
I.I) 
O'> 
N 
a.. 
..J 

loH Output "HIGH" VoH = 30V 

Leakage 

Vol Output "LOW" V1N = Vo(NOM) - 0.5V 

Voltage lo(COMP) = 400 µA 

VrHR Upper Threshold (Note 14) 

(MAX) Voltage 

VrHR Lower Threshold (Note 14) 

(MIN) Voltage 

HYST Hysteresis (Note14) 

SHUTDOWN INPUT (Note 16) 

Vos Input Offset Voltage (Referred to VREF) 

HYST Hysteresis 

19 Input Bias Current V1N(S/D) = OV to 5V 

l LP2953AM 

AUXILIARY COMPARATOR (LP2953 Only) 

Vos Input Offset Voltage (Referred to VREF) 

l LP2953AM 

HYST Hysteresis 

Is Input Bias Current V1N(COMP) = OV to 5V 

JLP2953AM 

loH Output "HIGH" VoH = 30V 

Leakage V1N(COMP) = 1.3V l LP2953AM 

Vol Output "LOW" V1N(COMP) = 1.1V 

Voltage lo(COMP) = 400 µA l LP2953AM 

0.01 

150 

-60 
-80 

-95 

-85 
-110 

-160 

15 

±3 
-7.5 

-10 

6 

10 
-30 

-50 

-30 
10 

-75 

±3 
-7.5 

-10 

±3 
-7.5 

-12 

6 

10 
-30 

-50 

10 
-30 

-75 

0.01 

0.01 

150 

150 
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1 1 µA . 
2 2 

250 250 
mV 

400 400 

-35 -80 -35 
mV 

-25 -95 -25 

-55 -110 -55 
mv 

-40 -160 -40 

mV 

7.5 -7.5 7.5 
mV 

10 -10 10 

mV 

30 

50 -30 -30 

30 
-50 50 nA 

75 

7.5 

10 -7.5 7.5 
mV·· 

7.5 
-10 10 

12 

mV 

30 

50 -30 30 
nA 

30 
-50 50 

75 

1 

2 1 

2 
µA 

1 

2.2 

250 

400 250 
mV 

250 
400 

420 



Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device outside of its rated operating conditions. · · 

Note 2: The maximum allowable power dissipation is a function of the maximum junction temperature, TJ(MAX), the junction-to-ambient thermal resistance, 9J-A• 
. TJ(MAX) - TA 

and the ambient temperature, TA. The maximum allowable power dissipation at any ambient temperature is calculated using: P (MAX) = 
9
J-A • 

Exceeding the maximum allowable power dissipation will cause excessive die temperature, and the regulator will go into thermal shutdown. See APPLICATION 
HINTS for additional information on heatsinking and thermal resistance. 

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 reference voltage temperature 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 µ.A 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 measured with a 1V differential. At 
very low values of programmed output voltage, the input voltage minimum of 2V (2.3V over temperature) must be observed. 

Note a: 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: VsHUTDOWN s: 1.1V, VouT .. 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 V1N = Vo(NOM) + 15V (3W pulse) for T = 10 ms. 

Note 11: Connect a 0.1 µ.F capacitor from the output to the feedback pin. 

Note 12: VREF s: Vour s: CViN - 1V), 2.3V s: V1N s: 30V, 100 µ.As: IL s: 250 mA .. 
Note 13: Two separate tests are performed, one covering 2.5V s: V1N s: Vo(NOM)+ 1V and the other test for Vo(NOM)+ 1V s: V1N .s: 30V. 

Note 14: Comparator thresholds are expressed in terms of a voltage differential at the Feedback_ terminal below the nominal reference voltage measured at 
V1N = Vo(NOM) + 1V. To express these thresholds In terms of output voltage change, multiply by the Error amplifier gain, which is VourlVREF = (R1 + R2)/R2 
(refer to Figure 4). 

Note 15: Human body model, 200 pF discharged through 1.5 kO. 

Note 16: Drive Shutdown pin with TTL or CMOS-low level to shut regulator OFF, high level to turn regulator ON. 

Note 17: A military RETS specification is available upon request. At the time of printing, ttie LP2953AMJ/883C RETS specification complied with the boldface 
limits In this column. 
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Typical Performance Characteristics uniess otherwise specified: V1N = 6V, IL = 1 mA, CL = ·2.2 µF, 
Vso = 3V, TA = 25°C, Vour = 5V. 
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Typical Performance Characteristics Unless otherwise specified: V1N = 6V, IL = 1 mA, CL = 2.2 µF, 
Vso = 3V, TA= 25°C, VouT = 5V. (Continued) 

Load Transient Response 

400 t-t-+--t-~-::E;;:...+---+---+--+--+--1 

H--1-' c;_
1

= i.2 ~ 
-400 t-t-O--+--+--+--+--+--+-+-i 

-BOO t--t--t---t-t-+--+--+--+---t--t 

250 mA> F--+----t--+--+--+--+--+--+---1 
100 µA __ ,__ ______ ....,..; 

8 12 

TIME (ms) 

Enable Transient 

16 20 

10.----.----:r.--.----.----.--.---.---.--..--. 

_l 
> c;_ ~ 2.! µ f ~~\-+--+--+--+--+--+--! 

~~ ~ 
B ~ 4 1--f---lf---IH±H c;_ , JJ µf 1---+-+--i 

< 

z 

::> 
(..) 

(/) 

< w 

< 
..5 
z 

::> 
(..) 

"' z 
v; 

L 
t--f---lf--lt--t-+ IL = 10 mA f---1 

_,.,._-+--+---+--+VIN= 14V t---1 

J_ 
J_ 
J_ 

TIME (ms) 

Feedback Bias Current 
20 

10 

-10 0 
./ 

-20 

-30 
-75-50-25 0 25 50 75 100125150 

TEMPERATURE (°C) 

Comparator Sink Current 

1.5 TA= 25°C 

1.0 

TA= -55°C 

0.5 

0.0 .....,J.._-l-...J.....--L---L----1.---1-'---' 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

OUTPUT LOW VOLTAGE (V) 

Load Transient Response 
20 0 

0 !Sb. -,......., 10 

1-f-' c;_ = 33 µF ~ 

-10 0 

o~ -20 

250mA 

100 µ A 

10 20 30 40 50 60 

TIME (ms) 

Enable Transient 

r\W 
> c;_ =2.2 µF J I c;_;JJµF 

[ 
'f' I 

ij 
IL = 10 mA +---'-

~ 

2 

TIME (ms) 

Feedback Pin Current 

-50 t--+---+--~~--+-----1 

G -1 oo 1---1-_,,,4-c7'4f--+--1-----1 

"' < -150 ,.___..,,__.,,,,....._,__~--+-----< 
Cl 

Cl 

<.:> 
0 

-250 f------+--+--~--+-~ 
-2.0 -1.5 -1.0 -0.5 0.5 1.0 

FEEDBACK VOLTAGE (V) 

Divider Resistance 

5V VERSION 

>"' 300 ~ 
~ ::I 

0 

(..) 
z 
< 
(/) 

~ 

200 t--+---+--+--+---+--+---t-t---i 

100 ,._~~--+--+--+-~--+-~ 

-75-50-25 0 25 50 75 100125150 

TEMPERATURE (°C) 

7-109 

> 
..5 

<.:> 
< 

0 
> 
Cl 

0 
:i: 
(/) 

:i: 

0 

< 
< 

"' 0 
<..> 

0 
< 

0 
> 
::> 

::> 
0 

< 
..5 
z 

"' ::> 
<..> 

::> 

0 

::> 

::> 
0 

0 

< 
< 
::I 
0 
(..) 

Dropout Characteristics 

ILlZ 
ILILl 

r-t--1 IL = 100 µA !.& 
~ v;L = 250 mA 

JLLI 
~ .L 

0 
0 

600 

550 

500 

450 

400 

350 

300 

INPUT VOLTAGE (V) 

Short-Circuit Output Current 
and Maximum Output Current 

250 I---+--+--~-+--+--+-+----< 

200 f---+--+--+-~-+--+--+-~ 

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

-2 

JUNCTION TEMPERATURE ( 0 c) 

Error Output 

r----1 ~ 

1 

HYSTERESIS-

NOTE: PULLUP RESISTOR TO l SEPARATE 5V SUPPLY 

INPUT VOLTAGE (V) 

Dropout Detection 
Comparator Threshold 
Voltages 

- 7 00 .-----,--.,.--,---.--J_-,--.,.--,---.---. 

-600 .1J 
t-----+--+---1 LOWER THRESHOL~ 

-500 I 
-400 l--+---1--+--pl--.....,,.....i+P"---+-1-----l 

-300 t----+--+--+--t--+--+J....-1---t,...,.....'t-iz::-1 

-2001--+-~-=io....-fJ..-==--l~ppER THRESHOLD 

-1 00 1---t--+--+---+--+--+---t-+----< 

-Of---+--+--+-~-+--+--+-~ 

-75 -50-25 0 25 50 75 100125150 

TEMPERATURE (°C) 

TL/H/11127-4 

r­
"'D 
N 
<O 
c.n 
N ....... 
r­
"'D 
N 
<O 
c.n 
N 
)> 
....... 
r 
"'D 
N 
<O 
c.n w ....... 
r­
"'D 
N 
<O 
c.n w 
)> 



<( 
C") 
Ln 
0) 
N 
0.. 
...I ....... 
C") 
Ln 
0) 
N 
0.. 
...I ....... 
~ 
Lt) 
0) 
N 
0.. 
...I ....... 
N 
Ln 
0) 
N 
0.. 
...I 

Typical Performance Characteristics Unless otherwise specified: V1N = 6V, IL = 1 mA, CL = 2.2 µF, 
Vso = 3V, TA= 25°C, Vour = 5V. (Continued) 
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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 tor the 
specific application. 
The industrial temperature range ( - 40°C ~ T J ~ + 125°C) 
parts ar'3 manufactured in plastic DIP and surface mount 
packages which contain a copper lead fraine 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 m'aximum 
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 1: 

Your 
1H our----. 

LP2952/ 
LP2953 

CHO 

TL/H/11127-7 

ProTAL = (V1N - Vour) IL + (V1N) la 

FIGURE 1. Current/Voltage Diagram 

The next parameter which must be calculated is the maxi­
mum allowable temperature rise, T R(max). This is calculat­
ed by using the formula: 

TR(max) = TJ(max) - TA(max) 

where: TJ(max) Is the maximum allowable junction tempera­
ture 

T A(max) is the maximum ambient temperature 

Using the calculated values for T R(max) and P(max), the 
required value for junction-to-ambient thermal resistance, 
O(J-A)• can now be found: 

O(J-A) = T R(max)/P(max) 

The heatsink is made using the PC board copper. The heat 
is conducted from the die, through the lead frame (inside 
the part), and out the pins which are soldered to the PC 
board. The pins used for heat conduction are: 

TABLE I 

Part Package Pins 

LP29521N, LP2952AIN, 
14-Pin DIP 

3,4, 5, 
LP29521N-3.3, LP2952AIN-3.3 10,11, 12 

LP29531N,LP2953AIN, 
16-Pin DIP 4,5, 12,13 

LP29531N-3.3, LP2953AIN-3.3 

LP29521M, LP2952AIM, 
LP29521M-3.3, LP2952AIM-3.3, 16-Pin Surface 

1,8,9, 16 
LP29531M, LP2953AIM, Mount 
LP29531M-3.3, LP2953AIM-3.3 

7-111 

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

TL/H/11127-8 

'For best results, use L = 2H 

"14-Pin DIP is similar, refer to Table I for pins designated for heatsinking. 

FIGURE 2. Copper Heatslnk Patterns 

Table II shows some values of junction-to-ambient thermal 
resistance (OJ-A) for values of Land W for 1 oz. copper: 

TABLE II 

Package L (In.) H (In.) 9J-A (°C/W) 

16-Pin DIP 1 0.5 70 

2 1 60 

3 1.5 58 

4 0.19 66 

6 0.19 66 

. 14-Pin DIP 1 0.5 65 

2 1 51 

3 1.5 49 

Surface Mount 1 0.5 83 

2 1 70 

3 1.5 67 

6 0.19 69 

4 0.19 71 

2 0.19 73 
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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 J ~ + 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 B(J-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 LP2953AMJ is dependent only on the ambient tem­
perature: 

P(max) = T R(max) I 6(J-A) . 

P(max) = T J(max) - TA( max) 
B(J-A) 

P(max) = 150 - T A(max) 
95 

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 B(J-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). 
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EXTERNAL CAPACITORS 

A 2.2 µF (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 50 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 µF for currents below 1 O mA or 0.22 µF 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, a minimum of 4.7 µFis 
required. For the worst-case condition of 1.23V output and 
250 mA of load current, a 6.8 µF (or larger) capacitor should 
be used. 

A 1 µF 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 µF (or 
greater) will cure the problem. 

MINIMUM LOAD 

When setting the output voltage using an external resistive 
divider, a minimum current of 1 µA 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. 
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FIGURE 3. Power Deratlng 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: 

VouT = VREF x ( 1 + :~) + (IFB x R1) 

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

SHUTDOWN 
INPur•• 

Off~ON 

Your 
1.2 - 30V 

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 1 V 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. 

7-113 

Figure 5 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 µA, this current adds to 
battery drain. Suggested values range from 100 kn to 
1 Mn. This resistor is not required if the output is unused. 

When V1N $'. 1.3V, the error flag pin becomes a high imped­
ance, allowing the error flag voltage to rise to its pull-up 
voltage. Using VouT 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 kn suggested) to ensure a low-level logic signal during 
any fault condition, while still allowing a valid high logic level 
during normal operation. 

OUTPUT 
4•75V~: 

VOLTAGE __J : · : \__ 

ERROR 
OUTPUT 

---· * : 

I ·---· : * 

I I 

INPUT 1.3V - - - - - - - - - - - - - - • 
VOLTAGE ' 

TL/H/11127-10 

FIGURE 5. ERROR Output Timing 
•1n shutdown mode, ERROR will go high if it has been pulled up to an 
external supply. To avoid this invalid response, 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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Application Hints (Continued) 

REDUCING OUTPUT NOISE 

In reference applications it may be advantageou·s 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. 

Noi~e can be reduced more. effectively by a bypass capaci­
tor placed across R1 (refer to Figure 4). The formula for 
selecting the capacitor t.o be used is: 

c - 1 . 
~ -·27T R1 x 20 Hz 

This gives a value of about 0.1 µ.F. When this is used, the 
output capacitor must be 6.8 µ.F (or greater) to· maintain 
stability. The 0.1 µ.F capacitor reduces the high frequency 
gain of the circuit to unity, lowering the output noise from 
260 µ. V to 80 µ. V 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.' 

AUX
1

ILIARY COMPARATOR (LP2953 only) 

The LP2953 contains an auxiliary comparator whose invert­
ing input is connected. to the 1.23V reference.· The auxiliary 
comparato'r. has an open-collector output· whose electrical 
c.haracteristics 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 kn to 100 kn 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 
pull-up resistor can be saved by simply tying the Shutdown 
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 sacrificed 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. · 
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Pinout Drawings 
LP2952 

14-Pln DIP 

TL/H/11127-11 

LP2953 
16-Pln DIP 

TL/H/11127-13 

Ordering Information 
LP2952 

Order 
Temp. 

Number 
Range 
(TJ)·c 

LP29521N, LP2952AIN, -40to 
LP29521N-3.3, 

+125 
LP2952AIN-3.3 

LP29521M, LP2952AIM; -40to 
LP29521M-3.3, 

+125 
LP2952AIM-3.3 

LP2953 

Order 
Temp. 

Number 
Range 

{TJ)"C 

LP29531N, LP2953AIN, -40to 
LP29531N-3.3, 

+125 
LP2953AIN-3.3 

LP29531M, LP2953AIM, ...:.4oto 

LP2952' 
16-PlnSO 

TL/H/11127-12 

LP2953 
16-Pln SO 

TL/H/11127-14 

NSC 
Package Drawing 

Number 

14-Pin 
Molded DIP 

N14A 

16-Pin 
Surface M16A 
Mount 

NSC 
Package Drawing 

Number 

16-Pin 
Molded DIP 

N16A 

16-Pin 
LP29531M-3.3, 

+125 Surface Mount 
M16A 

LP2953AIM-3.3 

-55to 16-Pin 
LP2953AMJ/883 

+150 Ceramic DIP 
J16A 



Typical Applications 

Basic 5V Regulator 

VIN ---------. 

+VIN 
V TAP 

Your 
F8 SENSE 

1 µF LP2952/ 
LP2953 

GND 

Low T.C. Current Sink 

_r ON 

OFF 

V+ = 2.3 to 30V 

·-_L~\ 
I I 

: LOAD : IL=~ 
I I R ·-- -. 

Your 
LP2952/ 
LP2953 

so 
GND 

SV OUT 

TL/H/11127-15 

1 µF 

TL/H/11127-17 
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5V Current Limiter with Load Fault Indicator 
SV BUS 

+VIN 
V TAP 

Your 
OUTPUT 
• 4.3-SV 

F8 SENSE 
• 

0 R1 LP2953 + 10k 
2.2 

COMP COMP 
µF 

INPUT OUT FAULT 

5.1k GND 

TL/H/11127-16 

•output voltage equals + ViN 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 BA TTERV and OUT OF REGULATION 

+VIN 
_;_ 6V V TAP 

Your 
rn SENSE 5V OUT 

LP2953 
1 M 1M 

374k 1 µF 

COMP COMP 
INPUT OUT 

'LOW BATT 
ERR 

100k GND •OUT OF 
REGULATION 

TL/H/11127-18 

•connect to Logic or µP control inputs. 

LOW BA TT flag warns the user that the battery has discharged down to 
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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Typical Applications (Continued) 

5V Battery Powered Supply with Backup and Low Battery Flag 

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 
6V. 

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 BA TIERY LOW flag 
goes low whenever the cir­
cuit switches to the NI-CAD 
backup battery. 

PWR 
ON 

6V 
LEAD::::::::: 
ACID 
MAIN 

1N 
914 

•BATT LOW 
rLAG 

1 µr 

1N 1 µr 
914 

S10k 100k 
13 

3.6S 
MEG 
13 

5V Regulator with Timed Power-On Reset VIN ______ _ 

+VIN 
SY OUT 

V TAP 
Your 

1 MEG Rr rs SENSE 
+ 

1 µr LP2953 2.2 100k 

COMP COMP 
µr 

INPUT OUT 
RESET 

ERR TO µP 
0.1 GND 

Cr µr 

rL/H/11127-20 
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+VIN 

so 
COMP 
INPUT 

5V OUT 
--------• (MAIN) 

1A SCHOTTKY 
SY OUT 

r----4._,.--mM---41 ..... -+ (MEMORY) 

Your 

SNS 

V TAP 

rB 100k 2.2 

LP2953 
µr 

VP12A 

COMP 
OUT 

GND 

+ 
SY 

NICAD -
BACKUP-=-

rL/H/11127-19 

Timing Diagram for Timed Power-On Reset 

V1N ~ 
o__,,/' . 

uv~sv 
Your _Jj. 

0 I . 

,I 
-+J 2smst 1-- Tit.IE DELAY 

rL/H/11127-21 

*Ar= 1 MEG, Cr= 0.1 JLF 



Typical Applications (Continued) 

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

VIN +--4...._ ___ .... __________ _., 

+VIN 
374k 
13 

v TAP Your------------
re SENSE SY OUT 

1 µf LP2952 

SHUT--------­
DOWN 

GND 

•rums ON at V1N = 5.B7V 

Turns OFF at V1N = 5.64V 

(for component values shown) 

100k 
13 

TL/H/11127-22 

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

with SNAP·ON/SNAP·OFF Output 

220--------+-+---------
10 pr 
M +VIN 

187k V TAP 
Your 

rB SENSE 
1 µF 

LP2953 
2k 6V 

COMP COMP 
INPUT OUT 
570 ERR 

-49.9k GND 

•connect to Logic or µP control inputs. 

OUTPUT has SNAP-ON/SNAP-OFF feature. 

SY OUT 

1M 1M 

•LOW BATT 

• OUT or 
REGULATION 

TL/H/11127-23 

LOW BATI flag warns the user that the battery has discharged down to 
about 5.BV. 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 

Timing Diagram 
220 

pf 7.5M 

100k 
13 

+VIN 
V TAP 

Your 
re SENSE 

LP2953 
COMP 
INPUT COMP 

m OUT 

ERR 
GND 

5V OUT 

1M 

RESET 
TO µP 

TL/H/11127-25 

2.2 
µf 

Td = (0.28) RC = 28 ms for components shown. 

TL/H/11127-24 
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~ tflNational Semiconductor 
.... 
....... 

~ LM2574/LM2574HV Series 
~ SIMPLE SWITCHER™ O.SA Step-Down Voltage Regulator 

General Description 
The LM257 4 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 LM257 4 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 with the 
LM257 4 are available from several different manufacturers. 
This feature greatly simplifies the design of switch-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 µA (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 
• 3.3V, 5V, 12V, 15V, and adjustable output versions 
• 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 
• Requires only 4 external components 
• 52 kHz fixed frequency internal oscillator 
• TTL shutdown capability, low power standby mode 
• High efficiency 
• Uses readily available standard inductors 
• Thermal shutdown and current limit protection 

Applications 
• Simple high-efficiency step-down (buck) regulator 
• Efficient pre-regulator for linear regulators 
• On-card switching regulators 
• Positive to negative converter (Buck-Boost) 

Typical Application (Fixed Output Voltage Versions) 

60V Max +VIN 

Unr;~ui':~~~ -----5-t 

+ GN 
I22µF 

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

Connection Diagrams 

8-Lead DIP (N) 

8 • 'No internal 

Regulated 
.,__....., ___ Output 

0.5A Load 

TL/H/11394-1 

· 14-Lead Wide 
Surface Mount (WM) 

re 1 • connection, but 
SIGGND 

2 7 
OUTPUT 

• 1. 14 • 

should be soldered • 2 13 • 

ON/OH 
3 6 • to PC board for re 3 12 

OUTPUT 

PWRGND 
4 

5 VIN 
best heat transfer. 

TL/H/11394-2 

Top View 

Order Number LM2574-3.3HVN, LM2574HVN-5.0, 
LM2574HVN-12, LM2574HVN-15, LM2574HVN-ADJ, 

LM2574N-3.3, LM2574N-5.0, LM2574N·12, 
LM2574N-15 or LM2574N-ADJ 
See NS Package Number NOSA 

Patent Pending 
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SIGGND 
4 11, 

ON/OH 
5 10 VIN 

PWRGND 
6 9 • 

• 7 8 • 

TL/H/11394-3 

Top View 

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 



Absolute Maximum Ratings (Note 1) 

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

Maximum Supply Voltage 
LM2574 45V 
LM2574HV 63V 

'O'N/OFF Pin Input Voltage 

Output Voltage to Ground 
(Steady State) 

Power Dissipation 

Storage Temperature Range 

-0.3V s Vs +V1N 

-1V 

Internally Limited 

- 65°C to + 150°c 

LM2574-3.3, LM2574HV-3.3 

Minimum ESD Rating 
(C =;o 100 pF, R = 1.5 kn) 

Lead Temperature 
(Soldering, 10 seconds) 

Maximum Junction Temperature. 

Operating Ratings 
Temperature Range 

LM257 4/LM257 4HV 

Supply Voltage 
LM2574 
LM2574HV 

2kV 

260°c 

15o•c 

-40°c s: TJ s: + 12s·c 

40V 
60V 

Electrical Characteristics Specifications with standard type face are for TJ = 2s0 c, and those with boldface 
type. apply over full Operating Temperature Range. 

LM2574-3.3 

Symbol Parameter Conditions 
LM2574HV·3.3 Units 

Typ I Limit (Limits) 
(Note 2) 

, SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2 

Vour Output Voltage V1N = 12V, ILQAD = 100 mA 3.3 v 
3.234 V(Min) 
3.366 V(Max) 

Vour Output Voltage 4.75V s V1N s 40V, 0.1A s ILQAD s 0.5A 3.3 v 
LM2574 3.168/3.135 V(Min) 

3.432/3.465 V(Max) 

Vour Output Voltage 4.75V s V1N s 60V, 0.1A s ILQAD s 0.5A 3.3 
LM2574HV 3.168/3.135 V(Min) 

3.450/3.482 V(Max) 

7J Efficiency V1N = 12V, ILOAD = 0.5A 72 % 

LM257 4-5.0, LM257 4HV-5.0 

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

LM2574-5.0 

Symbol Parameter Conditions 
LM2574HV-5.0 Units 

Typ I Limit (Limits) 
(Note 2) 

SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2 

Vour Output Voltage V1N = 12V, ILQAD = 100 mA 5 v 
4.900 V(Min) 
5.100 V(Max) 

Vour Output Voltage 7V s V1N s 40V, 0.1A s ILOAD s 0.5A 5 v 
LM2574 4.800/4.750 V(Min) 

5.200/5.250 V(Max) 

Vour Output Voltage 7V s V1N s 60V, 0.1A s ILOAD s 0.5A 5 
LM2574HV 4.800/4.750 V(Min) 

5.225/5.275 V(Max) 

7J Efficiency V1N = 12V, ILQAD = 0.5A 77 % 
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LM2574-12, LM2574HV-12 

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

LM2574·12 
LM2574HV·12 Units 

Symbol Parameter Conditions (Limits} 
Typ Limit 

(Note 2) 

SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2 

VouT Output Voltage V1N = 25V, ILOAD = 100 mA 10 v 
11.76 V(Min) 
12.24 V(Max) 

VouT Output Voltage 15V :5: V1N :5: 40V, 0.1A :5: ILOAD :5: 0.5A 12 v 
LM2574 11.52/11.40 V(Min) 

12.48/ 12.60 V(Max) 

VouT Output Voltage 15V :5: V1N :5: 60V, 0.1 A :5: ILOAD :5: 0.5A 12 
LM2574HV 11.52/11.40 V(Min) 

12.54/ 12.66 V(Max) 

T/ Efficiency V1N = 15V, ILOAD = 0.5A 88 % 

LM2574-15, LM2574HV-15 

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

LM2574·15 

Conditions 
LM2574HV·15 Units 

Symbol Parameter (Limits} 
Typ Limit 

(Note 2) 

SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2 

VouT Output Voltage V1N = 30V, ILOAD = 100 mA 15 v 
14.70 V(Min) 
15.30 V(Max) 

Vour Output Voltage 18V :5: V1N :5: 40V, 0.1A :5: ILOAD :5: 0.5A 15 v 
LM2574 14.40/ 14.25 V(Min) 

15.60/15.75 V(Max) 

VouT Output Voltage 18V :5: V1N !5: 60V, 0.1A !5: ILOAD !5: 0.5A 15 
LM2574HV 14.40/ 14.25 V(Min) 

15.68/ 15.83 V(Max) 

T/ Efficiency V1N = 18V, ILOAD = 0.5A 88 % 
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LM257 4-ADJ, LM257 4HV-ADJ 

Electrical Characteristics Specifications with standard type face are for TJ = 25°C, and those with boldface 
type apply over full Operating Temperature Range. Unless otherwise specified, V1N = 12V, ILOAD = 1aa mA. 

LM2574·ADJ 

Symbol Parameter Conditions 
LM2574HV-ADJ Units 

Typ 
Limit (Limits) 

(Note 2) 

SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2 

VFB Feedback Voltage V1N = 12V, ILOAD = 1 aa mA 1.23a v 
1.217 V(Min) 
1.243 V(Max) 

VFs Feedback Voltage 7V $; V1N $; 4aV, 0.1 A $; ILQAD $; a.5A 1.230 v 
LM2574 . Vour Programmed for 5V. Circuit of Figure 2 1.193/1.180 V(Min) 

1.267I1.280 V(Max) 

VFs Feedback Voltage 7V $; V1N $; 6aV, 0.1A $; ILQAD $; a.5A 1.23a 
LM2574HV Vour Programmed for 5V. Circuit of Figure2 1.193/ 1.180 V(Min) 

1.273/ 1.286 V(Max) 

TJ Efficiency V1N = 12V, VouT = 5V, ILOAD = 0.5A 77 O/o 

All Output Voltage Versions 

Electrical Characteristics Specifications with standard type face are for TJ = 25°C, and those with boldface 
type apply over full Operating Temperature Range. Unless otherwise specified, V1N = 12V for the 3.3V, 5V, and 
Adjustable version, V1N = 25V for the 12V version, and V1N = 30V for the 15V version. ILQAD = 1 oa mA. 

LM2574-XX 
LM2574HV-XX Units 

Symbol Parameter Conditions 
(Limits) 

Typ 
Limit 

(Note 2) 

DEVICE PARAMETERS 

lb Feedback Bias Current Adjustable Version Only, Vour = 5V 5a 1aa/500 nA 

fo Oscillator Frequency (see Note 1 a) 52 kHz 
47/42 kHz(Min) 
58/63 kHz( Max) 

VsAT Saturation Voltage lour= a.5A (Note 4) a.9 v 
1.2/1.4 V(max) 

DC Max Duty Cycle (ON) (Note 5) 98 % 
93 %(Min) 

lcL Current Limit Peak Current, (Notes 4, 1 a) 1.a A 
a.7/0.65 A(Min) 
1.6/1.B A(Max) 

IL Output Leakage Current (Notes 6, 7) Output= av 2 mA(Max) 
Output= -1V 7.5 mA 
Output= -1V 3a mA(Max) 

la Quiescent Current (Note 6) 5 mA 
1a mA(Max) 

lsrsv Standby Quiescent ON/OFF Pin= 5V (OFF) 5a µA 
Current 2aa µA(Max) 

OJA Thermal Resistance N Package, Junction to Ambient (Note 8) 92 
OJA N Package, Junction to Ambient (Note 9) 72 ·c1w 
OJA M Package, Junction to Ambient (Note 8) 1a2 
OJA M Package, Junction to Ambient (Note 9) 78 

ON/OFF CONTROL Test Circuit Figure 2 

V1H ON/OFF Pin Logic Vour = ov 1.4 2.2/2.4 V(Min) 

V1L 
Input Level Vour = Nominal Output Voltage 1.2 1.a/O.B V(Max) 

IH ON/OFF Pin Input ON/OFF Pin = 5V (OFF) 12 µA 
Current 3a µA( Max) 

l1L ON/OFF Pin = av (ON) a µA 
1a µA(Max) 
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Electrical Characteristics ccontinued) 
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. Ali limits at temperature extremes are guaranteed via correlation using standard Statistical Quality Control (SOC) 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: V1N = 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 resistance 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 1 O: 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 (Circuit of Figure 2) 

Normalized Output Voltage 
+1.0 ---~~---~~ 
+0.8 t---1 LOVAIND ~ ~~~ mA~-+-----<r--< 

~ +0.6 t--1 iormalized atr--+-----<r--1 
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0
c-+-----<r--+---t 
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Line Regulation 
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Typical Performance Characteristics (Circuit of Figure 2) (Continued) 
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Switch Saturation 
Oscillator Frequency Voltage Efficiency 

Normalized at 25°C 
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!\: 
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~ 

v1l= 12V 

1.3 95 -~-~--~-~~ 
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Typical Performance Characteristics (Circuit of Figure2) (Continued) 

Continuous Mode Switching Waveforms 
VouT = 5V, 500 mA Load Current, L = 330 µH 

{ 

20V 

A 10~ 

[
0.6~ 

0.4A 
B 

0.2A 

0 

C {20 mV 
LAC 

A: Output Pin Voltage, 10V/div 
B: Inductor Current, 0.2 A/div 

TL/H/11394-6 

C: Output Ripple Voltage, 20 mV/div, 
AC-Coupled 

Horizontal Time Base: 5µs/div 

500 mA Load Transient Response for Continuous 
Mode Operation, L = 330 µH, CouT = 300 µF 

TL/H/11394-B 

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

B: 100 mA to 500 mA Load Pulse 
Horizontal Time Base: 200 µs/div 

Block Diagram 

R1 = 1k 

3.3V, R2 = 1.7k 

5V, R2 = 3.1k 

12V, R2 = 8.84k 

15V, R2 = 11.3k 

For Adj. Version 

R1 = Open, R2 = on 

Note: Pin numbers are for the 8-pin DIP package. 
FIGURE 1 
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Discontinuous Mode Switching Waveforms 
VouT = 5V, 100 mA Load Current, L = 100 µH 

{

WV . 

A 10~ 

{ 

0.4A 

B 0.2: 

c{20 mV 
AC 

A: Output Pin Voltage, 10V/div 
B: Inductor Current, .0.2 A/div 

TL/H/11394-7 

C: Output Ripple Voltage, 20 mV/div, 
AC-Coupled 

Horizontal Time Base: 5 µs/div 

250 mA Load Transient Response for Discontinuous 
Mode Operation. L = 68 µH, CouT "'.' 470 µF 

Ar 50 mV L AC 

{

200 mA 

B 100 mA 

0 mA 
TL/H/ 11394-9 

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

B: 50 mA to 250 mA Load Pulse 
Horizontal Time Base: 200 µs/div 

TL/H/11394-10 



Test Circuit and Layout Guidelines 

VIN 
Unregulated 

DC Input 

7-SOV 
Unregulated 

DC Input 

Fixed Output Voltage Versions 

Feed Back 

Adjustable Output Voltage Version 

FIGURE2 

As in any switching regulator, layout is very important. Rap­
idly switching currents associated with wiring inductance 
generate voltage transients which can cause problems. For 
minimal inductance and ground loops, the length of the 
leads indicated by heavy llnes should be kept as short as 
possible. Single-point grounding (as indicated) or ground 
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
back wiring short. 

U.S. Source 

Note 1: Pulse Engineering, (619) 674-8100 
P.O. Box 12236, San Diego, CA 92112 

Note 2: Renco Electronics Inc., (516) 586-5566 
60 Jeffryn Blvd. East, Deer Park, NY 11729 

•contact Manufacturer 
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C1N- 22 µF, 75V 
Aluminum Electrolytic 

Cour- 220 µF, 25V 
Aluminum Electrolytic 

D1- Schottky, 110006 
L 1- 330 µH, 52627 

(for 5V in, 3.3V out, use 
100 µH, RL-1284-100) 

R1- 2k, 0.1% 
R2- 6.12k, 0.1% 

TL/H/11394-11 

Vour = VREF ( 1 + ~) 
R2 = R1 (VouT -1) 

VREF 

where VREF = 1.23V, 

R1 between 1k & 5k. 

TL/H/11394-12 

Inductor Pulse Eng. Ren co 
Value (Note 1) (Note 2) 

68µ.H . RL-1284-68 
100 µH . RL-1284-100 
150 µH 52625 RL-1284-150 
220µ.H 52626 R L-1284-220 
330µ.H 52627 RL-1284-330 
470µ.H 52628 RL-1284-470 
680µ.H 52629 RL-1283-680 

1000 µH 52631 RL-1283-1000 
1500 µH . RL-1283-1500 
2200 µH . RL-1283-2200 

NPI 
(Note 3) 

NP5915 
NP5916 
NP5917 

NP5918/5919 
NP5920/5921 

NP5922 
NP5923 . . . 

FIGURE 3. Inductor Selection by 
Manufacturer's Part Number 

European Source 

Note 3: NPI/ APC . , + 44 (0) 634 290588 
47 Riverside, Medway City Estate 
Strood, Rochester, Kent ME2 4DP. . UK 

•contact Manufacturer 
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LM257 4 Series Buck Regulator Design Procedure_ 
PROCEDURE (Fixed Output Voltage Versions) EXAMPLE (Fixed Output Voltage Versions) 

Given: Given: 
VouT = Regulated Output Voltage (3.3V, 5V, 12V, or 15V) VouT,,;, 5V 
V1N(Max) = Maximum Input Voltage V1N(Max) = 15V 
ILOAo(Max) = Maximum Load Current ILOAo(Max) = 0.4A 

1. Inductor Selection (L 1) 1. Inductor Selection (L 1) 
A. Select the correct Inductor value selection guide from A. Use the selection guide shown in Figure 5. 
Figures 4, 5, 6 or 7. (Output voltages of 3.3V, 5V, 12V or B. From the selection guide, the inductance area 
15V respectively). For other output voltages, see the intersected by the 15V line and 0.4A line is 330. 
design procedure for the adjustable version. C. Inductor value required is 330 µH. From the table in 
B. From the inductor value selection guide, identify the Figure3, choose Pulse Engineering PE-52627, 
inductance region intersected by V1N(Max) and 
ILOAo(Max). 

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

C. 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 LM257 4 switching frequency (52 kHz) and 
for a current rating of 1.5 x ILOAD· For additional inductor 
information, see the inductor section in the Application 
Hints section of this data sheet. 

2. Output Capacitor Selection (CouT) 2. Output Capacitor Selection (CouT) 
A. The value of the output capacitor together with the A. CouT = 100 µF to 4 70 µF standard aluminum 
inductor defines the dominate pole-pair of the switching electrolytic. 
regulator loop. For stable operation and an acceptable B. Capacitor voltage rating = 20V. 
output ripple voltage, (approximately 1 % of the output 
voltage) a value between 100 µF and 470 µFis 
recommended. 

B. The capacitor's voltage rating should be at least 1.5 
times greater than the output voltage. For a 5V regulator, 
a rating of at least av is appropriate, and a 1 OV 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. 

3. Catch Diode Selection (D1) 3. Catch Diode Selection (D1) 
A. The catch-diode current rating must be at least 1.5 A. For this example, a 1 A current rating is adequate. 
times greater than the maximum load current. Also, if the B. Use a 20V 1 N5817 or SR 102 Schottky diode, or any of 
power supply design must withstand a continuous output the suggested fast-recovery diodes shown in Figure 9. 
short, the diode should have a current rating equal to the 
maximum current limit of the LM257 4. 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. 

4. Input Capacitor (C1N) 4. Input Capacitor (C1N) 
An aluminum or tantalum electrolytic bypass capacitor A 22 µF aluminum electrolytic capacitor located near the 
located close to the regulator is needed for stable input and ground pins provides sufficient bypassing. 
operation. 
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LM257 4 Series Buck Regulator Design Procedure (Continued) 

INDUCTOR VALUE SELECTION GUIDES (For Continuous Mode Operation) 

60 60V 
30 
20 
15 

30V 

12 
~ 10 
w 9 
C> 
< 
~ 
0 
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20V 

E 
15V w 
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~ 12V 
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I- > 
=> 
c.. 
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::IE 

I-
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=> 
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~ 9V 
::IE 
>< < 
::IE av 

0.15 0.2 0.3 0.4 0.5 

MAXIMUM LOAO CURRENT (A) 0.15 ' 0.2 0.3 

TL/H/11394-26 

FIGURE 4. LM2574HV-3.3 Inductor Selectlon Gulde 
MAXIMUM LOAD CURRENT (A) 

60V 

40V 

30V 

~ 25V 
w 
C> 
< 
~ 20V 0 
> 
I-
=> 18V c.. 
:z: 

~ 
17V 

::IE 
1 SV x 

< 
::IE 

15V 

MAXIMUM LOAD CURRENT (A) 

TL/H/11394-13 

FIGURE 5. LM2574HV·5.0 Inductor Selectlon Gulde 

60V 

40V 

30V 
~ 
..... 25V C> 
< 
~ 
0 
> 22V 
I-
=> c.. 
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~ 
20V 

::IE 19V 
>< < 
::IE 

18V 

MAXIMUM LOAD CURRENT (A) 

TL/H/11394-14 

FIGURE 6. LM2574HV-12 Inductor Selection Gulde 
TL/H/11394-15 

FIGURE 7. LM2574HV-15 Inductor Selection Gulde 
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FIGURE 8. LM2574HV·ADJ Inductor Selectlon Gulde 
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LM2574 Series Buck Regulator Design Procedure ccontinued) 

PROCEDURE {Adjustable Output Voltage Versions) 

Given: 
VouT = Regulated Output Voltage 
V1N(Max) = Maximum Input Voltage 
ILoAo(Max) = Maximum Load Current 
F = Switching Frequency (Fixed at 52 kHz) 

1. Programming Output Voltage (Selecting Rt and R2, as 
shown in Figure 2) 

Use the following formula to select the appropriate 
resistor values. 

VouT = VREF ( 1 + ~~) where VREF = 1.23V 

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

2. Inductor Selection {L 1) 
A. Calculate the inductor Volt• microsecond constant, 

E • T (V • µs), from the following formula: 

VouT .1000 
E•T = CViN -VouT)--•--. --(V• µs) 

V1N F (mkHz) 
8. 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 
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 LM257 4 switching frequency (52 kHz) 
and for a current rating of 1.5 x ILOAD· For additional 
inductor information, see the inductor section in the 
application hints section of this data sheet. 

3. Output Capacitor Selection {CouT) 

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 requirement: 

V1N(Max) 
CouT 2 13,300 H) (µF) 

VouT• L(µ 

The above formula yields capacitor values between 5 µF 
and 1000 µF 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. 
8. The capacitor's voltage rating should be at last 1.5 
times greater than the output voltage. For a 24V regl!lator, 
a rating 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. 

EXAMPLE {Adjustable Output Voltage Versions) 

Given: 

VouT = 24V 
V1N(Max) = 40V 
ILOAo(Max) = 0.4A 
F = 52 kHz 

1. Programming Output Voltage (Selecting Rt and R2) 

VouT = 1.23(1 + :~) SelectR1=1k 

R2 = R1 (VouT - 1) = 1k( 24V - 1) 
VREF 1.23V 

R2 = 1 k (19.51 - 1) = 18.51 k, closest 1 % value is 18.?k 

2. Inductor Selection {L 1) 
A. Calculate E • T (V • µs) 

24 1000 
E • T = (40 - 24) • 4c) • 52 = 185 V • µs 

8. E • T = 185 V • µs 
C. ILoAo(Max) = 0.4A 
D. Inductance Region = 1000 
E. Inductor Value = 1000 µH Choose from Pulse 
Engineering Part #PE-5263t, or Renea 
Part #RL-t283-1000. 

3. Output Capacitor Selection {CouT) 

40 
A. CouT > 13,300 24 • 1000 = 22.2 µF 

However, for acceptable output ripple voltage select 

CouT 2 100 µF 
CouT = 100 µF electrolytic capacitor 
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LM2574 Series Buck Regulator Design Procedure (Continued) 

PROCEDURE (Adjustable Output Voltage Versions) 

4. Catch Diode Selection (01) 
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 LM257 4. 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. 

5. Input Capacitor (C1N) 
An aluminum or tantalum electrolytic bypass capacitor 
located close to the regulator is needed for stable 
operation. 

EXAMPLE (Adjustable Output Voltage Versions) 

4. Catch Diode Selection (D1) 
A. For this example, a 1 A current rating is adequate. 
B. Use a 50V MBR150 or 110005 Schottky diode, or any of the 
suggested fast-recovery diodes in Figure 9. 

5. Input Capacitor (C1N) 
A 22 µF aluminum electrolytic capacitor located near the input 
and ground pins provides sufficient bypassing. 

20V 

30V 

40V 

50V 

60V 

Schottky 

1N5817 
SR102 

MBR120P 

1N5818 
SR103 
110003 

MBR130P 
10J0030 

1 N5819 
SR104 

110004 
11J004 

MBR140P 

MBR150 
SR105 

110005 
11J005 

MBR160 
SR106 

110006 
11J006 

90V 110009 

1 Amp Diodes 

Fast Recovery 

The 
following 
diodes 
are all 

rated to 
100V 

11DF1 
10JF1 

MUR110 
HER102 

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 (3 ~ n) 
diskette for IBM compatible computers from a National 
Semiconductor sales office in your area. 
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Application Hints 
INPUT CAPACITOR (C1N) 

To maintain stability, the regulator input pin must be by­
passed with at least a 22 µF 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 i11creases 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 T x ILQAD 

where toN = VouT for a buck regulator 
T V1N 

and toN = I IVluTI for a buck-boost regulator. 
T VouT + V1N 

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 continuously, 
especially at low output load currents. 

To simplify the inductor selection process, an inductor se­
lection guide (nomograph) was designed (see Figures 4 
through B ). This guide assumes continuous mode opera­
tion, and selects an inductor that will allow a peak-to-peak 
inductor ripple current (al1No) to be a certain percentage of 
the maximum design load current. In the LM2574 SIMPLE 
SWITCHER, the peak-to-peak inductor ripple current per­
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, th.a 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 o'r falls. The average DC 
value of this waveform is equal to the DC· load 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. 
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The curve shown in Figure 10 illustrates· how the j:>eak-to­
peak inductor ripple current (al1No) 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). 
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MAXIMUM LOAD CURRENT (A) 

I Inductance 
Region 

TL/H/11394-18 

FIGURE 10. Inductor Ripple Current (al1No) Range 
Based on Selection Guides from Figures 4-8. 

Consider the following example: 

VouT = sv@ 0.4A 

V1N = 1 OV 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 1 OV and 20V, 
the inductance region selected by the guide is 330 µH. This 
value of inductance will allow a peak-to-peak inductor ripple 
current (al1No) to flow that will be a percentage of the maxi­
mum load current. For this inductor value, the al1ND 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 µH inductance region, the al1ND will be 53% of 
0.4A, or 212 mA p-p. 

This ~llND 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 al1ND· the ESR can be calculated. 



Application Hints (Continued) 

From the previous example, the Peak-to-peak Inductor Rip­
ple Current (al1No) = 212 mA p-p. Once the a1No 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 + al~ND) = ( 0.4A + 
2~2 ) = 506 mA 

2. Mimimum load current before the circuit becomes discon­
tinuous 

= al1ND = 212 = 106 mA 
2 2 

3. Output Ripple Voltage = (al1No) x (ESR of CouT) 

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 
Renea. 

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 LM257 4 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 
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(al1No). See the section on inductor ripple current in Appli-
cation Hints. · 

The lower capacitor values (100 µF- 330 µF) 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 = (al1No) (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 0.03.n 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 9lectrolytics, 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 provide a return path for 
the inductor current when the switch is off. This diode 
should be located close to the LM257 4 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., 1 N4001 or 
1 N5400, 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 µH & 100 µF) 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. 

• 



Application Hints (Continued) 

FEEDBACK CONNECTION 

The LM257 4 (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 LM257 4 
to avoid picking up unwanted noise. Avoid using resistors 
greater than 100 kn 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 TIL voltage (typically below 1.6V). 
To put the regulator into standby mode, drive this pin with a 
high-level TIL or CMOS signal. The ON/OFF pin can be 
safely pulled up to + V1N 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 LM257 4, the total 
package power dissipation for this switcher is quite low, 
ranging from approximately 0.1 W up to o. 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. 

+8 to +25V 

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 = Tcu + (8j-cu X Po) 
With the switcher operating under worst case conditions 
and all other components on the board in the intended en­
closure, measure the copper temperature (T cu ) 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 (OJ-cu) for the two packages is: 

8j-cu = 42°C/W for the N-8 package 
8j-cu = 52°C/W for the M-14 package 

The power dissipation (Po) for the IC could be measured, or 
it can be estimated by using the formula: 

Po= MN) (Is)+ G1~) (ILOAo) (VsAr> 

Where Is 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. 

Unregulated Feedback 
DC Input +VIN 1-1-----------. 

5 LM2574-12~!.e.!!!~---"1~Lm1 ilf\~.._~~-
+ GN 
I22µF 

4 2 3 
Pwr Sig ON/Off 
Gnd Gnd 

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

FIGURE 11. Inverting Buck-Boost Develops -12V 
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Cour 
680 µF -

-12V@ 100mA 
Regulated 
Output 

TL/H/11394-19 



Additional Applications (Continued) 

For an input voltage of BV 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 µH and 220 µH, 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: 

I :::::: ILOAD <ViN + !Vol) + V1N !Vol x _1_ 
P V1N V1N+ !Vol 2L1 fosc 

Where fosc = 52 kHz. Under normal continuous inductor 
current operating conditions, the minimum V1N 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 LM257 4 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 yoltage 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. 

-------. Feedback 

1 
Output LM2574-12 

-..--...--...-3- 7 

GN Pwr Sig ON/OFf 
1N5817 

Cour 
1000 µF 

22 µF Gnd Gnd Your=. -12v 

330 µH 

-5 to -12V 
Load Current 

60 mA for VIN = -5.2V 

120 mA for VIN = -7V 

TL/H/11394-20 

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

FIGURE 12. Negative Boost 
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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. 

UNDERVOLTAGELOCKOUT 

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. 

VTH :::::: Vz1 + 2VsE (01) 

+~N +~N 
-----...... --• .--5-1 LM2574 - XX 

]SN 2& 4 Gnds 

Z1 

TL/H/11394-21 

Note: Complete circuit not shown. 

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

FIGURE 13. Undervoltage Lockout for Buck Circuit 

+~N +~N 
-----...... --.---5-1 LM2574-XX 

20k ]SN 3 ON/OFF 2 & 4 Gnds 
pins 

Z1 

R2 
-Your 

TL/H/11394-22 

Note: Complete circuit not shown (see Figura 11). 
Note: Pin numbers are for 8-pin DIP package. 

FIGURE 14. Undervoltage Lockout 
for Buck-Boost Circuit 
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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 cvupling 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 iri 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. 

Feedback 
60V Max +VIN LM2574HV 1 

Unregulated L1 
5 -ADJ Out ut 

+VIN +VIN 
LM2574-XX 

5 

0.1 µF 
Oti/orr 2 &: 4 Gnds 

+ 

22µF GI Ro 47k 

TL/H/11394-23 

Note: Complete circuit not shown. 
Note: Pin numbers are for 8-pin DIP package. 

FIGURE 15. Delayed Startup 

L2 
Output 
Voltage 

DC Input 

4 2 3 
7 150 µH +1.2 to 55V 

@ O.SA 
+ GN Pwr Sig 'ON/arr 

1'"' 
Gnd Gnd 01 

110006 
+ C1 

I'"·' 
+ Cou1 

I'"·' 
·-----------R2 - Output voltage adjust optional output ripple filter 

TL/H/11394-24 

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

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. 

for buck regulator 

for buck-boost regulator 0 = toN = IVol 
T IVol + V1N 

CATCH DIODE OR CURRENT STEERING DIODE 

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

EFFICIENCY (1)) 

The proportion of input power actually delivered to the load. 

Pour Pour 
1) = p;- = Pour + PLOSS 
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CAPACITOR EQUIVALENT SERIES RESISTANCE (ESR) 

The purely resistive component of a real capacitor's imped­
ance (see Figure 11). 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. 

TL/H/11394-25 

FIGURE 17. Simple Model of a Real Capacitor 

Most standard aluminum . electrolytic capacitors in the 
100 µF-1000 µF range have o.sn to o.rn ESR Higher­
grade capacitors ("low-ESR", "high-frequency", or "low-in­
ductance"') in the.100 µF-1000 µF range generally have 
ESR of less than 0.1 S!l. 

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. 



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 (Al1No). 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 (lsTev) 
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 (Al1No) 
The peak~to-peak value of the inductor current waveform, 
typically a sawtooth waveform when the regulator is operat­
ing in the continuous mode (vs. discontinuous mode). 
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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•T 0p) 

The product (in Volt•µs) of the voltage applied to the induc­
tor and the time the voltage is applied. This E•T op 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 
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 µA 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 
• 3.3V, 5V, 12V, and adjustable output versions 
• Adjustable version output voltage range, 1.2V to 37V 

± 4 % max over line and load conditions 
• Available in 8-pin surface mount and DIP-8 package 
• Guaranteed 0.5A output current 
• Input voltage range up to 40V 
• Requires only 4 external components 
• 150 kHz fixed frequency internal oscillator 
• TTL Shutdown capability 
• Low power standby mode, la typically 85 µA 
• High Efficiency 
• Uses readily available standard inductors 
a Thermal shutdown and current limit protection 

Applications 
• Simple high-efficiency step-down (buck) regulator 
• Efficient pre-regulator for linear regulators 
• On-card switching regulators 
• Positive to Negative convertor 

Typical Application (Fixed Output Voltage Versions) 

----- F"eedback 
12V +VIN 1-4---------. 

Regulated 
~;.;.c.:.~..,.___,"111111~4--- Output 

Unregulated -e---
7
-1 

DC Input 
+ c;N 
I68µf" 

Connection Diagrams and Order Information 
8-Lead DIP (N) 

,. 

re 

Top View 

OUTPUT 

VIN 

GND 

CiN/orr 
TL/H/12439-2 

Order Number 
LM2594N-3.3, LM2594N-5.0, 

LM2594N-12 or LM2594N·ADJ 
See NS Package Number NOBE 

tPatent Number 5,382,918. 

•No internal connection, but should be 
soldered to pc board for best heat 
transfer. 
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O.SA Load 

TL/H/12439-1 

8-Lead Surface Mount (M) 

1• 

f"B 

Top View 

OUTPUT 

VIN 

GND 

ON/Off 

TL/H/12439-3 

Order Number LM2594M·3.3, 
LM2594M·5.0, LM2594M·12 or 

LM2594M·ADJ 
See NS Package Number MOBA 



Absolute Maximum Ratings (Note 1) 

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

Maximum Supply Voltage 45V 

ON/OFF Pin Input Voltage -0.3 :s:: V :s:: + 25V 

Feedback Pin Voltage -0.3 :s:: V :s:: +25V 

Output Voltage to Ground (Steady State) -1V 

Power Dissipation 

Lead Temperature 

MB Package 
Vapor Phase (60 sec.) 
Infrared (15 sec.) 

N Package (Soldering, 10 sec.) 

Maximum Junction Temperature 

Operating Conditions 

+215°C 
+220°c 

+260°c 

+150°C 

Storage Temperature Range 

ESD Susceptibility 

Internally limited 

- 65°C to + 150°c Temperature Range 

Supply Voltage 

-40°c :s:: TJ + 125°c 

4.5Vto 40V 

Human Body Model (Note 2) 2 kV 

LM2594-3.3 
Electrical Characteristics Specifications with standard type face are for TJ = 25°C, and those with boldface 
type apply over full Operating Temperature Range 

LM2594-3.3 

Symbol Parameter Conditions I 
Units 

Type Limit (Limits) 
(Note 3) (Note 4) 

SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2 

VouT Output Voltage 4.75V :S:: V1N :S:: 40V, 0.1A :S:: ILOAD :S:: 0.5A 3.3 v 
3.168/3.135 V(min) 
3.432/3.465 V(max) 

T'/ Efficiency V1N = 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 

Symbol Parameter Conditions l 
Units 

Type Limit (Limits) 
(Note 3) (Note 4) 

SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2 

VouT Output Voltage 7V :S:: V1N :S:: 40V, 0.1A :S:: ILOAD :S:: 0.5A 5.0 v 
4.800/4.750 V(min) 
5.200/5.250 V(max) 

T'/ Efficiency V1N = 12V, ILOAD = 0.5A 82 % 

LM2594-12 
Electrical Characteristics Specifications with standard type face are tor TJ = 25°C, and those with boldface 
type apply over full Operating Temperature Range 

:c 
LM2594-12 

Symbol Parameter Conditions I 
Units 

Type Limit (Limits) 
(Note 3) (Note 4) 

SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2 

VouT Output Voltage 15V :S:: V1N :S:: 40V, 0.1 A :S:: ILOAD :S:: 0.5A 12.0 v 
11.52/11.40 V(min) 
12.48/ 12.60 V(max) 

T'/ Efficiency V1N = 12V, ILOAD = 0.5A 88 % 
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LM2594-ADJ 
Electrical Characteristics Specifications with standard type face are for TJ = 25°C, and those with boldface 
type apply over full Operating Temperature Range 

LM2594-ADJ 

Symbol Parameter Conditions 
Units 

Type Limit (Limits) 
(Note 3) (Note 4) 

SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2 

VFB Feedback Voltage 4.5V ::5: V1N ::5: 40V, 0.1A ::5: ILOAD ::5: 0.5A 1.230 v 
Vour programmed for 3V. Circuit of Figure 2 1.193/1.180 V(min) 

1.267/1.280 V(max) 

'1) Efficiency V1N = 12V, ILOAD = 0.5A 80 % 

All Output Voltage Versions . 
Electrical Characteristics Specifications with standard type face are tor TJ = 25°C, and those with ·boldface 
type apply over full Operating Temperature Range. Unless otherwise specified, V1N = 12V for the 3.3V, 5V, and 
Adjustable version and V1N = 24V for the 12V version. ILOAD = 100 mA 

LM2594-XX 

Symbol Parameter Conditions 
Units 

Type Limit (Limits). 
(Note 3) (Note 4) 

DEVICE PARAMETERS 

lb Feedback Bias Current Adjustable Version Only, VFB = 1.3V 10 50/100 nA 

fo Oscillator Frequency (Note 6) 150 kHz 
127/110 kHz(min) 
173/173 kHz( max) 

VsAT Saturation Voltage lour = 0.5A (Notes 7 and 8) 0.9 v 
1.1 /1.2 V(max) 

DC Max Duty Cycle (ON) (Note 8) 100 
% 

Min Duty Cycle (OFF) (Note 9) 0 

ICL: 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= OV 50 µA(max) 
Output= -1V 2 mA 

15 mA(max) 

la Quiescent Current (Note 9) 5 mA 
10 mA(max) 

lsrev Standby Quiescent ON/OFF pin = 5V (OFF) (Note 10) 85 µA 
Current 200/250 µA( max) 

OJA Thermal Resistance N Package, Junction to Ambient (Note 11) 95 ·c1w 
M Package, Junction to Ambient (Note 11) 150 

ON/OFF CONTROL Test Circuit Figure 2 

'ON/OFF Pin Logic l~put 1.3 v 
V1H Threshold Voltage Low (Regulator ON) 0.6 V(max) 

V1L High (Regulator OFF) 2.0 V(min). 

IH 00/0FF Pin VLQGIC = 2.5V (Regulator OFF) 5 µA 
Input Current 15 µA( max) 

IL VLQGIC = 0.5V (Regulator ON) '0.02 µA 
5 µA(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 5: External components such as the catch diode, 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 frequency 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 diode, inductor or capacitor connected to output pin. 

Note B: Feedback pin removed from output and connected to OV to force the output transistor switch ON. 

Note 9: Feedback pin removed from output and connected to 12V for the 3.3V, SV, and the ADJ. version, and 1 SV for the 12V version, to force the output transistor 
switch OFF. 

Note 10: V1N = 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 model in Switchers Mads Simple software. 

Typical Performance Characteristics (CircuitotFigure2> 
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Efficiency 
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Minimum Operating 
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Typical Performance Characteristics (Circuit of Figure2) 

Continuous Mode Switching Waveforms 
V1N = 20V, Vour = 5V, ILOAD = 400 mA 
L = 100 µH, CouT = 120 µF, Cour ESR = 140 mn 
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20rnV 
C AC/ 

div. 

TL/H/12439-17 
A: Output Pin Voltage, 10V/div. 

B: Inductor Current 0.2A/div. 

C: Output Ripple Voltage, 20 mV/div. 

Horizontal Time Base: 2 µs/div. 

Load Transient Response for Continuous Mode 
V1N = 20V, Vour = 5V, ILQAD = 200 mA to 500 mA 
L = 100 µH, CouT = 120 µF, Cour ESR = 140 mn 

{

50mV 
A AC/ 

div. 

s{ 0.5A 

OA 

TL/H/12439-19 
A: Output Voltage, 50 mV/div. (AC) 

B: 200 mA to 500 mA Load Pulse 

Horizontal Time Base: 50 µs/div. 

Block Diagram 

R2 

R1 = 2.Sk 

3.3V, R2 = 4.2k 
5V, R2 = 7.6k 

12V, R2 = 21.Bk 
ADJ, R2 = on 

R1 = OPEN 

ON/OFF 

Discontinuous Mode Switching Waveforms 
VIN= 20V, Vour = 5V, ILQAD = 200 mA 
L = 33 µH, Cour = 220 µF, Cour ESR = 60 mn 
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A: Output Pin Voltage, 10V/div. 

B: Inductor Current 0.2A/div. 

C: Output Ripple Voltage, 20 mV/div. 

TL/H/12439-1 B 

Horizontal Time Base: 2 µs/div. 

Load Transient Response for Discontinuous Mode 
V1N = 20V, Vour = 5V, ILOAD = 100 mA to 200 mA 
L = 33 µH, Cour = 220 µF, Cour ESR = 60 mn 

{
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A: Output Voltage, 50 mV/div. (AC) 
B: 100 mA to 200 mA Load Pulse 
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Horizontal Time Base: 200 µs/div. 
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GND 
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FIGURE 1 
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Test Circuit and Layout Guidelines 
Fixed Output Voltage Versions 

UNREGULATED 
DC INPUT 

FEEDBACK 

LM2594 
FIXED OUTPUT 

6 GND 

HEAVY LINES MUST BE KEPT SHORT AND USE 
GROUND PLANE CONSTRUCTION FOR BEST RESULTS 

C1N - 68 µF, 35V, Aluminum Electrolytic 
Nichicon "PL Series" 

Cour - 120 µF, 25V Aluminum Electrolytic, 
Nichicon "PL Series" 

01 - 1A, 40V Schottky Rectifier, 1N5819 

L1 - 100 µH, L20 

KEEP FEEDBACK WIRING AWAY 
-- FROM INDUCTOR FLUX 

3 µH 

LOW ESR 
SHORT LEADS 

OPTIONAL POST RIPPLE FILTER 
TL/H/12439-22 

Adjustable Output Voltage Versions 

Crr 
LOCATE THE PROGRAMMING RESISTORS NEAR 
THE FEEDBACK PIN USING SHORT LEADS 

UNREGULATED 
DC INPUT 

1 k 
FEEDBACK 

KEEP FEEDBACK WIRING AWAY 
-- FROM INDUCTOR FLUX 

REGULATED OUTPUT 

TL/H/12439-23 

HEAVY LINES MUST BE KEPT SHORT AND USE 
GROUND PLANE CONSTRUCTION FOR BEST RESULTS 

C1N - 68 µF, 35V, Aluminum Electrolytic 
Nichicon "PL Series" 

VouT = VREF ( 1 + :~) whereVREF = 1.23V 

(
Vour ) R2 = R1 ---1 
VREF 

Select R1 to be approximately 1 kn, 
use a 1 % resistor for best stability. 

CouT - 120 µF, 25V Aluminum Electrolytic, 
Nichicon "PL Series" 

01 - 1A, 40V Schottky Rectifier, 1N5819 

L1 - 100 µH, L20 

R1 -1kn,1% 

CFF - 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. 
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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 Cour 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.) 



LM2594 Series Buck Regulator Design Procedure (Fixed Output) 

PROCEDURE (Fixed Output Voltage Version) 

Given: 

Vour = Regulated Output Voltage (3.3V, 5V or 12V) 

V1N(max) = Maximum DC Input Voltage 

ILoAo(max) = Maximum Load Current 

1. Inductor Selection (L 1) 

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. 

2. Output Capacitor Selection (CouT) 

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

For addltlonal 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 capacitors 
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. 

3. 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~ 
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EXAMPLE (Fixed Output Voltage Version) 

Given: 

VouT = 5V 

V1N(max) = 12V 

ILOAo(max) = 0.4A 

1. Inductor Selection (L 1) 

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 µH, and the 
inductor code is L20. 

C. The inductance value required is 100 µH. 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 (CouT) 

A. See section on output capacitors In application 
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 µF 25V Panasonic HFQ Series 

120 µF 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 µF 1 OV aluminum electrolytic 
capacitor would exhibit approximately 400 mn 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 wil.1 reduce the ripple voltage by approximately 
half. 

3. Catch Diode Selection (D1) 

A. Refer to the table shown in Figure 12. In this example, 
a 1A, 20V, 1N5817 Schottky diode will provide the best 
performance, and will not be overstressed even for a 
shorted output. 

Example continued on next page. 
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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 4. Input Capacitor (C1N) 
recovery diodes typically have reverse recovery times of The important parameters for the Input capacitor are the 
50 ns or less. Rectifiers such as the 1 N4001 series are input voltage rating and the RMS current rating. With a 
much too slow and should not be used. nominal input voltage of 12V, an aluminum electrolytic 

4. Input Capacitor (C1N) capacitor with a voltage rating greater than 18V (1.5 x 
A low ESR aluminum or tantalum bypass capacitor is V1N) would be needed. The next higher capacitor voltage 

needed between the input pin and ground to prevent rating is 25V. 

large voltage transients from appearing at the input. In The RMS current rating requirement for the input capaci-
addition, the RMS current rating of the input capacitor tor in a buck regulator is approximately % the DC load 
should be selected to be at least % the DC load current. current. In this example, with a 400 mA load, a capacitor 
The capacitor manufacturers data sheet must be with a RMS current rating of at least 200 mA is needed. 
checked to assure that this current rating is not exceed- The curves shown in Figure 13 can be used to select an 
ed. The curve shown in Figure 13 shows typical RMS appropriate input capacitor. From the curves, locate the 
current ratings for several different aluminum electrolytic 25V line and note which capacitor values have RMS cur-
capacitor values. rent ratings greater than 200 mA. Either a 47 µF or 

This capacitor should be located close to the IC using 68 µF, 25V capacitor could be used. 

short leads and the voltage rating should be approxi- For a through hole design, a 68 µF/25V electrolytic ca-
mately 1.5 times the maximum input voltage. pacitor (Panasonic HFQ series or Nichicon PL series or 

If solid tantalum input capacitors are used, it is recom- equivalent) would be adequate. other types or other 

ended that they be surge current tested by the manufac- manufacturers capacitors can be used provided the 

turer. RMS ripple current ratings are adequate. 

Use caution when using ceramic capacitors for input by- For surface mount designs, solid tantalum capacitors are 

passing, because it may cause severe ringing at the V1N recommended. The TPS series available from AVX, and 

pin. the 593D series from Sprague are both surge current 

For additional information, see section on Input ca-
tested. 

pacltors in Application Information section. 

Conditions Inductor 
Output Capacitor 

Through Hole Surface Mount 

Output Load Max Input Inductance Inductor Panasonic Nichicon AVXTPS Sprague 
Voltage Current Voltage (µH) {#) HFQ Series PL Series Series 595D Series 

(V) (A) (V) (µF/V) (µF/V) (µF/V) (µF/V) 

5 33 L14 220/16 220/16 100/16 100/6.3 

7 47 L13 120/25 120/25 100/16 100/6.3 
0.5 

10 68 L21 120/25 120/25 100/16 100/6.3 

3.3 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 

10 68 L21 180/16 180/16 100/16 33/25 
0.5 

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 LB 120/16 120/16 100/16 33/25 

15 68 L21 82/25 82/25 100/16 15/25 

18 150 L19 82/25 82/25 100/16 15/25 
0.5 

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) 

Given: 

Vour = Regulated Output Voltage 

V1N(max) = Maximum Input Voltage 

ILoAo(max) = Maximum Load Current 

F = Switching Frequency (Fixed at a nominal 150 kHz). 

1. Programming Output Voltage (Selecting R1 and R2, as 
shown in Figure 2) 

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

Vour = VREF ( 1 + :~ ) where VREF = 1.23V 

Select a value for R1 between 240n and 1.5 kn. 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.) 

2. Inductor Selection (L 1) 

A. Calculate the inductor Volt microsecond constant 
E • T (V • µs), from the following formula: 

E•T =MN -VouT - VsAT) • VouT +Vo •~(V• µs) 
V1N - VsAT +Vo 150 kHz 

where VsAT = internal switch saturation voltage= 0.9V 

and Vo = 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 E • 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 (Cour) 

A. In the majority of applications, low ESR electrolytic or 
solid tantalum capacitors between 82 µF and 220 µF 
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 µF. 
For ~dditlonal 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. 

Procedure continued on next page. 
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EXAMPLE (Adjustable Output Voltage Version) 

Given: 

VouT = 20V 

V1N(max) = 28V 

ILoAo(max) = 0.5A 

F = Switching Frequency (Fixed at a nominal 150 kHz). 

1. Programming Output Voltage (Selecting R1 and R2, as 
shown in Figure 2) 

Select R1 to be 1 kn, 1 %. Solve for R2. 

R2 = R1 (Vour - 1) = 1 k ( 
20v - 1) 

VREF 1.23V 

R2 = 1k (16.26 - 1) = 15.26k, closest 1% value is 
15.4 kn. 

R2 = 15.4 kn. 

2. Inductor Selection (L 1) 

A. Calculate the inductor Volt • microsecond constant 
(E • T), 

20 + 0.5 1000 
E • T = (28 - 20 - 0.9) • 28 _ 0.9 + O.B • 150 (V • µs) 

20.5 
E • T = (7.1) • 

27
.
6 

• 6.67 (V • µs) = 35.2 (V • µs) 

B. E • T = 35.2 (V • µs) 

C. ILQAo(max) = 0.5A 

D. From the inductor value selection guide shown in Fig­
ure 8, the inductance region intersected by the 35 (V • 
µs) horizontal line and the 0.5A vertical line is 150 µH, 
and the inductor code is L 19. 

E. From the table in Figure 9, locate line L 19, and select 
an inductor part number from the list of manufacturers 
part numbers. 

3. Output Capacitor Selection (Cour) 

A. See section on Gour 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 µF 50V Panasonic HFQ Series 

120 µF 50V Nichicon PL Series 

Example continued on next page. 
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LM2594 Series Buck Regulator Design Procedure (Adjustable Output) 

PROCEDURE (Adjustable Output Voltage Version) 

4. Feedforward Capacitor (CFF) (See Figure 2) 

For output voltages greater than approximately 1 OV, an 
additional capacitor is required. The compensation ca­
pacitor is typically between 50 pF and 1 O nF, and is wired 
in parallel with the output voltage setting resistor,· R2. 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 
CFF = 31 X 1Q3 X R2 

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.) 

5. 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 1 N4001 series are much too slow 
and should not be used. 

6. Input Capacitor (C1N) 

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 1h 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 Sl3Veral 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 V1N 
pin. 

' ' 
For additional Information, see section on input capaci-
tors In application information section. 
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EXAMPLE (Adjustable Output Voltage Version) 

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. Fee~forward Capacitor (CFF) 

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 1 A, 
40V, 1 N5819 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 (C1N) 

·The important parameters for the Input capacitor 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 V1N) would be needed. Since 
the the ne>q higher capacitor voltage rating is 50V, a 50V 
capacitor should be used. The capacitor voltage rating of 
(1.5 x V1N) 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 1h 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 µF/50V low ESR 
electrolytic capacitor capacitor is needed. 

For a through hole design, a 47 µF/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 regulator 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 3~n diskette for IBM compatible com­
puters. 



LM2594 Series Buck Regulator Design Procedure (Adjustable Output) 
(Continued) 

Through Hole Output Capacitor Surface Mount Output Capacitor 
Output 

Panasonic Nlchlcon PL AVXTPS Sprague 
Voltage Feedforward Feedforward 

(V) 
HFQ Serles Serles 

Capacitor 
Serles 595DSerles 

Capacitor 
(µF/V) (µF/V) (µF/V) (µF/V) 

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 3.3 nF 100/16 100/16 3.3 nF 

12 82/25 82/25 2.2nF 100/16 100/16 2.2 nF 

15 82/25 82/25 1.5 nF 68/20 100/20 1.5 nF 

24 82/50 120/50 1 nF 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 

~ 15V 
~ 

20V 

..... 10V ..... 15V 
(,!) (,!) 

~ ~ 12V 
8V 

0 0 > 7V > 10V 
..... ..... 

~ ~ 9V 

6V 
~ ::::E 8V ::::> 
::::E ::::E x x 
<C <C 
::::E ::::E 

7V 
0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5 

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 

40V 70 
35V 60 
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> 
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~ 
~ 16V . 10 

~ w 8 
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:::I! 
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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) 

Schott · Renco Pulse Engineering Colleran 
Inductance Current 

(µH) (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 001608-224 

L2 150 0.21 67143920 67144290 RL-5470-4 RL1500-150 PE-53802 PE-53802-S 001608-154 

L3 100 0.26 67143930 67144300 RL-5470-5 RL1500-100 PE-53803 PE-53803-S 001608-104 

L4 68 0.32 67143940 67144310. RL-1284-68 RL1500-68 PE-53804 PE-53804-S 001608-68 

L5 47 0.37 67148310 67148420 RL-1284-47 RL 1500-47 PE-53805 PE-53805-S 001608-473 

L6 33 0.44 67148320 67148430 RL-1284-33 RL 1500-33 PE-53806 PE-53806-S 001608-333 

L7 22 0.60 67148330 67148440 RL-1284-22 RL 1500-22 PE-53807 PE-53807-S 001608-223 

LB 330 0.26 67143950 67144320 RL-5470-2 RL 1500-330 PE-53808 PE-53808-S 003308-334 

L9 220 0.32 67143960 67144330 RL-5470-3 RL 1500-220 PE-53809 PE-53809-S 003308-224 

L10 150 0.39 67143970 67144340 RL-5470-4 RL1500-150 PE-53810 PE-53810-S 003308-154 

L11 100 0.48 67143980 67144350 RL-5470-5 RL1500-100 PE-53811 PE-53811-S 003308-104 

L12 68 0.58 67143990 67144360 RL-5470-6 RL1500-68 PE-53812 PE-53812-S 001608-683 

L13 47 0.70 67144000 67144380 RL-5470-7 RL1500-47 PE-53813 PE-53813-S 003308-473 
I 

L14 33 0.83 67148340 67148450 RL-1284-33 RL 1500-33 PE-53814 PE-53814-S 001608-333 

L15 22 0.99 67148350 67148460 RL-1284-22 RL 1500-22 PE-53815 PE-53815-S 001608-223 

L16 15 1.24 67148360 67148470 RL-1284-15 RL1500-15 PE-53816 PE-53816-S 001608-153 

L17 330 0.42 67144030 67144410 RL-5471-1 RL 1500-330 PE-53817 PE-53817-S 003316-334 

L18 220 0.55 67144040 67144420 RL-5471-2 RL1500-220 PE-53818 PE-53818-S 003316-224 

L19 150 0.66 67144050 67144430 RL-5471-3 RL 1500-150 PE-53819 PE-53819-S 003316-154 

L20 100 0.82 67144060 67144440 RL-5471-4 RL1500-100 PE-53820 PE-53820-S 003316-104 

L21 68 0.99 67144070 67144450 RL-5471-5 RL 1500-68 PE-53821 PE-53821-S 0003316-683 

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 

Collcraft Inc. Phone (800) 322-2645 Nlchicon Corp. .Phone (708) 843-7500 

FAX (708) 639-1469 FAX (708) 843-2798 

Colleran Inc., Europe Phone + 11 1236 730 595 Panasonic Phone (714) 373-7857 

FAX + 44 1236 730 627 FAX (714) 373-7102 

Pulse Engineering Inc. Phone (619) 674-8100 AVXCorp. Phone (803) 448-9411 

FAX (619) 674-8262 FAX (803) 448-1943 

Pulse Engineering Inc., Phone +353 93 24107 Sprague/Vishay Phone (207) 324-7223 
Europe FAX + 353 93 24 459 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 

All of 1 N5817 All of 
20V these these 

diodes are SR102 diodes are 
MBRS130 rated to at 1N5818 rated to at 

30V 
least50V. 

SR103 
least 50V. 

110003 

MBRS140 MURS120 1N5819 MUR120 

40V 1080040 10BF10 SR104 HER101 

10M0040 11D004 11DF1 

50V MBRS160 SR105 

or 10B0050 MBR150 
more 

10M0060 11D005 

FIGURE 12. Diode Selection Table 

Application Information 
PIN FUNCTIONS 

+ Vm-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 (+V1N - VsAT) and approximately -0.5V, with a 
duty cycle of VouTIVIN· 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 µA. 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 

C1N-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 
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input capacitor, this capacitor should 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 choico for a conserva­
tive design. The capacitor voltage rating must bo at least 
1.25 times greater than the maximum input voltage, and of­
ten a much higher voltage capacitor is needed to satisfy 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 ratings 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. • 



Application Information (Continued) 
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FIGURE 13. RMS Current Ratings for Low ESR 
Electrolytic Capacitors (Typical) 

OUTPUT CAPACITOR 

Cou-r-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
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 mruci­
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 
f9r 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. 
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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
ance, 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 1 N4001 series are 
much too slow and should not be used. 
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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. 



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 5 
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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FIGURE 16. (~l1No) 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. · 
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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 dam pod sinus­
oidal ringing present. (See photo titled; Discontinuous Modo 
Switching Waveforms) This ringing is normal for discontinu­
ous operation, and is not caused by feedback loop instabili­
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. 

TL/H/12439-32 

FIGURE 17. Post Ripple Filter Waveform 

Fl 



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 µH and 5 µH, 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 ~cceptable mode of operation. 
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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 (D.l1No) 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 D.l1ND· 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 (D.l1No) that can be expected 
for different load currents. The curve also shows how the 
peak-to-peak inductor ripple current (D.l1No) 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 Selection 
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 

V1N = 15V, nominal, varying between 11 V 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 µH inductance region. A 
150 µH inductor will allow a peak-to-peak inductor current 
(D.l1No) 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 (D.l1No) 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 (D.l1No) 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 (11 V in). 



Application Information (Continued) 

Once the Al1ND 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 

( 
Al1ND) ( 0.150) = ILOAD + -

2
- = 0.3A + -

2
- = 0.375A 

2. Minimum load current before the circuit becomes discon­
tinuous 

= Al1ND = 0.150 = 0.0?5A 
2 2 

3. Output Ripple Voltage = (Al1ND) x (ESR of Gour) 

or 

4. ESR of Gour 

= 0.150A x 0.240n = 36 mV p-p 

Output Ripple Voltage (AVour) 

Al1ND 
0.036V 

= -- = o.24on 
0.150A 

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. 
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THERMAL CONSIDERATIONS 

The LM2594 is available in two packages, an 8-pin through 
hole DIP (N) and an 8-pin surface mount S0-8 (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. 
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DIP-8 PACKAGE 

!oi~;~o~oP~~ -+--Vo-l-u-1-=~20-v-1 
25°C STILL AIR -+---+---,.A--1 

10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 

TL/H/12439-35 

Circuit Data for Temperature Rise Curve (DIP-8) 

Capacitors Through hole electrolytic 

Inductor Through hole, Schott, 100 µH 

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 

• 



Application Information (Continued) 

§ 110 
a; so-a PACKAGE 

100 500 mA LOAD ::E 
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5 10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 

TL/H/12439-34 

Circuit Data for Temperature Rise Curve (Surface Mount) 

Capacitors Surface mount tantalum, molded "D" size 

Inductor Surface mount, Coilcraft 0033, 100 µH 

Diode Surface mount, 1 A 40V, Schottky 

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

FIGURE 20. Junction Temperature Rise, S0-8 

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. 

VIN LM2594 
+VIN 

5.0 
C1 
0.1 µF 5 ON/OFF 

<1N + -
"] R1 47k 

R2 
47k 

TL/H/ 12439-36 

FIGURE 21. Delayed Startup 

VIN LM2594 
+VIN ---...... --..... --1 5.0 

TL/H/12439-37 

FIGURE 22. Undervoltage Lockout 
for Buck Regulator 
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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 R2 pulls the ON/OFF pin low, thus 
allowing the circuit to start switching. Resistor ~s 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 lon~elay tim.e, 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 voltages. 

UNDERVOLTAGELOCKOUT 

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 an.d 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 kn 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. 

LM2594 
5.0 

ON/OFF 6 GND 

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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01 
1N5817 

VIN 
+VIN -•t--.---+---+--7-1 LM2594 

5.0 

Z1 
12V 

R2 
47 k 5 ON/OFF 6 GND 

This circuit has hysteresis 
Regulator starts switching at V1N = 13V 
Regulator stops switching at V1N = 8V 

-5V ..._ __ .,_ __ ,... ______ ---tt-- OUTPUT 

TL/H/12439-39 

FIGURE 24. Undervoltage Lockout with Hysteresis for Inverting Regulator 

DI 
1N5818 ------.. FEEDBACK 1--------. 

!~~~~ ~~L::g~ ----+--.---1 LM2594-5.0 
4 
OUT 

L1 100µH ----.._..,.. ____ .. a 

R2 
47k 

6 GND 
02 
1N5819 

03 
1N4001 

C1N - 68 µF/25V Tant. Sprague 5950 

120 µF/35V Elec. Panasonic HFQ 

Cour - 22 µF/20V Tant. Sprague 5950 

39 µF/16V Elec. Panasonic HFQ 

-5V ..._ ____ ...., ___ ..., ____ ...,_ _____ ...,_ ____ ~OUTPUT 

TL/H/12439-40 

FIGURE 25. Inverting -5V Regulator with Delayed Startup 

This example uses the LM2594-5 to generate a - 5V out­
put, but other output voltages are possible by selecting oth­
er output voltage versions, including the adjustable version. 
Since this regulator topology can produce an output voltage 
that is either greater than or less than the input voltage, the 
maximum output current greatly depends on both the input 
and output voltage. The curve shown in Figure 26 provides 
a guide as to the amount of output load current possible for 
the different input and output voltage conditions. 

The maximum voltage appearing across the regulator is the 
absolute sum of the input and output voltage, and this must 
be limited to a maximum of 40V. For example, when con­
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 01 is used to isolate input voltage ripple or noise from 
coupling through the C1N 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 03, when the input voltage is first applied, the 
charging current of C1N can pull the output positive by sever­
al volts for a short period of time. Adding 03 prevents the 
output from going positive by more than a diode voltage. 
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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 µH, 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 O.BA) are needed for at least 2 ms or more, 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 

• 



Application Information (Continued) 

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, R1 and R2) 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 (C1N). For severe start up conditions, the 
input capacitor can be made much larger than normal. 

+~ -- -1 ~f!"- SHUTDOWN _R""
4

"'
6

"'.z_k...., 
ON INPUT 

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 invertfng reg­
ulators are shown in Figures 27 and 28. 

+VIN -otfi>t-.... ------r-----, LM2594 
5.0 

01 
1N5817 

<1N 
100 µF 

01 
2N3906 

R1 
10k 

6 GNO 

-sv ..__-----+---------- OUTPUT 

FIGURE 27. Inverting Regulator Ground Referenced Shutdown 

01 
1N5818 

VIN 
INPUT VOLTAGE ---1~-.... ----c~--I LM2594-5.0 
+4.5V to +25V 

+5V~--
. . ON 
0 - - -

OFF 
R3 

470 

_ O~TO-ISOLATOR 

6 GNO 

R2 
47k 

TL/H/12439-42 

TL/H/12439-43 

FIGURE 28. Inverting Regulator Ground Referenced Shutdown using Opto· Device 
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TYPICAL SURFACE MOUNT PC BOARD LAYOUT, FIXED OUTPUT (2X SIZE) 

C1N - 10 µF, 35V, Solid Tantalum 
AVX, "TPS series" 

Gour -100 µF, 10V Solid Tantalum 
AVX, "TPS series" . 

01 - 1A, 40V Schottky Rectifier, 

surface mount 

L 1 - 100 µH, L20, Coilcraft 0033 

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

C1N · - 10 µF, 35V, Solid Tantalum 
AVX, "TPS series" 

Gour - 100 µF, 10V Solid Tantalum 
AVX, "TPS series" 

01 - 1A, 40V Schottky Rectifier, surface 
mount 

L 1 - 100 µH, L20, Coilcraft 0033 

R1 -1kn,1% 

R2 - Use formula in Design Procedure 

CFF - See Figure 4. 

FIGURE 29. PC Board Layout 
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LM3420·4.2, -8.4, -12.6, -16.8 
Lithium-Ion Battery Charge Controller 
General Description 
The LM3420 series of controllers are monolithic integrated 
circuits designed for charging and end-of-charge control for 
Lithium-Ion 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). 

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

Features 
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. 

• Voltage options for charging 1, 2, 3 or 4 cells 
• Tiny SOT23-5 package 
• Precision (0.5%) end-of-charge control 
• Drive capability for external power stage 
• Low quiescent current, 85 µA (typ.) 

Applications 
• Lithium-Ion battery charging 

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-Ion rechargeable batteries. 

• Suitable for linear and switching regulator charger de­
signs 

Typical Application and Functional Diagram 

RI 10k 

Input 
Voltage 

----4---1 1A Charge 
Current 

+ I 3V to 
+20V 

Cl 

Typical Constant Current/Constant Voltage 
Ll·lon Battery Charger 

TL/H/12359-1 

Connection Diagrams and Order Information 

+!NOS OUT 
GND 2 

• 3 4 COMP 

Top View 

5-Lead Small Outline Package (MS) 

Actual Size 

TL/H/12359-4 

TL/H/12359-3 

For Ordering Information 
See Figure 1 In this Data Sheet 

See NS Package Number MAOSA 
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(+) IN 

COMP 

(-) GND R,. 75k for -'.2V 
181k for 8.-'V 
287k for 12.6V 
392k for 16.SV 

TL/H/12359-2 

LM3420 Functional Diagram 

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



Absolute Maximum Ratings (Note 1) 

If Miiitary/Aerospace specified devices are required, ESD Susceptibility (Note 3) 
please contact the Natlonal Semiconductor Sales Human Body Model 1500V 
Office/Distributors for avallablllty and specifications. See AN-450 "Surface Mounting Methods and Their Effect 
Input Voltage V(IN) 20V on Product Reliability" for methods on soldering surface-
Output Current 20mA mount devices. 

Junction Temperature 150°c 
Operating Ratings (Notes 1 and 2) Storage Temperature - 65°C to + 15o•c 

Lead Temperature Ambient Temperature Range -40°c::::: TA~ +85°C 

Vapor Phase (60 seconds) +215°C Junction Temperature Range -40°c::::: TJ ~ + 125•c 

Infrared (15 seconds) +220°c Output Current 15mA 

Power Dissipation (TA = 25°C) (Note 2) 300mW 

LM3420·4.2 
Electrical Characteristics 
Specifications with standard type face are for T J = 25°C, and those with boldface type apply over full Operating Tem· 
peraturo Range. Unless otherwise specified, V(IN) = VREG· Vour = 1.5V. 

Typlcal 
LM3420A·4.2 LM3420·4.2 

Units 
Symbol Parameter Conditions Limit Limit 

(Note 4) 
(Note 5) (Note 5) 

(Limits) 

VREG Regulation Voltage lour= 1 mA 4.2 v 
4.221/4.242 4.242/4.284 V(max) 
4.179/4.158 4.158/4.116 V(min) 

Regulation Voltage lour= 1 mA 
±0.5/± 1 ±1/±2 %(max) 

Tolerance 

lq Quiescent Current lour= 1 mA 85 µA 
110/ 115 125/150 µA( max) 

Gm Transconductance 20 µA ~ lour ~ 1 mA 3.3 mA/mV 

Alourl AVREG Vour = 2V 1.3/0.75 1.0/0.50 mA/mV(min) 

1 mA ~ lour ~ 15 mA 6.0 mA/mV 
Vour = 2V 3.0/1.5 2.5/1.4 mA/mV(min) 

Av Voltage Gain 1V ~ Vour ~ VREG - 1.2V(-1.3) 1000 VIV 

AVour/AVREG AL = 200.0. (Note 6) 550/250 450/200 VIV(min) 

1V ~ Vour ~ VREG - 1.2V(-1.3) 3500 VIV 
AL= 2 k.O. 1500/900 1000/700 VIV(min) 

VsAr Output Saturation V(IN) = VREG + 100 mV 1.0 v 
(Note?) lour= 15 mA 1.2/ 1.3 1.2/1.3 V(max) 

IL Output Leakage V(IN) = VREG -100 mV 0.1 µA 
Current Vour = ov 0.5/1.0 0.5/1.0 µA( max) 

At Internal Feedback 75 kn 
Resistor (Note 8) 94 94 k.O.(max) 

56 56 k.O.(min) 

En Output Noise lour = 1 mA, 1 o Hz ~ f ~ 1 o kHz 
70 µVRMS 

Voltage 

fl 
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LM3420-8.4 
Electrical Characteristics 
Specifications with standard type face are for T J = 25°C, and those with boldface type apply over full Operating Tem· 
perature Range. Unless otherwise specified, V(IN) = VREG· Vour = 1.5V. 

Typical 
LM3420A·8.4 LM3420·8.4 

Units 
Symbol Parameter Conditions· Limit Limit 

(Note 4) 
(Note 5) (Note 5) 

(Limits) 

VREG Regulation Voltage lour= 1 mA 8.4 v 
8.442/8.484 8.484/8.568 V(max) 
8.358/8.316 8.316/8.232 V(min) 

Regulation Voltage lour= 1 mA 
Tolerance 

±0.5/± 1 ·. ±1/±2 %(max) 

lq Quiescent Current lour= 1 mA 85 µA 
110/115 125/150 µA(max) 

Gm Transconductance 20 µA :s:: lour :s:: 1 mA 3.3 mA/mV 

a lour/ a VREG Vour = 6V 1.3/0.75 1.0/0.50 mAlmV(min) 

1 mA :s:: lour :s:: 15 mA 6.0 mA/mV 

Vour = 6V 3.0/1.5 2.5/1.4 mA/mV(min) 

Av Voltage Gain 1V :s:: Vour :s:: VREG - 1.2V(-1.3) 1000 VIV 

aVourtavREG RL = 470n (Note 6) 550/250 450/200 VIV(min) 

1V :s:: Vour :s:: VREG - 1.2V(-1.3) 3500 VIV 
RL = 5 kn 1500/900 1000/700 VIV(min) 

VsAr Output Saturation V(IN) = VREG + 100 mV 1.0 v 
(Note 7) lour= 15 mA 1.2/1.3 1.2/1.3 V(max) 

IL Output Leakage V(IN) = VREG -100 mV 0.1 µA 
Current Vour = ov 0.5/1.0 0.5/1.0 µA(max) 

Rt Internal Feedback 181 kn 
Resistor (Note 8) 227 227 k!l(max) 

135 135 k!l(min) 

En Output Noise lour = 1 mA, 1 O Hz :s:: f :s:: 10 kHz 
140 µVRMS Voltage 
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LM3420-12.6 
Electrical Characteristics 
Specifications with standard type face are for TJ = 25°C, and those with boldface type apply over full Operating Tem· 
perature Range. Unless otherwise specified, V(IN) = VREG· Vour = 1.5V. 

Typical 
LM3420A·12.6 LM3420·12.6 

Units Symbol Parameter Conditions Limit Limit 
(Note 4) 

(Note 5) (Note 5) 
(Limits) 

VREG Regulation Voltage lour= 1 mA 12.6 v 
12.663/ 12. 726 12.726/12.852 V(max) 
12.537/12.474 12.474/12.348 V(min) 

Regulation Voltage lour= 1 mA ±0.5/ ± 1 ±1/±2 %(max) 
Tolerance 

lq Quiescent Current lour= 1 mA 85 µA 
110/115 125/150 µA(max) 

Gm Transconductance 20 µA ~ lour ~ 1 mA 3.3 mA/mV 

A lour/ A VREG Vour = 1ov 1.3/0.75 1.0/0.f' mA/mV(min) 

1 mA ~ lour ~ 15 mA 6.0 mA/mV 
Vour = 1ov 3.0/1.5 2.5/1.4 mA/mV(min) 

Av Voltage Gain 1V ~ Vour ~ VREG - 1.2V(-1.3) 1000 VIV 

AVourlAVREG AL = 750!l (Note 6) 550/250 450/200 VIV(min) 

1V ~ Vour ~ VREG - 1.2V(-1.3) 3500 VIV 
AL= 10 k!l 1500/900 1000/700 VIV(min) 

VsAr Output Saturation V(IN) = VREG + 100 mV 1.0 v 
(Note?) lour= 15mA 1.2/1.3 1.2/1.3 V(max) 

IL Output Leakage V(IN) = VREG -100 mV 0.1 µA 
Current Vour = ov 0.5/1.0 0.5/1.0 µA(max) 

Rt Internal Feedback 287 kn 
Resistor (Note 8) 359 359 k!l(max) 

215 215 k!l(min) 

En Output Noise lour = 1 mA, 1 O Hz ~ f ~ 1 o kHz 
210 µVRMS Voltage 

• I 
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0 
N 

~ LM3420-16.8 
:=I Electrical Characteristics 

Specifications with standard type face are for T J = 25°C, and those with boldface type apply over full Operating Tem· 
perature Range. Unless otherwise specified, V(IN) = VREG· Vour = 1.5V. 

LM3420A·16.8 LM3420-16.8 
Typical Units Symbol Parameter Conditions Limit Limit 
(Note 4) {Limits) 

(Note 5) (Note 5) 

VREG Regulation Voltage lour= 1 mA 16.8 v 
16.884/ 16.968 16.968/ 17.136 V(max) 
16.716/16.632 16.632/ 16.464 V(min) 

Regulation Voltage lour= 1 mA ±0.5/± 1 ±1/±2 %(max) 
Tolerance 

lq Quiescent Current lour= 1 mA 85 µA 
110/115 125/150 µA(max) 

Gm Transconductance 20 µA ~ lour ~ 1 mA 3.3 mA/mV 

.:ilourl .:i VREG Vour = 15V 0.8/0.4 ' 0.7/0.35 mA/mV(min) 

1 mA ~ lour ~ 15 mA 6.0 mA/mV 
Vour = 15V 2.9/0.9 2.5/0.75 mA/mV(min) 

Av Voltage Gain 1V ~ Vour ~ VREG - 1.2V(-1.3) 1000 VIV 

.:iVour/.:iVREG RL = 1 kn (Note 6) 550/250 450/200 VIV(min) 

1V ~ Vour ~ vREG - 1.2vc~1.3) 3500 VIV 
RL = 15 kn 1200/750 1000/650 VIV(min) 

VsAr Output Saturation V(IN) = VREG + 100 mV 1.0 v 
(Note 7) lour= 15 mA 1.2/1.3 1.2/1.3 V(max) 

IL Output Leakage V(IN) = VREG -100 mV 0.1 µA 
Current Vour = ov 0.5/1.0 0.5/1.0 µA(max) 

Rt Internal Feedback 392 kn 
Resistor (Note 8) 490 490 k!l(max) 

294 294 kn(min) 

En Output Noise lour = 1 mA, 1 o Hz ~ f ~ 1 O kHz 
280 " : 'µVRMS 

Voltage 

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), OJA Uunction to 
ambient thermal resistance), and TA (ambient temperature). The maximum allowable power dissipation at any temperature is Pomax = <TJmax - T A)/OJA or the 
number given in the Absolute Maximum Ratings, whichever is lower. The typical thermal resistance (OJA) when soldered to a printed circuit board is approximately 
306°C/W for the MS package. 

Note 3: The human body model is a 100 pF capacitor discharged through a 1.5 kn 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 
(SOC) 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) - VouT. when the voltage at the IN pin is forced 100 mV above the nominal regulating voltage (VReGl· 

Note 8: See Applications and Curves sections for information on this resistor. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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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. 

Voltage Grade 
Order Package 

Supplied as 
Information Marking 

4.2V A(Prime) LM3420AM5-4.2 D02A 250 unit increments on tape and reel 

4.2V A(Prime) LM3420AM5X-4.2 D02A 3k unit increments on tape and reel 

4.2V 8 (Standard) LM3420M5-4.2 0028 250 unit increments on tape and reel 

4.2V 8 (Standard) LM3420M5X-4.2 0028 3k unit increments on tape and reel 

8.4V A (Prime) LM3420AM5-8.4 D03A 250 unit increments on tape and reel 

8.4V A (Prime) LM3420AM5X-8.4 D03A 3k unit increments on tape and reel 

8.4V 8 (Standard) LM3420M5-8.4 0038 250 unit increments on tape and reel 

8.4V 8 (Standard) LM3420M5X-8.4 0038 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 D04A 3k unit increments on tape and reel 

12.6V 8 (Standard) LM3420M5-12.6 0048 250 unit increments on tape and reel 

12.6V 8 (Standard) LM3420M5X-12.6 0048 3k unit increments on tape and reel 

16.SV A (Prime) LM3420AM5-16.8 D05A 250 unit increments on tape and reel 

16.SV A(Prime) LM3420AM5X-16.8 D05A 3k unit increments on tape and reel 

16.SV 8 (Standard) LM3420M5-16.8 0058 250 unit increments on tape and reel 

16.SV 8 (Standard) LM3420M5X-16.8 0058 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.SV part. The fourth letter indicates the grade, "8" 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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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-Ion 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 VREG 
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; 

Gain (f) = 1 + Zt(f) 
Rt 

1 
where Zt (f) = ----­

j • 27T • f •Cc 

where Rt :::::: 75 k!l. for tlie 4.2V part, Rt :::::: 181 kn for the 
8.4V part, Rt :::::: 287 kn for the 12.6V part, and Rt :::::: 392 kn 
for the 16.BV part. 

The resistor (R1) 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 Rt 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 Vour Set test 
point and selecting the appropriate RL or lour as specified 
in the Electrical Characteristics section. Use a DVM at the 
"measure" test points to read the data. 

r---------l\i'V\i---------4t------• Measure 
VREG 1N4148 

-v 

Your Set 

(Voltage Range from 
OV to VREG - 1.2V) 

02 
1N5817 

R1 (+) IN 

(-) GND 

1our 51 

! 1 
-v 

FIGURE 2. LM3420 Test Circuit 
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VREG External Voltage Trim 
The regulation voltage (VREG) of the LM3420 can be exter­
nally trimmed by adding a single resistor from the COMP. 
pin to the +IN pin or from the COMP. pin to the GND pin, 
depending on the desired trim direction. Trim adjustments 
up to ± 10% of VREG can be realized, with only a small 
increase in the temperature coefficient. (See temperature 
coefficient curve shown below) 

Normalized Temperature Drift with 
Output Externally Trimmed 

12.-----,--...----,--...----,--...---, 

--~-4--+--r----1+ 11.....-i 
I -+~-+---1--~ ...... -r-~+5l--1 
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~ I 
~ No Trim~ 
> --t~-+---t~-1---~~-·-23~ 
a -4>-----+--+----+--+----+--1+---< i -a~--+----+--+--+-------+-~-·-_sir'~-·__. 

-12 ,___,__.___,__.__--_,_-_1_0 %..._:'-.J-= 
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FIGURE3 

~ncrease 

Rdecrease 

TL/H/12359-9 

Increasing VREG 
TL/H/12359-10 

Decreasing VREG 

FIGURE 4 

Formulas for selecting trim resistor values are shown below. 

For LM3420·4.2 

R = 22 x 105 
Increase % increase , 

· 53 x 10s 
Rdecrease = % decrease - 75 X 1Q3 

For LM3420·8.4 

26 x 10s 
R1ncrease = % increase ' 

R = 154 x 1 as - 181 x 1 o3 
decrease % decrease 

Input 
Voltage +v1·N 

+ 13V to 
+20V 

C1 

For LM3420·12.6 

R· = 28 x 1Q5 
increase % increase ' 

R = 259 X 1 os - 287 x 103 
decrease % decrease 

For LM3420·16.8 

R = 29 x 105 
increase % increase' 

R = 364 X 1 os - 392 x 103 
decrease % decrease 

Application Information 
The LM3420 regulator/driver provides the reference and 
feedback drive functions for a Lithium-Ion battery charger. It 
can be used in many different charger configurations using 
both linear and switching topologies to provide the precision 
needed for charging Lithium-Ion batteries safely and effi­
ciently. Output voltage tolerances better than 0.5% are pos­
sible without using trim pots or precision resistors. The cir­
cuits shown are designed for 2 cell operation, but they can 
readily be changed for either 1, 3 or 4 cell charging applica­
tions. 

One item to keep in mind when designing with the LM3420 
is that there are parasitic diodes present. In some designs, 
under special electrical conditions, unwanted currents may 
flow. Parasitic diodes exist from OUT to IN, as well as from 
GROUND to IN. In both instances the diode arrow is pointed 
toward the IN pin. 

Application Circuits 
The circuit shown in Figure 5 performs constant-current, 
constant-voltage charging of two Li-Ion cells. At the begin­
ning of the charge cycle, when the battery voltage is less 
than 8.4V, the LM3420 sources no current from the OUT 
pin, keeping 02 off, thus allowing the LM317 Adjustable 
voltage regulator to operate as a constant-current source. 
(The LM317 is rated for currents up to 1.5A, and the LM350 
and LM338 can be used for higher currents.) The LM317 
forces a constant 1.25V across RuM. thus generating a con­
stant current of 

R1 1 Ok 

I 
1.25V 

LIM= -­
RuM 

I -~ 
LIM - RLIM 

lcHARGE 

1A Charge 
Current 

TL/H/12359-1 

FIGURE 5. Constant Current/Constant Voltage LI-Ion Battery Charger 

7-167 

• 



Application Circuits (Continued) 

Heat Sink 
v+~~--t.--~--~~~~~~~~~~~~~~~-. 

9.4V to 20V 

Li-ion 

TL/H/12359-11 

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

Transistor 01 provides a disconnect between the battery 
and the LM3420 when the input voltage is removed. This 
prevents the B5 µA quiescent current of the LM3420 from 
eventually discharging the battery. In this application 01 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 B.4V, the LM3420 begins to regulate and starts 
sourcing current to the base of 02. Transistor 02 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 B.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-Ion 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 B.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 µA 
of emitter current to flow through 01, and approximately 
1 mA of emitter current to flow through 02. The collector 
current of 01 is also approximately 100 µA, and this current 

7-16B 

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 02 are both 
approximately 1 mA, thus providing gate drive to the MOS­
FET 03, turning it on. The output of the LM301 A op-amp is 
low. As 03'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 RB. As more current is 
forced into RB from the op-amp, the collector current of 02 
is reduced by the same amount, which decreases the gate 
drive to 03, to maintain a constant 50 mV across the 0.050 
current sensing resistor, thus maintaining a constant 1 A of 
charge current. 

The current limit loop is stabilized by compensating the 
LM301 A 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 LM301 A output is low, diode D3 reverse biases and 
prevents the op-amp from pulling more current through the 
emitter of 02. This is important when the battery voltage 
reaches B.4V, and the 1A charge current is no longer need­
ed. Resistor R5 isolates the LM301A feedback node at the 
emitter of 02. 

The battery voltage is sensed and buffered by the op-amp 
section of the LM1 OC, connected as a voltage follower driv­
ing the LM3420. When the battery voltage reaches B.4V, the 
LM3420 will begin regulating by sourcing current into RS, 
which controls the collector current of 02, which in turn re­
duces the gate voltage of 03 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 02. 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. 



Application Circuits (Continued) 
V+ 
11Vto30V 

C4 + 
22 µF 

TL/H/12359-12 

FIGURE 7. High Efficiency Switching Regulator 
Constant Current/Constant Voltage 2-Cell Charger 

A switching regulator, constant-current, constant-voltage 
two-cell Li-Ion 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 1 A, it 
is sensed by resistor R5 (50 m!l), 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. 
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V+ 
lOV to 15V 

C4 + 
1 µF 

TL/H/12359-13 

FIGURE 8. Low Dropout Constant Current/Constant 
Voltage LI-Ion 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 
1 ov. 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 µA). 

RS 
O. lfi 

l-1'""""VY-< ........ 
04 
1N4001 

2-cell 

TL/H/12359-14 

FIGURE 9. High Efficiency Switching Charger 
with High Side Current Sensing 
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V+ 
11Vto30V 

1M 
R9 
THRESH. 

DISCH. 

OUT 

GND 

LM358 
Dual Op Amp 

8.4V 
..=.. 2-cell 

Li-ion 

RS o.osn 

TL/H/12359-15 

FIGURE 10. (Fast) Pulsed Constant Current 2-Cell Charger 

A rapid charge Lithium-Ion 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 1 A to a 5 
second pulsed 1 A. 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 B.4V. After charging the battery with 1 A 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 1 A 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 1 A for 5 seconds, followed 
by an off period (determined by the battery's state of 
charge), setting up a periodic 1 A 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), 
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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 1 A constant current is identical to 
the previous LM2575-ADJ. charger. In this circuit, a second 
LM3420-8.4 has its VREG increased by approximately 
400 mV (via R2), and is used to limit the output voltage of 
the charger to 8.BV 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 at a 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 01) which allows the 1A 
constant-current loop to control the circuit. 



Application Circuits (Continued) 

9V-12V 
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Limit 

05 
10V 

+ 
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22 µf 

TL/H/12359-16 

FIGURE 11. MOSFET Low Dropout Charger 

Figure 11 shows a low dropout constant voltage charger 
using a MOSFET as the pass element, but this circuit does 
not include current limiting. This circuit uses 03 and a 
Schottky diode to isolate the battery from the charging cir­
cuitry when the input voltage is removed, to prevent the 
battery from discharging. 02 should be a high current (0.2n) 
FET, while 03 can be a low current (20) device. 
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Note: Although the appllcatlon circuits shown here 
have been built and tested, they should be thoroughly 
evaluated with the same type of battery the charger will 
eventually be used with. 

Different battery manufacturers may use a slightly dif­
ferent battery chemistry which may require different 
charging characteristics. Always consult the battery 
manufacturer for Information on charging specifica­
tions and battery detalls, and always observe the manu­
facturers precautions when using their batteries. Avoid 
overcharging or shorting Lithium-Ion batteries. 

fll 
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lflNational Semiconductor 
PRELIMINARY 

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 cordless 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. 

NCL354 Block Diagram 

17 

18 

19 

16 15 14 12 11 8 

Features 
• Low supply voltage 
• Dual conversion receiver 
• Companded audio channel 
• Microphone expander 
• PLL discriminator 

3V-5V 
46 MHz/49 MHz 

60 dB 

• 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: 

- Ice = 50 µA in standby state 
- Ice = 5.5 mA in sniff mode 
- Ice = 13 mA in communication mode 

• Available in 56-pin TSSOP package 
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~ ·. 1.0 Pin-·Names and Functions 
0 z 

Function Name Note 
Pin 
# 

RF Power VCCRF 13 

RF Ground RFGND 20 

Audio Power VCCAUD 38 

Audio Ground AUDGND 48 

Synthesizer Power VCCSYNTH 27 

. Synthesizer GND SYNTHGND 24 

Demodulator Buffer Out DMDOUT 3 .. 
Demodulator Buffer In DMDIN 4 

Demodulator Loop Fjlter DMDFILT 5 

Demodulator Ground DMDGND 2 

Expander Input EXPIN 52 

Expand Filter Cap EX PC AP Cext =· 2.2 µF 51 

Deemphasis In DEEM IN 53 

Deemphasis Out DEEMOUT 54 

Data Filter In DFIN 1 

Data Filter Out DFOUT 56 

Data Slicer Out RXDATA 55 

Chip Select cs Active Hi, 31 
.. CMOS Levs 

Serial In SI CMOS Levs 30 

Serial Clock CLKIN CMOS Levs 29 

Clock Out CLKOUT CMOS Levs 28 

Receive Muta· RCVMUT · CMOS Levs 32 

Hyb TX Amp +Out HYTXOTP 49 

HybTXAmp-ln HYTXIN 50 
.. 

Auxilliary Amp Out PAOUT 47 

Auxilli~ry Amp -In PAIN 46 

Mic Amp -In MICIN 44 

Mic Amp Out MICOUT 43 

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 (25ch), China, Spain, France, Korea, New Zealand, U.K., 
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 
for the 1st LO 'is on chip with two pins for connection to an 
external tank circuit.• 
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Function Name Note 
Pin 
# 

Speakerphone RX SP KPH RX ·45 

Hybrid RX Amp Out HYRXOUT 41 

Hybrid RX Amp -In HYRXINN '40 

Hybrid RX Amp +In HYRXINP 39 

Mic Expander Filter Cap MEXPCAP Cext = 0.4 µF 42 

Int. Reference Bypass IREFBYP Cext = 0.1 µF '10 

Preemphasis - In PREEMIN 36 

Preemphasis Out PREEMOT 37 

Compressor Output COM POUT 33 

Compressor Filter Cap COMPCAP Cext = · 2.2 µF 34 

Compressor Er'ror Cap CPERCAP Cext =· 1 µF 35 

L01 _·.· L01A 17 

L01 L01B ., ' 19 

Varactor VARAC 18 

Mixer1 RF 1n1 MX1RF;7iN1 16 

Mixer1 RF ln2 MX1RFIN2 15 

Mixer1 Out MX10UT 
.. 

14 

Mixer2 RF In MX2RFIN 12 

Mixer20ut MX20UT 11 

Limiter +In LIMINP 9 

Limiter -In LIMINN 8 

Limiter Bypass LIMBYP 7 

RSSI RSSI 6 

L021N L021N 25 

L020UT L020UT CMOSLevs 26 

Receive Loop Phase Det RXPD 22 

Transmit Loop Phase Det TXPD 23 

Transmit RF In· TXRFIN . ' 21 

TOTAL 56 

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 µA. In Sniff mode only those circuits 
needed to detect an incoming ring signal are turn~d on. This 
includes the RF section, Receive Synthesizer, and Data de­
tector. In this mode, supply current is < 5.5 mA. 



1.0 Pin Names and Functions (Continued) 

10.24 MHz MUX 

2B 

14-BIT PROGRAMMABLE 
RX COUNTER 

RX 
PHASE DET. RXPD 

vco 1STLO 

TXVCO 

CLK 
DATA 

EN 

148 

14-BIT PROGRAMMABLE 
TX COUNTER 

14B 

SERIAL INTE.RFACE/REGISTER 

TX 
PHASE DET 

FIGURE 1. Block Diagram of Serial lnterfa_c~ and Frequency Synthesizer· 

TXPD 

2.0 Receiver System Characteristics (1st and 2nd IF Mixers, Limiter, RSSI, and PLL) 
TA = 25°C, RF Vee = 3.3 Voe. t0 = 50 MHz, A fo = ± 1.0 kHz, C Message Weight, fmod = 1.0 kHz 

Symbol Characteristic Conditions Min Typ 

Ps1N RF Input for 12 dB SINAD Measured @ Deemphasis Out .. 

Matched Input, w/C-message Weigh~ing -110 

RF Vee ~ 3.0 Voe 

THO Total Harmonic Distortion 0.1 

BWoEMOO Demodulation Bandwidth 20 

i Ultimate Quieting Measured @ Deemphasis Out 
w/C-message Weighting 

35 
fmod = 1 kHz 
fdev = 1 kHz 

AM to PM Conversion Measured @ Deemphasis Out 
RF= -60 dBm, AM= 30% -30 
fmod = 1 kHz 
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Max . Units 

dBm 

1.5 % 

kHz. 

dB 

-20 dB 
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3.0 Electrical Specifications 
3.1 ABSOLUTE MAXIMUM RATINGS 

Symbol Characteristic Maximum Units 

RF Vee RF Supply Voltage 5.5 Voe 

AUDIO Vee Audio Supply Voltage . 5.5 Voe 

TJ Junction Temperature 150 ·c 
TsTJ Storage Temperature · -50to +150 ·c 

3.2 RECOMMENDED OPERATING CONDITIONS 

Symbol Characteristic Min Typ 

RF Vee RF Supply Voltage 3.0 

AUDIO Vee Audio Supply Voltage (Base) 3.0 

AUDIO Vee Audio Supply Voltage (Handset) 3.0 

TA Ambient Operating Temperature Range -30 +25 

FRF RF Input Frequency 49 

Fif1 Maximum 1st IF 10.7 

Fif2 Maximum 2nd IF 0.455 

3.3 RECEIVER CHARACTERISTICS (1st and 2nd IF Mixers, Limiter, RSSI, and PLL) 
TA = 25°C, RF Vee = 3.3 Voe. fo = 50 MHz, ~fo = ± 1.0 kHz, C Message Weight, fmod = 1.0 kHz 

Symbol Characteristic Conditions Min Typ 

Ice Drain Current No Input Signal, RF Vee Enabled 4.2 

tee Drain Current No Input Signal, RF Vee Disabled 20 

3.3.1 1st Mixer Characteristics TA = 25°C, RF Vee = 3.3 Voe. frt = 50 MHz, f10 = 40 .MHz 

symbol Characteristic Conditions Min Typ 

GMC1 1st Mixer Conversion Voltage Gain Loaded by 330!l. 

frt = 50 MHz 11 15 
f10 = 40 MHz 

Zout1st 1st Mixer Output Impedance fo= 10MHz 330 

Zin1st 1st Mixer RF Input Impedance frt = 50 MHz 2k 

Vn1stm 1st Mixer Input Noise Voltage Referenced to 1st Mixer Input 14 
as an Amplifier 

1st Mixer LO Output Feedthrough Measured @ 1st Mixer Output 28 

1st Mixer LO Input Feedthrough Measured@ 1st Mixer Input 28 

lp3m1 1st Mixer 3rd Order Intercept Referenced to 1st Mixer Input 30 

1st Mixer 1 dB Compression Point Referenced to 1st Mixer Input 10 
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Max Units 

5.0 Voe 

5.0 Voe 

5.0 Voe 

+80 ·c 
80 MHz 

23 MHz 

3 MHz 

Max Units 

mAdc 

100 µAde 

Max Units 

dB 

n. 
kn 

nV/./HZ 

dB 

dB 

mVrms 

mVrms 



3.0 Electrical Specifications (Continued) 

3.3.2 2nd Mixer Characteristics TA= 25°C, RF Vee= 3.3 Vee. frt. = 10.695 MHz, f10 = 10.24 MHz 

Symbol · Characteristic Conditions Min Typ Max Units 

ZinRF2nd 2nd Mixer RF Input Impedance frt = 10.695 MHz 330 n 

Zout2nd 2nd Mixer Output Impedance fo = 455 kHz 1.5 kn 

GMC2 2nd Mixer Conversion Voltage Gain Loaded by 1.5 kn 
frt = 10.695 MHz 10 15 dB 

- . f10 = 10.24 MHz 

ZinL02nd 2nd Mixer LO Input Impedance f10 = 10.24 MHz 20k n 

Vn2ndM 2nd Mixer Noise Voltage Referenced to 2nd Mixer Input 
9 nV/.JFfZ as an Amplifier 

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 mVrms 

2nd Mixer 1 dB Compression Point Referenced to 2nd Mixer Input 10 mVrms 

3.3.3 Limiter Characteristics TA = 25°C, RF Vee = 3.3 Vee. 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 

BWlim Limiter -3 dB Bandwidth 2 MHz 

SENSlmt Limiter Sensitivity For 12 dB sinad @ DEOUT 25 µVrms 

3.3.4 RSSI Characteristics TA = 25°C, RF Vee = 3.3 Voe. fo = 455 kHz 

Symbol Characteristic Conditions Min Typ Max Units 

DRRSSI RSSI Dynamic Range 
60 dB 

(Logarithmic Response) 

RSSI Voltage Output . Limiter in = 10 µ Vrms 0.2 v 
Limiter in = 10 mVrms 1.2 

RSSI Attack Time 100 µs 

RSSI Decay Time 100 µs 

3.3.5 PLL Demodulator Characteristics 
TA = 25°C, Audio Vee = 3.3 Vee. fo = 455 kHz, .:ifo = ± 1.0 kHz, C Message Weight, fmod = 1.0 kHz 

Symbol Characteristic Conditions Min Typ Max Units 

ko VCOGain 100 kHz/V 

kd Phase Detector Gain 0.20 µAID 

kv PLL Open Loop Gain 360 x 103. 1/s 

fc VCO Center Frequency Open Loop 398 455 512 kHz 
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~ 3.0 Electrical Specifications (Continued) 
0 z 3.4 AUDIO CHARACTERISTICS TA = 25°C, Audio Vee = 3.6 Voe 

Symbol Charac.terlstlc Conditions 

Audio Vee Enabled Drain Current leeA 

Audio Vee Disabled Drain Current leeA 

From Enable Transition I Audio Switch Time ts1 .• .. S7 

Audio Switch Isolation I · .. 
S1 ... S7 

Audio Switch Loss Lsw 

3.4.1 Compressor Characteristics TA = 25°C, Audio Vee = 3.6 Voe 

Symbol Characteristic Conditions 

THO' . Total Harmonic Distortion 'V1N S: V1MAX@ 1 kHz ·' 

Geo · OdBGain V1N = 90 mVrms · 

tea · Attack Time '·' Geo; COMPCAP == 2,2 µF 

ted Decay Time Geo. COMPCAP = 2.2 µF 

Gr Gain Tracking Linearity 11 dB> Ge> -20dB 

PBW Power Bandwidth Unity Gain. 

DR1N Input Dynamic Range 

DR our Output Dynamic Range 

Vi max Maximum Input Voltage Swing to= 1 kHz 

Vo max Maximum Output Voltage Swing to= 1 kHz 

tio Low Frequency Roll-Off GqF) = Gc(1 kHz) -:- 3 dB, 
CPERCAP = · 1.0 µF 

V1N =Geo 

thi High Frequency Roll-Off Ge(F) = GCC1 kHz) - 3 dB 

3.4_.2 Expander Characteristics TA = 25°C, Audio Vee = 3.6 Voe 

Symbol Characteristic Conditions 

THO Total Harmonic Distortion Vos: Vomax @·1 kHz 

GEo OdBGain V1N = 90 mVrms 

tEa Attack Time GEQ, EXPCAP = 2.2 µF 

tEd Decay Time GEQ, EXPCAP = 2.2 µF 

Gr Gain Tracking Linearity 11 dB> GE> -20dB 

PBW Power Bandwidth 
! · · Unity Gain 

DR1N Input Dynamic Range 

DRour Output Dynamic Range 

Vi max Maximum Input Voltage Swing to= 1 kHz 

Vo max Maximum Output Voltage Swing to= 1 kHz 

tio L~w Frequency Roll-Off Gql]_ = Gc(1 kHz) - 3 dB 

thi High Frequency Roll-Off GqF) = Ge(1 kHz) - 3 dB 

V1N =Geo 
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Min·· Typ Max Units· 

8 mAdc 

: 20 100 µAde 

0.5 ms 

65 dB 

0.5 dB 

:Min Typ Max Units 

0.5 .. 1.0 % 

-1.5 'O 1.5 dB 

6 ms 

22 ms 

-2 +2 dB 

10 kHz 

-40 +22 dB 

-20 +11 dB 

Vee·- 0.4 Vee - 0.2 Vpp 

Vee - 2.0 Vee - 1.6 Vpp 

180 Hz 

:..::_ 4 kHz 

Min Typ Max Units 

0.5 1.0 % 

-7.5 -6 -4.5 dB 

19 ms 

22 ms 

-2 +2 dB 

10 kHz 

-20 +11 dB 

-46 +16 dB 

Vee - 0.4 Vee - 1.6 Vpp 

Vee - 2.0 .. Vpp 

180 Hz 

4 kHz 



3.0 Electrical Specifications (Continued) 
3.4.3 Deemphasis Fiiter Op Amp Characteristics TA = 25°C, Audio Vee = 3.6 Voe 

Symbol Characteristic Conditions Min 

AoL Open Loop Gain 2 X AL 

GBW Gain-Bandwidth Product 

Vin max Maximum Input Voltage Swing AeL = 10dB 

Voutmax Maximum Output Voltage Swing AeL = 10dB Vee - 2.0 

Is Input Bias Current 

A equiv Equivalent External DC 
Resistance for Minimal Input 
Offset to Expander 

3.4.4 TX Ampllfler Characteristics TA = 25°C 

Symbol Characteristic Conditions Min 

AoL Open Loop Gain 

I 
GBW Gain-Bandwidth Product 

To Total Distortion fo = 4 kHz 

Handset Application, Inductive Earpiece, Audio Vee = 3.6 Voe 

Vin max Maximum Input Voltage Swing (1st Amp) fo = 4 kHz 

Vo max Maximum Output Voltage Swing (1st Amp) fo = 4 kHz Vee - 2.0 

Vin max Maximum Input Voltage Swing (2nd Amp) fo = 4 kHz 

Vomax Maximum Output Voltage Swing (2nd Amp) fo = 4 kHz Vee - 2.0 

ZL Differential Ended Output Load 

Handset Application, Ceramic Earpiece, Audio Vee= 3.6 Voe 

Vin max Maximum Input Voltage Swing (1st Amp) fo = 4 kHz 

Vo max Maximum Output Voltage Swing (1st Amp) fo = 4 kHz Vee - 1.0 

Vin max Maximum Input Voltage Swing (2nd Amp) fo = 4 kHz 

Vo max Maximum Output Voltage Swing (2nd Amp) fo = 4 kHz Vee - 1.0 

ZL Differential Ended Output Load 

Base Appllcatlon, Audio Vee = 5 Voe 

Vin max Maximum Input Voltage Swing (1st Amp) fo = 4kHz 

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

Vin max Maximum Input Voltage Swing (2nd Amp) fo = 4 kHz 

Vo max Maximum Output Voltage Swing (2nd Amp) fo = 4 kHz 3 

ZL Single Ended Output Load 
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Typ Max 

200 

Vee - 1.6 

200 

13.2 

Typ Max 

80 

200 

0.5 1.0 

Vee -1.6 

Vee - 1.6 

270 

Vee-1.6 

Vee - 0.6 

Vee - 0.2 

Vee - 0.6 

1000 

1.9 

Vee -1.6 

450 

Units 

VIV 

kHz 

Vpp 

Vpp 

nA 

kn 

Units 

dB 

kHz 

% 

Vpp 

Vpp 

Vpp 

n 

Vpp 

Vpp 

Vpp 

n 

Vpp 

Vpp 

Vpp 

n 

z 
0 
r­
w 
U1 
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3.0 Electrical Specifications (Continued) 

3.4.5 RX Amplifier Characteristics TA = ·25°C, Audio Vee = 5 Voe 

Symbol. Characteristic Conditions Min 

AoL Open Loop Gain 

GBW Gain-Bandwidth Product 

V1N max Maximum Input Voltage Swing (Differential) fo = 4 kHz 

VouTmax Maximum Output Voltage Swing fo = 4kHz 3:2 

ZL Output Load 

TD Total Distortion fo = 4 kHz 

Is Input Bias Current 

3.4.6 Microphone Amplifier/Expander Characteristics TA = 25°C, Audio Vee = 3.6 Voe 

Symbol Characteristic Conditions Min 

AoL Open Loop Gain 60 

GBW Gain-Bandwidth Product 

V1N max Maximum Input Voltage Swing AeL = 20 dB, fo = 4 kHz 

VouTmax Maximum Output Voltage Swing AeL = 20 dB, fo = 4 kHz Vee - 0.6 

AeLH Closed Loop Gain-High Output Vo > VswH. fo = 1 kHz 

AeLL Closed Loop Gain-Low Output Vo< VswL· fo = 1 kHz 

VswL Low Gain Switching Output Voltage 90% of final gain 

VswH High Gain Switching Output Voltage 90% of final gain 

tsPATeK Speech Response Attack Time CEXT = 0.4 µF, @ 100 mVrms 
90% of final gain 

tsPOEeY Speech Response Decay Time CExT = 0.4 µF,@ VouT max 
90% of final gain 

TD Total Distortion fo = 200 Hz-4 kHz 

fLOW Low Frequency Cut-off ZeL = ZeLo - 3dB 

Zs Source Impedance 

External Resistor Value for Defeat Handset 
Base 

Gain Switching Threshold 

Is Input Bias Current 

3.4.7 Preemphasls Filter Characteristics TA = 25°C, Audio Vee = 3.6 Voe 

Symbol Characteristic Conditions Min 

AoL Open Loop Gain 

GBW Gain-Bandwidth Product 

V1N max Maximum Input Voltage Swing AeL = 0 dB, fo = 4 kHz 

VouTmax Maximum Output Voltage Swing AeL = 0 dB, fo = 4 kHz Vee - 2.0 

ZL Output Load 

AeL Closed Loop Gain fo = 4 kHz 

fp Filter Pole Frequency (-3 dB) ZeL = ZeLO - 3dB 

Is Input Bias Current 

8-10 

Typ Max Units 

80 dB 

200 kHz 

0.32 3.2 Vpp 

Vpp 

10k JJ 70p nlJ F 

0.5 1.0 % 

100 nA 

Typ Max Units 

dB 

500 kHz 

Vee - 1.6 Vpp 

Vee - 0.4 Vpp 

20. dB 

14 dB 

5 mVrms 

50 mVrms 

25 ms 

85 ms 

0.5 1.0 % 

180 Hz 

4.7 kn 

75 
kn 

200 

35 mVrms 

100 nA 

Typ Max Units 

80 dB 

500 kHz 

Vee - 1.6 Vpp 

Vpp 

10k IJ 70p nJI F 

0 dB 

1.0 kHz 

100 nA 



3.0 Electrical Specifications (Continued) 

3.4.8 Auxllllary Ampllfler Characteristics TA = 25°C, Audio Vee = 3.6 Voe 

Symbol Characteristic Test Conditions Min Typ Max 

AoL Open Loop Gain 80 

GBW Gain-Bandwidth Product 200 

V1N max Maximum Input Voltage Swing to= 4 kHz Vee -1.6 

Vourmax Maximum Output Voltage Swing to= 4 kHz, Vee= 5V Vee - 2.0 Vee-1.6 

Vourmax Maximum Output Voltage Swing Vee= 5V 3 

ZL Output Load to= 4 kHz 10k 

AeL Closed Loop Gain to= DC 6 

TD Total Distortion to= 4 kHz 0.5 ·1.0 

3.5 .RX Data Sllcer Characteristics TA = 25°C, Audio Vee = 3.6 Voe 

Symbol Characteristic Conditions Min Typ Max 

V1Nmax Maximum Input Voltage Swing Vee - 1.6 

Vo low Output Voltage Low (OC Out) 0 0.25 Vee 

Vo high Output Voltage High (OC Out) 0.75 Vee 5.0 

Vsw1r Switching Point VREF± VREF± VREF± 
450mV 500mV 600mV 

trltt Rise and Fall Time 10%-90% 
2 

90%-10% 

Output State When No Data Last 
Valid 
Data 

lslNK Sink Current Vol= 0.45V 2 

3.6 Serlal Interface DC and AC Characteristics TA = 25°C, Audio Vee = 3.0 Voe-5.0 Voe. Vss = o Voe 

Symbol Characteristic Conditions Min Typ Max 

l1L Input Leakage V1N = OV to Voe -1 1 

V1H Input High Voltage l1N = 20 µA Vee - 0.3 Vee 

V1L Input Low Voltage l1N = 20 µA 0 0.3 

trltt Rise and Fall Times 20%-80% and 
200 

80%-20% 

tsK CLK Clock Frequency 0 256 260 

tsKH CLK High Time 1.2 

ts KL CLKLowTime 1.2 

tcss CS Setup Time Relative to CLK 12 

tLH Data Latch Hold Time Relative to CS Inactive 5 

ts1s SI Setup Time Relative to CLK 800 

ts1H SI Hold Time Relative to CLK 800 

8-11 

Units 

dB 

kHz 

Vpp 

Vpp 

Vpp 

n 
dB 

% 

Units 

Vpp 

v 
v 

v 

µs 

mA 

Units 

µA 

v 
v 

ns 

kHz 

µs 

µs 

µs 

µs 

ns 

ns 

z 
0 r­w c.n 
.i:i. 



3.0 Electrical Specifications (Continued) 
•·. 

'. 

3.7 PLL Synthesizer DC CharacterlstlcsT A = 25°C, Vee = 3.6 DC I 

Symbol · Characteristic Conditions . Pin Min Max · Units 

V1L Input Voltage Low Data, Clk, En 0.3 v 
V1H Input Voltage High Data, Clk, En. . Vee - 0.3 . v: 

l1L. Input Current Low Data, Clk, En -5 µA' 

l1H Input Current High · Data, Clk, En 5 µA, 

lposRe Phase Detect Source Current ' RxPD,TxPD -0.5 mA 

lpoSNK Phase Detect Sink Current 1 Rx PD, TxPD 0.5 mk 

VoLPD Phase Detect Output Voltage Low lpoSNK = 0.5 mA Rx PD, TxPD '. 0.6 v .· 

VoHPD Phase Detect Output Voltage High • lposRe = -0.5 mA Rx PD, TxPD ·3.0 v·· 
TRI-STATE® Leakage Current Rx PD, TxPD -50 50 nA 

Input Capacitance Data,Clk,En . B· .PF 

Output Capacitance Rx.PD, Tx PD . , 8 pF. 

tsu Setup Time Data to CLK Data,GLK 100 ns 
--

tsu Setup Time En to CLK En, CLK 200 ns .. 
-

tH Hold.Time Data, CLK 90 ns 

tREe Recovery Time En,'CLK 90. ns 

tw Input Pulse Width En,Clk 100 ns 

2nd LO Frequency 12 MHz 

Tx VCO Input Frequency V1N = 200 mVpp 80 MHz 

.. 
,•'' 

. -

I 

.. 
r 

.. 
'. 

'I 

'· 
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NCL354 

6 13 20 38 48 2 

--,ft,--9-:----:-.-£?v;,,-. --9,u;,o ,,,-9",u,o c.o 1 m. -· _rfl m. 
- I - I 

:- AUDIO Vee/RF CONTROL I 

: 5 

r-------------------- ---· :. __ qs;;· I 4 

22 

25 

26 

23 

2ND LO IN 

21 _ 

I 
27 0 SYNTHESIZER Vee 

PROGRAMMABLE 
DIVIDER 

SYNTHESIZER 

REF DIVIDER 

PROGRA'M MABLE 
DIVIDER -

SYNTHESIZER Vee/ 
RF CONTROL I 

24 ~YNTHESIZER GND 

L-----------------------
33 

34 

1 

1 00 S7 

Iii 

MID SUPPLY 
REF 

10 

I 
I 
I 
I 
I 
I 
I 
I 

I 

,'!"" I I \{_;;;;! '-.:-/ 3 

LIMITER r ; : PLL DEMODULATOR - DEMO~ -BUFFER: 

-~----------------~-~-----, 
51 : -- RF Vee/RF CONTROL 

I ·---------------------------~-· 

RX 
AMP 

, 39 40 41 42 43 44 45 46 

POWER 
AMP 

47 50 49 

~
_52 

~ -
53 

• _ ~:_E~~~S~S-F~L~E~ _ 
I - 54 

: B T -- - - -- m - I : 

AUDIO Vee/RF CONTROL 

CONTROL 

29 30 31 32 

I 
I 

I 
I 
I 

REV MUTE I 
---~ 

56 

55 

28 

TUW/12474-1 

FIGURE 3. NCL354 Block Diagram 
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~ 4.0 NCL354 Serial Interface Timing 
(.) 
z 

SI------

CLK 

00:13 014:15 

16-BIT SHIFT REGISTER 

CLK 

cs~-+-....... - .......... ---.... 

0 

ADDRESS 
DECODER 

FIGURE 4. Serial Interface 

Serial Interface Timing 
FIRST BIT IN 

SI 

CLK 

cs 

EN 

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). 

8-14 

DI 

TL/W/12474-3 

TL/W/12474-4 



4.0 NCL354 Serial Interface Timing (Continued) 

Serial Interface Timing-Primary Control Register 

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 

SI 

CLK 

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 

CLK 

Serial Interface Timing-Receive Divider 

Serial Interface Timing-Transmit Divider 

8-15 

TL/W/12474-5 

L_ 
TL/W/12474-6 

L_ 
TL/W/12474-7 

L_ 
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t{INational Semiconductor 

8 Lead Ceramic Sidebrazed Dual-in-Line Package 
NS Package Number DOSC 

All dimensions are in inches (millimeters) 

0.008-0.015 
(0.203-0.3811 

I o.3oo I 
1--(7.6201-1 

REF 

0.540 

j--11~~~61--J 
I ...!.._ _7 a _ _!__ I 

0.100±0.010 --l 
(2.540 ±0.2541 

_jf_~ 
(0.381-0.5841 

0.020-0.060 

(0.508-1.5241 

0.125 
(3.1751 

MIN 

008CiREVCJ 

20 Lead Ceramic Leadless Chip Carrier, Type C 
NS Package Number E20A 

All dimensions are in inches (millimeters) 

I 
0.350 ±0.008 I 

..-(8.890 ± 0.2031 __. 

D 
Top View 

_::_.,I I o.063-0.015 
--(1.600-1.905) 

~I 
LoETAILA 

Side View 

0.015 
~ iOTai) 
(0.076):-1 ___tMAX TYP 
MINTYP~ 

' 0.022 + -r 

1om1lf~ MAX TYP (0.152) 
MIN TYP 

DetallA 

0.015 1f 
(0.381) _/ I 

MIN TYP f 

9-3 

.Bottom View· 

E20At~EV DI 

"ti 
::r 
'< tn 
5· 
e!. 
c 
3· 
CD 
:::s 
en s· 
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tn 
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E c 
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>­.c a,;. 

8 Lead(0.200" Diameter P.C.) T0-5 Metal Can Package 
NS Package Number HOSC 

0.165-0.185 
(4.191-4.699) 

REFERENCE PLANE-+--~-

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

R0.010 TYP 

R0.025 TYP 

9-4 

All dimensions are in inches (millimeters) · 

0.195-0.205 DIA 
(4.953-5.207) P.C. 

HOBC(REV E) 

All dimensions are in inches 

0.220 0.310 t.IAX 
0.291 GLASS 

l l 

~:~:~ TYP 

GLASS 
SEALANT 

[ 0.020 
0.060 

f ---r--r 0.150 
I o. i2s t.11N 

0·r l •j I ' 90° :I: 4° TYP 

j ' t'I- 0.018 :I: 0.003 TYP 

· 0.100:1:0.010 TYP JOSA (REV K) 



14 Lead Ceramic Dual-in-Line Package 
NS Package Number J14A 

All dimensions are in inches (millimeters) 

0.290-0.320 
(7 .366-8.128) 

0.025 
(0.635) 

RAD 

0.785 

(19.939)---~·1 
MAX 

I 
0.220-0.310 

(5.588-7.874) ______ ____._j 

0.060 ±0.005 
0.200 

(5.080) 

~MJ• •1 
(4.572) 

__ .._ ____ ...,.....,.
1 
__ M-i-AX 0.020-0.060 

(0.508-1.524) 

0.008-0.012 
(0.203-0.305) 

0.098 
(2.489) 

MAX BOTH ENDS 

16 Lead Ceramic Dual-in-Line Package 
NS Package Number J 16A 

[19.94] MAX --
9 

0.785 ~ 

0.025)::::::: :1~:l)f 
R [0.64] 1 8 \ 

\_ R 0.005-0.020 TYP 
[o. 13-0.51] 

0.125-0.200 
(3.175-5.080) 

J14A(REV G) 

All dimensions are in inches [millimeters] 

0.005 
(0.13]~ 

0.037 :I: 0.005 TYP 
[0.94 :I: 0.13] 0.290-0.320 ____ _ 

0.055:1:0.005 TYP [7.37-8.13) 

t MIN TYP I 
0.200 
(5.08] 

MAX TYP 

0. 125-0.200 TYP 
(3.18-5.08] 

0.080 MAX I I I 

(2.03] 1--jj 
BOTH ENDS 

0.100 :I: 0.010 TYP 
[2.54 :I: 0.25] 

[1.40 :I: 0.13] 

0.020-0.060 TYP 
[0.51-1.52] 0.180 

(4.57]MAX 

JL 
900:1:40 

TYP 

0.018 :I: 0.003 TYP 
[0.46 :I: 0.08] 
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I I 

J 950:1:50 L .K'TYP 

0.310-0.410 
(7.87-10.41] 

GLASS SEALANT 

0.010 :I: 0.002 TYP 
[0.25:1: 0.05] 

JISA (REV L) 
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3 Lead Molded SOT-23, Low Profile 
NS Package Number M03B 

0.017 

ht
. 0.015 

0.-'32 
"'T"'""------ 0.381 

J. I J,, 
0.083 0.0-'7 
2.-'89 - --+-- - 1.397 

1~;;;;::4::;;;:;::==::!:===:;::::t:::;;;:;:::=.ll-:~r 
1 g·mJ 

0.02" 
0.018 
0.610 
0.-'57 

i- 1:016 i 0.889 

0.120 
0.110 

2 

0.080 ! 
~:~~~ -l 
1.778 

~rf-----3.0"8~~~~~~ 

2.79-' 1 100 NOM . 10° NOM 

10° NOM 

All d' . . inches 
1mens1ons are in millimeters 

0.0050 
0.003-' -11--
0.127 11 
0.086 

0.02-' 
0.018 
0.610 
0.-'57 

M038 (REV E) 

8 Lead (0.150" Wide} Molded Small Outline Package, JEDEC 
NS Package Number MOSA 

0.053-0.069 
(1.346-1.753) 

* 
* f o.t 

(0.356) 

9-6 

All dimensions are in inches (millimeters) 



14 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Pac~age Number M14A 

0.010-0.020 '5~ 'r~:!~~=~:~~, r 
10.254-0.5081 x I a• MAX TYP 

ALL LEADS 

l__J) r , C!a + 

~ TJ l--===:::: 0.008-0.010 t 
~ ~ 
TYPALL LEADS 0.004 (0.406-1.270) 

(0.1021 TYP ALL LEADS 
ALL LEAD TIPS 

0.053-0.069 
11.346-1.7531 

SEATING 
PLANE 

* t 

t 0.L 
(0.356) 

All dimensions are in inches (millimeters) 

0.004 -0.010 
10.102-0.254) 

~_j 

0.050 j I JL _1 D-0.020 TYP 
(1.270) - (0.356-0.508) 

TYP ..!!:.!!!!! TYP 
(0.2031 

M1'A(AEVM) 

14 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M 148 

r
,~:~:~=~:~::,~ 

~ x45° 
0.009-0.013 (0.4321 ~m~~ 1 r~m 
TYPALLLEADS~ ALL LEADS 

L -+ r 0.004) ~ 
"·'"' [ (0.7"-1.210) 

ALL LEAD TYP ALL LEADS 
TIPS 

9-7 

All dimensions are in inches (millimeters) 

0.093-0.104 
(2.362-2.642) 

t t ~ hri6b d (0.102-0.305) 

t ~ n ___l SEATING 

0.037-0.044 1 L JL t PLANE 10.940-1.1181 T 
~ ~TYP 
(1.270) (0.356-0.483) 

TYP 

M14B(REVD) 

.,, 
:::r 
~ c:;· 
!!. 
c 
3· 
CD 
:::s 
tn c;· 
:::s 
tn 



rn c 
-~ 16 Lead (0.150" .Wide) Molded Small Outline Package; JEDEC · 
ii NS Package Number M 16A 
E All dimensions are in inches (millimeters) 

i5 
"ii 
u 
-~ 
.c 
a.. 

10.254-UOB) x 
8° MAX TYP 

~ 45~ Ir~:!~:=~:!~) r 
L 

;------1 AU LEADS 

. ~( . h .. -+ 
o.ooaC ~j. L o.01s-o.oso 

10.203-0.254) I - 10.406-1.270) 
TYP AU LEADS 0.004 TYP ALL LEADS 

10.1021 
ALL LEAD TIPS 

5 Lead Molded SOT-23-5 
NS Package Number MA05A 

0.016-0.018 TYP -+-J 
· ro.41-0.461 · I I 

LEADND.1 
!DENT 

~~ 
I I 0.102-0.118 TYP 

___ ;__+-----

1 

I [2.59-3.00] 

0.059-0.070 
[1.50-1.78] 

t.e::;::t::;:::=:::::;=+::;:::::::::::;::t:~ __J_ 

0.035-0.040 
[0.89-1.02] -t-+--___,~ 

TYP 
:__ 0.070-0.080 TYP __; 
,- . [1.78-2.03] --, 

10° All AROUND -'-\ I fil=rn 0.002-0.005 TYP 

10° .ALL AROUNDJ (O.OS-O.l

3

] 

0.0035-0.0056 TYP 
0.110-0.120 ' (0.089-0.142] 

[2.79-3.05] 

9-8 

Ail dimensions are in i~ches [milllmeters] 

~ 
0.075 r [1.90] 

0.027 

[0.69]1 ~G 
L1'1<t. I 

0.039m+m 
[1.00]_. •t 
!~~~:fl 

0.0375 _j_..J 
[0.953] 

I- 0.0375 
[0.953] 

LAND PATTERN RECOMMENDATION 

0.028-0.035 TYP 
[0.71-0.90] 

(i l j ~ [;039-0.05' 

l_ c!) ~ / . ~o.9'j"30] 
J J I\_ 0.021-0.026 TYP ~ [0.53-0.66) 

MA05A (REV 0) 



28 Lead (0.350" Wide) Molded ~mall Outline Package 
NS Package Number MA28A 

All dimensions are in inches [millimeters] 

0.4 70 :t 0.007 TYP 
[11.94 ± 0.17] 

PIN 1 IDENT 

0.095 ± 0.005 
[2.41 ± 0.12] 

TYP 

0.007 :t 0.003 TYP 
[0.1 a± o.o7] 

28 

0.714:~:~~:~ 
[ 1 a. 14 :~:~ ] 

G::::] 15 

n 
0.346 ± 0.004 
[B.79±0.1] 

m 
~:::n=;::;=:;:;:::;n=;:;:=;::;:=;:;=rr:::;:;:::;:;~LL 

TYP--1-l 

i-i 
ii 

0.032 ± 0.002 
[o.a 1 ± o.o5] 

141-10.010 (0.25)@ I ol B ®I A@I 

28 Lead Thin Small Outline Package, Type 1. 
NS Package Number MBS28A · 

0.031±0.011 
[0.79 ± 0.211 · 

DETAIL A 
TYP. SCALE: 20X 

MA28A (REV A) 

All dimensions are in millimeters 

C 0.25 C B A 
ALL LEAD TIPS 

-------1 13.4 1-------

DIMENSIONS ARE IN MILLIMETERS 

. I 0.22 :t 0.05 TYP 

-1. I-+ I 0.008 @I c I A® I B ® I 
t, 

9.9 

TYPICAL 
MSS2U (REVA) 

""C 
::r 
'< tn c:;· 
!!!. 
c 
3· 
CD 
:::s 
tn 
er 
:::s 
tn 



en c 
0 ·;; 
c 
cu 
E c 
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u 
~ .c 
a.. 

44 Lead Thin Small Outline Package, EIAJ, Type II 
NS Package Number MDA44 

All dimensions are in millimeters 

~18·81 MAX.. 
1

11.0±0.1 SEE DETAIL A 

1~•-•uo.10 . U ft · 10.10•0.10---·1 

l=l•ll~I ·&,~?=8:;:::~=g=TY=P=======w=DA=U=l:.~.~ 
44 Lead Thin Small Outline Package, EIAJ, Type II· 
NS Package Number MDB44 

10 13 

~""" IDENT 

All dimensions are in millimeters 

DETAIL A 
TYPICAL 

~18 ·81 MAX •j 11.0±0.1 SEE DETAIL A 

ll===:.'·',.o"o · 'IU ft 10.1uo:10---·i 

1=1•11- i(.d}9 1t 
DIMENSIONS ARE IN MILLIMETERS L.15 ~8:~g. TYP MDBU (REV A) 
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20 Lead Molded Thin Shrink Small Outline Package; JEDEC 
NS Package Number MTC20 

4.4 :I: 0.1 

All dimensions are in millimeters 

~~~~~!~~~~Lr J, 
(1.7~~~~1~~~i-1J. 

0.42 L ~l 0.65 TYP . . 

LAND PATTERN RECOMMENDATION 

GAGE PLANE 

_ _[ 0.25 

EJ 

~~Ll ,._±-1--r-
DETAIL A 

1 10 I 0 I 0.2 I c I BI A I TYPICAL 

· . , ALL LEAD TIPS ... _..:......: r SEE DETAIL D 

Q 0.1 c h') ,/ ~ '~ . ~ 
ALL mo TIPS ~.,t:J.,t:J.,tl.,tlJl.,tl,,H~l ···:•AX t\ . .!i-;::i:=,,.=;~====~~J_ 

L±J t ~ I l ~ :I: 0.05 T~P - ... 0.09-0.20 J 
::'..! 0.19 - 0.30 TYP 

I-$- I 0.13@ I A I 8 ® I c ® I 
MTC20 (REV C) 
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,,, 
c 
0 ·u; 
c 
CD 
E 
i5 
a; 
u ·u; 
>o .c 

D.. 

56 Lead Molded Thin Shrink Small Outline Package, JEDEC 
NS Package Number MTD56 

-------- 14.0 ± 0.1 -------2-+19 I 
[±:] 

56 

n 
6.1 ± 0.1 

All dimensions are in millimeters 

GAGE PLANE 

0.25 _[ 

o•-8~ SEATING PLANE 

[±:] 

~~~LJ 
28 lolo.2lcl0IAI 

ALL LEAD TIPS 

0.60 ~~: ~~ 

DETAIL A 
TYPICAL 

c. 0.1 C r SEE DETAIL A 

ALL LEAD TIPS .r= (0.90) /---... , 

=-r=~t:IJIJIJWJIJIJ!PJlJJ.t1JlJIJ1PJU1Jlt1JlJlJmrJ"Jt 1·1 :•" (;!~(_= __ ::)::::::::::::::.::.=.J~~l 
cE.:J I I I ~ II ~- 0.09-0.20 TYPJ 

-J ~ -.Jl.-0.17 - 0.27 TYP 0.10 ± 0.05 TYP 

l-$-lo.13 @IAI B ®le ®I 

8 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number NOBE 

MTD56 (REY A) 

All dimensions are in inches (millimeters) 

JI ~0.125 
0.009-0.015 jl~ (3.175) 
(0.229-0.381) DIA 

0 325 +0.040 NOM 
. -0.015 

t8 255 +1.D16) 
~ . -0.381 

0.045±0.015 
(1.143±0.381) 

0.130±0.005 
(3.302±0.127) 

0.125-0.140 
(3.175-3.556) 

~::018±0003 
(0.457±0.076) 

0.100±0.010 

..,._~(2.540 ±0.254) 

I.- 0.060 
(1.524) 

9-12 

0.032±0.005 ~7 

(0.813±0.127) 
RAD 

PIN NO. 1 IDENT~ 

1 

0.020 
(0.508) 

MIN 

OPTION 2 

N08E (REV Fi 



14 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N14A 

-r 
0.250±0.010 
(6.350±0.254) 

~~;;:;;=;::;~~~~~___j_ 

~DIA ~MAX 
(2.337) (0.762) DEPTH 

0.145-0.200 
(3.683-5.080) 

0.135±0.005 
(3.429±0.127) -

,~:~~~) I -11 MIN 0.125-0.150 
(3.175-3.810) 

0.014-0.023 TYP- -
(0.356 -0.584) 

OPTION 1 

~TYP 
(1.524) 

All dimensions are in inches (millimeters) 

OPTION 02 

0.300-0.320 

h~' 
~.!.._ ..... "' IJ;:!s· -ii~ (0.203-0.4116) 

L0.280 
(7.112)-+- . 

MIN 

0.325 ~~:: 

(8 255+1.016) 
. -0.381 Nl.tA(AEYFI 

16 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N 16A 

0.092 

(2.337) 
DIA NOM 

(2X) 

0.030 
(0.762) 

9-13 

0.040 

All dimensions are in inches (millimeters) 

0.130 ±0.005 
(J.302 ±0.127) 

0.145-0.200 
(3.683-5.080) 

0.020 iii + 

~~ 
(0.508) 

0.018 ±0.003 0.125-0.140 MIN 
- (0.457 ±0.076) (J.175-3.556) 

N16A (REV El 
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16 Lead (0.300" Wide) Molded Dual-in-Line Package, Thermally Enhanced 
NS Package Number N 16G 

All dimensions are in inches 

..----8:m---... 

12345678 

0.13~50.005 
0.200 0.060 TYP 
0.145 

0.020 MIN ~~ool4o TYP 

0 140 I I o: m . -ll-M1a :t 0.003 I~ 0.015 :t 0.015 

-- 0.100 :t 0.010 
. TIP 

8:mrvP 

N18G (REV B) 

28 Lead (0.600" Wide) Molded Dual-in-Line Package 
NS Package Number N28B 

0.580 
(14.73) MIN 

0.625 ~ ~:~~~ 
(15.88 ~~:~~) 

9-14 

All dimensions are in inches (millimeters) 

0.050 
(1.270) TYP 

0.125-0.145 
(3.175-3.683) 

N28B(AEVE) 



28 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V28A 

All dimensions are in inches [millimeters] 

11 

0.029±0.003 TYP 
[0.7.U0.08] 

25 

19 

0.165-0.180 TYP---­
[ 4.19-4.57] 

9-15 

SEATING PLANE 

0.020 MIN TYP 
[0.51] 

0.105±0.015 TYP 
[2.67±0.38] 

0 0.004 [0.10] 
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48 Lead (7mm x 7mm) Molded Plastic Quad Flat.· Package, JEDEC 
NS Package Numb· .. _e_ r VBH4

1 

SA 
All dimensions are in millimeters 

48 

PIN #1 

IDENT 1 IL 
0.2 :I: 0.05 TYP -l 

I I 12" 

-1· 1.-a.·5· ;yp 

.)3 i 

SHARP CORNERS 
EXCEPT PIN 1 IDENT 
CQRNER 

/ 

S~E D~!~IL A . : '. " 

/:- . . ., __J_ 

r-~~-~~ o.os 

' 
0.60:I:O;15 

,., ! l""' 

.. , 

0.20 MIN 

· DETAIL A 
TYPICAL 

,. I ~ • 

l0.125 TYP 
; ·,. VBH48A (REV C) 

3 Lead Molded T0-92 
NS Package Numbe.r.Z03A 

All dimensions are in inches [millimeters] 

1 5° 2 PLCS 

r--~~-t====j t====:t 
_l . 

j L o.o "5-0.015S BEFORE LEAO FINISH 

SEATING PLANE ~~2~~~] MIN • [0.368-0.394] 

0.090 MAX 
[2.29] 
(UNCONTROLLED 

I r - - - - - " LEAD DIA) 0.0-45-0.055 TYP 

I I - E .. 
I I f (1.1-4-1.-40] 

I I 

0 0.175-0.185 1 + 1 - € f. [Uc: : _l 

~ 1 -0.016-0.02~TYPJ 
[0.-41-0.53] EJECTION MARK 

" 0.065 
[1.65] 

T 0.015 MAX 
(0.38] 

9·16 

R 0.090 
[2.29] 

"4---~...- 0.135-0.1-45 
[3.-43-3.68] 

0.0-45-0.055 
[ 1. 1-4-1.40] 

100 2 PLCS 

Z03A (REV r) 
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tfJNational 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-S00-272-9959. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 
Technical Communications Dept. M/S 16-300 
2900 Semiconductor Drive 
P.O. Box 5S090 
Santa Clara, CA 95052-S090 

ADVANCED BiCMOSLOGIC (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 
54/74ABT32S3 Synchronous Datapath Multiplexer• 74FR900/25900 9-Bit 3-Port Latchable Datapath Multiplexer 
54/74ACTQ32S3 32-Bit Latchable Transceiver with Parity Generator/Checker and Byte Multiplexing 
SCAN1SxxxA BiCMOS 5V Logic with Boundary Scan• 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• Family Characteristics 
Ratings, Specifications and Waveforms• Design Considerations • Datasheets • Ordering and Packaging Information 

APPLICATION SPECIFIC A~ALOG PRODUCTS DATABOOK-1995 
Audio Circuits • Video Circuits • Automotive • Special Functions • Surface Mount 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS-1987 
SSl/MSI Functions • Peripheral Functions • 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 • 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 

COPS™ DATABOOK~1994 
COPS Family• COPS Applications• MICROWIRE/PLUS Peripherals• COPS 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 19S9 Data Acquisition Linear Devices Databook. 



DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK-1989 
Selection Guide and Cross Reference Guides• Diodes• Bipolar NPN Transistors 
Bipolar PNP Transistors• JFET Transistors• Surface Mount Products• Pro-Electron SeriEJs 
Consumer Series • Power Components •Transistor Datasheets • Process Characteristics 

DRAM MANAGEMENT HANDBOOK-1993 
Dynamic Memory Control • CPU Specific System Solutions • 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 • 11 C 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 9 Ratings, Specifications and Waveforms 
Design Considerations• 54AC/74ACXXX • 54ACT/74ACTXXX •Quiet Series: 54ACQ/74ACQXXX 
Quiet Series: 54ACTQ/7 4ACTQXXX • 54FCT /7 4FCTXXX • FCT A: 54FCTXXXA/7 4FCTXXXA/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 Characteristics 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 datasheets 
included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SAAM, Interface, 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 • PROMs • Application Notes 

MEMORY APPLICATIONS HANDBOOK-1994 
FLASH • EEPROMs • EPROMs • 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• 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 • 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 • PLO Design Methodology 
PLO 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 • VLSl/VHSIC Devices 
Radiation Environment • Electrostatic Discharge • Discrete Device • Standardization 
Quality Assurance and Reliability Engineering • Reliability and Documentation • Commercial Grade Device 
European Reliability Programs• Reliability and the Cost of Semiconductor Ownership 
Reliability Testing at National Semiconductor• The Total Military/ Aerospace Standardization Program 
883B/RETS™ Products• MILS/RETS™ Products• 883/RETS™ 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 SUC Devices• ISDN • Digital Loop Devices• Analog Telephone Components• Software• Application Notes 

VHC/VHCT ADVANCED CMOS LOGIC DATABOOK-1993 
This databook introduces National's Very High Speed CMOS (VHC) and Very High Speed TTL Compatible CMOS (VHCT) 
designs. The databook includes Description and Family Characteristics • Ratings, Specifications and Waveforms 
Design Considerations and Product Datasheets. The topics discussed are the advantages of VHC/VHCT AC Performance, 
Low Noise Characteristics and Improved Interface Capabilities. 

1. 

\ 
\ 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS · 
ALABAMA San Jose (Continued) Largo MARYLAND 

Huntsville Hamilton/Hallmark Future Electronics Corp. Columbia 
Anthem Electronics (408) 435-3500 (813) 530-1222 Anthem Electronics 
(205) 890-0302 Pioneer Technology Hamilton/Hallmark (410) 995-6640 
Future Electronics Corp. (408) 954-9100 (813) 541-7440 Bell Industries 
(205) 830-2322 Zeus Elect. an Arrow Co. Orlando (410) 290-5100 
Hamilton/Hallmark (408) 629-4789 Chip Supply Future Electronics Corp. 
(205) 837-8700 Sunnyvale "Die Distributor" (410) 290-0600 
Pioneer Technology Bell Industries (407) 298-7100 Hamilton/Hallmark 
(205) 837-9300 (408) 734-8570 Time Electronics (410) 9BB-9BOO 
Time Electronics Time Electronics (407) B41-6566 Seymour Electronics 
(205) 721-1134 (40B) 734-9B90 Winter Park (410) 992-7474 

ARIZONA Tustin Hamilton/Hallmark Time Electronics 

Phoenix Time Electronics (407) 657-3300 (410) 720-3600 

Future Electronics Corp. (714) 669-0216 GEORGIA Gaithersburg 
(602) 968-7140 Westlake Village Duluth Pioneer Technology 
Hamilton/Hallmark Bell Industries Anthem Electronics (301) 921-0660 

(602) 437-1200 (805) 373-5600 (404) 931-9300 MASSACHUSETTS 
Scottsdale Woodland Hills Hamilton/Hallmark Andover 

Alliance Electronics Inc. Hamilton/Hallmark (404) 623-4400 Bell Industries 
(602) 483-9400 (818) 594-0404 Pioneer Technology (508) 474-BB80 

Tempe Time Electronics (404) 623-1003 Bolton 
Anthem Electronics (818) 593-8400 Time Electronics Future Electronics Corp. 
(602) 966-6600 COLORADO (404) 623-5455 (508) 779-3000 
Bell Industries Denver Norcross Lexington 
(602) 966-3600 Bell Industries Future Electronics Corp. Pioneer Standard 
Pioneer Standard (303) 691-927~ (404) 441-7676 (617) 861-9200 
(602) 350-9335 Englewood ILLINOIS Newburyport 
Time Electronics · Anthem Electronics Addison Rochester Electronics 
(602) 967-2000 (303) 790-4500 Pioneer Standard "Obsolete Products" 

CALIFORNIA Hamilton/Hallmark (70B) 495-9680 (508) 462-9332 

Agoura Hills (303) 790-1662 Bensenville Norwood 
Future Electronics Corp. Pioneer Technology Hamilton/Hallmark Gerber Electronics 
(818) B65-0040 (303) 773-8090 (70B) 860-77BO (617) 769~6000 ' 

Pioneer Standard Time Electronics Des Plaines Peabody 

(818) 865-5BOO (303) 799-5400 Advent Electronics Hamilton/Hallmark 

Time Electronics Lakewood (BOO) 323-1270 (50B) 532-3701 

(818) 707-2890 Future Electronics Corp. Elk Grove Village Time Electronics 

Chatsworth (303) 232-2008 Bell Industries (508) 532-9777 

Anthem Electronics CONNECTICUT (708) 640-1910 Tyngsboro 
(818) 775-1333 Cheshire Hoffman Estates Port Electronics 

Costa Mesa Future Electronics Corp. Future Electronics Corp. (508) 649-4BBO 

Hamilton/Hallmark (203) 250-0083 (70B) 8B2-1255 Wilmington 

(714) 641-4100 Hamilton/Hallmark Itasca Anthem Electronics 

Irvine (203) 271-2844 Zeus Elect. an Arrow Co. (50B) 657 -5170 

Anthem Electronics Meriden (708) 595-9730 Zeus Elect. an Arrow Co. 
(714) 768-4444 Bell Industries Schaumburg (508) 65B-0900 

Bell Industries (203) 639-6000 Anthem Electronics MICHIGAN 
(714) 727-4500 Shelton (708) 884-0200 Farmington Hills 
Future Electronics Corp. Pioneer Standard Time Electronics Advent Electronics 
(714) 453-1515 (203) 929-5600 (708) 303-3000 (800) 572-9329 
Pioneer Standard Wallingford IN DIANA Grand Rapids 
(714) 753-5090 Advent Electronics Carmel Future Electronics Corp. 
Zeus Elect. an Arrow Co. (800) 982-0014 Hamilton/Hallmark (616) 698-6800 
(714) 581-4622 Waterbury (317) 575-3500 Pioneer Standard 

Rocklin Anthem Electronics Fort Wayne (616) 698-1BOO 
Anthem Electronics (203) 575-1575 Bell Industries Livonia 
(916) 624-9744 FLORIDA (219) 422-4300 Future Electronics Corp. 
Bell Industries Altamonte Springs Indianapolis (313) 261-5270 
(916) 652-0418 Anthem Electronics Advent Electronics Inc. O'Fallon 

Roseville (407) 831-0007 (BOO) 732-1453 Advent Electronics 
Future Electronics Corp. Bell Industries Bell Industries (BOO) 888-95BB 
(916) 783-7877 (407) 339-0078 (317) 875-8200 Plymouth 
Hamilton/Hallmark Future Electronics Corp. Future Electronics Corp. Hamilton/Hallmark 
(916) 624-9781 (407) 865-7900 (317) 469-0447 (313) 416-5800 

San Diego Pioneer Technology Pioneer Standard Pioneer Standard . 
Anthem Electronics (407) 834-9090 (317) 573-0880 (313) 416-2157 
(619) 453-9005 Deerfield Beach IOWA 

Wyoming 
Bell Industries Future Electronics Corp. Cedar Rapids 

R. M. Electronics, Inc. 
(619) 576-3294 (616) 531-9300 
Future Electronics Corp. 

(305) 426-4043 Advent Electronics 
Pioneer Technology (800) 397-8407 MINNESOTA 

(619) 625-2800 (305) 428-8877 Hamilton/Hallmark Bloomington 
Hamilton/Hallmark Fort Lauderdale (319) 393-0033 Hamilton/Hallmark 
(619) 571-7540 Hamilton/Hallmark (612) B81-2600 
Pioneer Standard (305) 484-5482 KANSAS Eden Prairie 
(619) 514-7700 Time Electronics Lenexa Anthem Electronics 
Time Electronics (305) 484-1864 Hamilton/Hallmark (612) 944-5454 
(619) 674-2800 Indialantic (913) B8B-4747 Future Electronics Corp. 

San Jose Advent Electronics . Overland Park (612) 944,2200 
Anthem Electronics (800) 975-8669 Future Electronics Corp. Pioneer Standard 
(408) 453-1200 LakeMary (913) 649-1531 (612) 944-3355 
Future Electronics Corp. Zeus Elect. an Arrow Co. KENTUCKY Minnetonka 
(408) 434-1122 (407), 333-9300 Lexington Time Electronics 

Hamilton/Hallmark (612) 931-2131 
(606) 288-4911 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

MINNESOTA (Continued) 
Thief River Falls 

Digl-Key Corp. 
"Catalog Sales Only" 
(800) 344-4539 

MISSOURI 
Earth City 

Hamilton/Hallmark 
(314) 291-5350 . 

Manchester 
Time Electronics 
(314) 230-7500 

St. Louis 
Future Electronics Corp. 
(314) 469-6805 

NEW JERSEY 
Camden 

Advent Electronics 
(800) 255-4771 

Cherry Hill. 
Hamilton/Hallmark 
(609) 424-0110 

Fairfield 
Bell Industries 
(201) 227-6060 
Pioneer Standard 
(201) 575-3510 

Marlton 
Future Electronics Corp. 
(609) 596-4080 
Time Electronics 
(609) 596-1286 

Mount Laurel 
Bell Industries 
(609) 439-8860 
Seymour Electronics 
(609) 235-7474 

Parsippany 
Future Electronics Corp. 
(201) 299-0400 
Hamilton/Hallmark 
(201) 515-1641 

Pine Brook 
Anthem Electronics 
(201) 227-7960 

Wayne 
Time Electronics 
(201) 785-8250 

NEW MEXICO 
Albuquerque 

Bell Industries 
(505) 292-2700 
Hamilton/Hallmark 
(505) 828-1058 

NEW YORK 
Binghamton 

Pioneer Standard 
(607) 722-9300 

Buffalo 
Summit Distributors 
(716) 887-2800 

Commack · 
Anthem Electronics 
(516) 864-6600 

Fairport 
Pioneer Standard 
(716) 381-7070 

Hauppauge 
Future Electronics Corp. 
(516) 234-4000 
Hamilton/Hallmark 
(516) 434-7400 
Time Electronics 
(516) 273-0100 

Port Chester 
Zeus Elect. an Arrow Co. 
(914) 937-7400 

Rochester 
Future Electronics Corp. 
(716) 387-9550 
Hamilton/Hallmark 
(800) 475-9130 
Summit Distributors 
(716) 334-8110 

Syracuse 
Future Electronics Corp. 
(315) 451-2371 
Time Electronics 
(315) 434-9837 

Woodbury 
Pioneer Standard 
(516) 921-9700 
Seymour Eli?ctronics 
(516) 496-7474 

NORTH CAROLINA 
Charlotte 

Future Electronics Corp. 
(704) 547-1107 

Morrisville 
Pioneer Technology 
(919) 460-1530 

Raleigh 
Anthem Electronics 
(919) 782-3550 
Future Electronics Corp. 
(919) 790-7111 
Hamilton/Hallmark 
(919) 872-0712 

OHIO. 
Beavercreek 

Future Electronics Corp. 
(513) 426-0090 

Cleveland 
Pioneer Standard 
(216) 587-3600 

Columbus 
Time Electronics 
(614) 794-3301 

Dayton 
Bell Industries 
(513) 435-5922 
Bell Industries-Military 
(513) 434-8231 
Hamilton/Hallmark 
(513) 439-6735 
Pioneer Standard 
(513) 236-9900 

Mayfield Heights 
Future Electronics Corp. 
(216) 449-6996 

Solon 
Bell Industries 
(216) 498-2002 
Hamilton/Hallmark 
(216) 498-1100 

Worthington 
Hamilton/Hallmark 
(614) 888-3313 

OKLAHOMA 
Tulsa· 

Hamilton/Hallmark 
(918) 254-6110 . 
Pioneer Standard 
(918) 665-7840 
Radio Inc. 
(918) 587-9123 

OREGON 
Beaverton 

Anthem Electronics 
(503) 643-1114 
Bell Industries · 
(503) 644-3444 
Future Electronics Corp. 
(503) 645-9454 
Hamilton/Hallmark 
(503) 526-6200 
Pioneer Technology 
(503) 626-7300 

Portland 
Time Electronics 
(503) 684-3780 

PENNSYLVANIA 
Horsham 

Anthem Electronics 
(215) 443-5150 
Pioneer Technology 
(215) 674-4000 

Pittsburgh 
Pioneer Standard 
(412) 782-2300 

TEXAS 
Austin 

Anthem Electronics 
(512) 388-0049 
Future Electronics Corp. 
(512) 502-0991 
Hamilton/Hallmark 
(512) 258-8848. 
Minco Technology Labs. 
"Die Distributor" 
(512) 834-2022 
Pioneer Standard 
(512) 835-4000 
Time Electronics 
(512) 219-3773 

Carrollton 
Zeus Elect. an Arrow Co. 
(214) 380-4330 

Dallas 
Hamilton/Hallmark 
(214) 553-4300 
Pioneer Standard · 
(214) 386-7300 

Houston 
Future Electronics Corp. 
(713) 785-1155 
Hamilton/Hallmark 
(713) 781-6100 
Pioneer Standard 
(713) 495-4700 

Richardson 
Anthem Electronics 
(214) 238-7100 
Bell Industries 
(214) 690-9096 
Future Electronics Corp. 
(214) 437-2437 
Time Electronics 
(214) 480-5000 

UTAH 
Midvale 

Bell Industries 
(801) 255-9691 

Salt Lake City 
Anthem Electronics 
(801) 973-8555 
Future Electronics Corp. 
(801) 467-4448 
Hamilton/Hallmark 
(801) 266-2022 

West Valley City 
Time Electronics 
(801) 973-0208 

WASHINGTON 
Bellevue 

Bell Industries 
(206) 646-8750 
Pioneer Technology 
(206) 644-7500 

Bothell 
Anthem Electronics 
(206) 483-1700 
Future Electronics Corp. 
(206) 489-3400 

Kirkland 
Time Electronics 
(206) 820-1525 

Redmond 
Hamilton/Hallmark 
(206) 881-6697 

WISCONSIN 
Brookfield 

Future Electronics Corp. 
(414) 879-0244 
Pioneer Standard 
(414) 784-3480 

Mequon 
Taylor Electric 
(414) 241-4321 

New Berlin 
Hamilton/Hallmark 
(414) 780-7200 

Waukesha 
Bell Industries 
(414) 547-8879 

West Allis 
Advent Electronics 
(800) 500-0441 

CANADA 
WESTERN PROVINCES 

Burnaby 
Hamilton/Hallmark 
(604) 420-4101 
Semad Electronics Ltd. 
(604) 451-3444 

Calgary 
Electro Sonic Inc. 
(403) 255-9550 
Future Electronics Corp. 
(403) 250-5550 
Semad Electronics Ltd. 
(403) 252-5664 
Zentronics/Pioneer 
(403) 295-8838 

Edmonton 
Future Electronics Corp. · 
(403) 438-2858 
Zentronics/Ploneer 
(403) 482-3038 

Markham 
Samad Electronics Ltd. 
(905) 475-8500 

Richmond 
Electro Sonic Inc.· 
(604) 273-2911 
Zentronics/Pioneer 
(604) 273-5575 

Vancouver 
Future Electronics Corp. 
(604) 294-1166 

EASTERN PROVINCES 
Mississauga 

Future Electronics Corp. 
(905) 612-9200 
Hamilton/Hallmark 
(905) 564-6060 
Time Electronics 
(905) 712-3277 
Zentronics/Pioneer 
(905) 405-8300 

Nepean 
Hamilton/Hallmark 
(613) 226-1700 
Zentronics/Pioneer 
(613) 226-8840 

Ottawa 
Electro Sonic Inc. 
(613) 728-8333 
Future Electronics Corp. 
(613) 820-8313 
Samad Electronics Ltd. 
(613) 526-4866 

Pointe Claire 
Future Electronics Corp. 
(514) 694-7710 
Samad Electronics Ltd. 
(514) 694-0860 

Quebec 
Future Electronics Corp. 
(418) 877-6666 

Ville St. Laurent 
Hamilton/Hallmark 
(514) 335-1000 
Zentronics/Pioneer 
(514) 737-9700 

Willowdale 
Electro Sonic Inc. 
(416) 494-1666 

Winnipeg 
Electro Sonic Inc. 
(204) 783-3105 
Future Electronics Corp. 
(204) 944-1446 
Zentronics/Pioneer 
(204) 694-1957 
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AUSTRALIA 

National Semiconductor 
(Australla) Pty. Ltd. 
Bldg. 16 Business Park Dr. 
Monash Business Park 
Nottinghill Melbourne 
Victoria 3168 Australia 
Tel: (39) 558-9999 
Fax: (39) 558-9998 

BRAZIL 

National Semlconductores 
Do Brazil Ltda. 
Rue Deputado Lacorda 
Franco 120-3A 
Sao Paulo-SP Brazil 05418-000 ·. 
Tel: (55-11) 212-5066 
Fax: (55-11) 212-1181 

CANADA··· 

National Semiconductor 
(Canada) · 
5925 Airport Road, Suite 615 
Mississauga, Ontario L4V 1W1 · 
Tel: (416) 678-2920 
Fax: (416) 678-2837 

National Semiconductor 
(Canada) . · 
39 Robertson Road, Suite 101 
Nepean, Ontario K2H.8A2 · 
Tel: (613) 596-0411 . 
Fax: (613) 596-161~ 

National Semiconductor 
(Canada) 
1870 Soul Des Sources, 
Suite 101 , 
Pointe Claire, Quebec H2R 5N4 
Tel: (514) 426:2992 
Fax: (514) 426-2710 

CHINA 

National Semiconductor 
Beijing China Liaison 
Office 
Room 1930 
New Century Hotel, 
No. 6 Southern Road 
Capital Gym 
Beijing 100046, PRC 
Tel: 10-849-1331 
Fax: 10-849-133 2 

FINLAND 

National Semiconductor 
(U.K.)Ltd. 
Mekaanikonkatu 13 
SF-00810 Helsinki 
Finland 
Tel: (0) 759-1855 
Fax: (0) 759-1393 

WORLDWIDE SALES OFFICES. 

FRANCE 

Natlonal Semiconductor .. 
S.A. 
Pare d'Affaires Technopolis 
3, Avenue Du Canada 
Bat. ZETA- LP. 821 Les Ulis . 
F-91974 Courtaboeuf Cedex .·: 
France · 
Tel: (1) 6918 37 00 
Fax: (1) 69°18 37 6,9 

GERMANY 

National Semiconductor 
GmbH . 
Livry-Gargan-Strasse: 1 O 
D-82256 FOrstenfeldbruck 
Germany 
Tel: (0-81-41) 35-01 , 
Fax: (0-81-41) 35-15-06 

HONGKONG.· 

National Semiconductor 
Hong Kong Ltd. 
13th Floor, Straight Block 
Ocean Centre 
5 Canton Road 
Tsimshatsui, Kowloon 
Hong Kong 
Tel: (852) 2737-1600 
Fax: (852) 2736-9960 

INDIA 

National Semiconductor 
India Liaison Office 
26 Cunningham Road 
Bangalore·560052 India 
Tel: 80-226-7272 
Fax: 80-225-1133 · 

IS RAEL 

National Semiconductor Ltd. 
Maskit Street 
PO Box3007 
Herzlia 8. 46104 
Israel 
Tel: (09) 59 42 55 
Fax: (09) 55 83 22 

ITALY 

National Semiconductor S.p.A. 
Strada 7, Palazzo R/3 · 
1-20089 Rozzano-Milanofiori · 
Italy 
Tel: (02) 57 50 03 00 · 
Fax: (02) 57 50 04 00 

National Semiconductor 
Japan Ltd. · 
Sumitomo Chemical 
Engineering Center Bldg. 7F . 
1-7-1, Nakase, Mihama-Ku 
Chiba-City, . 
Chiba Prefecture 261 
Japan 
Tel: (043) 299-2300 
Fax: (043) 299-2500 

KOREA 

National Semiconductor . 
(Far East) Ltd. . 
13th Floor, Dai Hal\ . 
Life Insurance 63 Building 
60 Yoido-Dong 
Youngdeungpo-KU 
Seoul Korea 150-763. · 
Tel: (02) 784-8051/3 

(02) 785-0696/8 
Fax: (02) 784-8054. 

MALAYSIA 

National Semiconductor 
SdnBhd 
Bayan Lepas Free Trade Zone 
11900 Penang Malaysia , 
Tel: 4-644-9061 
Fax: 4-644-9073 

MEXICO. 

Electronlca NSC de 
Mexico SA 
Juventino Rosas No: 118-2 
Col Guadalupe Inn 
Mexico, 01020 D.E. Mexico 
Tel: (525) 661·7155 
Fax: (525) 661-6905 

PUERTO RICO . 

National Semiconductor, 
(Puerto Rico) 
La Electronica Bldg. 
Suite 312, R.D. #1 KM 14.5 
RioPiedias 
Puerto Rico 00927 
Tel: (809) 758-9211 
Fax: (809) 763-6959 

SINGAPORE 

Natlonal Semiconductor 
Asia Pacific Pte. Ltd. , · 
200 Cantonment Road.# 13-01 · 
Southpoint Singapore 0208 
Tel: (65) 225-2226 , 
Fax: (65) 225-7080 

SPAIN 

National Semiconductor GmbH 
Calle Agustin de Foxa, 27 (9°0) . 
E-28036 Madrid · 
Spain 
Tel: (01) 7-33-29-54 
Fax: (01) 7-33-8~-18 

SWEDEN 

National Semiconductor. AB. · 
P.O. Box 1009 
Grosshandlarv!igen 7 
S-12123 Johanneshov, 
Sweden 
Tel: (08) 7 22 80 50 
Fax: (08) 7 22 90 95 

SWiTZERLAND 

National Semiconductor 
(U.K.)Ltd. 
Alte Winterthurerstrasse 53 
CH-8304 Wallisellen-ZOrich 
Switzerland , 
Tel: (01) 8-30-27-27 
Fax: (01) 8-30-19-00 

TAIWAN•. 

National Semiconductor·' : 
(Far East) Ltd. 
9/F, No. 44 Section 2 . 
Chungshan North Road 
Taipei, Taiwan, R.O.C. 
Tel: (02) 521-3288 
Fax: (02) 561-3054 

U.K. AND IRELAND .. 

National Semiconductor 
(U.K.) Ltd. 
The Maple, Kembrey Park 
Swindon, Wiltshire SN2 6YX . 
United Kingdom · 
Tel: (07-93) 61 41 41 
Fax: (07-93) 52 21 80 
Telex: 444674 

UNITED STATES 

National Semiconductor 
Corporation 
1111 West Bardin Road 
Arlington, TX 76017 
Tel: (800) 272-9959 · 
Fax: (800) 737-7018 






