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Voltage regulators — design considerations

Understanding the limitations of voltage reg-
ulators allows designers to select the most appro-
priate device and use it to its optimum performance
and reliability.

The process for selecting a voltage regulator
in order to avoid critical design “pitfalls” involves
specifying:

1) desired output voltage and tolerance limits,

2) maximum input voltage,

3) maximum output current required,

4) line and load regulation required,

5) maximum ambient temperature (or heat sink
temperature),

6) maximum allowable junction temperature.

All of these parameters should be specified
to completely define the device. Table 1 (page 2)
shows the regulators which are currently part
numbered at Tektronix. This table can be used as
an easy reference, showing output voltages and
package styles available. Some relevent thermal
information concerning package styles is also
given. However, two parameters from Table 1
need further clarification.

First, the tolerance specification is an over-
all tolerance limit which includes a variance
of several factors. These factors include line,
load and temperature changes. Typically, the
regulators Tektronix buys have a tolerance of
+5%. Tighter output voltage tolerances of +2%
along with tighter line and load regulation spec-
ifications can be purchased from several manu-
facturers for an added cost of approximately 20%.

Secondly, the amount of steady-state current
which a regulator can source is dependent on
the junction temperature of the chip. All three-
terminal voltage regulators are thermal overload-
protected to ensure that the junction temperature
will not exceed a certain limit. Exceeding the
thermal limit of 175°-185°C will cause the device
to curtail its regulation and reduce its output
voltage.

Junction temperature is an important para-
meter to consider. The regulator chip should be
designed to operate below the maximum junction
temperature if the device is to have maximum
reliability. Operating life decreases at high junc-
tion temperatures. Although many regulators are
rated at 150°C, it is not a good idea to operate
continuously at that temperature. A reasonable
maximum operating temperature would be 100°C
for epoxy-packaged devices, and 125°C for her-
metically-sealed devices. These temperatures
provide a suitable compromise between reliability
and realistic design practices.

Chip temperature can be calculated by multi-
plying the amount of power dissipated by the
thermal resistance of the package (from chip to
free air) plus the ambient temperature. Nominal
thermal resistances are specified in data sheets.
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Table 1 - Voltage Regulator Selection Guide

500mA

1.5A

Max Power
on a Heatsink

7.5W

15W

Max Power
in Air

150mW
for TJ = 100°C

370mwW
for Ty =125°C

380mW
for T, = 100°C

460mW
for TJ =100°C

R9 4a

200°C/W

150°C/W

79°C/W

65°C/W

Ro e

38°C/W

10°C/W

5°C/W

Polarity

*Voltage
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5V

156-0991-00 | 156-1150-00

156-1263-00

156-0277-00 |156-0846-00

156-0684-00

156-0655-00

156-1348-00

8v

156-1244-00

12v

156-1160-00 | 156-1207-00

156-1264-00

156-0285-00 | 156-0872-00

15V

156-1261-00| 156-1260-00

156-1262-00

156-0988-00
156-0312-00

156-0527-00
156-0930-00

18V

156-0264-00

20V

24V

156-0926-00

*Tolerance specifications are 5%, except when otherwise noted on the spec.
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