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7.4.4 HIGH VOLTAGE ADJUSTABLE POWER SUPPLIES

The floating-mode operation of adjustable three-terminal

regulators such as the LM117 family make them ideal for

high voltage operation. The regulator has no ground pin;

instead, all the quiescent current (about 5 mA) flows to the

output terminal. Since the regulator sees only the input-out-

put differential, its voltage rating Ð 40V for the standard

LM117 series and 60V for the high voltage LM117HV series

Ð will not be exceeded for outputs of hundreds of volts.

However, the IC may break down when the output is short-

ed unless special design approaches are used to protect

against it.

Figure 1 shows how it’s done. Zener diode D1 ensures that

the LM317H sees only a 5V input-output differential over the

entire range of output voltage from 1.2V to 160V. Since

high-voltage transistors by necessity have a low b, a Dar-

lington is used to stand off the high voltage. The zener im-

pedance is low enough that no bypass capacitor is required

directly at the LM317 input. (In fact, no capacitor should be

used here if the circuit is to survive an output short!) R3

limits short circuit current to 50 mA. The RC network on the

output improves transient response as does bypassing the

ADJUST pin, while R4 and D2 protect the ADJUST pin dur-

ing shorts.

Since Q2 may dissipate up to 5W normally or 10W during a

short circuit, it should be well heat sunk. For higher output

currents substitute a pass device in a TO-3 or TO-220 pack-

age in place of the TO-202 NSD134 and reduce R3. Of

course, if the required output current is less than 25 mA, R3

can be increased to reduce the size of the heat sink need-

ed.

Q1, Q2: NSD134 or similar

C1, C2: 1 mF, 200V MYLAR

*Heat Sink

TL/H/7335–1

FIGURE 1. Basic High Voltage Regulator
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An improved approach is shown in Figure 2. Here an

LM329B 6.9V zener reference has been stacked in series

with the LM317’s internal reference. This both improves

temperature stability, since the LM329B has a guaranteed

TC of g20 ppm/§C, and improves regulation, because more

loop gain is available from the LM317.

These techniques can be extended for higher output volt-

ages and/or currents by either using better high voltage

transistors or cascoding or paralleling (with appropriate

emitter ballasting resistors) several transistors. The output

short circuit current, determined by R3, must be within Q2’s

safe area of operation so that secondary breakdown cannot

occur.

Q1, Q2: NSD134 or similar

C1, C2: 1 mF, 200V MYLAR

*Heat Sink

TL/H/7335–2

FIGURE 2. Precision High Voltage Regulator
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Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of TI information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics www.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors www.ti.com/omap

Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com
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