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Basics of Voltage-Level Translation

Crysta Brantley

ABSTRACT

Circuit designers are faced with the challenge of developing systems with increasing
functionality and complexity while under demanding power and time-to-market
constraints. Such systems often require voltage level translation devices to allow
interfacing between integrated circuit devices built from different process technologies.
The choice of the proper voltage level translation device depends on many factors and
will affect the performance and efficiency of the circuit application. Texas Instruments
offers a variety of solutions to meet customer requirements.
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Introduction

Advances in manufacturing processes in the fabrication of semiconductors have allowed for smaller
geometries in circuit design and lower supply voltage levels. These advances in technology support many
of the low-power, high-performance applications currently being designed. To use these new designs with
existing technology, there must be a means to match the output voltage level of one device with the input
voltage level of another device in the circuit such as shown in Figure 1]. Several different options exist to
accomplish this requirement.

Low-Voltage _ Voltage-Translation _ Standard-Voltage
1/0 Bus ] Device  — 1/0 Bus

Figure 1. Flexible Voltage-Translation Application

The different technologies available in circuit design determine the input voltage threshold and output

voltage level achievable in different devices. To interface two devices of differing technologies

successfully, voltage level translation may be required. These requirements include ®:

1. The high-level output voltage (Vo) of the driver device must be greater than the high-level input
voltage (V|y) of the receiver device.

2. The low-level output voltage (V) of the driver device must be less than the low-level input voltage
(V) of the receiver.

3. The output voltage from the driver must not exceed the 1/O voltage tolerance of the receiver.

Selecting the Right Level-Translation Solution, Tl literature number SCEA035A, June 2004.

Potential Problems Without Voltage-Level Translation

Voltage-level translation is needed when two device have differing supply voltage nodes. Two possible
conditions exist:

1. A higher-voltage device may be needed to drive a low-voltage device.

2. Alower-voltage device may be needed to drive a high-voltage device.

VccA*

Tl Level
Translation
Solution /o
Devices

*VccA not equal to VB

Figure 2. Typical Situation in Which a Level Translator is Needed
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Methods of Voltage-Level Translation

If the high voltage device is the driver, the circuit can often operate reliably if the following conditions are
met.

» The input pins of the receiving device must be specified as tolerant of the higher voltage device.
» The logic swing must pass through V, and V|4 voltage levels specified for the receiving device.

If the low voltage device is the driver, the circuit typically cannot function properly without the use of a
translation device. One problem can be too great a voltage difference. If this condition exists, the low
voltage signal cannot provide enough voltage to turn on the receiving device, making the system
non-functional. Secondly, if the voltage level is enough to turn on the receiving device, the V|, level may
not be high enough, for example, to completely turn off the PMOS device in the input buffer.

3 Methods of Voltage-Level Translation

Several methods can be used to effectively accomplish voltage level translation. Device selection and
utilization in a circuit is determined by the circuit design, the allowable (or desired) power consumption, the
voltage translation levels required, and the current sourcing capability of the device.

One option for voltage level translation is dual supply level translator devices. These devices allow for
bidirectional voltage level translation. They can be used to translate from a lower input voltage to a higher
output voltage, or to translate from a higher input voltage to a lower output voltage. These devices offer
low power consumption and can be found in the ALVC, AVC and LVC device families.

Compact Flash Inerface LCD Interface

Figure 3. Examples of Level Translation Using AVC Devices

A second method for voltage level translation is the use of open drain devices. An open drain device can
be used for voltage level translation to and from a variety of voltage nodes. The output voltage is
determined by Vccg. Vccr €an be higher than the input high-level voltage (up translation) or lower than the
input high-level voltage (down translation). However, depending on the configuration in the circuit, open
drain devices can contribute to higher power consumption in a system. shows a translation circuit
with open drain outputs.
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Methods of Voltage-Level Translation

Translation with Open Drains
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Figure 4. Open-Drain Outputs

Other devices can translate in only one direction. One example of unidirectional translation is devices with
overvoltage tolerant inputs. These devices can handle input voltages that are higher than the supply
voltage of the device to be interfaced and are suitable for downward voltage level translation. Power
consumption for these devices is good, and only one supply voltage is needed. Device families with over
voltage tolerant inputs include AHC, AUC, AVC, LV-A, and LVC. When using overvoltage tolerant devices
for level translation, slow edges on the input signal could affect the duty cycle of the output signal. Further,
the switching level of a circuit is limited by V. Therefore, overvoltage tolerant devices might not be the
best solution in an application where duty cycle is critical.

Vecc =33V
5V
L 3.3V
oV J I— oV
SN74LVC244A

Figure 5. Down-Translation Using a Logic Device With Over-Voltage-Tolerant Inputs

Another family of devices performs auto-direction voltage level translation. These devices improve
connectivity between next generation processors and peripheral devices. These devices, like the TXB0104
and TXS0104E, eliminate the requirement for direction control signals used by traditional voltage level
translation devices. They offer low power consumption, V¢ isolation, and partial power-down-mode
operation.

Finally, FET switches also can be used for level translation. One advantage they offer is fast signal
propagation. Some FET switch devices translate only in the downward direction, while others can be
configured to translate bi-directionally. Devices from the CBT, CBTD, and TVC families can offer
level-translation solutions. For example, the TVC (translation-voltage clamp) family has been designed
specifically for protecting sensitive 1/0s. Each TVC-family device offers specific I/O protection application
that can be used by design engineers to utilize the device to fit their particular need.
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Figure 6. Level Translation With FET Switches

4 Conclusion

Texas Instruments offers a wide range of options depending on the system application, power
consumption, voltage translation level, and current sourcing requirements. Whether there is a low output
voltage to be translated up, or a higher output voltage level to be translated down to match the input
voltage of a subsequent device, there is a device that meets the need. In many cases, the dual supply
level translator offered by Texas Instruments may be the best solution to accomplish voltage translation. A
Tl field sales representative can help make a selection for specific application requirements.
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IMPORTANT NOTICE

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.

Tl 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 Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl 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 Tl intellectual property right relating to any combination, machine, or process in which Tl 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 Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl 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. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl 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. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl 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 Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl 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.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl 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

Amplifiers Emplifier-i.com Audio [pww Ti.com/audid

Data Converters Fataconverterir.com Automotive [vww Tr.com/automofiv

DSP Esp-ii.con Broadband [pww i.com/broadband

Clocks and Timers [www i-com/clocky Digital Control [pww ir-com/digitalcontrol

Interface [nierface-fi.com Medical [pww Ti.com/medical

Logic [ogicircon Military [vww i-com/militany

Power Mgmt power-i.com Optical Networking [xww Ti.com/opficalnetwor

Microcontrollers [nicrocontroller-t.com Security [nww r-com/secur

RFID ‘ i .CO Telephony lvww.tr.com/telephony

RF/IF and ZigBee® Solutions [WWw.ir.com/Ipr Video & Imaging vww Tr.com/vided
Wireless [vww T.com/wirelesy
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