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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest
version of relevant information to verify, before placing orders, that the information being relied
on is current.

TI warrants performance of its semiconductor products and related software to the specifications
applicable at the time of sale in accordance with TI’s standard warranty. Testing and other quality
control techniques are utilized to the extent TI deems necessary to support this warranty.
Specific testing of all parameters of each device is not necessarily performed, except those
mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death,
personal injury, or severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer.
Use of TI products in such applications requires the written approval of an appropriate TI officer.
Questions concerning potential risk applications should be directed to TI through a local SC
sales office.

In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards should be provided by the customer to minimize inherent or
procedural hazards.

TI assumes no liability for applications assistance, customer product design, software
performance, or infringement of patents or services described herein. Nor does TI warrant or
represent that any license, either express or implied, is granted under any patent right, copyright,
mask work right, or other intellectual property right of TI covering or relating to any combination,
machine, or process in which such semiconductor products or services might be or are used.

Copyright   1997, Texas Instruments Incorporated
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Introduction

The emergence of low-voltage technology has required existing 5-V systems to interact with 3.3-V systems. Issues concerning
compatibility of the two systems in mixed-mode operation have created the need for 5-V to 3.3-V translation. Buffers and
transceivers serve as effective translators. While providing additional drive, these devices also add propagation delay and
require directional control. In cases where additional drive is not required, the solution that provides 5-V to 3.3-V translation,
in addition to negligible propagation delay, lower power dissipation, and bidirectional bus switching, is the SN74CBTD3384
bus switch. The SN74CBTD3384 uses the inherent voltage drop of its MOSFET switch, coupled with an internal diode from
VCC to provide the necessary 5-V to 3.3-V translation (see Figure 1).

SN74CBTD3384

5 V

VCC5-V I/O

5-V Memory

3.3-V CPU

3.3-V Memory

Figure 1. The SN74CBTD3384 Bus Switch Provides 5-V to 3.3-V Translation and Bidirectional Switching

The Need for 5-V to 3.3-V Translation

To realize the need for 5-V to 3.3-V translation, the I/O specifications for mixed-mode operation must be understood. Devices
operating in this mode must have TTL-compatible output levels and be able to accept up to 5.5 V at the input. Figure 2 shows
various interface levels for 5-V and 3.3-V families. While many 5-V and 3.3-V logic families have been designed with
TTL-compatible interface levels and 5-V input tolerance, some CMOS families lack these features. Some 5-V CMOS outputs
drive to 5 V; however, certain 3.3-V CMOS inputs do not tolerate 5 V. It is the incompatibility of the described input and output
structures that creates the need for 5-V to 3.3-V translation.
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† In accordance with JEDEC Standard 8-A for LV interface levels

Figure 2. Comparison of 5-V and 3.3-V Interface levels
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The Mechanics of 5-V to 3.3-V Translation

The CBT bus switches consist of an N-channel MOSFET with its drain and source connected from input to output. The nominal
value of the threshold of the MOSFET is 1 V. The MOSFET (Pass transistor) is on when the gate-to-source voltage (Vg) exceeds
1 V. A VCC of 5 V connected to the gate, and a gate-to-source voltage drop of 1 V results in a maximum source voltage of about
4 V. This source voltage limitation, coupled with the transistor’s typical on-state resistance of 5 �� gives the switch both 5-V
to 4-V translation and low propagation delay. If the gate voltage is reduced lower than VCC, the source will be limited to a
voltage lower than 4 V. As shown in Figure 3, the SN74CBTD3384 has a diode from VCC to the rest of the circuit. This diode
voltage drop is 0.7 V from VCC, which leads to 4.3 V at the gate of the Pass transistor. With the additional 1-V drop from gate
to source, the typical output of the SN74CBTD3384 is 3.3 V. Additional diodes can be added to limit the output to even lower
voltages. It is important to note that in some cases, the quiescent current (ICC) flowing through the diode may not be enough
to turn on the diode. A resistor (R) is added to ground to ensure enough bias current through the diode. The bidirectional nature
of the switch is not sacrificed in this translation. A logic high from a 3.3-V device is relayed to the output untranslated. A 5-V
receiver with TTL-compatible interface levels reads this signal as a valid high.

VCC = 5 V

OE

NMOS
VO ≈ 3.3 V MAX

Input/Output Output/Input

R = 2.87 kΩ

Vg ≈ 4.3 V

VD ≈ 0.7 V

Figure 3. NMOS Switch of SN74CBTD3384 With Maximum V O of 3.5 V

SN74CBTD3384 Improves Upon Existing Methods for 5-V to 3.3-V Translation

An existing practice for 5-V to 3.3-V translation using a bus switch involves the diode external to the chip. For most purposes,
this method provides a quick, effective solution for voltage reduction. But, with increased use of low-voltage technology, the
use of smaller, more reliable parts becomes an important issue. The SN74CBTD3384 addresses this issue by integrating the
diode and resistor internally into the chip. As a result, board space is reduced and the cost of external components is eliminated.
The integration of the components into one chip also eliminates extra solder connections and makes testing easier. Noise
sensitivity is decreased, as well as the chance of false switching. The modified control input threshold of the SN74CBTD3384
compensates for the diode drop from VCC and retains the normal 5-V TTL input threshold. This further reduces the noise
problem. As demonstrated by the preceding factors, the SN74CBTD3384 offers increased reliability.

Figure 4 shows a comparison between the SN74CBT3384A, SN74CBT3384A with a 1N916 external diode for voltage
translation, and the SN74CBTD3384. The SN74CBTD3384 output follows the input closely, but reaches a maximum of
approximately 3.45 V at a VCC of 5.5 V. Even at an extreme input level of 7 V, the SN74CBTD3384 limits the output to 3.5 V.
Figure 5 emphasizes the role of VCC in limiting the output. As VCC changes from 4.5 V to 5.5 V, so does the limit of the output.
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Conclusion

Lack of compatibility between certain 5-V and 3.3-V devices has driven the need for 5-V to 3.3-V translation. The standard
method of using a bus switch to address this need has, historically, required an external diode. The SN74CBTD3384 bus switch
is an improvement to this method because it provides reliable 5-V to 3.3-V translation and maintains its bidirectional capability,
negligible propagation delay, and low power dissipation.
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