Flexible Voltage-Level Translation
With CBT Family Devices

SCDA006
July 1999

1

IMPORTANT NOTICE
Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products
or to discontinue any product or service without notice, and advise customers to obtain the latest
version of relevant information to verify, before placing orders, that information being relied on
is current and complete. All products are sold subject to the terms and conditions of sale supplied
at the time of order acknowledgement, including those pertaining to warranty, patent
infringement, and limitation of liability.
TI warrants performance of its semiconductor products 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, AUTHORIZED, OR WARRANTED TO BE SUITABLE FOR
USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.
INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY
AT THE CUSTOMER’S RISK.
In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards must be provided by the customer to minimize inherent or procedural
hazards.
TI assumes no liability for applications assistance or customer product design. TI does not
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. TI’s publication of information regarding any third party’s products or services does
not constitute TI’s approval, warranty or endorsement thereof.
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Abstract
Voltage translation between buses with incompatible logic levels can be accomplished using Texas Instruments (TI)
translation-voltage clamps (TVC) or standard crossbar technology (CBT) devices. CBT devices in this application offer
flexibility in designs, protection of circuits that are sensitive to high-state voltage-level overshoots, and cost efficiency.

Introduction
In designing electronics systems, proper interfaces between buses with incompatible logic levels must be provided.
Voltage-level translation is necessary to allow the interconnection with flexibility to provide a future migration path to
lower-voltage input/output (I/O) levels (see Figure 1). TI offers I/O voltage translation solutions with two device families.
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Figure 1. Flexible Voltage-Translation Application
One possible solution for flexible voltage translation is the TI translation-voltage clamp (TVC) family that has been designed
specifically for protecting sensitive I/Os (see Figure 2). The information in the data sheet for each TVC-family device describes
the I/O protection application of the TVC family and should enable the design engineer to successfully implement an I/O
protection circuit utilizing the TI TVC solution.
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Figure 2. Simplified Schematic of a Typical TVC-Family Device
A comparable solution, allowing cost-effective and flexible voltage translation implemented with standard crossbar
technology (CBT) family devices is described in this application report.
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Device Description
The CBT family of devices provides an array of n-type metal-oxide semiconductor (NMOS) field-effect transistors (FETs)
with the gates cascaded together to a control circuit (see Figure 3). Within a CBT device, all of the transistors are fabricated
at the same time on one integrated die. This leads to a very small fabrication-process variation in the characteristics of the
transistors. Because, within the device, the characteristics from transistor-to-transistor are the same, there is minimal deviation
from one output to another. This is a large benefit of the CBT solution over discrete devices.
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Figure 3. Simplified Schematic of a Typical CBT-Family Device
A CBT device can be used as a voltage limiter or voltage translator by connecting one of the FETs as a reference transistor,
and the remainder as pass transistors. The most positive voltage on the low-voltage side of each pass transistor is limited to
a voltage set by the reference transistor. All of the transistors in the array have the same electrical characteristics; therefore,
any one of them can be used as the reference transistor. Because the transistors are fabricated symmetrically and the I/O signals
are bidirectional through each FET, either port connection of each bit can be used as the low-voltage side.

Application
When the active-low, output-enable (OE) input is connected directly to ground, the gate of the p-channel FET in the final
inverter of the control circuitry is grounded. This saturates the p-channel, turning the FET on hard, and effectively connects
the VCC input directly to the gates of the n-channel pass transistors, thus providing external control of the gate voltage.
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For the example in Figure 4, the ASIC has an open-drain interface that is sensitive to high-state voltages. For the
voltage-limiting configuration, the CBT OE input must be grounded. The VCC input must be connected to one side (A or B)
of any one of the transistors. This connection determines the VBIAS input of the reference transistor. The VBIAS input is
connected through a pullup resistor (typically 200 kΩ) to the VDD supply. A filter capacitor on VBIAS is recommended. The
opposite side is used as the reference voltage (VREF) connection. The VREF input must be less than VBIAS – 1 V to bias the
reference transistor into conduction. The reference transistor regulates the VBIAS, thus gate voltage (VG) of all the pass
transistors. The gate voltage is determined by the characteristic gate-to-source voltage difference (VGS) because
VG = VREF + VGS. The low-voltage side of the pass transistors has a high-level voltage limited to a maximum of VG – VGS,
or VREF. A weak pulldown resistor on open-drain outputs ensures that when the output switches off (logic high), overshoots
do not cause the voltage to exceed the maximum voltage rating.
Bus Interface
2.5 V
VCC = 3.3 V

200 kΩ

150 Ω

VCC

VBIAS
B1

B2

GND

A1

A2

150 Ω

150 Ω

150 Ω

B3

B4

Bn

A3

A4

An

CBT Voltage-Translation Device

OE

VREF
Input

Open-Drain ASIC Interface

Figure 4. Typical Application of CBT as a Voltage-Translation Device
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Conclusion
TI offers a line of CBT devices, including standard, Widebus, dual-bit, and single-bit functions. The flexibility of CBT
enables a low-voltage migration path for advanced designs to align with existing industry standards. The TI CBT family
provides the designer with a solution for voltage-level translation and protection of circuits with I/Os that are sensitive to
high-state-voltage-level overshoots.
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