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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 and complete.

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   1998, Texas Instruments Incorporated
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Introduction

The Texas Instruments (TI ) crossbar-technology (CBT) family is known for its multipurpose use in the design arena. It is
used in almost every personal computer, server, workstation, and telecom application in the industry. CBT is an easy and
low-cost solution for systems that require:

• Bus isolation
• Bus swapping in a multiprocessor/memory environment
• Live insertion
• 5-V to 3.3-V translation
• 3.3-V to 2.5-V translation

Translation from 3.3 V to 2.5 V is accomplished easily; however, reliable translation from 2.5 V to 3.3 V cannot be achieved
with the existing CBT family because there is no noise margin for the high-state switching.

2.5-V and 3.3-V Switching Standards

Figure 1 shows the 3.3-V and 2.5-V switching thresholds.

3.3 V VCC

2.4 V VOH

2 V VIH

0.4 V VOL

0 GND

0.8 V VIL

2.5 V VCC

2 V VOH
1.7 V VIH

0.4 V VOL

0 GND

0.7 V VIL

Figure 1. 3.3-V and 2.5-V VCC Thresholds

3.3-V to 2.5-V Translation

Figure 1 shows there is enough noise margin (300 mV for low state and 700 mV for high state) to establish reliable translation
from 3.3-V logic to 2.5-V logic. This is always valid, but one must ensure that the input clamping diode of the 2.5-V device
is not forward biased. VIH should not exceed VCC (2.5-V logic) + 0.3 V.

2.5-V to 3.3-V Translation

Figure 1 shows a 400-mV noise margin for the low-state translation, but zero noise margin for the high state, and therefore,
translation from 2.5-V to 3.3-V devices cannot be achieved without additional consideration.

TI is a trademark of Texas Instruments Incorporated.
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Translating With CBT

A CBT switch is a simple NMOS transistor that acts like a resistor when it is on. Its impedance varies with the amount of current
flowing from its drain to its source. A single 3.3-V power supply connected to VCC is not enough to provide sufficient
translation since VOH can vary, depending on the input current (II) through the switch. The higher II is, the lower the output
logic level VOH is. A higher 2.5-V device VCC is required to maintain the minimum VOH. The following tables show the
required 2.5-V device VCC to maintain a 2-V and 2.4-V VOH.

VIN = 3.3 V, VOH(MIN) = 2 V

II THROUGH THE SWITCH REQUIRED VCC
1 µA 2.75 V

100 µA 3 V

1 mA 3.1 V

15 mA 3.5 V

30 mA 3.7 V

VIN = 3.3 V, VOH(MIN) = 2.4 V

II THROUGH THE SWITCH REQUIRED VCC
1 µA 3.1 V

100 µA 3.4 V

1 mA 3.6 V

15 mA 4 V

30 mA 4.2 V

To achieve a good supply voltage to the VCC pin and still be able to modify it based on the input current requirement, a voltage
divider should be used to derive the required voltage, as shown in Figure 2. The recommended value of R2 is 10 kΩ . C(bypass)
is the bypass capacitor (recommended value ranges from 0.1 to 0.01 µF and should be as close as possible to the VCC pin of
the CBT device). The value of R1 is determined from the power-supply voltage, the input current, and the VOH requirement.

VCC

C(bypass)

R1

R2 = 10 kΩ

Note: C(bypass) = 0.1 to 0.01 µF

VPS
(4.5-V to 5.5-V power supply)

Figure 2. Divider Network

Choosing the correct resistor size (R1) depends on three factors:

• Power-supply voltage level (VPS)
• Chip power-supply voltage needed (VCC)
• VOH level of the switch
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R1 can be calculated using the generalized formula:

R1 = VR1/IR1

Where:

VR1 = VPS – VCC
IR1 = IR2 + ICC
IR2 = VCC/R2
ICC = 100 µA
R2 = 10 kΩ

The generalized formula for R1 can be expanded, by substitution, to:

R1 = (VPS – VCC)/[(VCC/10 kΩ) + 100 µA]

The following tables show the range of R1 based on a 5-V supply voltage (VPS), 3.3-V input signal (VIH), 2-V and 2.4-V VOH
level with up to 30-mA I(I) through the switch. These tables allow the designer to choose the correct resistor for the design,
based on design requirements.

VIN = 3.3 V, VOH(MIN) = 2 V, ICC = 100 µA

II THROUGH THE SWITCH
REQUIRED VCC

(V)
R1 AT VPS = 4.5 V

(kΩ)
R1 AT VPS = 5 V

(kΩ)
R1 AT VPS = 5.5 V

(kΩ)

1 µA 2.75 4.64 6.04 7.32

100 µA 3 3.74 4.99 6.19

1 mA 3.1 3.4 4.64 5.9

15 mA 3.5 2.21 3.32 4.42

30 mA 3.7 1.69 2.74 3.83

VIN = 3.3 V, VOH(MIN) = 2.4 V, ICC = 100 µA

II THROUGH THE SWITCH
REQUIRED VCC

(V)
R1 AT VPS = 4.5 V

(kΩ)
R1 AT VPS = 5 V

(kΩ)
R1 AT VPS = 5.5 V

(kΩ)

1 µA 3.1 3.4 4.64 5.9

100 µA 3.4 2.49 3.65 4.75

1 mA 3.6 1.96 3.01 4.12

15 mA 4 1 2 3.01

30 mA 4.2 0.576 1.54 2.49

Conclusion

TI’s CBT family is versatile, not only in the 5-V or the 3.3-V environment, but also in the 2.5-V arena, using a single 5-V power
supply to generate required voltage for its VCC pin. This family functions reliably as long as the above conditions are met.

Acknowledgment

This application report was written by Ramzi Ammar, SLL Applications, Texas Instruments.

(1)

(2)


