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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   1996, Texas Instruments Incorporated
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Using High-Speed CMOS and Advanced CMOS Logic
in Systems With Multiple V CC Supplies or Partial Power Down

CMOS devices offer a designer many desirable features, the most important one being low-power consumption. However, in
some systems a designer finds that even the low-power consumption of CMOS is insufficient to meet power supply constraints.
Therefore, some designers use partial system power-down or multiple VCC supplies to meet their system power requirements.

When a system uses multiple VCC supplies or partial power down, designers must take into account several important device
parameters when high-speed CMOS (HC) or advanced CMOS (ACL) devices are used. This is necessary to avoid excessive
power dissipation and prevent damage that could lead to a degradation in the reliability of the device. These parameters are
the continuous input and output diode currents (IIK and IOK) and the continuous output current (IO). IIK and IOK refer to the
continuous current flowing through the input and output electrostatic discharge (ESD) protection circuits. Figure 1 shows
functionally equivalent schematics of the ESD structures for HC and ACL devices.
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Figure 1. Simplified ESD Structures for HC and ACL Devices

IO is the continuous current flowing through one of the two output transistors. Table 1 shows the absolute maximum rating
for IIK, IOK, and IO for both HC and ACL devices, as listed on device data sheets.
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Table 1. Absolute Maximum Values for I IK, IOK, and IO

ABSOLUTE MAXIMUM

PARAMETER HIGH-SPEED CMOS
(HC)

ADVANCED CMOS
(ACL)

IO
±25 mA (standard)

±35 mA (high-current)
±50 mA

IIK ±20 mA ±20 mA

IOK ±20 mA ±20 mA

To understand how IIK, IOK, and IO can affect a system design, consider an example of a partial system power down. Figure 2
shows a partial power-down situation where a device powered with VCC = 5 V is driving a device without power applied. The
input voltage to the nonpowered device exceeds VCC by more than the threshold voltage (0.6 V to 0.8 V), causing the ESD
protection structure to conduct whenever the output of the driver is in a high state. Therefore, the driving device powers up
the receiving device and any other device sharing the same VCC line. If no current limiting is provided, the maximum IO of
the driving device and the maximum IIK of the receiving device could be exceeded.

VCC = 5 V VCC = 0 V

Figure 2. Example of Partial System Power Down

Several methods are available to protect the driving and receiving devices during partial system power down. If the driving
device has 3-state outputs, placing the outputs in the high-impedance state provides the best solution. However, if this is not
a viable option, some method of current limiting must be provided. Figure 3 shows several methods that can be used, with
current-limiting series resistors being the simplest. The value of the resistor is chosen to limit the current into the receiving
device to less than 20 mA. The major drawback to using a current-limiting resistor is power dissipation. Another drawback
is the effect that the resistor has on the input transition time at the receiving device during normal system operation. If the total
capacitance of the interconnects and receiving devices is high (i.e., a high-capacitance bus), a current-limiting resistor increases
the input transition time. A system designer must ensure that the addition of the resistor does not increase the input transition
time above the maximum input transition time of the receiving device.

A second method of current limiting involves the use of a pullup resistor and a diode (see Figure 3). The advantage of this
method is that it allows the use of a large resistance, thereby holding power dissipation to a minimum. The disadvantage of
this method is that it requires the use of additional components and results in a higher value of VIL at the receiving device.

VCC = 5 V VCC = 0 V

VCC = 5 V VCC = 0 V
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Figure 3. Current Limiting for a Partial System Power Down
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A second example of how a partial power down can cause unwanted operation is the case of two drivers connected to the same
bus with one device powered down, as shown in Figure 4. In this case, the first bus driver attempts to power up the second bus
driver and any other devices sharing the same VCC line through the output ESD structure of the unpowered device.

VCC = 5 V VCC = 5 V

VCC = 0 V

Figure 4. Partial Power Down With Bus Drivers

Several methods are available to solve this type of problem. One method is simply to use a current-limiting resistor as outlined
above. Another solution is to isolate the unpowered driver from the VCC line by putting a diode between the power pin and
the VCC supply. If the unpowered device is a transceiver, pullup or pulldown resistors are required on the output control inputs
to disable the outputs. Not disabling the transceiver outputs allows the transceiver to power up the unpowered devices that are
driven by its outputs. When an isolating diode is used, the VCC at the driver  is always a diode forward drop below the voltage
of the supply, resulting in a degradation of VOH. Figure 5 illustrates these circuit solutions.

VCC = 5 V VCC = 5 V

VCC = 0 V
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Figure 5. Current Limiting for Bus Drivers During Partial Power Down
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Another example of a system that could require current-limiting protection is one that uses multiple VCC supplies, or a system
that provides each card with its own on-board voltage regulator. If the VCC supplies of two connecting devices differ by more
than 0.5 Vdc, a current-limiting scheme should be considered if the driving device is a CMOS device and is connected to the
high VCC. This is necessary because VOH of a CMOS device is the same as VCC when the IOH requirement is very small.
Therefore, the input ESD protection diode could conduct if the VCC of the driver (or VOH) exceeds the VCC of the receiver
by more than 0.5 Vdc. The resulting current flow causes the degradation of the diode, not the voltage.

NOTE:
This applies only to supplies that vary by more than 0.5 Vdc. Dynamic switching currents could cause
transient voltage spiking on VCC lines such that a 0.5-V difference between supplies could easily exist.
These transients do not cause a problem if they have a short duration (less than 20 ns).

Partial system power down offers a designer a convenient method to save on system power consumption. However, when a
partial power-down scheme is used, a designer must ensure that no damage occurs to devices and that excessive power
dissipation is avoided. The designer also must take similar precautions when using multiple VCC supplies if the supplies of
two connecting devices differ by more than 0.5 Vdc.


