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APPLICATION NOTE

Many microcontrollers and DSPs need to operate at aTranslation Low to High
very low voltage in order to conserve power and not Requires some sort of active device. A BRT or digital
overdissipate. Issues arise when the designer has a devideansistor might serve this function, however, the simplest
such as a DSP operating at 1.8 volts and needs to interfacsolution possible is a gate or inverter/buffer that has low
with other semiconductors operating at 3.0 volts or more. threshold. A logic device needs no external components,

The problem stems from the output of the DSP only being draws nocurrent except during transition, and is many times
capable of pulling up to its supply voltage. For nearly all faster than a single bipolar transistor. The CMOS gates and
CMOS devices, logic level high (Y) is guaranteed to be invertersare fabricated in silicon gate CMOS. They are quite
70% of \cc, and logic level low ({) is 30%. If a device is  fast (fuax > 75 MHz at 3.0 volts), require no external
operating at 1.8 volts, a no-load output can be expected taapacitors or resistors, and are now quite inexpensive. They
be 95% of \&¢, so the output will bel.75 volts. This level are available as inverters, buffers, AND, NAND, OR, NOR,
of output cannot match a 3.0 V CMOS device. XOR, tri-state, and analog switches. A CMOS device,

) lightly loaded, will pull up or down to within 5% of rail. A

Solutions _ DSP/MCU operating at 1.8 V will pull up to 1.75 V, and

ON Semiconductor has many differgattes, buffers, and  gown to .05 V, more than meeting all the requirements for
inverterversions in the MiniGafé VHC family that are low 1.8 V interface. It might be prudent to use a device like the
threshold or “T” versions. These products are designated ag c74vVHC1GT14 with Schmitt inputs, to minimize the
“MC74VHCIGT". The MiniGate VHC products are effects ofpossible noise on the data line. ON Semiconductor
fabricated at 0.6am CMOS family of single gate and has 13 devices in the MiniGate family that can be used.
multigate devices. They offer good speed and low cost. WeThere are no external components needed, however, if the
offer many devices available in the single gate family. The designerchooses not to place a bypass capacitor ondae V
“T" version VHC devices are full/low voltage TTL pin, he should make sure to place thec\pin very close
compatible when operating at 5.0 volts, however, physically to a bypasseddé on the device he is driving.
ON Semiconductor has fully characterized its VHC1GT one very inexpensive tiny device can perform this function

MiniGate family at 3.0 volts as well.
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and can operate >75 MHz.

Translation High to Low

This paper will outline two approaches to this problem:
Approach 1: ON Semiconductor offers many open-drain
devices in the MiniGate family. This feature permits the
device to function at one voltage, while its output is
operating at a different voltage, through a separate
pull-up resistor. Any of the open drain parts (gates,
buffers, or inverters) can operate at the higher voltage
(in the system) while its output is operating at a lower
voltage. Almost any two voltages betweenN and
Vmax for the device may be used.
Example: How to interface a 1.2 V DSP to a 2.7 V system.
Any open-drain device in our MiniGate family can be used.
Just operate the part at 2.7 V and use a pull-up resistor to
1.2 V. The downside to this approach is the pull-up resistor
which consumes power and adds delay to the signal. A
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470Q pull-up would add about 5.0 ns delay and 1.5 mW to close toeach other, for example 2.5 V to 3.3 V. For voltages
the power consumption (assuming 50% duty cycle). All of that are far apart, it is difficult to achieve good noise margin
the open drain devices can drive resistor values as low asising this approach. In this configuration a standard CMOS
75 Q, which would match the lines to the device and reducedevice will output= 3.2 V for a high and 0.1 V for a low.
the delay, however, power consumption would be higher. This is well within the requirement for either the
The input will be a perfect match to 2.7 V. The output ON Semiconductor VHC single gate devices (all of the
will match the supply voltage of the pull-up, and a standard level devices) or the LCX one, two, or three gate
perfect match to the DSP/MCU. For this illustration, the products.

NL17SZ06 was chosen, a nhon-inverting open-drain buffer.

ON Semiconductor offers more than 15 devices with open 25V
drain outputs in the one-gate VHC/LCX families and 2 and 33V
3 gate LCX families. Any open drain device in the 25V
ON Semiconductor portfolio may be used. _/_
Y oV
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Figure 3.
NL17SZ06
Conclusion

= Logic level translation from low to high, or high to low
voltages can be quite easy. ON Semiconductor offers

Figure 2. inverting/non-inverting buffers, gates, analog switches in

single, dual, and triple in the MiniGate family. Open drain

Approach 2: Since nearly all the MiniGate products are deviceswill allow interface from higher voltages (as high as
Over-Voltage Tolerant (OVT) at their inputs, it is possible -5 V) down to any voltage desired, in both the VHC and
to operate a device at the lower of the two supply voltages,LCX family. These are available in singles, duals, and
and just drive the inputs higher thagy This is permitted triples. These same two families may be over-driven at the
because all devices in the VHC family and LCX family input, to interface directly between a low voltage and a
are constructed without input diodes that are connected tdVigher voltage. All solutions are either complete, with no
the supply voltage. Instead, these devices used a Ver)extgrnalparts required, orjust_need one pull-up resistor. The
sophisticated input structure that provides high immunity to choice to use a pull-up resistor should be made by the
Electro-Static-Dischar ge (ESD), without the need for _deS|gn¢r and his requirements for power and noise
protection diodes to the supply voltage. This is particularly Immunity.

useful when translating from two voltages that are fairly
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ON Semiconductor and ..." are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.
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