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ABSTRACT BACKGROUND

Battery operated computer systems, such as notebook computers, need
supportlogic with a combination of high-speed and low power. High-speed
logic is required to support high-speed microprocessors. Low power is
required to maximize battery life. Three volt LVTTL logic families suchas IDT's
FCT,LVC&ALVC, have beenintroduced to supply these needs. The 3V logic
families have the same TTL I/O specifications as their 5V relatives (5VTTL) but
witha 3.3V Vccinstead of 5V. Many systems have a mixture of 5V TTL and
3V TTL components, and conversion between the two types is required to
prevent damage to the 3V components even though their logic levels are
compatible. The IDT's QS3861 QuickSwitch bus switches can be used to
provide this conversion automatically without requiring controllogic orintroducing
propagationdelay.
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Acommon probleminlow power systemdesignis arequirementforamixture
of 5V and 3V logic because some functions are not yet available in 3V form.
Anexample of such asystemis shownin Figure 1. The CPU and DRAM use
3.3V supply, while the EPROM and I/0 devices use 5V supply. A5V to 3V
converteris shownin Figure 1 because the 5V TTL cannot, ingeneral, drive
the 3V TTL eventhoughtheirlogiclevels are compatible. A5V CMOS driver
will drive the bus to 5V atalogic HIGH. Even low voltage swing TTL devices
such asthe FCT family have TTL HIGH output voltages above 4.0V. The 3V
LVTTL devices cannotwithstand more than approximately 3.3V ontheir /O
pins. Ifan I/0O pin of a 3V LVTTL device is driven above its 3.3V Vicc, the P
Channel device inthe outputdriver will conduct causing currentflow from the
bus tothe 3.3V Vce through the device. The resulting high-current flow can
cause destruction of the 3V TTL device output through latchup effects. The
function ofthe 5Vto 3V converteris tolimitthe voltage seenby the 3V TTL device
to acceptable levels, typically no more than the 3.3V supply 0.5V.

Figure 1. 5V & 3V Logic Mixture in PC Design
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A5V TTLto3VLVTTL converter could consist of specialized buffers and
transceivers which accept 5V TTL levels on one side and 3V TTL levels on
the other. These parts add propagation delay to the signal path, and require
datadirection controland power sequencing.

Fortunately a simpler solution exists for 5V and 3V translation. The
QuickSwitch® bus switch family. These devices can be used to provide
bidirectional 5V to 3V conversion with no added propagation delay or direction
control. Underthe appropriate conditions, the QuickSwitch will accept 5V TTL
signals on the driving side while limiting the voltage outputto 3.3V on the driven
side. Also, the QuickSwitch is equivalenttoa 5 Ohmresistorwhen on, so that
it adds no significant propagation delay to signals passing through it. To
understand this, we will examine the QuickSwitch® and its operation.

THE QUICKSWITCHCMOS BUS SWITCH

The basic element of the QuickSwitch is a fast, low ON resistance, low
capacitance, high-current capacity switch. The combination of low ON resis-

tance andlow capacitanceis provided by the IDT’s high-performance CMOS
process. Each switch consists ofanN channel MOS transistor drivenbya CMOS
logic gate, as shown in Figure 2.

Whenthe switchinenabled, the gate ofthe N channel transistoris atVcc (5V)
andthe deviceis on, withatypical onresistance of 5Ohm. When disabled, the
gateofthe switchis at 0V and the switchis off. OFF state leakageisin the form
of diode leakage to the substrate (ground) and is typically 10nA at room
temperature. OFF state capacitance across the switch tselfis small because the
input and output pins are shielded to some degree by the gate, which is
grounded.

These devices have an ON resistance of less than 5 Ohm forinputvoltages
nearground. Theresistance rises somewhatas the /O voltage risesfroma TTL
LOWof0.0Vtoa TTLHIGH of 2.4V. Inthis region the Aand B pins are solidly
connected. As the switch input voltage rises, the output follows closely. At
approximately 4V attheinput, the output reaches ts highest voltage. Forinput
voltages higherthan 4V, the output will remain clamped at4V. This is shown
in the VouT vs. VIN charts in Figures 3 and 4.

50 when on
A O | I O B
Off/On
0/ 45

Figure 2. QuickSwitch Block Diagram
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QUICKSWITCH VOUTVS.VvCC the plotbelow. Inthis plot, the “Delta V" curves shown the difference between

The QuickSwitch output voltage for an input voltage equal to Vcc is the outputand V_CC, i.e., the voltage drop acro§sth§ switch. The outputlimi.t of
approximately 1.0V below Vcc. This voltage drop varies from 1.0V at light 1.0V belowVccisbecause an N channeltransistoris used as the switch which

loading (LA) to 1.5V at heavier loading (mA). Increasing or decreasing Vee  tumsoffasits gateto source voltage falls below this value.
willincrease or decrease the output voltage by the same amount, as shownin
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Figure 3. QuickSwitch Vour vs. VIN
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Figure 4. QuickSwitch Vout and Voltage Drop vs. Vcc at VIN = Vcc
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QUICKSWITCHASASVTTLTO3VTTL
CONVERTER

The outputlimiting characteristics of the QuickSwitchcan be usedtomake a
very efficient 5V TTL to 3V TTL converter. By supplying 4.3V to the Vcc pin
ofa QuickSwitch device such as the QS3861, the driven output will be limited
to 3.3V maximum, even under light loading. A 4.3V Vcc can be created by
addingadiode, suchasa 1N4148 between the 5V supply and the device. The
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—
%ka SV IO €| 5V Floppy Disk
>
3VDRAM |« o b <« 5V Hard Disk
P QuickSwitch
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diode will provide approximately 0.70V drop, supplying the QS3861 witha
Vce of4.3V. A 10kOhm resistor is added between the diode’s cathode and
ground to provide a current path for the diode.” This is shown below.

The QS3861 devices provide 10 bits of conversion per device. A bus with
a24-bitaddressbus, a 16-bitdatabus,and up to 10 controllines would require
five devices. Note that the conversionis bidirectional and automatic. If either
sideis drivento 5V, the driven side will be limited to 3.3V.

Figure 5. System with QS3861 as 5V TTL to 3V TTL Converter

*IDT also offers some devices such as QS3384 which have aninternal current path from Vcc to ground. These devices have a specified maximum power supply
current of 1.5mA and do not require the external bias resistor shown in Figure 5.
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PERFORMANCE OF THE QUICKSWITCH

S5VTTLTO 3V TTL CONVERTER

Figures 6 and 7 show the performance of the QS3861 QuickSwitchas a 5V
TTLto 3V TTL converter. Figures 6A and 6B show VOH versus IOH for 3.3V
and5.0Vinputs respectively. Figure 7 shows the inputand output waveforms
fora 5V pulse driving a standard 50pF 500 Ohm load through the QS3861.

3.5
3.0

2.5

2.0 \\
Vou:
Volts 1.5 \

1.0

0.5

0.0

0 -20 —40 —60 -80 -100
|0|.|, mA
Figure 6A. VOH vs. IOH for QS3861 with Vcc=4.3V & VIN= 3.3
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Figure 6B. VOH vs. IOH for QS3861 with Vcc = 4.3V & VIN = 5.0V

© 2019 Renesas Electronics Corporation



5.0 P ——
4.5 \
' / \ Y
4.0 \
3.5
Vin & Vours :2 ‘k
Volts ' \\
2.0 \\
1.5
1.0 \
0.5 \
0.0 \\

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Time, ns

Figure 7. Input to Output Delay of QS3861 at Vcc = 4.3V

CONCLUSION POSTSCRIPT

IDT's QuickSwitch devices offera simple, effective solution for operating 5V Sincetheinitial publication ofthis application note, several productshave been
TTL and 3.3V LVTTL devices in mixed supply systems. The QuickSwitch  addedtofacilitate voltage translation. Theseinclude 16-bit, 24-bitand 32-bitwide
provides voltage conversion without adding propagation delay. switches and a variety of multiplexers and bus exchangers. Please see IDT’s

web page, www.|DT.com for details.
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