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LOGICIEVEL SHIFTER

Description

Technical Field

“This invention relates generally to digital circuitry, and more particularly to

logic level'shifters for digital circuitry.

Background Ar;

Portable computers are becoming very popular because they are easy to

transport, can be used virtually anywhere, and because they are approaching the

‘computing pdwer of their desk-top brethren. ‘Portable computers are also becoming

smaller and lfghter in weight, which generally means that the batteriés wh_i_c_h power
thcfn are also becominé smaller. As aresult, the néw generation of small, light, but
powerful portable computers require low-power, yet high speed, circuitry.

Because portable computers are usually b.attery powered, it is very

important that they draw as little power as possible. In consequence, the circuitry

of virtually all portable computers is implcmehted in complementary metal oxide

semiconductor (CMOS) ;echnology, which is noted for its low power
requirements. Also, the microprocessor or controller at the heart of the portable
computer often _oﬁerates internally on a lower voltage than the rest of the computer’s
circuitry to reduce its static power consumption. Unfd_rtunately,- lowering the
voltage also reduces the speed at which the microprocessor or controller operates,
which means that other portions of the cifcuitry must not unduly add to the delay of
signals being produccd by the microproce.ssor. or controller.

InFig. 1,a microproceésor or controller 10 can utilize an internal or “core™

operating voltage of three volts d.c. but must drive -external or “ring” logic at
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standard ISA (Indhstry Standard Architecture) voltages of about five volts d.c.
This requires a logic level shifter 12 which couples the core logic to a pad driver 14

and, from there, to a lead 16 of the microprocessor or controller 10. The logic level

shifter 12 must be capable providing sufficient current to the pad driver 14

(typically 20 - 30 milliamperes). The pad driver 14 usually drives a capacitive load
Cy of about 200 picbfarads. '

A prior art logic level shifter 12’ is illustrated in Fig. 2. The channel of a p-
channel metal oxide field effect transistor (MOSFET) 18 and the channel of a n-

channel MOSFET 20 are coupled together in a typical series CMOS configuration

between a source of the ring voltage Vr and ground. The gates of the MOSFETS
18 and 20 are coupled to the input of the logic icvel shifter 12’, and the node 22
between the channels of the MOSFETS is coﬁpled to the pad driver 14. Typically,

the relativé size of the MOSFETS are selected so that the trip point between a logic

0 and a logic 1 are skewed towards the lower end of é voltage range. For example,
if the voltage range is 0-3 volts, the trip point would be made less than 1.5 volts,

while if the voltage range is 0-5 vdlts, the trip point would be made less than 2.5

- volts. This skewing of the trip point enables the input signal “IN™ to have a swing

of 0 to'3 volts while gencrating an output signal that has aswingof 010 § volts.

A problem with the prior art logic level shifter 12’ of Fig. 2 is that it exhibits
arelatively high static current. For example, when the input signal IN is at 3 volts,
the output will be at 0 volts because the n-channel 'MOSFET 20 is on, but the p-
channel MOSFET will not be shu; entirely off. Therefore, current will flow from
Vr to ground through MOSFETS 18 and 20. In cﬁnscqucnce, there is a
cons_iderable static current drain through the level shifter 12’, which can quickly

deplete the batteries of a portable computer.
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Disclosure of the Invention

The present invention is a low power, high speed logic level shifter which is
particularly well adapted for use in portable computers. The logic level shifter is
preferably implemented in two inverting stages, where the first stage shifts the input
“core” logic levels to a lower logic level range, and where tﬁe second stage shifts
the lower logic level range to an output or “ring” logic range. Feedback is
preferably ﬁscd to virtually eliminate the static current in one or both of the stages.

A method of the present invention shifts a first range of voltages

- downwardly to a lower range of voltages and then shifts the lower range of

voltages upwardly to a second range of voltages. One or both of the shifting steps
may include a logic level inversion. The second range of voltages can be sensed to
reduce the static current consuxﬁed by the process. - .

The present invention is preferably implemented in CMOS technology.
Since the static current is virtually climinated, the result is a very low power logic

level shifter for battery-powered portable computers. The circuitry of the present

‘invention is not significantly slower than the prior art logic level shifter of Fig. 2,

and is quite suitable for use with standard 8 megahertz microcomputer busses.
These and other advantages of the present invention will become apparent to

those slcille_d in the art upon a reading of the following specification of the invention

and a study of the séveral figures of the drawing. |
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Brief Description of the Drawings

Figure 1 is a diagram illustrating a typical prior art environment for a logic
level shifter;

Figure 2 is a schematic of a prior art logic level shifter; and

Figure 3 is a schematic of a logic level shifter in accordance with the present

invention.

Best Modes for Carrying out the Invention

The environment of the present invention and a prior art logic level shifter

* were discussed with refefcnce to Figs. 1 and 2, respectively. In Fig. 3, a-logic

level shifter 12” in accordance with the present invention includes a first stage 24

and a second stage 26. The first stage 24 has a first input 28 and a first output 30,

. and the second stage 26 has a second input 32 coupled to the first output 30, and a

second output 34. .

The first stage 24 is preferably coﬁplcd to two power supply levels
corresponding to the core voltage level Vc and to the ring voltage level Vr. I.n this
preferred implementation, Vc is about 3 volts d.c. and Vr is about 5 volts d.c. As
will be discussed subsequently, it is also possible to provide different voltage levels

for Vc and Vr to cause the circuitry to provide different functions. The first stage

. 24 includes a p-channel MOSFET 36 and three n-channel MOSFETS 38, 40, and

42. The channel of MOSFET 36 is coupled between Vc and a node 44, and the
channel of MOSFET 38 is coupled between node 44 and a _referet.xce'voltagc ’
(ground). The gates of MOSFETS 36 and 38 are coupled to ﬁl"st input 28. The
channel of MOSFET 40 is coupled between Vr and a node 46, and the channel of
MOSFET 42 is coupled between node 46 -and ground. The gate of MOSFET 40 is
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coupled to node 44 and the gate of MOSFET 42 is coupled to first input 28: Node
46 is coﬁpled to first output 30.

The sccona stage 26 is powered by a single power supply level -Vr and
includes two p-channel MOSFETS 48 and 50 and an n-channel MOSFET 52. The
channel of MOSFET 48 is coupled between Vr and the second input 32, and the
gate of MOSFET 48 is coupled to the second output 34. The MOSFET 48 serves

as a feed-back transistor to greatly reduce static current drain. The channel of

__MOSFET 50is céupled between Vrand a node 54, and the channel of MOSFET 52

is coupled between node 54 and ground. Thé gates of 'MOSFETS 50 and 52 are
coupled to second input 32, and node 54 is coupled to the second output 34.

The logic level shifter 12" consumes essentially no static current. When the
input signal at first input 28 is at logic 0, the signal at a point A israised to a logic' 1
(3 volts) aﬁd the MOSFET 40 is tumed on. This causes the signal at a point B shift .
downwardly to voltage lower than VcL In the present embodiment the lower
voltage level is about 2.5 volts, although a lower voltage within the range of 1510
2.5 volts is also be suitable. This turns on the MOSFET 52, pulling the second
output 34 low to a logic level 0. MOSFET 50 is partially turned on, But is
overpowered by MOSFET 52. When the second output 34 is a logic level 0, the
MOSFET 48 is turned on, pulling the voltage level at point-B to Vr (5.volts). The 5

volt level at point B MOSFET 50 completely turns off that transistor preventing any

static current drain through the MOSFETS 50 and 52. The S volt level also

completely shuts off MOSFET 40 because both sides of its channel are at the same
voltage level. This prevents any static current from flowing through MOSFETS 40

and 42. The feedback MOSFET 48 therefore virtually eliminates static current in

 both the first stage 24 and the second stage 26 when the input logic level is 0.

Whén the first input 28 is a logic level 1 (3 volts) the signal at point B isa
logic level 0. This causes the MOSFET 50 to be turned on hard and the MOSFET
52 to be completely shut off. This causes the second output voltage to go to 5

volts, shutting off the feedback MOSFET 48. Since MOSFET 38 is turned on,
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MOSFET 40 is turned off hard and there is virtually no static current flowing
through MOSFETS 40 and.42. With MOSFET 50 turned off hard, there is
virtually no static current flowing through MOSFETS 50 and 52. MOSFET 36 is’
also turned off hard, so there is i/inuélly no’ static current.ﬂowing through
MOSFETS 36 and 38. In consequence, there is only negligible static current
flowing through either of stages 24 or 26 whcn the input logic level is 1.

It should be noted that the first stage 24 causes a first logic level inversion,

and the second stage 26 causes a second logic level i mvers:on The second ourput

34 is therefore of the same polarity as the first input 28, even though the logic lcvels

have been shifted upwardly. It is also possible to make the logic level converter

12” with non-inverting stages with essentially the same. result, or to. make the

" converter 12" with only one inverting stage, in which case there would be a polarity'

inversion between the first input 28 and the second output 34. For example, if the
gate connections of MOSFETS 40 and 42 are swappcd, i.e. the gate of MOSFET
40 is attached to first input 28 and the gate of MOSFET 42 is attached to nede 44,
first stage 24 is a non-inverting stage. Since second stage 26 is still an invcriing
stage, the logic level converter 12” will be an inverting logic level converter.

The following characteristics are typical of the logic level converter 12’
when it is implemented in one micron CMOS technology. The dynamic estimates
are based upon an assumption that there are clean current spikes on Vr only, that the
circuit is operating at 8 megahertz, that industry standard bus cycles are used. The

estimates also assume that the level shifter 12" drives a pad driver 14 which drives a

capacitive load Cj of approximatcly 200 picofarads.
STATIC POWER: zero watts

AVERAGE DYNAMIC POWER: CV2F = (200pf)(5.25v)2(8MHz/3)

= 14.7 milliwatts
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A standard cell pad driver 14 with a 200 pf load is attached to the second

output 34 of the logic level shifter. The following power characteristics were noted:

JABLE ONE
~ Location - Signal Rise Signal Fall
Pad Driver 5.1 mW ' . 414 yW
Second Output34  (Vr=5v)  5.87uW 105 pW
First Output 30 (Vr = 3v) 373 nW : 3.2 W

With a rising edge at the first input 28 (i.e. the input signal is changiﬂg from

a logic level 0 to a logic level 1) the power consumed is:

Power = 373 1W + 105 uW + 5.1 mW = 5.205 mW

With a falling edge at the first input 28 (i.e. the input signal is changing

from a logic level 1 to a logic level 0) the power consumed is:

Power = 3.2 uyW + 5.87 uW + 414 uW = 423.1 nw
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The worst case time delays for the logic level shifter 12 are as follows:

TABLETWO
Location : Signal Rise . Signal Fall
Level Shifter 12" | 3.1 ns 1.82 ns
Pad 14 16.6 ns 8.48 ns

TOTAL 19.7 ns 10.3 ns

These time deiays are well within the specifications for a standard microcomputer 8
rﬁ’egahe;tz bus. |
It should be noted that the power inputs Ve and Vr of the first st.agc 24 and
the power input Vr of the second stage permits a certain amount of pmgrarr;nﬁng of
the functionality of the logic level shifter 12”. For example, if Vc = Vr =5 volts
and fhe first input 28 operates in the 0-5 volt range, the logic level shifter serves as
a low-power, high-speed, ISA compatible buffer. As another example, if Ve=Vr
=3 voltﬁ, the logic level shiftcr serves as a low-power, high-speed buffer fo_r 0-3
volt logic- devices. Since some devices operate at 3 volts, others at 5 volts, and
some at both 3 and 5 volts, it is useful to have a the same circuit be able to serve as
a 3 or 5 volt buffer oras a; 3-to-5 volt logic level shifter.
| While this invention has been described in terms of several preferred
embodiments, it is contemplated that alterations, modifications and permutations
thereof will become apparent to those skilled in the art upon a reading of the
specification and study of the drawings. It is therefore intended that the following
appended claims include all such alterations, modifications and permutations as fall

within the true spirit and scope of the present invention.
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Claims

LOGIC LEVEL SHIFTER

1. A logic level shifter comprising:

a first stage (24) having a first input (28) and a first output (30), wherein a
voltage level at said first input can range from a reference voltage to a first voltage,
said first stage being coupled to a source of a second voltage which is greater than
said first voltage, and wherein a voltage' level at said first output is responsive 1o
said voltage level at said first input and can range from said refcréncc voltage to a
lower voltage which is less than said first first voltage; and

a second stage (26) having a second input (32) and a second output (34),
said second input being coupled to said first output of said first stage, said second
stage being further coupled to a source of saj(_i sccoﬁd .voltage, wherein a; voltage

level at said second output is responsive to said voltage level at said first 6utput and

can range from said reference voltage to said second voltage.

2, A logic level shifter as recited in claim 1 further comprising feedback

means (48) responsive to said voltage level at said second output and operative to

" reduce the static current through at least one of said first and second stages.

3. A logic level shifter as recited in claim 1 wherein said first voltage is

about three volts d.c. and wherein said second voltage is about five volts d.c.

4, A logic level shifter as recited in claim 1 wherein said first stage is

. further coupled to a source of said first voltage.

QT
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5. A logic level shifter as recited in claim 4 wherein said first stage
includes: |

a first transistor means (36) of a first polaﬁty type coupled at a first node to
a second transistor means (38) of a second polarity type, said first transistor means
and said second transistor means bcing coupled in series between said. source of
said first voltage and said reference voltage, wherein the gates of said first transistor
means and said second transistor means are coupled to said first inpﬁt; and

a third transistor means (40) of said second polarity type coupled at a
second node (46) to a fourth transistor means (42) of said second polarity type, said

third transistor means and said fourth transistor means being coupled in series

~ between said second voltage and said reference voltage, wherein a gate of said third |

transistor means is coupled to said first node, a gate of said fourth transistor means
is coupled to said first input, and wherein said second node is coupled to said first

output.

6.. A logic level shifter as recited in claim 5 wherein said second stage
includes:

a fifth transistor means (48) of said first polarity type coupled between said
source of said second voltage and said second input; and

a sixth transistor means (50) of said first polarity type coupled at a third
node+(54) to a seventh transistor (52) of_ said second polarity type, wherein said
sixth transistor means and-said seventh transistor means are coupled in series

between said source of said second voltage and said reference voltage, wherein

_ gates of said sixth transistor means and said seventh transistor means are coupled to

said second input; and wherein said third node is coupled to said second output and

to a gate of said fifth transistor means.

I
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7. A logic level shifter as recited in claim 1 wherein said second stage
includes:

a first transistor means (48) of a first polarity type coupled between said
source of said second voltage and said second input; and -

a second transistor means (50) of said first polarity type coupled at a node |
(54) to a third transistor (52) of a second polarity type, wherein said second
transistor means and said third transistor means are coﬁplcd in series berween said
source of said second voltage and said reference voltage, wherein gates of sﬁd
second transistor means and said third transistor means are coupled to said second
input; and wherein éaid node is coupled to said second output and t0 a gate of said

first transistor means.

8. A logic level shifter as recited in claim 1 wherein said first output of

said first stage is an inversion of said first input of said first stage.

9. A logic level shifter as recited in claim 8 wherein said second output

of said second stage is an inversion of said second input of said second stage.

" 10. A logic level shifter as recited in claim 1 wherein said second output

of said second stage is an inversion of said second input of said second stage.

" 11. °  Alogic level shifter comprising:
- power supply means operative to chelop a ringilogic voltage;
input means (28) powércd by said ring logic voltage and'rcspo'nsive toa
first range of voltages varying between ground and a core logic vokage ‘which is
less than said ring logic voltage;

outpﬁt means (34) powered by said ring logic voltage and operative to

" develop a second range of voltages varying between ground and said ring logic

voltage in response to a voltage level at said input means; and

A
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feedback means (48) responsive to said second range of voltages and

operative to reduce the static current of said logic level shifter.

12, A logic lévei_ shifter as recited in claim 11 wherein said power |
supply means further develops a core logic voltage, said input means being further
powered by said core logié voltage, wherein said input means develops a lower
range of voltages varying between ground and a lower voltage which is less than
said core logic voltage in response to said voltage level at said input means, and

wherein said output means is responsive to said lower range of voltages.

13. A logic level shifter as recited in claim 11 wherein said ring logic

wvoltage is about five volts d.c.

14. A logic level shifter as recited in claim 12 wherein said ring logic

voltage is about five volts d.c. and said core logic voltage is about three volts'd.c.

15.  Alogic level shifter as recited in claim 14 wherein said lower voltage

is about 1.5 - 2.5 vdl;s d.c.

16.  Alogic level shifter as recited in claim-12 wherein said lower range

- of voltages is an inversion of said first range of voltages.

17. A logic level shifter as recited in claim 16 wherein said second range

of voltages is an inversion of said lower range of voltages.

18. . Alogic level shifter as recited in claim 12 wherein said second range

of voltages is an inversion of said lower range of voltages.

A O AR
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19. A method for shifting logic levels comprising:
shifting a first range of voltages which varies from a reference voltage 16 a

first voltage downwardly to ‘a lower range of voltages which varies from said

~ reference voltage to a lower voltage which is greater than said first voltage; and

shifting said lower range of voltages upwardly to a second range of voltages
which varies from said reference voltage to a second voltage which is greater than

said lower voltage.

20. A method for shifting logic levels as recited in claim 19 further
comprising the step of inverting said first ranée of voltages to develop said lower

range of voltages.

21. A method for shifting logic levels as recited in claim 20 further
comprising the step of inverting said lower range of voltages to develop said second

range of voltages.

22. A method for shifting logic levels as recited in claim 19 further
comprising the step of inverting said lower range of voltages to develop said second

range of voltages.

23. A method for shifting logic levels as recited in claim 19 further
comprising sensing said second range of voltages and reducing the static current in

response thereto.

24. A method for shifting logic levels as recited in claim 19 wherein said
reference voltage is at about ground potential, said first voltage is about three volts

and said second voltage is about five volts.

R A0 GO
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25. A method for shifting logic levels as recited in claim 24 wherein said

lower voltage is about 1.5 to 2.5 volts.

26. . A logic level shifter comprising:

a first stage (24) having a first signal input (28), a first signal output (30),
.and a first power input; |

a second stage (26) having a second siénal input (32), a second signal
output (34), and a second power input, where said second signal input is coupled to
said first signal output, said second signal output being respohsivc to said first
signal input; and

feedback means (48) having an input coupled to said second signal output

and an output coupled to at least one of said first stage and said second stage to

reduce the static current in said logic level shifter.

27. A logic level shifter as recited in claim 26 wherein said first power
input and said second power inpui are of approximately the same volfage, and

wherein said first stage further comprises a third power input.

28. A logic level shifter as récitcd in claim 27 wherein said third power

input is of approximately the same voltage as said first power input and said second

power input.

29.  Alogic level shifter as recited in claim 28 wherein said third power

input is of a lower voltage than said first power input and said second power input.

i



