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57 ABSTRACT 
A TTL/CMOS compatible input buffer circuit com 
prises a Schmitt trigger input buffer stage and a refer 
ence voltage generator. In the TTL mode, the reference 
voltage generator supplies a reference voltage having a 
level that forces the trigger point of the Schmitt trigger 
to a predetermined value. In the CMOS mode, the ref 
erence voltage generator is disabled and a voltage equal 
to the power supply voltage is provided to the Schmitt 
trigger. The input buffer circuit affords an enhanced 
input noise margin and minimizes DC power loss. 

7 Claims, 2 Drawing Sheets 
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Re. 34,808 
1. 

TTL/CMOS COMPATIBLE INPUT BUFFER WITH 
SCHMTTTRGGER 

Matter enclosed in heavy brackets I appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS-REFERENCE TO COPENDING PATENT 
APPLICATION 

Copending U.S. patent application Ser. No. 788,344, 
filed Sept. 19, 1985 on behalf of H. C. Hsieh and as 
signed to the same assignee, now U.S. Pat No. 4,820,937. 
incorporated herein by reference, discloses a TTL/CMOS 
input buffer incorporating an input inverter in the 
CMOS input buffer. The trigger point of the input in 
verter is established at a selected level in response to a 
reference voltage provided by a voltage generator. The 
circuit realizes a reduce reduced sensitivity to varia 
tions in power supply noise and maximizes input noise 
margins. The input buffer has high speed, low or no DC 
power dissipation at TTL input levels, and no DC 
power dissipation at CMOS input levels. 

BACKGROUND OF THE INVENTION 
1. Field of The Invention 
This invention relates to a TTL/CMOS compatible 

input buffer incorporating a Schmitt trigger. 
2. Description of The Prior Art 
Conventional bipolar integrated circuits operate at 

low voltage logic levels. Typically, a low or logical "0" 
for TTL logic circuits ranges from 0.0 to 0.8 volts and 
a high or logical "1" ranges from 2.0 to 5.0 volts. Thus 
in order to distinguish between a logical 0 and a logical 
1 a CMOS inverter must be capable of switching some 
where between 0.8 and 2.0 volts and preferably at ap 
proximately 1.4 volts in order to provide the widest 
possible noise margin. A CMOS inverter generally op 
erates at voltages of 4.5 to 15 volts with 5 volts being 
typical. If the source of the P-channel transistor in the 
CMOS inverter is connected to a voltage of 5 volts, for 
example, the P-channel transistor will draw a steady 
state current when a TTL logical “1” as low as 2.0 volts 
is applied to its gate. Hence it is desirable to establish the 
switching or trigger point of the CMOS input inverter 
in a TTL/CMOS buffer at approximately 1.4 volts to 
maximize noise margins, and to provide a voltage of less 
than 5 volts on the sources of P-channel transistors in 
the input buffer in order to reduce steady state power 
consumption. 
To overcome the problem of the differences in oper 

ating voltages of the TTL logic circuits and the CMOS 
circuits, various solutions have been proposed. For 
example, U.S. Pat. No. 4,471,242 issued Sept. 11, 1984 
to Noufer, et al., which is incorporated herein by refer 
ence, describes a TTL/CMOS input buffer that accom 
plished buffering a TTL signal to a CMOS signal with 
low current flow through a CMOS input inverter in a 
static (nonswitching) condition. This is achieved by 
providing a selected reference voltage to the source of 
the P-channel transistor in the CMOS input inverter. 
The reference voltage is selected to be less than the 
lowest voltage level of the TTL logical “1” (2.0 volts) 
minus the threshold voltage of the P-channel transistor. 

Similarly, U.S. Pat. No. 4,475,050 issued to Noufer on 
Oct. 2, 1984, which is incorporated herein by reference, 
prevents current flow through the CMOS inverter of 
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2 
the TTL to CMOS input buffer by providing a refer 
ence voltage to the source of the P-channel transistor in 
the input inverter which is responsive to the voltage 
level of the TTL input signal. 

U.S. Pat. No. 4,469,959, issued to Luke et al. on Sept. 
4, 1984, which is incorporated herein by reference, 
describes a bypass means that compensates for the body 
effect of the load transistor to maintain the switch point 
of the input inverter stage at a relatively constant value. 
When a relatively large number of input buffers are 

provided in a circuit network, for example as many as 
60, if all the inputs are switched simultaneously, the 
trigger points of the inverters, such as used with the 
circuit disclosed in the copending patent application, 
would vary as the reference voltage supplied to the 
input inverters varies. The greater the number of input 
buffers that are connected and switched simultaneously, 
the greater the potential peak-to-peak noise. Simulta 
neous switching causes a drain on the current source 
resulting in wiggle of the reference voltage. If the tran 
sistion time of an input inverter is slow, such that it 
intersects with the waveform of the trigger point of the 
input inverter more than once, the input would be inter 
preted as having logical level 1010, so that multiple 
transitions could appear at the output of the input 
buffer. It would be desirable to reduce the sensitivity to 
transients and peak-to-peak noise when switching the 
input stages of the input buffer circuits. 

SUMMARY OF THE INVENTION 

According to this invention, a TTL/CMOS compati 
ble input buffer incorporates a Schmitt trigger in order 
to reduce sensitivity of the input buffer to noise on the 
reference voltage and to provide improved tolerance 
for slow input transitions. The operation of the Schmitt 
trigger is characterized by hysteresis so that the trigger 
point is lower when its input voltage is falling than 
when the input voltage is rising, and the difference in 
the voltage levels of the trigger points provides im 
proved tolerance to noise and enhances noise immunity. 
Also, in the circuit of this invention, noise associated 
with the reference voltage is damped by a large capaci 
tor, and a large transistor provides a true voltage source 
to limit excursions of the voltage waveform. 

BRIEF DESCRIPTION OF THE DRAWING 
The invention will be described in detail with refer 

ence to the drawing in which: 
FIG. 1 is a schematic block diagram of the novel 

circuit of this invention; 
FIG. 2 includes waveforms depicting an indetermi 

nate output caused by noisy reference voltage and a 
slow input transition; 
FIGS. 3a and 3b represent respectively the transfer 

curves of a normal inverter and a Schmitt trigger; and 
FIG. 4 is a computer simulation of the TTL/CMOS 

input buffer of this invention when operating with a 
Schmitt trigger in a noisy reference voltage environ 

ent. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBOOMENT 

With reference to FIG. 1, a TTL/CMOS compatible 
input buffer comprises a Schmitt trigger 10 and a refer 
ence voltage generator 20. The reference voltage gener 
ator 20 provides a reference voltage to establish the 
trigger point of the Schmitt trigger to be at the desired 
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level of approximately 1.4 volts. The Schmitt trigger 10 
has a hysteresis characteristic that effectively enhances 
noise immunity, and is used in the input buffer circuit of 
this invention to replace the inverter circuit incorpo 
rated in the input buffer disclosed in the aforementioned 
copending patent application. 
With reference to FIG. 1, the Schmitt trigger in 

cludes a P-channel enhancement transistor M1 and N 
channel enhancement transistors M2, M3 and M4. The 
gate electrodes of transistors M1, M2 and M3 are con 
nected to receive an input signal WIN through lead 13, 
and the drains of transistors M1 and M2 are connected 
to the gate of transistor M4 to couple to an output termi 
nal Vourthrough lead 16. The source of transistor M1 
is connected to the drain of transistor M4 to couple to 
the reference voltage generator 20 through a lead 21. 
The drain of transistor M3 is connected to the sources 
of transistors M2 and M4. The source of transistor M3 
is connected to a reference potential or ground. 
When the input buffer operates in the TTL mode, i.e., 

when the signals on input lead WIN of the input buffer 
are at TTL levels switching between 0.8 volts and 2.0 
volts, one desirable voltage level of reference voltage 
VREFon output lead 21 is approximately 3.5 volts. Thus 
the DC power loss of the input buffer is substantially 
reduced from the DC power loss that would result if the 
reference voltage VREF were at V, which is typically 
5 volts. The DC power loss is the power loss resulting 
from the steady state current that flows from the refer 
ence generator 20 through transistors M1, M2 and M3 
to ground. 
When the Schmitt trigger 10 is in the steady or non 

switching state, it is desirable that the trigger of trip 
point, which is a function of VREF, should be at or near 
the midpoint of the TTL voltage levels, which is ap 
proximately 1.4 volts. The Schmitt trigger operates at 
two trigger voltage levels, one trigger occurring at the 
rising edge of the input signal and the second trigger 
occurring at the falling edge of the input signal. In 
accordance with this invention, a larger noise margin is 
obtained by virtue of the two distinct trigger voltages 
which are centered about the desired 1.4 volt level. 
When operating the input buffer with the Schmitt 

trigger, as illustrated in FIG. 1, when the input node or 
terminal T4 is at 0 volts, then mode T2 is charged to the 
reference voltage VREF and node T3 is charged to 
VREF-V(M4), where V(M4) is the threshold voltage 
of M4, an N-channel enhancement transistor. As the 
input signal begins to rise, the voltage at node T3 starts 
to fall. The DC characteristic is determined by transis 
tors M3 and M4, while transistor M2 is off. As the input 
rises to a voltage level that is V(M2) above the voltage 
at node T3, transistor M2 turns on and the voltage at 
node T2 falls quickly so that transistor M4 cuts off. 

For the falling edge of the input signal, initially both 
voltages at node T2 and node T3 are 0 volts and transis 
tor M4 is nonconducting or off. As the input VIN ap 
plied to node T4 falls, the voltages at node T2 and at 
node T3 both rise. When the voltage difference be 
tween the input VIN and that at terminal T3 is less than 
the voltage V (M2), transistor M2 cuts off and the 
voltage at terminal T2 rises rapidly to the reference 
voltage WREF and transistor M4 is turned off on. The 
DC characteristic of the Schmitt trigger is then deter 
mined by transistors M3 and M4 that provide a higher 
trigger point than the inverter comprising transistors 
M1, M2 and M3. 
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4. 
In operation of the input buffer, a power down (PD) 

control signal is applied to transistor P4 of the reference 
voltage generator 20. P4 is coupled to a voltage supply 
Vcc and to ground potential through series resistors R1 
and R2. Resistor R1 has a resistance value greater than 
that of R2, in this implementation, being in the ratio of 
5R:2R, by way of example. The resistance values are 
selected so that the reference voltage at node T1A is at 
the midpoint of the range of TTL values, taht that is 
at 1.4 Volts approximately. When transistor P4 is on, 
the reference voltage on node T1A is substantially equal 
to the desired trigger point of the Schmitt trigger 10, 
which is the selected value between the low level TTL 
signal (0.8 volts) and the high level TTL signal (2.0 
Volts). 
The voltage at node T1A is applied to the inverting 

input lead 26 of operational amplifier 25. Capacitor C1 
which is connected between T1A and ground smooths 
any glitches that may be caused by power supply per 
turbations. The noninverting input lead 27 of the op 
amp 25 is connected to the ouptut output node T2A 
of the reference input buffer stage 11A of the reference 
voltage generator. The reference input buffer stage 11A 
comprises a P-channel transistor P2, an N-channel tran 
sistor N2, an N-channel transistor N3, and an N-channel 
transistor N4. The configuration of the reference input 
buffer stage 11A is substantially equivalent to that of the 
Schmitt trigger 10, except that the node T2A is shorted 
to the gates of P2, N2 and N3. The ratios of the sizes of 
the transistors P2, N2, N3 and N4 are substantially the 
same as the ratios of sizes of transistors M1, M2, M3 and 
M4, respectively. The output signal of the operational 
amplifier 25 controls the gate of a P-channel transistor 
P3, which is a relatively large transistor. The transistor 
P3 acts as a true voltage source and limits excursions of 
the voltage at node T3A. P3 supplies transient current 
for all input buffers in the system, which are similar to 
the Schmitt trigger input buffer 29, and is connected to 
the output lead 21 of the reference voltage generator 20. 
A capacitor C2, which is a large capacitor having a 
capacitance value of 50 picofarads, by way of example, 
is connected to output lead 21 of the reference voltage 
generator 20 and serves to stabilize the reference volt 
age. 
The Schmitt trigger input buffer 29 includes an out 

put stage comprising an inverter formed with a P-chan 
nel transistor MRI M5 and N-channel transistor M6. 
The transistor M5 is a native P-channel transistor hav 
ing a threshold voltage of about -1.6 Volts:0.2 Volts, 
so that the inverter formed by the M5 and M6 transis 
tors does not consume DC power when VREF has a 
value greater than or equal to 3.5 volts approximately. 

Since the voltage on the gates of transistors P2, N2 
and N3 is the same as the voltage on node T2A con 
nected to the drains of transistors P2 and N2, the trigger 
point of the reference input buffer is in effect the volt 
age at node T2A, which is connected to the nominvert 
ing lead 27 at the input of op amp 25. The output signal 
from the op amp 25 is fed to the gate of P3 to establish 
a reference voltage at node T3A so that the voltage at 
the node T2A approaches the desired level of about 1.4 
volts. 

Since the ratios of the sizes of the transistors of the 
Schmitt trigger 10 are the same as the ratios of the sizes 
of the transistors of the reference input buffer stage 
11A, and since the node T3A is connected to node T1 of 
the Schmitt trigger, the trigger point of the Schmitt 
trigger is the same as the trigger point of the reference 
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input buffer, which is at the desired approximate 1.4 
volt level. 
FIG. 2 illustrates two waveforms, representing the 

reference voltage VREF, and the trigger voltage VTRG 
with slow input transistions and a noisy reference volt 
age that produces a indeterminate output signal. A fea 
ture of the invention is that the Schmitt trigger input 
buffer with its hysteresis characteristic overcomes the 
effect of the slow input transistions. The hysteresis of 
the Schmitt trigger, which is controlled by the transis 
tor sizes, causes a change in the threshold level of the 
trigger. The Schmitt trigger is characterized by two 
trigger points which are higher and lower than the 
desired 1.4 volt trigger level respectively. The trigger 
points are switched in response to the rising and falling 
edges of the input signal VEN. By virtue of the hysteresis 
of the Schmitt trigger, a significant improvement is 
realized in noise immunity for noise on the reference 
voltage and for noise on the input signal. 

FIGS. 3a and 3b show the transfer curves for a nor 
mal inverter and a Schmitt trigger respectively, illus 
trating the hysteresis characteristic of the Schmitt trig 
ger. 

FIG. 4 represents a computer simulation obtained by 
simulating the operation of the Schmitt trigger input 
buffer in a noisy reference voltage environment. The 
input buffer of this invention affords better noise immu 
nity and improves the tolerance to the noise level of the 
reference voltage, thereby increasing the reliability of 
the input buffer even when the input signal has a very 
slow transition time. 
What is claimed is: 
1. A TTL/CMOS compatible input buffer network 

comprising: 
a reference voltage generator for providing a refer 
ence voltage at a coupling electrical lead; 

a Schmitt trigger input buffer coupled to said electri 
cal lead; 

said reference voltage generator comprising a refer 
ence input buffer stage having a first P-channel 
enhancement transistor, and first, second and third 
N-channel enhancement transistors; 

an operational amplifier having a noninverting input 
terminal, an inverting input terminal, and an output 
lead; 

a large P-channel enhancement transistor having 
gate, source and drain electrodes, the gate elec 
trode of said large P-channel transistor being cou 
pled to the output lead of said operational ampli 
fier, and the drain electrode of said large P-channel 
transistor being coupled to said coupling electrical 
lead and to said P-channel transistor of said refer 
ence input buffer stage; 

said operational amplifier, large P-channel transistor, 
and first P-channel transistor forming a negative 
feedback loop; 

means for applying a fixed reference voltage to said 
inverting terminal of said operational amplifier; 

means for connecting said noninverting terminal of 
said operational amplifier to the gate electrodes of 
said transistors of said reference input buffer stage; 

said Schmitt trigger input buffer comprising a 
Schmitt trigger having a first P-channel enhance 
ment transistor and first, second and third N-chan 
nel enhancement transistors; and an output stage 
having a native P-channel enhancement transistor 
and a fourth N-channel enhancement transistor, the 
gates of said native P-channel transistor and fourth 
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6 
N-channel transistor being connected to a node 
between said first P-channel enhancement transis 
tor and said first N-channel enhancement transistor 
of said Schmitt trigger. 

2. A TTL/CMOS compatible input buffer network as 
in claim 1, wherein the configuration, ratios and electri 
cal characteristics of said P-channel and N-channel 
transistors of said Schmitt trigger are matched and sub 
stantially equivalent to the configuration, ratios and 
electrical characteristics of said P-channel and N-chan 
nel transistors respectively of said reference input buffer 
stage; and 

wherein said reference input buffer stage includes an 
electrical shorting connection for connecting a 
node between said first P-channel and said first 
N-channel enhancement transistors to the gate 
electrodes of said first P-channel and said first, 
second and third N-channel enhancement transis 
tors. 

3. A TTL/CMOS compatible input buffer network as 
in claim 1 including in which said means for applying 
a fixed reference voltage to said inverting terminal of said 
operational amplifier comprises, 

first and second resistors connected in series and to a 
voltage source; and means for connecting said in 
verting input terminal of said operational amplifier 
to a node between said resistors. 

4. A TTL/CMOS compatible input buffer network as 
in claim 1 including a large capacitor connected to said 
coupling electrical lead for damping noise on said refer 
ence voltage. 

5. A TTL/CMOS compatible input buffer network 
comprising 
a Schmitt trigger circuit having a higher trigger point to 

rising input signals and a lower trigger point to falling 
input signals, and having an input line for receiving an 
input signal, an output line for providing an output 
signal, a ground terminal for being connected to a 
ground voltage, and a reference voltage lead which 
receives a reference voltage, said Schnitt trigger cir 
cuit comprising a plurality of transistors connected to 
form a Schnitt trigger 

a reference stage having transistors corresponding to 
each of said transistors of said Schmitt trigger circuit 
and having input and output lines, a ground terminal 
and a reference voltage lead corresponding to those of 
said Schmitt trigger circuit, said transistors of said 
reference stage having length to width ratios substan 
tially the same as corresponding transistors of said 
Schmitt trigger circuit, said transistors of said refer 
ence stage being connected to each other as in said 
Schmitt trigger circuit, and additionally said input 
and output lines of said reference stage being shorted 
together to supply a reference stage output voltage 
which is between said trigger points of said Schmitt 
trigger circuit and 

a reference voltage establishing circuit which receives a 
selected voltage and said reference stage output volt 
age, and generates said reference voltage such that 
said reference woltage such that said reference stage 
output voltage is equal to said selected voltage. 

6. A TTL/CMOS compatible input buffer network as in 
claim 5 in which said reference voltage establishing circuit 
comprises." 
a large transistor, large enough to supply transient cur 

rent for all input buffers in a system, said large tran 
sistor having a first current carrying terminal con 
nected to a supply voltage and a second current carry 



7 
ing terminal for supplying said reference woltage, and 
a control terminal and 

an operational amplifier which 
in a TTL mode receives said selected voltage and said 

reference stage output voltage and provides an out 
put signal to said control terminal of said large 
transistor, which generates said reference voltage, 
and 

in a CMOS mode is disabled, whereby said large 
transistor is fully on and provides said supply volt 
age as said reference woltage 
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8 
said TTL/CMOS compatible input buffer network fur 

ther comprising means for switching between said 
TTL mode and said CMOS mode. 

7. A TTL/CMOS compatible input buffer network as in 
claim 5 in which said reference voltage establishing circuit 
comprises 
a large transistor having one current carrying terminal 

connected to a supply voltage and a second current 
carrying terminal for providing said reference voltage 
and 

an operational amplifier which receives said selected 
voltage on one input terminal, said reference stage 
output voltage on another input terminal and which 
provides on an output terminal a control signal for 
controlling said large transistor. 

t 
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