NOISE IMMUNITY WITH

INTRODUCTION

The following material discusses general noise con-
siderations and compares the noise immunity of the new
high threshold devices with standard saturated logic
devices. Some basic illustrations are provided which
indicate the flexibility of usage that may be achieved
with the MHTL family.

Typical characteristics of the MHTL family are:

Single 15-volt power supply

7.5V switching threshold

6 volt signal line noise margins

13 volt logic swing

30 mW gate power dissipation

85 ns gate propagation delay

4 MHz flip flop toggle frequency

-300 to +759C operating temperature range

NOISE INJECTION

Electrical noise has always been a source of trouble
for electronic systems whether they are composed of
discrete components or integrated circuits. Origination
of electrical noise can be from many sources both
external to the electronic system under consideration
and self-induced noise by the circuitry itself. Examples
of external sources would be switching of inductive
circuits, rotating machinery, and various electronic
control circuits as depicted in Figure 1.

Internal noise may be caused by the switching of one
circuit affecting the state of another circuit (Figure 2).
The amount of noise induced into the passive circuit is
a function of the voltage swing, current change, and the
switching speed of the active circuit and the inductive
and capacitive coupling between the two circuits. Coup-
ling may also take place by the use of a common path
for the active and passive devices suchasa power supply
or ground lead. Noise from external sources is induced
into the system under similar conditions. Generally,
noise is a random combination of many sources and as
such is extremely hard to analyze. The net result, how-
ever, is that induced positive and negative spikes relative
to the quiescent condition of a line may cause erroneous
information to be absorbed into the system. This condi-
tion must be avoided if proper operationisto be achieved
by the unit.

NOISE REDUCTION TECHNIQUES

Several schemes have commonly been employed to
reduce the effect of electrical noise on a system com-
posed of integrated circuits. Physical shielding of the
integrated circuits and its associated wiring prevents
external electromagnetic radiation from inducing noise
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into the circuitry. Special buffering circuits may be
employed between the electronic circuitsand signal leads
dependent on external sources. These signal leads in
many cases require special routing considerations and
special shielding. Extra filtering of the power supply
leads may be required to reduce the noise introduced by
this route. Internal noise generation may require special
spacingand routing considerationsas well as maintaining
short lead lengths. In some cases the power supply may
need to be by-passed at several points on a board.

The amount of additional components and equipment
necessary to protect integrated circuits from electrical
noise can increase to a point where it is economically
desirable to seek other methods of operation to obtain
the desired results. It would be advantageous to have an
integrated circuit family with a high degree of inherent
noise immunity for economical construction of an elec-
tronic system. This will minimize the amount of special
care needed for proper circuit operation in areas with a
high electrical noise environment.
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A HIGH THRESHOLD LOGIC

The most popular families of integrated circuits in
use today exhibit a comparatively high speed of opera-
tion and have typical threshold values between 0.7 and
1.5 volts. A new type of logic family, High Threshold
Logic (MHTL), has beendeveloped that closely resembles
the modified diode-transistor logic family (Figure 3).
The basic difference is that the high threshold logicuses
a reverse biased base-emitter junction operating in the
avalanche breakdown mode as a threshold element. As
can be seen in the figure, the logical NAND function is
provided by each gate. The inputs of the modified diode-
transistor gate must exceed two forward base emitter
drops or typically 1.5 volts before base current is ap-
plied to the output inverting transistor providing the "0"
state. In the high threshold device, however, the inputs
must exceed the reverse biased base-emitter breakdown
plus one forward Vgg drop or typically 7.5 volts before
the output inverting transistor turns on. Since the other
logic families exhibit a threshold level similar toorless
thanthe modified diode-transistor device, a considerable
increasein threshold level has beenobtained with the new
configuration. The higher threshold incorporated in the

devices demands a higher power supply and a nominal 15
voltsisused. The transfer curve forthe basic gate oper-
ating with a 15 volt supply is shown in Figure 4. It can
be seen that for any input signal up to 6.5 volts, the out-
put will remain in the high state or above 13.5 volts. A
2-volt margin, from 6.5 volts to 8.5 volts, is used for
the transition regionand guards against variationsbetween
manufacturing lots and temperature effects from -30°C
to +75°C. At 8.5 volts on the input, the output is in the
low state orless than 1.5 voltsand remains there forany
further increase of the input voltage. This diagram in-
dicates worst case noise margins of 5 volts in both the
high and low states for a Vo of 15 volts while typical
values are about 6 volts.

LOGIC FAMILY COMPARISONS

BASIC OPERATING CHARACTERISTICS

A comparison of basic operating characteristics for
high threshold logic with the standard forms of logic is
provided in the table shownin Figure 5. The values given
are typical for an ambient temperature of 25°C and
indicate relative characteristics between the different
families. One difference that should be noted is that the
high threshold logic is slower than the other families.
This characteristic aids in the rejection ofnoise and will
be illustrated in following figures.

GATE
POWER PROPA- DC
v DISSI- GATION NOISE LOGIC
CC  PATION DELAY IMMUNITY SWING

(VOLTS) (mwW) (ns) (VOLTS) (VOLTS)
ToaNsaToR Logic| 3 12 % 0.5 1.0
TRANSISTOR Locic| ° | 8 % 12 a5
TRANSISTOR Locic| O | 18 | 10 12 85
‘:g}G'iCTHRESHOLD 15 30 85 6 13

FIGURE 5 - BASIC OPERATING CHARACTERISTICS

SIGNAL LINE NOISE IMMUNITY

Measurements were made on the different logic
families to determine the signal line noise immunity not
only from a voltage margin consideration, butalsofrom a
pulse width and energy point of viewaswell. Figure 6-A
illustrates a test set-up to measure immunity of the gate
to noise on the signal lead. Positive going noise was
injected on the signal lead for this set-up with the output
of gate #1 in the low state. When sufficient noise was
injected, the flip-flop driven by the second gate would
begin to toggle indicating the effect of the injected noise.
This type of test not only measures the power needed for
disturbance, but also the pulse width of noise necessary
to propagate throughand cause faulty operationofa driven
device. A series of values of voltage level and injected
current to cause disturbance were taken versus thepulse
width at each corresponding point. Current readings were
obtained as a voltage drop across the pulse generator
resistor. The pulse generator offset voltage was adjusted
to eliminate the effect of its quiescent condition on gate
levels. Voltage threshold as a function of pulse width
isplotted in Figure 6-B. Theenergy of eachlogic family
is plotted in bar graph form at the knee of each respect-
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ive curve in Figure 6-C. For narrower pulse widths,
the energy necessary to cause a disturbance increases.
The high energy value obtained for MHTL is a result of
the high threshold voltageand low gate impedance in this
state.

Figure 7-A illustrates a similar test except that gate
#1 is in the high stateandnegative going noise is injected
on the signal lead. Similar results are shown in Figure
7-B and C,

GROUND LINEITMMUNITY

Tests were made on the devices to provide information
on the immunity to noise injected onthe ground terminal.
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The test configuration is shown in the firstpart of Figure
8. A plot of voltage threshold versus pulse width is given
in Figure 8-B for the worst case condition found for the
particular family dependent on the input state. The energy
relationships are provided in Figure 8-C.

POWER SUPPLY IMMUNITY

A similar test was made for noise injected on the
power supply lead. In this case, the flip flop will only
be affected by negative going noise and the results
indicate worst case conditions for the particular family
dependent on the state of the first gate. The test con-
figuration and results are given in Figure 9.
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The preceding tests were taken with a fanout of one on
the first gate and a fanout of the flip flop only on the
second gate. This condition tends to be an advantage for
the RTL family and the results are somewhat optimistic
in this case.

These comparisons indicate that the high threshold
logic has an appreciable inherent advantage over the
standard families of integrated circuits. In addition, the
higher threshold level present in these devices providesa
considerable margin that may be used in conjunction with
simplified buffering networks tofilter out excessivenoise
spikes under very extreme conditions.
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USAGE

The preceding discussion has generally referred to
the basic high threshold gate circuit. Additional com-
ponents are available, however, which exhibit the same
noise immunity characteristics obtained by reverse
biased base-emitter breakdown action. The availability
of other units such as line drivers, J-K flip flops, R-S
flip flops, and monostables will allow the designer to
construct a complete logic system with a high degree of
noise immunity throughout.
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Situations arise where it would be advantageous to
work into a' system that operates at a higher speed than
is obtainable by the high threshold devices. Translation
between high threshold logic and standard logic families
can be accomplished to allow theusage of high threshold
devices as peripheral circuitry to a higher speed logic
system. Thus, the high threshold devices may be oper-
ated in the noise environments and translation may take
place into the lower threshold and higher speed system

provides for the convenient interfacing with many discrete
components. For example (Figure 11), the input may be
controlled by a photo transistor so that illumination will
cause the gate output to be high and darkness will provide
a low output state. The output of the gate might feed into
a logic system such that after a specific count would
operate a relay. If a line driver unit were used as the
output element, 2 35mA, 15-volt relay could be employed.
Other components such as lamps, SCRs, or transistors

at the appropriate locations as indicated in Figure 10. may also be driven directly at the output. As can be

seen, the uses of the high threshold devices are many

The higher supply voltage used in this logic family and varied.
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SUMMARY

The new high threshold logic provides an integrated
circuit logic family with a greater inherent immunity
to electrical noise than is available with standard logic
families. This logic family is ideal for situations where
a large degree of electrical noise exists and where it is
desirable to minimize the additional precautionsneces-
sary to reduce the effects of electrical noise. Input and
output compatibility of the units with discrete components
opens the door for a wide range of device employment.
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OPERATION AND APPLICATION OF MHTL I/C FLIP-FLOPS

INTRODUCTION

The new High Threshold Logic (MHTL) line is
designed to satisfy the requirements for systems that will (2)
operate in high electrical noise environments. The basic, 3 ©
gate circuit of the family is essentially the same as the s luRoioyl — 6
MDTL gate circuit with the coupling diode replaced by a s l& ©
reverse biased base-emitter junction which operates in the 2 e, mb—

‘evi ioh i NUMBERS IN
avalanche breal_(down. mode ‘thus achle\./1f1g a h.lgh input " (2) PARENTHESIS INDICATE
threshold. This family provides a positive logic NAND -] LOADING FACTORS
function or a negative logic NOR function. (:‘;) 13 Rb2 o] 9 s

Some typical characteristics of the family are: 10 = ™ 2 (9)
. 12 ————{Ko 5 b 13
® Single 15-volt power supply Vee - PIN 14
® 7.5V switching threshold GND — PIN 7
® G6-volt signal line noise margins
® 13-volt logic swing FIGURE 1A — MC663P BLOCK DIAGRAM
® 30 mW gate power dissipation
® 100 ns gate propagation delay
® -30° to +759C operating temperature range

Two flip-flops are currently available in the MHTL

family, a dual J-K, the MC663P and a master-slave R-S, SYNCHRONOUS TRUTH TABLE
the MC664P. This application note describes the mode of n tn+1
operation of each flip-flop circuit in detail and will illus- J K Qn+1 Gn+1
trate some typical uses of the devices. 0 0 an an
1 0 1 0
0 1
MC663P DUAL J-K FLIP-FLOP = .
1 1 an Qn
The MC663P unit contains two independent J-K flip- _
flops each with its own clock (C) and direct reset (Rp) a. Directinput (Rp) must be high.

. . . . b. The time period prior to the negative transition of the
termxnz}ls as shown in the block diagram of Figure 1A. clock pulse is denoted t and the time period subse-
Operation of the flip-flop in the synchronous or clocked quent to this transition is denoted tn+1.
mode follows the conditions shown in the Synchronous c. 0 denotes low state, 1 denotes high state.

Truth Table in Figure 1B. The information on the J and d. Gn is the state of the Q output in the time period tn-

K leads is effectively applied to the flip-flop when the
clock lead is high and the output corresponds to the

- . . DYNAMIC J-K TRUTH TABLE
(n+1) truth table conditions upon the negative transition

of the clock potential with commutation of the flip-flop In Kn__Int1 Knt1 On+1
occuring as the clock potential passes through the transi- ! ) 0 Kn !
tion region (from 8.5 volts to 6.5 volts). The rise and ’ ! In 0 o
fall times through these levels should not exceed 1 micro- : 1 ? ? g"
n

second for nroner oneration. Clock nulse width at the
second 1or proper operafion. C(locK puise width at the

8.5 volt level should be greater than 200 nanoseconds,
although typical units will operate with a 100 nanosecond * — Don’t care.

pulse width. Operation in the synchronous mode requires n = Condition before change.
that the direct reset inputs be terminated to Vc if they
are not used.

n+1 — Condition after change.
Clock and direct reset must be high.

The direct reset terminal may be used to place the Q
output in the O state independent of the steady state con-
ditions on the J, K and C inputs. This is accomplished by FIGURE 1B —MC663P TRUTH TABLES
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applying a logic zero to Rp for a period not less than 150
nanoseconds.

A third mode of operation may be achieved with these
flip-flops as indicated in the Dynamic J-K Truth Table in
Figure 1B. Operation in this mode requires the clock in-
put as well as the direct reset input to be in the logic 1
state. Applying a logic O to the J and K inputs for a
period greater than 150 nanoseconds will give the results
indicated in the truth table. The rise time following an
independent J or K negative excursion is not critical if
the flip-flop remains in the given state; however, it should
be less than 1 microsecond if both inputs are connected
together when a logic O is applied or if the state of the
flip-flop is changed by a negative transition on the other
input. This characteristic will allow negative going signals
to be capacitively coupled into the flip-flop when the J
and K inputs are normally held high by external resistors.

Operation of the circuit will be explained using the sche-
matic in Figure 1C. Initially, consider the following condi-
tions: Q output in the low state and correspondingly the
Q output in the high state, the clock input in the low
state, and the direct reset input in the high state. Under
these conditions, transistor T¢ will be off, transistor T7
is on supplying current to any load connected to the Q
output and Ts is on, as will be explained later, sinking
any load current on the Q output. Transistor T2 is on
with base current supplied through zener Z1. Transistor
T being on supplies base current to T5. All other tran-
sistors are off and this is the quiescent state for these
conditions. If the clock input goes high and the J input is
high or open, transistor T turns on which also turns on
T3 and T4. Transistor T3 turning on will turn off T2 which
correspondingly turns off Ts. It should be noted that the
output conditions have not changed due to the logical 1
on the clock input. The flip-flop will remain in this con-
dition as long as the clock and J inputs remain high, but if
either input goes low, the flip-flop will change state. If
either the J or clock inputs go low, transistor T turns off
and its collector potential will rise causing T11 to turn on.
T1] turning on supplies base current to Tg and the Q out-
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put goes low. Transistors T3 and T4 are delayed in turn-
ing off after T shuts off due to the charge stored in the
base of T4. Transistor T3 being on prevents T7 from turn-
ing on and T will be held off once T1] turns on. Finally,
when T4 turns off, T5 is also inhibited and the Q output
goes high completing the flip-flop transition. A similar
action will occur from this state to cause transition back to
the original state if the clock and K input terminals are
considered. It can be noted that commutation of the flip-
flop may be inhibited by a logic O on the J and K inputs.
This will prevent transistors T or T2 from turning on
when the clock is high and thus prevents commutation.

The flip-flop may be set to the Q = O state by use of
the direct reset terminal Rp when the flip-flop is in the
Q = 1 state. A logic 0 on Rp inhibits the J, K, and C in-
puts and will turn off T17] causing T2 and T5 to turn on
placing the flip-flop in the Q = O state. Tj] turning off
removes the base current from Tg and the 6 output will
go to the logic 1 level.

The load applied to the output terminals must be lim-
ited such that the output voltage will not be less than 8.5
volts when in the high state. This is necessary for proper
cross-coupling between the two outputs of the flip-flop
and the input circuitry.

Typical characteristics of the MC663P over the oper-
ating temperature range are provided in Figures 2A and B.

3——s1 (8)

(1)
11 R1 \ _| @
Gl

NUMBERS IN
PARENTHESIS INDICATE
LOADING FACTORS

Vee — PIN 14
GND —PIN 7

FIGURE 3A — MC664P BLOCK DIAGRAM

MC664P R-S FLIP-FLOP

The MC664P is a dc-coupled R-S flip-flop of the master-
slave or two-phase type. Since it is an R-S type, simulta-
neous high inputs are not allowed because the output can-
not be predicted after a negative clock transition. Infor-
mation is entered in the master section while the clock
pulse is high and is transferred to the slave when the clock
goes negative.

The block diagram shown in Figure 3A indicates the
logic function of the flip-flop as well as providing the load-
ing factors for the device. The loading factor of 3 for the
clock terminal is tested with the clock input at 1.5 volts.
The output loading factors of 8 are reduced from the
standard MHTL gate loading factor of 10 because of in-
ternal flip-flop cross connections.
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CLOCKED OPERATION

tn tn+1
S; | s2 [ Ry [R2 | @
0 X 3] x [ o,
o X X o | o,
X 0 o x | a,
X 0 X o | q,
o X 1 1 [s]
X 0 1 1 o]
1 1 o] X 1
1 1 3 0 1
1 1 1 1 u

NOTES FOR CLOCKED-OPERATION TRUTH TABLE:
Direct inputs (Rp, Sp) must be high.
O = low state
1 = high state
X= state of input does not affect state of
the circuit
U = indeterminate state
tn = time period prior to negative transition
of clock pulse
th+1= time period subsequent to negative
transition of clock pulse
Qp = state of Q output in time period t,

DIRECT INPUT OPERATION

fo [o [ a [ @
1 1 NC NC
1 o] 1 o]
o] 1 (o] 1
o 0] NA NA

Clock (C) input must be low
NC = No change
NA = Not allowed

FIGURE 3B — MC664P TRUTH TABLES

The truth tables for the circuit are provided in Figure
3B for both clocked operation and for the direct input
terminals. It should be noted that the Rp and Sp termi-
nals are high for clocked operation while direct set and re-
set requires the clock to be low. /

The schematic for the MC664P is shown in Figure 3C.
Operation of the circuit will be described by making the
initial assumptions that the flip-flop is in the Q = 0, Q=1
state, that the clock (C) is low, and that the direct set and
reset (Sp, Rp) terminals are high or open. Under these
conditions, T10 and T13 would be off while Tg and Ty
would be on. Transistor Tg is on and suppliesbase current
to Tg through the zener diode. For this situation to exist
T4 and T'5 would also be on, while the remaining transistors
in the circuit are off. Thisindicates the quiescent condition
for the flip-flop under the initial conditions.

To illustrate commutation of the flip-flop, assume that
inputs S1 and S7 are open or high and that either R and/or
R7 are low. Now, as the clock potential rises to approxi-
mately 7 volts, the first change to occur will be the con-
duction of T-7 which provides a second base current source
to Tg which is already on. A further increase in the clock
potential of one forward VBE magnitude will cause T to
turn on which turns on T2. (It is noted that there is a VBE
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FIGURE 3C — CIRCUIT SCHEMATIC MC664P

diode offset between the master and slave sections of the
flip-flop and it is essentially a dc rise time circuit.) Tran-
sistor T2 turning on causes T9, T4 and T§ to turn off.
Transistor Tg remains on, however, due to the second
source of base current from T7. Transistor TS being off
causes T3 to turn on and now T is provided with base
current from two sources. A continuing increase of the
clock input will not cause any further changes in the flip-
flop. As the clock potential starts to decrease, T1 will turn
off first although T remains on due to the second base
current source. When the clock potential falls an addi-
tional VBE drop, T7 and Tg turn off and the Q output
goes high. This high potential coupled with T5 being off
turns on T14 and T3 and the Q output goes low gene-
rating the changed flip-flop state. The conditions of the
flip-flop will now remain the same for any further decrease
in the clock potential. A similar action would return the
flip-flop to the original state if R] and R) were high or
open with S| and/or S) at the low level and a clocking
waveform applied. Although information may be reliably
applied to the flip-flop with essentially dc-risetime clock-
waveforms, there is a point where the output rise and fall
times are beta dependent on the clock level. This will in-

crease the output transition times when excessively slow
clock-waveforms are nresent.

OCX: €Iorms ar¢ prese

The flip-flop state may be changed by use of the Rp and
SD terminals. If the condition is considered where Q = 0,
Q =1, C is low, and both R and Sp) are high as in the
preceding example, it can be observed that a momentary
low on Sp will set the flip-flop to Q = 1,Q = 0. In this in-
stance when S—D goes low, T4 and T§5 turn off which causes
T3 and T to turn on. With T7 on, Tg and Tg turn off and

the Q output goes high. This high potential coupled with
T5 being off, turns on T4 and T3 causing Q to go low
completing the transition. Similar action results if the
flip-flop were in the Q = 1, Q = Ostateand a momentary
logical zero were placed on the Rp terminal.

A toggle mode of operation may be achieved with the
flip-flop by connecting the Q output to one of the R in-
puts and the Q output to one of the S inputs. Under this
condition, the truth table for synchronous operation of the

the S input as the J and the R input as a K.

Power dissipation for this unit is typically 140 mW with
Vce = 15 V. Typical characteristics of parameters as a
function of temperature are given in Figure 4A and 4B.

APPLICATIONS

Operation of the MC664P master-slave flip-flop is very
similar to the MC931/831 flip-flop operation in the MDTL
family. This fact, coupled with similar gate operation be-
tween the two families, allow construction of MHTL shift
registers, counters and decoders in much the manner de-
scribed in application notes covering the MDTL family
(e a AN225 242 282 and 284\ The MOK62P mayu ha

{e.g., AN-235, 283 and 284). The MC663P may be
employed to take advantage of the dual function in many
shift register and counter circuits, but with only the direct
reset function available, parallel input operation is not as
flexible as with the MC664P. Since the MC663P operates
on a stored charge principle and different modes of opera-
tion may be obtained, the devices may be easily intercon-
nected to form gateless ripple counters. Figure S illustrates
several counters that may be constructed with a maximum

PACY/N
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of 2 MC663P Packages. It should be noted that direct re-
setting of these counters is independent of the ciock ievel,
consequently the reset time of any counter equals the re-
set time of a single flip-flop. The logic sequence and maxi-
mum signal ripple for each circuit is also provided in the
figure.

In Figure 6, a decade shift counter is constructed using
2 MC663P units and an MC664P for proper input gating.
Typical waveshapes are illustrated for this connection and
the necessary decoding logic is provided.
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FIGURE 6 — DECADE SHIFT COUNTER AND
COUNTER WAVESHAPES

The initial flip-flops in the MHTL family provide con-
siderable flexibility for the design of digital electronic
equipment to operate in environments subject to electrical
noise. Some typical applications have been illustrated for
usage of these MHTL flip-flops. In addition, a detailed ex-
planation of operation of the devices has been given to help
design the units into special applications.
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