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CALCULATION OF SCHMITT TRIGGERS DEPENDING ON INPUT
THRESHOLD VOLTAGES, THE INVERSE PROBLEM

The way and features of solving the inverse problem of calculating inverting and
non-inverting classical Schmitt triggers are presented. Equations have been derived in
which the input threshold voltages are known as the main and constant parameters, while
the other parameters are secondary to the threshold voltages. All the other unknown
parameters of the trigger circuit are calculated. The dependences of these errors on the
output voltages of the triggers and on their relative errors are shown. The equations for
calculating the relative errors of the threshold voltages are derived. It has been proved that
each of these equations is a linear function depending on the output voltages when the
difference between these voltages is constant. A methodological guideline for relative error
calculation of threshold voltages has been developed. The graphs of dependence of relative
errors of the input threshold voltages on output voltages are constructed. It is shown that for
the construction of each curve, it is sufficient to select only one pair of output voltages. A
guideline to using the graphs has been developed. A moving ruler has been proposed, by
which, without preliminary calculations a pair of output voltages that will ensure accuracy
meeting the requirements of the problem is chosen. Solutions have been proposed to reduce
the relative errors for both thresholds simultaneously in the conditions of the existing errors
of the output voltages. With the proposed methods, it is possible to calculate a new Schmitt
trigger, avoiding errors that may occur during the calculation of the direct problem, when
the choices of reference voltage, output voltages and feedback factor are not justified. The
proposed methods justify the choice of technical parameters of the triggers, which will
increase their quality.

Keywords: Schmitt trigger, inverse problem, comparator, threshold voltage,
reference voltage, output voltage, relative errors of voltages.

Introduction. One of the most common schematic solutions in radio
engineering is the Schmitt trigger. It is an inverting or non-inverting comparator
that converts the input analog signal into a logic one (analog-digital converter
ADC) depending on the direction of overcoming two pre-selected high (higher) or
low (lower) threshold voltages. The accuracy of the phase synchronization of digital
signals in the ADC and, as a result, the accuracy of information transmission depends
on the stability of the threshold voltage. In the studied literature, formulas for
calculations of the input threshold voltages triggers are presented in different forms
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[1-7]. In [1], the need to use the formula of only one general form is justified. For a
trigger running on any device, this kind of computation is considered a direct
problem. That is, the parameters of all the active and passive elements of the
trigger, the supply voltages are known, and the threshold voltages are unknown,
which must be calculated. More often, when developing a new device, it is
necessary to solve the inverse problem: to develop a new Schmitt trigger to
convert the analog signal to digital. In this case, the parameters of the input signal
and the values of the two threshold voltages (high and low) are known, at the
moment of overcoming, which the analog signal is converted to digital. It is
required to calculate all the remaining unknown magnitudes of the trigger circuit.
The formulas for calculating the inverse problem are not mentioned in the studied
literature, the choices of parameters are not justified, the issues of improving the
quality of the technical parameters of the triggers are not discussed either, expected
errors are not estimated. [2-7]. In [2-4], only the calculations of threshold voltages
(direct problem) are given, using voltage dividers to obtain the reference voltage.
In [5-8], the solution to the inverse problem is given, where the threshold voltages
are given, but the supply voltages, the reference voltage and the calculation of the
passive elements are not justified.

Problem setting. Our investigation aims at finding a clear way to solve the
inverse problem, to highlight the features. For that, it is necessary:

1) to derive formulas for solving the inverse problem of calculating triggers;

2) to find the dependence of the relative errors of the input threshold
voltages on the output high or low voltages of the trigger and their relative errors,
separately;

3) to develop a methodological guide for the calculation of the increase in
the accuracy of the threshold voltages;

4) to propose justified solutions to increase the quality of parameters of the
trigger.

As a basis, we adopted the general formulas derived in [1] for calculating the
threshold voltages. We used all designations of [1]: supply- VCC and VEE, output-
U yue and UY,;, reference-U,, and thresholds-U;,, | and U;, T. The arrows show
the directions of jumps in output voltages when the input analog voltage exceeds a
given threshold. As a feedback coefficient, we accepted K=R2/R1, where R/ and
R2 are the positive feedback resistances, through which the threshold voltages are
formed from the output voltages U2, and U2, of the comparator (Fig. 1.1). The
voltages VCC and VEE can have positive, negative and zero values. The trigger
output voltages must satisfy the condition UL, > U9, to ensure positive
feedback. Depending on the choice of the microchip, it is possible to satisfy the
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conditions VCC=UL,,; and VEE=U?,,. In the inverse problem, the input threshold
voltages are given as the main and constant parameters, all other parameters are
secondary and can be changed.

1. Inverting Schmitt trigger. In Fig./.], the classical Schmitt trigger with
an inverting comparator tested with Multisim program is shown. In Fig.1.2, the
dependence of U,,;; = f(U;,) (the curve of hysteresis) is shown. Threshold values
U | and Uy, T are indicated on the input voltage U, axis:

T R1 R2 % 1 Ut
P " ! a
1kQ | 10kQ s s o £ Uoa ‘s & >
Uz #2 @2 Osc. b
R Uout
Uin ' 5 0 b 2 4
+10V3j Uout 4 « -
-1OV Uin; Um"’b U;
Fig.1.1. The circuit with inverting Schmitt Fig.1.2. The dependence of
trigger Usur = f(Uin)

From Fig.1.2 it can be seen that U;, T< U;, L. To solve the inverse problem
of calculating the inverting trigger, let's use the equation for determining the
threshold voltages given in [1]. To solve the inverse problem, let's write the
threshold voltage equation from [1].

Uin = Uy e + Upye —-—. (1.1)
Putting the feedback factor K = R2/R1 in (1.1), we get:
Uin = Uy =+ Uour 7= (1.2)
For high and low thresholds we will have:
Uin 4= Uy 7o+ Ulye — (high), Uy 1= Uy ——+ Uye = (low).  (1.3)

From equations (1.3), it can be seen that the voltage Uy, | (high threshold)

depends on the voltage U},,;, and the voltage U;,, T (low threshold) depends on the

voltage U2,,. For simplicity, we can choose: UL,, = VCC and U, = VEE. In
equations (1.3) two unknowns remain: K and U,. In (1.3), by subtracting the low
threshold voltage from the high threshold voltage, we get K:

— Ugut_Ugut 1 14
B Uinl_UinT ) ( ’ )
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In fact, the (vertical) height of the hysteresis rectangular curve is written in
the numerator, and the (horizontal) width in the denominator. In (1.3), by adding
the low threshold voltage to the high threshold voltage, we get U,,:

Uind+Uin T 14K Uk, +ul 1
Uz in in __ “out out — . (15)
2 K 2 K

Choosing a certain pair U}, and UY,,, only the values U, and K the
respective to that pair can be calculated. Since the number of this pairs and the
number of K-is unlimited, it is necessary to find criteria to limit their number.
That's why it should be taken into account that:

1) the voltages U, T and U;,, | are given as the main and constant;

2) K-is a calculated quantity for trigger circuit;

3) the output voltages are selected, they depend on the supply voltages.

If we consider the height of the hysteresis curve to be constant: UL, —
U2,; = C, then it can be seen from (1.4) that for a given C, for a large group of
output voltages, K will also be constant. In that case, choosing the pairs of voltages
UL, and U, in the ranges we need, we can calculate for each pair its U, voltage
using equation (1.5). By choosing another C, we will have another K and nother
groups of output voltages. To limit the number of groups, there is a need find
another criterion. We choose such output voltages, whose influence of instability
(aging of parts, thermal effects, supply voltage fluctuations, etc.) on the input
threshold voltages is smaller than the amount allowed by the technical
requirements. Let's find the dependence of the threshold voltage change (error) on
the output voltage change (instability or error). Using equation (1.2), for the input

threshold voltage we can write:
AU;, = AU, (1.6)

Now let's find the dependence of the relative error of the input threshold

out g

Voltage Ui  on the relative error of the output voltage. From (1.6) and (1.2), we
will get:
AUip Alyooztt AUip A:oot?tt AUip A:oot?tt
Uin = TK 1 Ul = UK | (h h) = UK | (IOW) (1.7)
Uout Uéut Ugut

It can be seen from (1.2) and (1.6), that if U,,; = 0, then AU,,; =0,

AU, = 0an dAU‘” =0.1fU, = 0, we get: —= AU‘" = %, asin [1]. In (1.7), we see
out

I.’fl TI.
that the relative error of the input threshold voltage depends on three variables: U,,

K and U,,;; . To show that, we conditionally choose any reasonable constant value
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' A
of the relative error of the output voltage: A; = 5"”

. Recalculating the result for

out

other values is not difficult. In the equation (1.5), let's denote the term independent
Uinl+Uin 1 1+K . ,

of U,y by the constant A,: A, = MT"I % If we put the designations in

equations (1.7), then the relative errors of the input threshold voltages will be:

Uind — 2KA,+C ~OUP y. 1t 7 2K4,—c ~ Out

(1.8)

These equations are linear equations depending on the output voltages. This
allows to construct dependence graphs (1.7) for any C, using several (2+5) values.

1.1. The methodical guideline to calculating the relative error of the
input threshold voltage. In modern operational amplifiers, the entire range of
allowable positive and negative voltages can be used from VCC to VEE. For
calculation it is necessery:

1) to select the value of the vertical gap of the hysteresis curve in equation
(1.5) and consider it constant in this example: UL,, — U%,, = C. In this case, K
will have one constant value for different pairs of UZ,; and U2,;;

2) to select several pairs of voltages U2,; and U2, that satisfy the condition
Ul —U%: =Cn(n=1,2,...). For this, the window of the given hysteresis curve
should be shifted along the vertical axis, from the highest value of VCC to the
lowest value of VEE, keeping the coordinates of the threshold voltages U;;,, T and
Uiy, 4. For simplicity, assume that VCC = UL, and VEE = UQ,;;

3) calculate K from (1.5) for the selected C, select R/, calculate R2 (R2 = KR1);

4) for each pair of voltages UL, and U2,,,, calculate U,-by (1.6);

5) having any pair of Ul,, and U?,,, and the respective U,, K, test the
circuit shown in Fig.1.1 as a direct problem [1] by Multisim program. Compare the
obtained threshold voltage values with the required values. In our examples, the
measurement error of threshold voltages is less than 1%, which is acceptable;

6) choose some constant value of output voltage relative error, for
example:0,1 (10%), or a smaller are based on the requirements of the problem;

7) for C1, calculate the relative errors of threshold voltages using (1.8);

8) select another value of C(C2, C3, ...), and repeat the calculation steps 1+-7;

9) construct the graph of equation (1.7) for each C.

1.2. Calculations according to the guide. Calculations of unipolar,
asymmetric bipolar, symmetric bipolar input threshold voltages are performed. We
have chosen a microchip LT1366 and —25V - +25V voltage range. The values of
U, are given as a fraction with the same denominator. It is convenient to choose
such values of C-s that their curves do not cover each other on the graph.
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1.2.1. Unipolar input threshold voltage:

Table 1.1
Calculation results when Uy, = +1V, U;,, T= 40,5V
Cl=5V;K=9 C2 =12V;K=23
Data Datal |Data2 |Data3 |Data4 |Data5 |Data6 |Data7 Data 8
UL,e; U IV] | 15510 10; 5 5;0 0;-5 24; 12 12;0 8; -4 0;-12

U, V] -5/9 0 5/9 10/9 0 12/23 16/23 24/23
AU /Uin L 15 10 5 0 10 5 3,33 0
AU /Ui T 20 10 0 -10 10 0 -3,33 -10

AUin/Uiny, aUin/Uint [%]1440
AUIn/Uint
30 i
T _ A c=5v
20 7 Uinm? _aUinUint |
+10% 10 -7 _ ,—”yﬁ
-4v - e | _  — s A
s 20 s 10 " %4/ AUin/Uiny U1?\|Ini
- 2 5 20 °
?U_ifﬂ'lt/""’:_':j::‘%?: v | b -10% **|ubut
$Uin/um},__/‘,1—”‘ - 20 c=5v
AUinIUi’n+ g - Cursor for| Ryler | Cursor for
17 3L USut L.léut

AUin/Uint |, -~ _a0 T

Fig.1.3. The graphs for unipolar input threshold voltage: Uy, 1= 1V, U, T= 0,5V

In Table 1.1, the graphs of Fig.1.3 are constructed, which are straight lines
passing through the point 0;0 of coordinate axis: the horizontal axis shows Uy,,;,
and the vertical one the relative errors of the input threshold voltages in %. Curves
with parameters C1 = 5V and K =9 are shown by dashed lines, curves with
parameters C2 = 12V and K = 23-by solid lines.

1.2.2. Bipolar asymmetric input threshold voltage

Table 1.2
Calculation results when Uy, 1= +1,5V, U;,, T=—0,5V
Cl1=5V;K=1,5 C2=10V;K=4
Data Datal | Data2 Data3 Data4 Data5 | Data6 | Data7 | Data8
UL,e; US V] 10; 5 5,0 3,75;-1,25 | 2,5;-2,5 15;5 [7,5;-2,5| 5;-5 |0;-10
U, V] -12,5/3 | -2,5/3 0 2,5/3 -15/8 0 5/8 15/8
AU /Ui 4 26,66 13,3 10 6,66 20 10 6,66 0
AU, /Ui T -40 0 10 20 -20 10 20 40
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In Fig. 1.4, the graphs are constructed based on. the Table 1.2.

AUin/Uiny, AUin/Uint [%]1440
AUin/Uint .2 AUin/Uiny |
AUin/Uint \ EY o7 sy AUIn/Uiny
\ 47 =1 |—"Ca=10v
\ 20 -7 K=4
‘\ 0, //
+10% N 10 %
2,5V; 10% [\ S L Ubut
1,252 = ou
5 [V]
-25 -20 -15 -10 -5 27N 3,75 |5 75 10 15 20 25| ¢
-7 =10 -10% Uout
- AY
e -200 %\
AUIn/Uiny, - N
- N\
— 3¢ 3% cq=sv c2=10v
AUIn/Uiny, - K=15 \ K=4
e -40| AUin/Uint AUin/Uin4

Fig.1.4. The graphs for bipolar asymmetric input threshold voltage: U;, 1= +1,5V,
Uy T=-05V

In Fig.1.4, curves with parameters C1 = 5V and K = 1,5 are shown by
dashed lines, and curves with parameters C2 = 10V and K = 4-by solid lines.

1.2.3. Bipolar symmetric input threshold voltage

Table 1.3
Calculation results when Uy, 1= +0,5V, U, T= —0,5V
Cl1=5V;K=4 C2=10V;=9

Data Datal | Data2 | Data3 | Data4 | Data5 | Data6 | Data7 Data8

UL, U8 IV] | 1055 5,0 12,5;-2,5| -5;-10 | 10;0 5;-5 0;-10 | -5;-15
U, [V] -15/8 -5/8 0 15/8 -5/9 0 5/9 10/9
AU fUip L 40 20 10 -20 20 10 0 -10
AUy /Uy, T -20 0 10 40 0 10 20 30

In Fig.1.5 the graphs are constructed based on Table 1.3. Curves with
parameters C1 =5V and K = 4 are shown by dashed lines and curves with
parameters C2 = 10V and K= 9-by solid lines.

AUin/Uiny, AUin/Uint [%]1440
N AUin/Uiny ~ AUin/Uiny,
AUin/Uint AUin/Uint'~ 30 c=5v ,° c=10V
N -+ K=4 7 K=9
R ,
S 20 2
So25V +25v'¢
+10% Al 10 ’
AN /. 1
N 02 Uout
[V]
-25 -20 -15 -10 -5 7N 5 10 15 20 25| o
+10% ST 10% Uout
7/ \\
20 N
=
‘ 30 cmsyh c=10V
AUin/LV AUin/Uiny,* K=a N\ K=9
L’ -40 AUIn/Uint ™ AUin/Uin}
Fig. 1.5. The graphs for bipolar aymmetric input threshold voltage: U, = +0,5V,
Uy, T=—-0,5V
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It can be seen from all the graphs that as C increases, K also increases and
the angle formed by the U,,; axis and the the respective curves of the graph
decreases. The range of output voltages with error of less than 10% increases.

1.3. A guide to using graphs. The Graphs make it possible to replace
complex mathematical calculations with the results obtained by construction
methods characteristic of nomograms. The Graphs are constructed by computer
software or on A4 (or larger) mm paper to ensure relatively high accuracy in use.
That's why:

1) for each C, we prepare a movable vertical ruler, the width of which is
equal to the linear size of the selected C on the graph, expressed in mm, and the
other dimension is equal to the vertical height of the graph;

2) based on the technical requirements of the problem, we select the
necessary range of relative errors of any C (C1, C2 or C3);

3) The right edge of the ruler (U}, cursor) should coincide with any U},
voltage on the U,,; axis (for example, the maximum). At that position, the left
border (U2, cursor) will show the U2, value corresponding to the given U2, on
the graph. In this case, the vertical edge lines (cursors) of the ruler intersect with

AU; . . AU; AU;
the —= curves and show the respective relative errors: —= and —
Uin Uind Uin 1
percentages (take into account point 9 of 1.1).
For any C, it is necessary to move its ruler parallel to itself, corresponding to

the selected pair U}, and U2, and record the relative error new values on the

, expressed as

vertical axis at the point of intersection of the cursor and graph curves. For
example, at the unipolar threshold voltage, for C1 = 5V, if we set the right edge of
the ruler on U, = 15V, then the left edge will coincide with U2, = 10V. The
corresponding relative error values at the points of intersection with the graph

curves will be: 222 = 150 b 222 = 20% (Table 1.1, Datal; Fig.1.3): By moving

Uinl Uin T -

the ruler along the U,,,; axis to the left, it is possible to select pairs of voltages any

UL, and U2, in which case the relative error is smaller than |[£10%]. If we choose
another pair of voltages, we need to calculate the voltage U, corresponding to it (1.5).

1.3.1. Some features of the graph curves. It can be seen from the Tables
and the graphs, that:

1) For unipolar threshold voltages, for example, when C1 = 5V, the range
of relative error AU;, /Ui, < | & 10%]| includes from the pair UL, = +10V,
UQ,: = +5V (Table 1.1, Datal) to the pair of voltages Uk, = OV, US,, = =5V
(Table 1.1, Data4). When moving the ruler to the left or the right from this range,
the relative error increases from [£10%| for at least one threshold. Within this
range, with the help of a ruler, we can already select a pair of supply voltages for a
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given C that will provide the accuracy required by the problem. In the case of
unipolar threshold voltages, it is possible to simultaneously reduce the relative
errors of both thresholds. In the direct problem of classical trigger calculation, the
relative error was reduced to the necessary extent for the first time in [1] for only
one threshold. When choosing a larger C and larger output voltage pairs, the range,
where the relative errors are smaller than [=10%)|, increases. From Table 1.1, Data7,
it can be seen that at C2 = 12V, U}, = 8V and U2,, = —4V, the respective
relative errors are the smallest: ?}l‘]i’l‘ =3,33%, AU;, /Uin 7=-3,33%, ensuring a 3-
fold diminution in threshold voltage errors, under conditions of 10% error of output
voltages (Fig.1.3).

2) For bipolar input threshold voltages, when U, = 0V, the minimum
relative error for both thresholds simultaneously is 10% only, for example, in the

case of asymmetric input threshold voltages, for the voltages pairs Data3 (UL, =
3,75V and U2, = —1,25V) and Data6 (U},; = 7,5V and U2, = —2,5V) of Table
1.2 (see Fig.1.4). And when U, # 0V, then when choosing another pair of voltages
UL, and U2, the error of one of the thresholds increases by |£10%|, and the other
decreases. If we move the ruler the respective to the movable C1 = 5V from its
original position to the right, select the pair of voltages U}, = 5V and U%,, = OV
(Table 1.2, Data2), then the error of the low threshold decreases, becomes equal to
% = 0%, and the high threshold error exceeds the allowable amount: f]i]ﬁ =
13,3% (see also Fig.1.4). This is a consequence of influence of all parameters (K,
C, Uyyut, Uy) on the formation of the relative error. For both threshold voltages, in
order to simultaneously provide a relative error smaller than [£10%|, a change in
the technical solutions of the problem should be made. For this there is a need to
use a VCC power supply with a smaller error. If we use a supply voltage with an
error of 3% instead of 10%, then the relative error of the corresponding threshold

voltage will be 13'130*3 =~ 4%. Thus, using only one VCC=5V power supply with
smaller error, and U, = —2.5/3 = —0.83V reference voltage (Table 1.2, Data2),
we provide smaller relative error for both thresholds: IAJI_]"’; = 0%, i,l.]i'll ~ 4%.

And using a higher precision stabilizer (for example LM4041) and a voltage
polarity converter (to have a negative reference voltage, for example TC1220) will
ensure higher accuracy and smaller error.

3) In the case of bipolar symmetrical threshold voltages, we proceed in
the same way.

2. Non-inverting Schmitt trigger. Fig. 2.1 shows the non-inverting trigger.
In Fig.2.2 the dependence of U,,; = f(U;,) (the hysteresis curve), where U, 1<
U;p T are shown.

198



% ExtTrig UOLII I
&7 Uznut s Lo,
§a @ Osc. ‘a a
Us Uout
" +1nvE—M Udut| a='b a,
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Fig.2.1. The circuit with non-inv. Schmitt Fig.2.2. The dependence of
trigger Uout = f(Uin)

The general equations are taken from [1]. Due to size limitations in the
article, the equations for non-inverting triggers are given without comments, and
only the graphs are presented:

R1+R2 R1
U= U, Rz out 3y (2.1)
1+K 1
U = U, K Uout Ea (2.2)
1+K
Uin 1= U, K out % (hlgh) Uin 1= U out I% (IOW) (2.3)
— Ugut_Ugut
k= Uin T_Uin P (24)
U, = Uin?+Uind K | Ugye+USy 1 , 2.5)
2 1+K 2 1+K
1

AUy, = =AUy =, (2.6)

AU _AUput AU _AUput AU, _AUput

in __ Uout . in __ Uout in _ Uout
Uin - Uz(1+117(1;_19 Uin® - Uz(1+(;<1; (h gh) Uz(1+117(1; 1 (IOW), (2~7)

Uout Udue Ut

AUy =24 0o AUm _ —24 1 (2.8)

UinT 24, (1+K)+C Uy, 1 = 24, (1+K)—-Cc ~Out"

Unlike an inverting trigger, here U;,, T (high threshold) voltage depends on
UY,. voltage, and U, | (low threshold) depends on U}, .We calculated and
constructed the corresponding graphs of the relative errors of the threshold voltages, as
was the case with the inverting trigger, taking into account that UL, > U2,;. For each
voltage pair, we calculate the unknown voltage U, using formula (2.5).
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Fig.2.3. The graphs for unipolar input threshold voltage: Uy, T= +1V, Uy, 1= 40,5V

In Fig.2.3, curves with parameters C1 = 5V and K = 10 are shown by
dashed lines, and curves with parameters C2 = 12V and K = 24-by solid lines.

AUin/Uinvy, AUin/Uint [%]440

_~€1=10V,K=5 +——AUin/Uin¥
30 *

AUin/Uint T _-~"|[c2=20v, k=10
| | 20 Pl ]
1\4' s C3=20V,K=20
Sl e, 10 x'” P +10%
ol B 1
. Uout
r
25 -20 20 25 'OV]
Uout
|C2=20V, K=10
C3=20V,K=20
[Ihee -30] AUIn/Uin4| R S1=10V, K=5
AUin/Uiny —L;" 40|

Fig.2.4. The graphs for bipolar asymmetric input threshold voltage: Uy, T= 1,5V,
Uin L= —0,5V, for symmetric input threshold voltage: U;,, T= +0,5V, U;, 1= —0,5V

In Fig.2.4, for bipolar asymmetric input threshold voltage, curves with
parameters C1 = 10V and K =5 are shown by dotted-dashed, curves with
parameters C2 = 20V and K = 10-by dashed lines. For symmetric input threshold
voltage, curves with parameters C2 = 20V; K= 20 are shown by solid lines.

2.1. Some features of the graph curves:
1) for unipolar threshold voltages, similarly to an inverting trigger, place

the movable ruler in the position of voltages: U, = —5V and U2, = —10V. In
. . AU AU, . . . .
that position, the lines Uu”i and UU"TI intersect with the horizontal +10% line
in in

simultaneously. If we move the ruler to the right and place it in the position

corresponding to the pair U}, =5V and UJ, =0V , we will see that

% =—-10%, ?ﬁ’;‘ = 0% (see Fig2.3., curves with parameters C1 = 5V and
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K = 10). In the range of these two pairs of output voltages, the relative errors of
the threshold pair voltages are simultaneously smaller than |=10%|, as in the
inverting trigger. When moving the ruler to the left or the right from this range, the
relative error increases from |£10%| for at least one threshold;

2) for bipolar input threshold voltages, the minimum relative error for
both thresholds simultaneously is 10% only when U, = 0V , just like in the
inverting trigger. And when U, # OV choosing another pair of voltages UL, and
U, the error of at least one of the thresholds increases from [+10%], and the other
one decreases. In order to ensure a relative error smaller than |£10%] for two
threshold voltages simultaneously, we make a change in the technical solutions of
the task, similar to an inverting trigger.

Conclusion: For solving the inverse problem of calculating Schmitt
inverting and non-inverting triggers:

1) we derived equations in which the input threshold voltages are known as
the main and constant parameters, and all other parameters are secondary;

2) we have shown that if K and U, are constant, then the relative errors of
threshold voltages depending on output voltages are linear functions passing
through the point of intersection of the coordinate axes, for the construction of
which it is sufficient to choose only one pair of output voltages for each C.

1. In the case of unipolar input threshold voltages:

1) when U, # 0V, we can always choose such pairs of output voltages, in
which the relative errors of threshold voltages are smaller than |+10%;

2) in case of a certain error of the output voltages, we simultaneously reduce
the errors of both threshold voltages by the necessary amount.

2. In the case of bipolar input threshold voltages:

1) the minimum relative error for both thresholds is 10% simultaneously,
when U, = 0V, and when U, # 0V, the relative error of at least one of thresholds
can always be ensured in the range of 0+]=10%|;

2) in order to reduce simultaneously the relative error values below [+10%)|,
we have proposed new solutions using only one power supply with a smaller error.

When calculating a Schmitt trigger with our proposed methods, we avoid the
errors that occur of the direct problem, when the choices of parameters U,, UL,
U2, and K are not justified. With our methods, the choices of the technical
parameters of the triggers are justified, by which their quality standards can be
improved. We have proposed solutions, to reduce the relative errors for both
thresholds simultaneously to the necessary extent, in the conditions of the
existing errors of the output voltages.
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U.Q. UUrsrrnusuy, L.k, ENrra3uL

CUDBSSP SCPQ P 2UsYU Ul YU UO UNRSRUSHL GCEUUSHL
LULrNRULENRS, ZUUUN UL R LR

Ukpjuyugduws tu Suhwnwnh oponn b sopeonn nuuwlwt wiphgptnh hwpdupyh hw-
Junwunpd junph nisdwt Smbwwuphp b wnwidtwhwnnipniuutpp: Upnwsyt) i unp
hwjwuwnpnudubp, npniugnid huwynuh ki dnuinpughti gbdwghts jupnudutbpp npuytiu giluwgnp
b withnthnju wwpwdbnnpkp, huly dnie yupwdbnpbpp bpypnppuljut Bb okdwghn jupnud-
ubph hwdbdwwn: Zwodupljdt) ko wphgbph ujubdugh dbwgws pojnp withuwyn wwpuwdbn-
ptpp: Upunwsyly Bu hwduwuwpnudubp' sbdughtt jupmdutiph hwpupbpuut upawgitiph hwo-
Juplh hwdwp: Fuwhwndl)] b Gpughtt jupnidubph vppwbiph wqpbgnipniup obdugh
jwpnwlubph wjpwubph Jpue Zwpduplytp Bo dninpuyhtt sbduyghtt jupnidubph (JGplp,
ubpplh) hwpwpbpwlwt upwjubph juppjwdnipiniuubpp wiphgbph Ejpuyhtt jupnudukph
hwpwpbpulut vpwttphg: Uywgnigyl) t, np wyn hwjuwuwpnidubphg jnipupwiynipp,
Epuyhtt jupmudubphg Yupguws, gsuyghtt dmiuljghw b wyt nhwpnud, tpp wyn jupnudubph
tnwppbpnipiniip hwuwnwnnit b Upwldl) b dEpnpuljut ninkgnyg dntnpughtt obdwgh
(wpnidubph hwpwpbpulwt vpwutph hwydupyubph hwdwp: ‘Lpw dhongny Juwnwpyty
El hwpqupfubp okduyghtt jupnudtbinh Epkp nuppipuutph ghypnd” dhwpbbe, tplplbtn
wuhdbwnphly b Eplplbe uhdbnphly: Zwodupuyhtt wynruwlutph hhdw Jpu juenigly
Eu Eppughtt jupnudubnhg Unmnpughtt obdughtt jupmudutph hwpwpbpuwi vjpuyubph Juju-
Judnipjul qpudhljutpp: 8nyg k wpyby, np wdku dh Ynph junnigdwb hwdwp pudupup b
puwnptk] Gpuyht jupnudutph dhuy dkY qnyq: Uswljyl) E qpudhlutinhg ogungtint nink-
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gnyg: Unwowplyty k owpdwljut pwint, npny htpnnipjudp (wnwbg hwpduplubph) fu-
phih £ punply bjpught jupnudtph wyjtwhuh qniyg, npp juywhnyh ugph wuwhwgtbpht
pujwpupnn Lounipinil: Lnwsnudubp i wowewnyyty Eplne otdbph hwdwp vhwdwdw-
twl) tuqkghtynt hwpupbpulwl ujewubpp’ pught jupnidibph welu ujewgibph wuay-
dwbtbkpnid: Unwowpyus dkpnnubpny Jupkih £ hwodupll) Sdhwnnh unp wiphghp' qtipsd
dtwny wyt upuwyiknhg, npnup Jupnn b wpwewbiwy ninhy juunph hwyduplh dudwbwy,
Epp htwuyht jupdwl, Epuyht jupnudubph b hbnwnwupd juuh gopswlgh Ubkdnipjuu
punpnipiniuabkpp hhdtwdnpdus sk Unwowplws dbpnnubpp hhdtwynpnid tu wphqbp-
ubph wkjthjuljwt wwpudtnptph pnpnipgnip, huyp jpapbjudh pubg npulyp:
Unwbgpuyplr punkp. Guhwnnh nphgbp, hwljunupd jutinhp, induyupunnp, shdught
(upnid, hEbwluwyhtt jupnud, Epuyght jupnid, jupnudubph hwpwpbpulw uhawgtkp:

C.I'. MAPTHUPOCSH, Ix.2. TOPUKSAH

PACYET TPUITEPA HIMUTTA B 3ABUCUMOCTH OT IIOPOI'OBBIX
HANPSKEHUIA. OBPATHAS 3AJIAYA

[IpencraBneHsl MyTh M1 0OCOOCHHOCTH PEUICHUsT OOpaTHOM 3aJaun pacdeTa MHBEPTH-
PYIOLNX U HEMHBEPTHPYIOMINX Kiaccndeckux Tpurrepos llImurra. [lomyueHs! ypaBHeHHS,
B KOTOPBIX BXOJHBIC IMOPOTOBHIC HAMPSKCHUS M3BECTHHI KAaK OCHOBHBIE M TMOCTOSTHHBIE
TapamMeTphl, a OCTAIBHBIE MMAapaMeTPHI SBIISIOTCS BTOPHYHBIMHA IO OTHOIICHHIO K IIOPOTOBBIM
HaTpsDKeHUsAM. PaccanTaHbpl Bce OCTabHBIE HEM3BECTHBIE MTApaMETPhl TPUITEPHON CXEMBI.
B])IBCZ[GH])I YpaBHEHUA JId pacu€Ta OTHOCUTEIIbHBIX HO[’peHJHOCTeﬁ TOPOT'OBBIX HaHpﬂ)KeHHﬂ.
[oxazaHpI 3aBUCHMOCTH 3TUX IOTPEIIHOCTEH OT BBIXOIHBIX HAIPSKCHUN TPUTTEPOB U UX
OTHOCHTENBHBIX TOTperrHocTel. Jloka3aHo, 9TO 3TH YpaBHEHHS B OTIACIEHOCTH SIBIITIOTCS
JMHEHHBIMU (QYHKLIUSMH OT BBIXOJHBIX HaNpsDKEHHH B TOM Cliydae, KOTJa pa3sHOCTh ITHX
HATPSDKCHUH TOCTOsIHHA. Pa3paboTaHbl METOAMYECCKIE YKa3aHUS IO pAacUeTaM OTHOCUTEIb-
HBIX TIOTPENIHOCTEH MOPOTOBBIX HampsykeHuH. [locTpoeHsl rpaduku 3aBHCUMOCTH OTHOCH-
TEJNBHBIX TOTPEIIHOCTEH BXOIHBIX MOPOTOBBIX HANPSIKEHUN OT BBIXOJHBIX HAIPSDKCHHUH.
[TokazaHo, YTO ISl MOCTPOEHHSI KaXKJOH KPHBOM JOCTaTOYHO BBIOPATh TOJBKO OIHY Hapy
BBIXOJIHBIX HampspkeHUi. Pa3paboTaHO pyKOBOACTBO MO MCHOIB30BaHUIO Tpadukos. [Ipen-
JIO’KEeHA TIOJBIDKHAS JIMHEHKA, C MOMOIIBI0 KOTOPOi 0Oe3 IpelIBapHTEeNbHBIX PACUETOB MOKHO
1oJ00paTh TaKylo Iapy BBIXOAHBIX HAINPSDKEHU, KOTOpas 00ECIEYHT YIOBIETBOPSIONIYIO
TpeOOBaHUSAM 3a7a4 TOYHOCTb. [IpeasyiokeHbl penieHus], MO3BOJSIONINE OJHOBPEMEHHO
CHU3UTHh OTHOCHTEJBHHBIC MOTPEITHOCTH i 000X MOPOTOB B YCIOBHUSX CYIIECTBYIOIINX
MOTPEITHOCTEH BBIXOAHBIX HampspkeHHH. C MOMOIIBI0 TPEATIOKEHHBIX METOIO0B MOXKHO
paccuntath HOBbIH Tpurrep llImurra, n30exaB omMOOK, KOTOPhIE MOTYT BO3HHKHYTD IPH
pacueTe TpAMOW 3amadyd, KOTAAa BBIOOPHI 3HAYCHHWU OMOPHOTO HAIMPSKCHHS, BBIXOIHBIX
HampsDKEHUH ¥ K03 (hHIIMeHTa 00paTHOM CBsI3M He 000CHOBAHBI. [IpeIOKEHHBIMH METOIaMU
06OCHOBI)IBaeTCﬂ BI)I60p TCXHUYCCKUX MapaMETPOB TPUTTECPOB, UTO MO3BOJIUT IMMOBBICUTH UX
Ka4ecTBO.

Knroueevie cnosa: tpurrep lllmutra, oOpaTHas 3amada, KOMITapaTtop, MOPOTOBOE
HaIMps’KEHUE, OINOPHOEC HAIPSAKCHUE, BBIXOAHOC HAIPSKEHUE, OTHOCUTCIIbHBIC TMOIPEHIHOCTU
HaMpsKEHUH.
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