Level Detectors and Schmitt Triggers

LEVEL DETECTORS AND SCHMITT TRIGGERS

INTRODUCTION

A level detector can be implemented very simply with a voltage comparator as shown below. The voltage
level to be detected is generated with a voltage divider and applied either to the positive or negative input and
the analog signal is applied to the other input. Voltage comparators are op amps that are not internally
stabilised for negative feedback in order to provide a faster operation - smaller rise and fall times of O/P.
Voltage comparators can also provide logic compatible voltage levels at their O/P. Normal op amps can be
used if slower operation can be tolerated but the O/P saturation levels are usually not logic level compatible
except for a few op amps.

Ideally the output waveform of a voltage comparator will be as shown below where the output level tells
whether the input signal is above or below the detection level set up at one of the comparator inputs.
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In practice, any substantial noise appearing on
the input signal will make the O/P oscillate or
"chatter" when the input signal is in the vicinity of
the detection level. Even without noise, the O/P
may chatter because of undesired negative
feedback usually caused by stray capacitance or vt
undesired negative feedback through the supply
rails. To minimise feedback through supply rails,
by-pass capacitors should be connected right
next to supply pins. The input signal should be
filtered as much as possible to reduce the noise
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Elimination of Chattering by Use of Positive Feedback

First method: DC coupled positive feedback or DC hysteresis

Vin

Use of positive feedback will
produce a voltage step in the
detection threshold to pull the
+ve input voltage out of reach
of the -ve input voltage (input 4V+9.9mV V*=uTP
signal + noise here for

inverting detector) thus forcing
the output to switch only once.
This will work as long as the

DC HYSTERESIS
UTP-LTP=47,52 mV

peak to peak noise voltage is Ve ‘ v+ =LTP 4v-37,62my
less than the hysteresis \
voltage or voltage step. ey |
VOUI
0,2V
V+:Vo>< Ry PV, X Re -V, x 1K L4 % 100K =306+ V,
Ry + Re Ry + Re 1K +100K 100K +1K 101
For design purposes, use . *
V' =UTP =3,96+I/401 =3,96 +%l =4,01vV
Re 4V, &V, , - °
Ry  UTP-LTP AV V' =LTP =3,06+—% =306 +-= = 3 962V
101 101
where AV* is the hysteresis or noise margin. Hysteresis UTP —LTP =4,01- 3,962 =48 mV
Non-Inverting Detector Re Re
Vvin O 2% | WW

Positive feedback can also be used with the non-inverting
comparator to get rid of chattering, the only difference being
that the reference voltage is kept fixed at the -ve I/P and V* is
not a low amplitude squarewave superimposed on the
detection level but it is a small amplitude squarewave
superimposed on top of a fraction of V,,.

viov x—Re iy x—Re__ 1K v x_100K

R.+R. " R -

=0,99V, +0,0099V,

X————— +V Xx——
_+R. ° 1K +100K M7 100K +1K
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Second method: AC coupled positive feedback or AC hysteresis

R1 3K
CF CF
R2 Rth
W H Vih=+4V] : H
= 1,5K 1K
10 nF 10 nF
+ +
RBAL O Vout RBAL Vout
Vin o——WW - Vin O——W: -
1K 1K

AC
HYSTERESIS

TIME DEPENDANT
HYSTERESIS

+5V |

out

0,2v

The output will switch cleanly, only once, upon detecting the threshold voltage set up by the voltage divider R-
R, as long as the hysteresis voltage or differential voltage V*-V- is kept greater than the noise voltage present
at the input. The feedback capacitor only provides a temporary +ve feedback pulse which pulls V* out of

reach of V- for about 5T for low level noise. The worst case scenario will occur when the slope of the input
signal is the lowest, that is when (Vj,+noise) takes the longest time to cross the detection threshold.

AV, _ noise margin
(dv, /dt),,,  min.slope

For low-level noise: 5T O where T = Ry Ck

To be safe, one should at least double the minimum time constant obtained from the above equation.

NOTE: The non-inverting configuration is not recommended because it may be inaccurate in
some situations, therefore avoid using it unless you know what you are doing.

C. Sauriol Rev. 1/13/2003 Level Detectors and Schmitt Triggers Page 3



Level Detectors and Schmitt Triggers

DESIGN EXAMPLE-1 LEVEL DETECTOR WITH DC HYSTERESIS

Design a +6V inverting level detector with 100 mV DC hysteresis (or 100 mV noise margin) using an LM311.
The output must be TTL compatible and supply voltages available are +5V and £15V. Analyse your circuit for
exact trigger points and modify to center hysteresis exactly on +6V.

Thevenised Circuit
Rth +5V
5V 600
Rp
Rp RBAL O Vout
Vin O VW
O Vout
Vin O
1. Let Rp = 1K Low Rp yields small rise time of O/P.
2. For small hysteresis values, Rr >> R,||R, therefore let us ignore R and assume that it does not load
the voltage divider R4-R,. A +6V reference voltage is set up at the +ve |/P and requires a resistor ratio R4/R, =
ViV,=9/6 =15 Let Ry =1,5K and R, = 1K std.
3.
R R AV Vi-V’
AV =AV, =WV, x—H— [ —F=—0_]=—20
R, +R: Ry AV, UTP-LTP

R AV 5-0,2

—+E=—20-1= -1=47 O RF:47><1K|1,5K:28,2K

R, AV, 100m

Let R = 27K std Ren = 1K1, 5KI27K =587  (560Q std)
4. Analysis of trigger points

LTP V+=5,874V +0,2V Transfer Function

210,1 pA 600 $OA 5,01mA$ 1K A
Fovl>o—wW—o \Y uTP

+6V YWWA ; v +5V 0 |
+126,1 mV - 27k 4,8 mA IC £ _ oy
| .
UTP V+=5,979V +5,035V : HIOSSTERI\E/SIS
| ,Am
I
LTP |
I
+21mvV- 34,965 pA \ [
+0,2V  — —Q'
LTP =5.874V and LTP = 5.979V ave TP=5.926V y >
Hysteresis = UTP - LTP = 105.1 mV +5 92|sv Vi,
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5. Design modifications

The results obtained with the preceding design are quite satisfactory for most applications where the average
trigger level needs not be extremely accurate. It was assumed that R did not load the R - R, voltage divider

and this accounts for the average trigger level not being exactly +6V.

Now let us assume that we want an average threshold level of exactly +6V, that is we want the hysteresis
curve to be centered exactly on +6V. For a good design we should derive the reference voltage from a
precision voltage reference and not the +15V supply rail. Nevertheless let us assume that the +15V suplly
voltage is extremely accurate and derive the reference voltage from it.

As it stands now, with Ry = 1,6K and R, = 1K, the average trigger level is 5,926V and is short of +6,00V by 74

mV, therefore we need to increase the Thevenin voltage by that amount in order to center the hysteresis on
6,00V. Let us modify R, slightly to obtain Vry =V, = 6,074V

R1/Ry = V4/V, = (15-6.074)/6.074 = 1.46954, therefore R, = 1,5K/1.46954 = 1021Q

Final circuit
|+15'v'|
% 1500
1021 27K +54
ST gy
+
z
+
560 LMZ11 O Mout
Min O i —
-15v] =
Exercise

Analyse the circuit yourself to verify that the average of the two trigger points is exactly +6,00V now and that
the hysteresis is slightly higher than before.
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DESIGN EXAMPLE-2 MULTI-LEVEL DETECTOR

Design a multi-level detector that fulfills the following functions. Use LM339 QUAD comparators.
Comparator O/P's must be TTL compatible.

Analog I/P conditions Binary O/P (B4B,) Hysteresis on trigger levels
Vi, > +9V 11 30 mV
+9V >V, > +6V 10 30 mV
+6V >V, > +3V 01 30 mV
Vi, < +3V 00 30 mV
1. Set up a voltage divider to generate the threshold levels of +3V, +6V and +9V. Since the hysteresis is

very small, the Rg values will be very high, therefore assume that the R¢'s will not load the voltage divider.
Filter the supply voltage to produce clean threshold voltages.

2. Determine Rgq seen by +ve inputs of each comparator and calculate Rg values.
For +9V and +6V comparators, we have Reo = 4, 5KI3K =1,8K
R V -
e :h -1= 20 -1=165,7 O Rg=1657x18K =298,2K - 300K std
Reo AV, 30m

For +3V comparator, we have REQ =1,5K|6K =1, 2K

Re Ay ;320 11657 O R.=1657x12K=1988K _ 200K std
Reo AV 30m

S R S 15K
2 R 2 Rea

0,1 pF

—__|__ 9V +15mV

0.1pF 3 15K 2 15K

<—T18K 300K
’ A

i—]

RF1
VVA
15V

WAA—
+5V +5V
1K 1K
+ +
3V :): R LM339 2 1,5K LM339
<

6V +15 mV RF2 ! 300K

. AAA . AAA
VY +5V N +5V
1K 1K
Losic |0 B1 LoGic O BL
DECODER DECODER
v 3R + 1,5K +

LM339 <5 LM339
1/ 0 Bo / 0 Bo
= <—T12k =

F:

w
N
1=
1=}
=

3V +15mV

. AN . AN
Y +5V] M [+5V/
1K 1K
3v T R Il.SK w

> 0

N/

NOTE: The voltage comparators can also be connected in the non-inverting configuration.
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INVERTING LEVEL DETECTOR DESIGN PROCEDURE - AC HYSTERESIS

= _ +Vsup
Viu = VRer Rpy=R, Il R, [+Vsup)
VREF %
\ Rl  Cg Rp Ry G Rp
V. ||
YA I I TH o—vW\ | |
= R2
+ +
O Vout —O Vout
Vip O——WA— vin O—MWA——
R3 R3
1. Pull-up resistor: with open collector devices, select value small enough for good switching speed (turn
off time proportional to Rp Cgr5y)and not too small not to overload the device O/P.
2. If Rp is used, Vg ——m—————

determine Rty min required

for valid Voy on LO-HI rising E _ Vou Min ===~
edge. Use equation oH _VOL] R.. + R 0 Vo DV oy (min) °
shown beside. ™ v

oo —-———mmm - -7 ===-
3. Without pull-up, determine ratio R, /R, =V, /V, = a required to obtain the desired reference voltage,
then select standard R4 and R, values for an accurate ratio.
4. With pull-up resistor, determine ratio
R,/R =V,/V,=a to obtain the desired reference voltage, 1 1 01 1O 1
and then calculate Ry min (from equation shown beside) to —t— =
achieve Vo min. Select standard values for best ratio of R, R, qu aR, H R H M
Ro/Ry.
5. Calculate minimum Cg for noise margin:

Ry, C (10,5 x noise margin / (dv, /dt)
Do not select Ck too much above limit as it restrains the

minimum time between two consecutive detections. One must
allow Cr to discharge between two detections, otherwise the +

input of the comparator will not have time to settle back to the
reference level. Use formulas shown below to determine
maximum Cg given Atye; minimum. If Rp is not used, then Rp=0
in formulas.

AViee = AV, 1 >([R TH/(R m T Re )] AV = AV, L

AV, 1 Ry O AV, + O
At [R,C In——
FAV.w Ry + R, B S VA=

6. Make R, = R1"R2 for minimum DC offset. Select standard R3 (not critical).

Aty O(Ryy + R, )C x I
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DESIGN EXAMPLE 3 Design a +6V level detector that produces a TTL output using an LM311 voltage
comparator with £15V and +5V supply voltages. Assume that the input signal is a triangular wave with an
amplitude of 8V, and a frequency range of 1 kHz to 25 kHz. Assume a noise margin of 20 mV and a residual
voltage error of 50 mV maximum on the feedback capacitor.

1. Let Rp = 2K for fast switching of LM311 +5V
output. The maximum Iy of the LM311 will occur AV, p CIFI
when the O/P switches HI to LO, and is given by the Vi 0o—MWA— 1 2k
following: R
I 2,4 mA
Ly () = 2,4M + 1y *+ AV, /Ry h F |
‘ O Vout

where I,. and AV./Ry arer not known yet but will be P , = | TTL
less than 10 mA which does not pose any problem 1 |AV 't LOAD
for the LM311 current capacity. 0,2V
2. Von min is about 2,2V for TTL and assuming Vg, = 0,2V and Vgon = 5V for LM311, we have:

R R
Vo —VOL]X¢E+VOL OV gy (min) ﬁs—o,z]xvf‘mgm,z @2 O Ry, 28K

U 0] -
R, , 6 R R HQQ 1,5RZE 2,8k
V+ = Vref
P V'Ff/zv ? le Let R,= 10K and R4 = 15K for an exact ratio of 1,5
= - 6v+ -9V +
5. Lo +8V p

| |
BV ——— N - —————— — — IN-------—
Wy o=V _ a1y /\ /\
dt 0,5ms e :
| |
Wy =1 _gook /s / | <—\/ | \/
dt 20ps s |
| |

|ﬁﬁl -8V p
At =2 X (8V _ 6V) =5 S Atdet I :

min e
e 800K V /s
F =1kHz to 25 kHz, T/2 =20 pus to 0,5 ms

0,5 x noise margin _ 0,5x20mV _

c.O - 52 pF
R kM BKx32K P
TH dt
t
C. O Bly - 5:12\/ =— =1461 pF
(R +R)><|nDAV°T x—Ru U 6k +2k)x In22L « 0
" ] @Verror RTH + RP E L50mV 6k +2k U
At 5 s
C.O e - ~182,6 pF
S VT RPN XA Rt
A, B (50mv [

Cr = (52p + 146,1p)/2 = 99 pF, 100 pF std
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6. R, =R|R, =10K[15k =6k O 6,2k std

Final circuit
5V
15K 100 pF 2K
10K
T VWA
6,2K
Vin O VWA

Circuit Analysis

A) Analysis of falling edge

Thevenising the 10K-15K voltage divider, we obtain the circuit shown below.

Right before the falling edge, there is no
current in the capacitor because it is charged
at a constant voltage (i=C dV/dt). The O/P of
the comparator is O/C (open circuit) therefore
there is no current in the pull-up resistor if the
TTL load does not draw any current.

At the very instant that V, drops from 5V to
0.2V, V* also drops by the same amount
because the capacitor voltage does not
change instantaneously but it will be charged
from 1V to 5,8V in 5*6k*100p=3us. After 5T V*

goes back to +6V to be ready for the next
detection.

C. Sauriol Rev. 1/13/2003

+6V
100 pF 5

OA
‘ 0,2v

+1,2V

+1,2V
100 pF +0 2V

6K osma VT [| O8mA Vo 24ma
+6V YW—>>— |
OA 3,2mA+ 1
+ 1V
+6V

+1,2V
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B) Analysis of rising edge

Right before the rising edge, there is no current
in the capacitor because it is charged at a

constant voltage (1 = C dV/dt). The O/P of the [+6v

comparator is saturated at about 0,2V and
sinks 2,4 mA + |,.. The capacitor is charged at
a steady 5,8V.

At the very instant that V, switches to a high,
the O/P of the comparator goes O/C and steps

up to 3,8V then rises exponentially to +5V in [+6V

5T. The capacitor voltage does not change
instantaneously but the capacitor will be
discharged from 58V to 1V in

5*(6k+2K)*100p=4 ps. After 5T, V* goes back
to +6V to be ready for the next detection.

C) Overall waveforms

Level Detectors and Schmitt Triggers

+6V
100 p = 02
6K v

on V* [| © Vo 24ma 2K

IW—<— | 5V

OA 2,4mA +1

+ 5,8V -

O

+5V
+ev© N _*6V. 0.2y

+9,6V
100 pr 38
6K 0O,6mA

v* [ 06 Vo osma 2K
36V + on on  -l2v+
+5,8V - 3

+5V

+9,6V
— — +3,8V
+6V +6V 0,2V

i | F=1kHzto25kHz +8V|?

|

|

. |
In I | |
[ L
| | |
| | |
| | |
| | |
Lo Lo
I Lo
Lo Lo
P Lo
I Lo
Lo Lo
+5V | | | |

(l

VOUt EI |
| I
0,2V - — — | |
I |
e o

: - 496V |

|

+6V N \N :

T
V+ [ |
I(_ 3us |
|
+12v - — |

NOTE: A non-inverting level detector with AC hysteresis (capacitive feedback) is not recommended because

of its poor accuracy under certain conditions.
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NON-INVERTING SCHMITT TRIGGER DESIGN PROCEDURE - DC HYSTERESIS

Transfer function Circuit diagram
V] A RE RF
[o] .
i PULL-UP Vin O vW
+VSAT_ - 9 — ]
Rp
V. R
in 1 ] O Vout
g l
_VSAT__ > 0,1 pF RZ%
[ [
| | I
L'II'P U'IFP ) )
D V- is a fixed reference voltage - 0,1 yF cap filters
HYSTERESIS supply noise.
1. With open collector voltage comparators, select pull-up resistor small enough for good switching
speed (turn off time o Rp Cgyay)and not too small not to overload the O/P.
, R V-V, . :
2. Calculate the ratio — = = [3 With pull-up resistor, assume V,*.
R, UTP-LTP
3. A) With op amp, select standard R and Rg values large enough so that op amp O/P is not
overloaded and not too large - range 10k to 500k.
B) With pull-up resistor, determine Rg+Rg Vs vt OPEN
. o]
necessary to obtain assumed V,*. /COLLECTOR
Ry +R; = (VO+ —LTP)/I = 1=V —V;)/RP Vin Re i oA Re oA Rp
ratio Rg/Rg =B LTP O—vW VW— v

I Iy
Solve above two equations for Rg (ineo) then try standard values around Rgneo) t0 achieve Re/Rg ratio.

4. Using standard values of R and Rg analyze the circuit in order to find the reference voltage needed
by assuming V*= V- at one of the trigger points.

5. Calculate ratio R, /R, = V,/V, =0 for desired Vger

A) FET input op amp or comparator: determine standard values of R, and R, needed to obtain the
reference voltage.

B) BJT input op amp or comparator: ratio R4/R, and approximate balancing of the DC input resistance

(for min DC offset) is required.

1 [ 1 1

1 1
—t— =+ +— | = solve for Rysneo) » then try several standard values around
Rl RZ LRE RF G‘RZ RZ
Roaneo) @nd select best Ry - R, combination for an accurate ratio o.
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DESIGN EXAMPLE 4 NON-INVERTING SCHMITT TRIGGER

RE RF +5V
vin O W WA Vo A
/
Rp s ——o—1 |
R1
Vout
0,1pF —— R2 V.
n
A I 1 )
| |
= -2V +2V
Design a Schmitt trigger with the hysteresis function shown above. Use Rp = 1,5K.
R Vr—v- 45-0.2
1. Rp = 1,5K 2. —L = —o =1.075 =8 3. N/A
R, UIP-LTP 2-(-2)
4. V4 +4,5V
4,5—-(-2
R, +R.= # =19.5K= R, +1.075R,
0,333m RE oa FF oa 1.5K
-2v O— /MWW < . VWA . < 4 +5V

2.075R, =19.5K = R, =9.4K

0,333 mA 0,333 mA
Rg std 8.2k 9.1k 10k 11k 12k
Rr = 1.075Rg 8.82k 9.78k 10.75k 11.82k 12.9k
Re std 9.1k 10k 11k 12k 13k
5. Analyse for Vger required - use either one of the two trigger points.
vt=1,136V +0,2V vi=1,17v +4,604V

12k

72 pA 13k

3,2 mA

0,264 mA

0,264 mA

One can see that Vger = V* is not exactly the same for both trigger points because the standard resistor
values are not equal to the theoretical values.

Vger ave = (1,17+1,136)/2 = 1,153V

RV, 15-1153

6. — =— =———=12.01To balance the inputs for minimum DC offset, we have:
R 1, 1.153
1 1 1 1 10833 1
—_—— = = = R =6.76K
R R, 12.01R, R R, 12K|13K
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Select standard R; and R, for an accurate ratio with an R, value picked around 6.76K.

R, std 5.6k 6.2k 6.8k 7.5k 8.2k 10k
Ri=12R, 67.2k 74.4k 81.6k 90k 98.4k 120k
R, std 68k 75k 82k 91k 100k 120k

Note: The two input resistances are not perfectly

Final Circuit
balanced, that is Rp = 6.24K and Ry = 9.23K,
12K 13K 3y, which cause a small offset of the trigger points (x
vin O WV YW mV) but this does not pose a major problem if the
L sk accuracy of the trigger points is not too critical.
120K
Vout
0,1 pF —=— 10K

CIRCUIT ANALYSIS

First find the reference voltage and then find the two input voltages for which V- = V* = Vgge .

Vrer = 15 x 10k / (10K +120K) = 1,154V

V+=1,154V +0,2V V+=1,154V +4,602V

UTP  73.37 uA 12k %0/’\ 3’27mA$ 1,5K LTP 12k iOA 13k 1% 1,5K
- - v - VWA - N\/‘—m

+2,034V O YW VWA +5v] -2,03v O—/WW
+0,88V - 13k 3.2 mA +3,183V - 0,265 mA
Waveforms

Transfer function

VOA

e
—
+4 .6V — — @ |
+2.03V - =
ov } > t
1
Vg -2.03V -
+0 2V — a 3 |
|
1 1
-2,03V +2,03V

NOTE: One can notice that V, varies a little with V,, in the high state because of the open collector O/P of

R, +R R
ARV V, x———L—— =4717+0,0566 V,,

the LM 311: V,=5X +V, X
R, + R. + R, R, +R.+ R,
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DESIGN EXAMPLE 5 HI-SPEED LEVEL DETECTOR WITH DC HYSTERESIS

Design a threshold detector for a detection level of -4V and a 10 mV hysteresis using a Schmitt trigger. Use a
high speed AD9696 voltage comparator with +5V supply. Use a +5V precision voltage reference powered off
a +15V supply for an accurate threshold.

=[5V
v A
| DETECTION .
!
.l | B THRESHOLD e Ry F I
| Vip -av O—<—MW VWW——
| -6,5V +
HYSTERESIS —>] | l«— (_trzzt\elriitg;
10mv | Re, e aov
| —VW———— +5V
| 42,5V - OT\/
| + ,
| 2,5V AD9696 o v
vV, +5V PRECISION 2, AL out
0 — — el in REFERENCE A
+ > =
| -
v J_- R =R, —— 0,1 uF
AD9696 DATA Vgyp = £7V maxV-and V* = £5V max V--V* = £5,4V max

input voltage range: +1,4V to 3,7V with Vgyp = +5V and 0V
output voltage levels: V5 =0,1V and Vy4=4,9V typical at no load
propagation delay: 4,5 ns typ, 7 ns max

input bias current: 16 pA typ, 55 yA max at 25°C

We cannot apply -4V directly to the comparator inputs with a single +5V supply because the input voltage
range is restricted from +1,4V to +3,7V with a midrange value of 2,55V. Therefore we will have to pull up the
input trigger voltage of -4V to some arbitrary value within the input range. Let us pick V* = V- = +2,5V at
triggering which makes it easy to derive from the +5V reference, that is Ry = R,.

Because the hysteresis is so small, R >> Rg||Rgz and I << Igq or Ig,, therefore Igq = Igs.

R 6,5
From the circuit diagram, we have: Eﬂ = —5 =16 = R, =1,6kand R, =1k
2 %

Re1 and Rg, should not be picked too large if we want maximum switching speed of the comparator because
the +ve feedback voltage can be slowed down by the input stray capacitance (3 pF typ) of the AD9696 where

the time constantis T = (REIIRH"RF ysnm = (RElllRE2 )CSTRAY )
Rr is calculated for the desired hysteresis:

AV Vo=V R, 49-01

out __ [0) —

AV, UTP—LTP R,  10m

=480 = R.=480xR,, =1,248M (1,2M std)

To balance the inputs, we have:

R|R,=0,5R = Ry||Reo|R- = 2.6H1kI1.2M =722 = R =R,=2x722=144k = 1.5kstd
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Tentative circuit #1

DETECTION 1N914
THRESHOLD
Vin -4V O VW
2,6k
1k
VWA
1,5k
+5V PRECISION A O Vout
REFERENCE
1 1,5k

Derivation of hysteresis formula

R_||R R_|IR R_||R
At triggering, V- = V= Vomﬁ + Vo £l " F + Vi Ez" 3
ElIREz +R, REl"RF + REZ E2"RF + REl
R.|R R R
Since R.))R, orR,, Pyt~ MM Vi £l v, 2
R, Ry + Ry, Ry + Ry,
R.+R R R R
Vin = V+ _E]R_EZ- - Vuut_leﬂ - VREF —L = AVin = AVuut_Izﬂ
2 F E2 F

If we account for input bias currents of the comparator, we can show the following for balanced input
resistances:

R
UTP-LTP=AV,, :AV(ME& ~-41,.R

BuustVE1
F

NOTE: positive Igas for current going into inputs of comparator and negative Igas for current coming out of
comparator.

k
— 4 X16W X 2.6k = 0.155V typ

R
UTP—- LTP=AV,, ~E—4] R, =(4.9-0.1)X
R, 1L2M

R
UTP—LTP:AVW,f— 41, Ry =(4.9-0.1)x

BIAS
: 1.

6}\];—4><55u>< 2.6k=0.562V max

One can see that Igag being so large here will cause a huge difference on the hysteresis. In order to reduce
this effect we must lower all resistor values - let us reduce them by a factor of ten.
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Level Detectors and Schmitt Triggers

Tentative circuit #2

= +5V

260 % 120k
Vin O YWW VWA
100
VWA
150
—=u]| +5V PRECISION
REFERENCE AA
1 150 _

R
UTP-LTP=AV, —£ 41 R

out BIUSTVEl T
F

260
(49-01)x-==-~4 x (£161)x 260 = 6,24 mV or 27,04 mV typ

With small resistors, the hysteresis is much smaller but somewhat unpredictable. If Igag is positive, the
hysteresis will be 6,24 mV typical, if it is negative then it will be 27.04 mV typical. Note that Igag and V,, of the
comparator will also modify the expected detection threshold, therefore one of the 150 resistors should be
trimmed for an accurate detection threshold of -4V. The currents in the above circuit will be too large for most
IC's to handle, therefore one should modify the design as shown below where the buffers allow the use of
larger resistors and reasonable currents drawn from V,, and Vggr.

Final Circuit
A — +

Re AV [, Re|_(49-01) X(lk 2,6k) _ 178 flons i ignored.
R, UTP-LTP R, 10m 1k

REl

2,6K

Vin O VW™ Re Re
L_ 6,8 12k

1K IAD9630 VWA VWA

WA +

Rez I +5V

= |5V
+5VREF | h
+ IAD9696 L0 Vout
J_ 1,5K 1,5K LF351 —
= VW A4
0,1 uF —— p——— =
1 l 1
UTP - LTP= (AVW, R vr IBMSREJ x Rat Rey
RF E2
OmV
UTP—LTP:((4.9—0.1)x%€i2xl6ux6,8)x(%c)= op
10,57 mV
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Level Detectors and Schmitt Triggers

INVERTING SCHMITT TRIGGER DESIGN PROCEDURE - DC HYSTERESIS

Transfer function Circuit diagram
v, A .| RE2
I
|
+VSAT O Vin o
Vo
Vin Y R1 RF
) R2
—am—!
C\ VSAT
\ \ Thevenin equivalent:
| |
LTP uTpP
:(—I—): Ry = R1"R2 Vi =Vsup ><Rz / (Rl + Rz)
HYSTERESIS
1. With open collector voltage comparators, select pull-up resistor small enough for good switching
speed (turn off time o Rp Cgyay)and not too small not to overload the O/P.
2. Calculate the ratio If the result is a -ve resistor ratio, V,, has to be
R, Vi-v, 1 AV, = attenuated with voltage divider Rg4-Rg, where
R, UIP-LTP ™"~ Ap. Ry _ Vo=V,
With pull-up resistor, assume a reasonable V,*. Ry, UTP,—-LTP,
- - _ Ry _ Ry
and attenuated trigger points are: UTP, = UTP X and LTP, =LTPx
REl + REZ REl + REZ

3.A)  With no pull-up, select standard Rg value large enough so that op amp O/P is not overloaded and not
too large . Next calculate theo. value of Ry for ratio  found in step 2.

B) With pull-up resistor, determine theo. Rg
necessary to obtain assumed V,* and select closest
standard value. Next calculate theo. value of Ry
from ratio  found in step 2.

V+=UTP V" assumed

open Rp

4. Using values of Ry, and Rg analyze the circuit to find Vyy.needed by assuming V= V- at one of the
trigger points then calculate the ratio RI/R2 =V, /V2 = for the desired V4. Determine theoretical values

of Ry and R;, for desired ratio R/R, and R, = R1||R2 as found in step 3.

Solving for R, in the equation shown beside will satisfy both conditions.

Since both Ry and the ratio are critical for an accurate hysteresis, select a L

:z;ngnahon of two standard resistors to achieve theoretical values of R, R, R R OR, R
2.

5. With single Rg, make R, = R"R "R for minimum DC offset. With Rg4 and Rg,,

1 1 [ 1 1 1 ] Solve for Reyneo) » then try several standard values
—_—+ —_— around Ryneo) @nd select best Req - Rg; combination
Ry Ry, [ R "Rz"R Y Rg, R J for an accurate ratio Y= Rg4/Rg»
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Level Detectors and Schmitt Triggers

DESIGN EXAMPLE 6 INVERTING SCHMITT TRIGGER

Design a Schmitt trigger witg the transfer function
shown beside using an LM311 voltage comparator. v A

—j
REL Rp +14,5V @
) approx.
Vin -
LM311 —O Vo V.
+ in
>
R1 1
R2 RF ® -14,8V
I—AA VWA | |
I I
5V +7V
1. Let Iz, = 5 mA max not to overload the LM311 output, therefore
R, 2 (15-(-14,8))/ 5m = 5,96K, let Rp = 6,8K
R Vt—v- 14.5—((—-14,8)
2 _L:H_lz—’_lzljél.él.z:ﬁ
R, UTP—LTP 7-(=5)
3. Re =7,5/73.53u = 102k, 100K std +7V Vo'=145v
Rty = 100K / 1.443 = 69,36K Rth \T/OA RF %Eopen 6,8k
Vth YW VWA ——<— W15 V]
73,53 pA - 15V + 73,53 pA
4, Vi, =7 -5.19 = +1.804V v A
NOTE: do not assume V,* = +14,5V because
standard Rg is now used and 69,36k \T/OA 100K %Jpen 6,8k
I =(15-7)/106,8K=74.98 yA [vin} MA— A . W5 V]
- 5,19V + 74,9 pA
You can also use the other trigger point to find V1 - result will differ slightly.
R /Ry =13.196/1.804 = 7,314 = o R1 R2
1 1 1 1 1 1 H
L S b W—
R R, R, 7314R, R, 69,36k 13,196V 1,804V =
solving = R, =78,84k Vth

Since both Ry and the ratio R4/R, are important, let R, = 75K + 3,9K std, therefore we have
R, =78.9K x 7.314 = 576,6K, that is 560k in series with 16k.

Ry = R||R,||R, =576,64|78.9K|100k
R, = 40,97k = 39k std

[l A |
HHOdAQ®WHAOAO
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Level Detectors and Schmitt Triggers

Analysis of trigger points

39K 6,8K 39K l\ % 6,8K
vin - Vin O—— AW —
LM311 —O Vo LM311 —O Vo
+ +
560K 16k | i
FSVwW—W——t [15v
[5v] 7]
[W—w WA t1.807V WA
= 75K 3,9K 100k 69,4k 100k
Al Vout
+7,003V +14,49V
- 5,196V + 74,87 pA - 0,51V +
-5,00v -14,8V
4,48 mA
6,8K
+ 6,804V - 98,03 pA /]\ - 29,8V +
4,38 mA
Waveforms
+14,49V OUTPUT
+7V- — —
LTP
SV — — - - == —_—_—ff e — e ——— - —_—— - -
-14,8V
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