A DESIGNER’'S GUIDE TO THE
L290/L291/L292 DC MOTOR SPEED/POSITION

CONTROL

SYSTEM

The L290, L2971 and L292 together form a complete microprocessor-controlled DC motor
servopositioning system that is both fast and accurate. This design guide presents a descrip-
tion of the system, detailed function descriptions of each device and application information.

The L2890, L291 and L292 are primarily intended
for use with a DC motor and optical encoder in the
configuration shown schematically in figure 1. This
system is controlled by a microprocessor, or micro-
computer, which determines the optimum speed
profile for each movement and passes appropriate
commands to the L291, which contains the sys-
tem’'s D/A converter and error amplifiers. The

1.291 generates a volitage control signal to drive the
L.292 switchmode driver which powers the motor.
An optical encoder on the motor shaft provides
signals which are processed by the L290 tacho-
meter converter to produce tacho voltage feedback
and position feedback signals for the 1.291 plus
distance/direction feedback signals for the control
micro.

Fig. 1 - The L290, 1L.291 and L292 form a complete DC motor servopositioning system that connects

directly to microcomputer chips.
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" The system operates in two modes to achieve high
speed and accuracy: closed foop speed control and
closed loop position control. The combination of
these two modes allows the system to travel
rapidly towards the target position then stop pre-
cisely without ringing.

Initiatly the system operates in speed contro! mode.
A movement begins when the microcomputer
applies a speed demand word to the L291, typi-
cally calling for maximum speed. At this instant
the motor speed is zero so there is no tacho feed-
back and the systemn operates effectively in open
loop mode ({see figure 2}. In this condition a high
current peak — up to 2A — accelerates the motor
rapidly to ensure a fast start.

As the motor accelerates the tacho voltage rises
and the system operates in closed loop speed mode,
moving rapidly forwards the target position. The
microcomputer, which is monitoring the optical
encoder signals {squared by the L290), reduces the
speed demand word gradually when the target
position is close. Each time the speed demand
word is reduced the motor is braked by the speed
control loop.

Finally, when the speed code is zero and the target
position extremely close, the micro commands the
system to switch to position mode. The motor
then stops rapidly at the desired position and is
held in an electronic detent.

Fig. 2 - The system operates in two modes to achieve high speed and accurary. Tachometer feedback
regulates the speed during a run and brakes the motor towards the end. Position feedback allows

a precise final positioning.
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OPTICAL ENCODER

The optical encoder used in this system is shown
schematically in figure 3. It consists of a rotating
slotted disk and a fixed partial disk, also slotted.

Light sources and sensors are mounted so that the
encoder generates two quasi-sinusoidal signals with
a phase difference of £ 90°. These signals are refer-
red to as FTA and FTB. The frequency of these
signals indicates the speed of rotation and the
relative phase difference indicates the direction of
rotation. An example of this type is the Sensor
Technology STRE 1601, which has 200 tracks.
Similar types are available from a number of manu-
factures including Sharp and Eleprint.

This encoder generates a third signal, FTF, which
consists of one pulse per rotation. FTF is used to
find the absolute position at initialization.
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Fig. 3 - The system operates with an optical
encoder of the type shown sche/glatica//y
here. It generates two signals 90 out of
phase plus a one pulse-per-rotation signal.
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THE L290 TACHOMETER CONVERTER

The L290 tachometer converter processes the three
optical encoder signals FTA, FTB, FTF to generate
a tachometer voltage, a position signal and feed-
back signals for the microprocessor. It also gene-
rates a reference voltage for the system’s D/A
converter.

Analytically, the tacho generation function can be
expressed as:

TACHO =
dVag FTA dVan FTB
dt {FTA| dt |FTBI

In the L290 (block diagram, figure 4) this function
is implemented by amplifying FTA and FTB in A1
and A2 to produce Vpp and Vpag. Vap and
V ap are differentiated by external RC networks to
give the signals Vypa and Vg which are phase

Fig. 4 - The L290 processes the encoder signals, generating a tacho voltage and position signal for the
1291 plus feedback signals for the microprocessor. Additionally, it generates a refence voltage

for the L291's D/A converter.
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shifted and proportional in amplitude to the speed
of rotation. Vya and Vg are passed to multi-
pliers, the second inputs of which are the sign of
the other signal before differentiation.

The sign (I:T% or —EE—) is provided by the

| FTB |

comparators CS1 and CS2. Finally, the multiplier
outputs are summed by A3 to give the tacho signal.
Figure 5 shows the waveforms for this process.

This seemingly complex approach has three im-
portant advantages. First, since the peaks and nulls
of CSA and CSB tend to cancel out, the ripple is
very small. Secondly, the ripple frequency is the
fourth harmonic of the fundamental so it can be
filtered easily without limiting the bandwidth of
the speed loop. Finally, it is possible to acquire
tacho information much more rapidly, giving a
good response time and transient response.

Feedback signals for the microprocessor, STA, STB
and STF, are generated by squaring FTA, FTB and
FTF. STA and STB are used by the micro to keep
track of position and STF is used at initialization
to find the absolute position.

Position feedback for the L291 is obtained simply
from the output of A1,
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Fig. 5 ~ These waveforms illustrate the generation
of the tacho voltage in the L290. Note
that the ripple is fourth harmonic. The
amplitude of TACHO is proportional to
the speed of rotation.
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"The L290 also generates a reference voltage for the
L291's D/A converter. This reference is derived
from Vap and V ag with the function:

Vier= IVaal + I Vag!

Since the tacho voltage is also derived from V an
and Vg it follows that the system is self compen-
sating and can tolerate variations in input levels,
temperature changes and component ageing with
no deterioration of performance.

THE L291 D/A CONVERTER AND
AMPLIFIERS

The L291, shown in figure 6, links the system to

the micro and contains the system’s main error
amplifier plus a position amplifier which allows in-
dependent adjustment of the characteristics of the
position loop.

It contains a five bit D/A converter with switchable
polarity that takes its reference from the L290.
The polarity, which controls the motor direction,
is controlled by the micro using the SIGN input.

The main error amplifier sums the D/A converter
output and the tacho signal to produce the motor
drive signal ERRV. The position amplifier is pro-
vided to allow independent adjustment of the posi-
tion loop gain characteristics and is switched infout
of circuit to select the mode. The final positicn
mode is actually ‘speed plus position’ but since the
tacho voltage is almost zero when position mode is
selected the effect of the speed loop is negligible.

Fig. 6 - The L291 links the system to the microprocessor. It contains the system DA converter, main

error amplifier and position amplifier.
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THE L292 SWITCHMODE MOTOR
DRIVER

The L292 can be considered as a power transcon-
ductance amplifier — it delivers a motor current
proportional to the contro! voltage (ERRV) from
the L291. It drives the motor efficiently in switch-
mode and incorporates an internal current feed-
back loop to ensure that the motor current is
always proportional to the input control signal.
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The input control signal (see block diagram, figure
7) is first shifted to produce a unipolar signal (the
L292 has a single supply) and passed to the error
amplifier where it is summed with the current feed-
back signal. The resulting error signal is used to
modulate the switching pulses that drive the out-
put stage.

External sense resistors monitor the load current,
feeding back motor current information to the
error amplifier via the current sensing amplifier.



Fig. 7 - The L292 switchmode driver receives a control voltage from the L291 and delivers a switchmode

regulated current to the motor.
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The L292 incorporates its own voltage reference
and all the functions required for closed loop cur-
rent control of the motor. Further, it features two
enable inputs, one of which is useful to implement
a power on inhibit function.

The L292's output stage is a bridge configuration
capable of handling up to 2A at 36V. A full bridge
stage was chosen because it allows a supply voltage
to the motor effectively twice the voltage allowed
if a half bridge is used. A single supply was chosen
to avoid problems associated with pump-back
energy.
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In a double supply configuration, such as the
example in figure 8a, current flows for most of the
time through D1 and Q1. A certain amount of
power is thus taken from one supply and pumped
back into the other. Capacitor C1 is charged and
its voltage can rise excessively, risking damage to
the associated electronics.

By contrast, in a single supply configuration like
figure 8b the single supply capacitor participates in
both the conduction and recirculation phases. The
average current is such that power is always taken
from the supply and the problem of an uncontrol-
led increase in capacitor voltage does not arise.

Fig. 8 - A simple push pull output (a) needs a split supply and the device can be damaged by the voltage
built up on C1. The L292 has a bridge output to avoid these problems. Only one supply is needed
and the voltage across the single capacitor never rises excessively. Moreover, the motor can be
supplied with a voltage up to twice the voltage allowed with a half bridge.
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A problem associated with the system used in the
L292 is the danger of simultaneous conduction in
both legs of the output bridge which could destroy
the device. To overcome this problem the com-
parator which drives the final stage consists of two
separate comparators (figure 9). Both receive the
same Vy, the triangular wave from the oscillator,
signal but on opposite inputs.

The other two inputs are driven by V1, the error
amplifier output, shifted by plus or minus R.I".
This voltage shift, when compared with Vy, results
in a delay in switching from one comparator to the
other.

Fig. 3 - The L292's final comparator actually
consists of two comparators. This confi-
guration introduces a delay to prevent

simultaneous conduction of two legs.
+
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Consequently there will always be a delay between
switching off one leg of the bridge and switching
on the other. The delay 7 is a function of the in-
tegrated resistor R 7 (1.5 k§2) and an external capa-
citor C17 connected to pin 10 which also fixes the
oscillator frequency. The delay is given by:

T = Rr C17
In multiple L292 configurations (in a typewriter,
for example, there may be two systems) it is de-
sirable to synchronise the switching frequencies to
avoid intermodulation. This can be done using the
configuration shown in figure 10.

Fig. 10 - Ground plane switching noise and mo-
dulation phenomena are avoided in multi
- L292 systems by syncronizing the
chopper rate with this RC network.
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SOFTWARE AND INTERFACING TO THE
MICRO

In a typical system the L.290/1/2 system is con-
nected to the control microcomputer through ten
1/0 lines: seven cutputs and three inputs.

The outputs are all connected to the L291 D/A
converter and consist of the five bit speed demand
word, SIGN {which sets the direction) and the
speed/position mode select line. Position feedback
for the micro comes from the L290 tacho con-
verter and consists of the signals STA, STB (the
squared encoder outputs) plus the one-pulse-per
rotation signal, STF {figure 11).

Fig. 11 - In a typical system the [.290/L.291/L292
combination is linked to the micro
through seven output lines, two inputs
and an interrupt input.
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To follow the motor position the micro counts the
STA pulses to measure the distance travelled and
compares the phase of STA and STB to sense the
direction. The most convenient way to do this is to
connect the STA line to an interrupt input. An in-
terrupt service routine will then sample STB and
increment or decrement the position count de-
pending on the relative phase difference: +90° if
STB is high; -90° if STB is low.

1t could be argued that the micro doesn’t need to
sense the direction of the rotation because it con-
trols the direction. In practice, however, it is better
to sense the direction to allow for the possibility
that the motor may be moved by externally
applied forces.

For each movement the micro calculates the dis-
tance to be traveiled and determines the correct
direction. It then sets the L291 to velocity feed-
back mode, sets the director appropriately and sets
the speed demand word for maximum speed {pos-
sibly less if the move is very short}.

By means of the STA interrupt service routine it
follows the changing position, reducing the speed
demand word to brake the motor when the target
position is very close. Finaliy, the micro orders the
L291 to switch to position loop control for the
final precise positioning.



Fig. 12 -~ Complete application circuit of the system.
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Fig. 14

Component Recommended Purpose Larger than Smaller than
value recommended value recommended value
R1,R2,R3 1k To filter the noise on the Offset voltage increase
encoder signals (Vapn, Vag!
R4, R5 820 ©2 Differentiator network Tacho offset and tacho Tacho offset increase
signal increase Tacho signal decrease
R6, R7 4,7k To set the D/A input current D/A input current decrease D/A input current increase
R8 4.7k82 To set the motor speed Motor speed increase Motor speed decrease
R9 5k To adjust the motor speed Danger of osciflation
R9 < R13/10
R11 22kQ To set the position loop — Position loop gain decrease Position loop gain increase
gain — Danger of oscillation of the
motor shaft
R12 100k $2 To set the position loop — Position loop gain decrease | — Position loop gain increase
gain - Danger of oscillation of the
motor shaft

R13 120k$2 To set the speed loop gain — Speed loop gain increase - Speed loop gain decrease

R14 165k To set the position loop — Position loop gain increase — Position loop gain decrease

gain — Danger of oscitlation of the
maotor
R15, R16 510 Q2 To filter the feedback current ! Danger of output saturation
of the current sensing aplifier
R15 + R16 < 3.3k2
R17 22k52 To set the gain of the err. Increase of the gain at high Danger of oscillations
amplifier frequencies R17 =~ 5.6k
R18,R19 020 To set the transconductance Transconductance decrease Transconductance increase
value of the L292 (R18, R15}). I, < 044V

R20 15k To set the oscillator Oscillator frequency Oscillator frequency

frequency decrease increase. R20 = 8.2k}

R21 33Q Compensation network Increase of the peak current
in the output transistors
during the commutations

C1,C2,C3 100 pF To filter the noise on the Bandwidth reduction of the Bandwidth increment of the
encoder signals jow pass fitter low pass filter
C4,C6 15 nF Differentiator network Tacho signal increase Tacho signal decrease
C5 2.2 uF By -pass capacitor Larger set-up time after Reduced by-pass effect at
power on low frequencies
Cc7 0.1 uF Low-pass filter for the D/A Increase of the current ripple
input current at low speed
Cc8 0.22u — Low pass filter for the Bandwidth reduction of the Low fiirering at low speed,
tacho signal speed loop causing noise on the motor
— To determine the dominant
pole of the speed loop
C10,C11 0.1 uF Supply by-pass capacitor Danger of oscillations
ci12 47 nF To filter the feedback — Lower value of the -~ Higher value of dumping
current damping factor factor
— Danger of oscillations
C13 47 nF To set the gain of the error
amplifier C13 - R17 =
Lam/Rm

C15 0.1 uF Supply by-pass capacitor Danger of oscillations

C16 470 uF Supply by-pass capacitor Ripple increment an the
supply voltage

c17 1.5 nF To set the oscillator frequency | — Oscillation frequency — Oscillation frequency

and the dead time of the reduction incremen
output transistors — Dead time increment — Dead time reduction
c18 1nF Compensation network Danger of oscillations
D1,D2, 1A Recirculation diodes
D3, D4 Fast diodes
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DESIGN CONSIDERATIONS

The application circuit of figure 12 will have to be
adapted in most cases to suit the desired perform-
ance, motor characteristics, mechanical system
characteristics and encoder characteristics. Essen-
tially this adaptation consists of choosing appro-
priate values for the ten or so components that
determine the characteristics of the L290, L291
and L292.

The calculations include:

»  Calculation of maximum speed and acceleration;
useful both for defining the control algorithm
and setting the maximum speed.

m  Calculation of R8 and R9 to set maximum
speed.

®  Laplace analysis of system to set C8, R11, R12,
R13 and R14.

s [ aplace analysis of L292 loop to set the sensing
resistors and C12, C13, R15, R16, R17.

m  Calculation of values for C4 and C6 to set max
level of tacho signal.

m  Calculation of values for R6 and R7 to set D/A
reference current.

m  Calculation of R20 to set desired switching
frequency.

MAXIMUM ACCELERATION

For a permanent magnet DC motor the acceler-
ation torque is related to the motor current by the
expression:

Ta+Te= Ky Im

is the motor current

K+ is the motor torque constant
T, is the acceleration torque
Ts is the total system friction torque

The acceleration torgue is related to angular ac-
celeration and system inertia by:

Ta= U +Joe+J) a

where:

Jm is the moment of inertia of the motor
Joe isthe moment of inertia of the encoder
Je is the moment of inertia of the load

a is the angular acceleration.

In a system of this type the friction torque T¢ is
normally very small and can be neglected. There-
fore, combing these two expressions we can find
the angular acceleration from:

Kt

4= —
Im tdoe tIL

lm

It follows that for a given motor type and control
loop the acceleration can only be increased by in-
creasing the motor current, Iy

The characteristics of a typical motor are given in
figure 17. From this table we can see that:

(6.07 oz.in/A)
(0.92 x 1072 oz.in.s?)

K= 43N cm/A
Jm = 659+ cm’

We also know that the maximum current supplied
by the L292 is 2A and that the moment of inertia
of the STRE1601 optical encoder, Jgg, is 0.3x10™*
oz.in.s?.

The moment of inertia of the load Ji, is unknown
but assume, for example, that Joe + J = 2 Jpyy.
Therefore the maximum angular acceleration is:

a = -~ 607x2 . 6597.8 rad/s?
2x0.92x107?
Fig. 17 - The characteristics of a typical DC
motor.
Motor - Parameter Value
Ugp (V) 18V
C.emf. Kg 4.5 mV/min™!
Ng (without load) 3800 rpm
lom (without load) 190 mA
Ts (friction torque) 0.7 Ncm
KT (motor constant) 4.3 Ncm/A
Amature moment of inertia 65 g. cm?
R of the motor 54
L of the motor 55 mH

MAXIMUM SPEED

The maximum speed can be found from:

Vs min= 2 VeEesat T Rs Im + Ke 2 + Ry Im

where:

E = K¢ £ is the internally generated voltage
(EMF)

Ke is the motor veltage constant

Q is the rotation speed of the motor.

=20V
2 Vegsat + Rs Iim = BV (from L292 datasheet)
= 108V (Ry, = 5.4 )

For example, if Vs min

Rm Im

we obtain:

Ke o (E) = 4.2V
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“and
. 4.2V
45 mV/min™!

=97.74 rad/s

= 933.3 rpm =

The STRE1601 encoder has 200 tracks so this
speed corresponds to:

ve= o 200 _
60
The time taken to reach maximum speed from a
standing start can be found from

3111.1 tracks/s.

At = Q _ 97.74 rad/s _

a 6597.8 rad/s?

14.8 ms

We can also express the acceleration in terms of
tracks/s? :

V. _ 3111.1 tracks/s?
14.8 ms

= 210209.5 tracks/s?

Therefore the number of tracks necessary to reach
the maximum system speed for our example is:
V2
p= — =
2K

23 tracks

This
programmer

information is particularly useful for the
who writes the control software.

SETTING THE MAXIMUM SPEED

The chosen maximum speed is obtained by setting
the values of R6, R7, R8, R9, C4 and C6 (all
shown on the application circuit, figure 12}. This is
how it's done:

The first step is to calculate R6 and R7, which
define the DAC current reference. From the L291
datasheet we know that |.¢¢, the DA converter
current reference, must be in the range 0.3 mA to
1.2 mA.

Choosing an 1,o¢ of roughly 0.5 mA, and knowing
that V ¢ {the L290s reference output) is typically
5V, it follows that:
\%
R6+R7= —'ef -
ref

10 k2

Therefore we can choose R6 = R7 = 47 kQ (5%
tolerance].

Substituting the minimum and maximum values of
Vyes (from the L290 datasheet) and the resistance
variations we can now check that the variation of
lyef in the worst cases is acceptable.

_ Vref min = 0.46 mA

| .
ref min {R6 + R7) max

39

Vret (typ)
rPT are ™
Vref max
| = =727 = 062mA
ref max {R6 + R7) min

These values are within the 0.3 mA to 1.2 mA
limits.

Now that the reference current is defined we can
calculate values for R8 and R9 which define the
tacho current at the summing point.

The full scale output current of pin 12 of the L291
(the D/A converter output) is:

ig= 1.937

'ref

which is typically 1.02 mA.

The worst case output current is when | ¢ is at
a maximum (0.62 mA) and the g, error is maxi-
mum (+ 2%):

lo= 0.62x1.937 x 1.02= 1.22mA

This less than the 1.4 mA maximum value for |5t
specified in the L291 datasheet.

Assuming that the maximum DC voitage at the

TACHO output of the L290 (pin 4) is 7V (this is

the tacho voltage generated at the maximum sys-

tem speed), we can find the sum of R8 and R9;
Vv D

RS + RY = tacho DC - 7
Io typ 1.02

Therefore we choose R8 = 4.7 k&2 and a 5 kQ

trimmer for R9. RY is used to adjust the maximum
speed.

=6.85 k2

We can now calculate the ripple voitage and maxi-
mum tacho voltage:

- —
Vripple pp T ‘4— (\/ 2-1) Viacho D = 2.3 Vpp

m ~
Vtacho max = 2 ﬁvtacho pc =78V,

This value is within the voltage swing of the tacho
amplifier (¢ 9V); that means the choice of
Viacho pc= 7V is correct.

At this point we know the values of R6, R7, R8
and RS. The maximum speed can now be set by
choosing values for C4 and C6 which form the dif-
ferentiation networks on the L290. These values
depend on the number of tracks of the optical
encoder. For the STRE1601 encoder the capacitor
values can be found from figure 18. These curves
show how the capacitor vaiues is related to fre-
quency {encoder rotation speed) for different
tacho voltages and maximum speed. The exampie
values are Vizcho De = 7V and maximum speed =
3111 tracks/sec therefore the value for C4 and C6
is 15 nF.

The values of R4 and R5 must be 82052 to mini-
mize the offsets.



Fig. 18 - €4 and C6 value versus rotation speed

for various maximum tacho voltage
values.
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LAPLACE ANALYSIS OF THE SYSTEM

Suitable values for the components R11,R12,R13,
R14 and C8 can be found from a Laplace analysis
of the system. Figure 19 shows a simplified block
diagram of the system which will be useful for the
analysis.

Fig. 19

lvTACHO

Ksp
Hs?’sp

$-5966/1
(*) See L292 datasheet for an

List of terms

S : Laptace variable

KT : Motor torque constant

T, : Acceleration torque

T¢ : Total system friction torgue

J  : Total moment of inertia {J = Jgoe +Jm +JL)-
2 : Speed
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The analysis is based on the angular speed 2 and
on the motor position 8. The motor 1s represented,
to a first approximation, by the current |, and by
the acceleration torque, T,, which drives an inertial
load J.

There are two conversion factors, Kg, and Ko.
They link the mechanical parameters (position and
speed) with the equivalent feedback signals for the
two loops. The values of K, and K6 are deter-
mined by the encoder characteristics and the gain
parameters of the integrated circuits. The open-
loop and closed-loop gains are fixed by four ex-
ternal resistors:

® R,es — fixes the reference current (R6 + R7)
® Rgpeeq — fixes the speed loop gain (R8 + R9)
® Rpos — controlsthe position loop gain{ R12)
a Rg, — controls the system loop gain (R13).

The stability both of the speed loop and of the
speed-position loop are defined by external com-
ponents.

The fundamental characteristics of the speed con-
trol system can thus be determined by the designer.

is the time constant that determines the domi-

Tsp
nant pole of the speed loop and is determined by
C8, R8 and R9
R8 R9
o = [
® R8 + R .

accurate analysis of this block.

[’} : Angular position

Kgp @ Conversion factor that links the
motor rotation speed and the TACHO
signal.

Kt : Conversion factor that links the

motor position and the Vqq signal.



SETTING THE L292 COMPONENTS

The sensing resistor and feedback loop component
values for the L292 can be calculated easily using
the following formulae. A detailed Laplace analysis
of this block is given on the L292 datasheet.

a) Sense resistors, R, = R18 =R19

lm _ R2 R4 i
Vv, R1 R3 R,
R2 R4 V,
= s =
Im R1R3

(These resistors are all inside the L292).

where:
Im Is the motor current
Vi is the input voltage corresponding to .

For example, |, = 2A, V; = 9.1V, resistor values
as in figure 7 {(L292 internal block diagram)

0.044
!

Rs = V,= 020

m

b) R17, R15, R16,C12,C13
2V,

G [ S—
mo Rm VR

Vg = L1292 supply voltage
Rm= motor resistance
Vgr= L292 reference voltage

and

R4 C13
4R15 C12 Gmo Rs

R4 = L1292 internal resistor (400Q2)
R = R18=R19

A good choice for & is 1/x/ 2. Substituting this
value, Gy and the values of R4 and Rg:

g 1. 400 C13
2 4R15C12x0.2
_, _1000C13 _
R15 C12
Also fpz —— 09
27 R15C12

Assuming that f1 is 3 kHz, another recommended
value:

R156C12=47x10° s

41

Therefore we can find C13 :

1000 C13 = 47 x 10°°

= C13= 47 nF

L
Since M - R17 C13
Rm
Lm

R17 = —
C13Rpm

For the example motor L= 5 mH, R,= 5.4Q
therefore:
Lm

M _ - 22kn
C13 Ry,

R17 =

From R15 C12 = 47x10°% s, choosing a value of
R15;510 £2, we have:

C12= 82nF

Also, R16 = R15 = 510 Q.

DEAD TIME

C17 sets the switching delay of the L292 which
protects against simultaneous conduction. The
delay is: /

7= R;C17

and R is an internal 1.5k resistor. The suggested
1.5 nF value gives a switching delay of about
2.25 us. This is more than adequate because the
transistors have a switch off delay of only 0.5 us.

SWITCHING FREQUENCY

The switching frequency is set by C17 and R20:
N N

2 R20C17

R20 must be at least 8.2 k2 and is varied to set the
frequency: the value of C17 is imposed by dead

time requirements. Typically the frequency will be
15-20 kHz.

It shoud be outside the audio band to reduce noise
but not to high or efficiency will be impaired. The
maximum recommended value is 30 kHz.

fosc =

CURRENT RIPPLE

To reduce dissipation in the motor and the peak
output current the ripple, A |, should be less than
10% of the maximum current.

Vs . T

2

Since Alp=

m

(A2T— = half period of oscillator)



and Al = 0.1 1y max
Vs
= 01 |m max = T
2f L min
5 Vg
= Lymin =
f Im max

Therefore there is a minimum inductance for the
motor which may not always be satisfied. If this is
the case, a series inductor should be added and the
value is found from:
5V,
Lseries= ————— — Lm
Flm max

EFFICIENCY AND POWER DISSIPATION

Neglecting the losses due to switching times and
the dissipation due to the motor current, the effi-
ciency of the L292's bridge can be found from:

. Atl . Veat _ At
At ~At2 Vg Atl-At2
Vover
\Y

s
where:

Vover = 2V (2Vge + Rg ’m)
Vsat = 4V (2VeEsat + 3 VBE)

A t1 = transistor conduction period

A t2 = diode conduction period.

Fig. 20

FTA

L2390

Vaal Vi

IfAt1 > At2and Vo= 20V we obtain:

n=1 *2;40 = 80%

In practice the efficiency will be slightly lower as a
results of dissipation in the signal processing circuit
{about TW at 20V) and the finite switching times
(about 1W).

IT the power transferred to the motor is 40W, the
80% efficiency implies 10W dissipated in the
bridge and a total dissipation of 12W. This gives an
actual efficiency of 77%. Since the L292's Multiwatt
package can dissipate up to 20W it is possible to
handle continuous powers in excess of 60W,

POSITION ACCURACY

The main feature of the system L290, L291, L292
is the accurate positioning of the motor. In this
section we will anatyse the influence of the offsets
of the three ICs on the positioning precision.

When the system is working in position mode, the
signal FTA coming from the optical encoder,
after suitable ampiification, is sent to the summing
point of the error amplifier (L291}. If there were
no offset and no friction, the motor would stop in
a position corresponding to the zero crossing of the
signal FTA,and then at the exact position required.
With a real system the motor stops in a position
where FTA has such a value to compensate the
offsets and the friction; as a consequence there is a
certain imprecision in the positioning. The block
diagram, fig. 20, shows the parts of the 3 ICs
involved in the offsets. First we will calculate the
amount of the offsets at the input of the !C L.292
(point A of fig. 20).

L292

1A
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1290

The offset of the TACHO signal, V2, is the main
cause of the imprecision of the positioning. Another
offset in 1.290 is V1, the output offset voltage of
A1. The contribution at point A is:

V- vi . R4 RI3
R11 R12
R13
\% = V2 -
2n R89
L291
In this IC there are the following offsets:
V3 = input offset voltage of the position amplifier
l; = input bias current of the position amplifier
l> = output offset current of the D/A converter

plus ER.AMP bias current
V4 = input offset voltage of the error amplifier.
Their contribution at point A is:

R14
R11

R13
R12

Vaa= V3« (1+

R13
R12

Vija= 1l » R14 » —

Vipa= 1, » R13

R13

A\ = V4 —
4R R12 // R89)

(1 +

L292

Referring to this IC we must consider the input
offset voltage V5. Moreover, we call V6 the input
voltage that must be applied to the L292 to keep
the motor in rotation, i.e. to compensate the
dynamic friction. V6 is not an offset voltage, but
has the same effects, and for this reason we have to
put it together with the offsets.

lo

Vsa= V5 = Transconductance
Vi of 1292
Vga = V6= lg =Motor current necessary

to compensate the
dynamic friction

The total offset voltage referred to point A is given
by the sum of all the precedent terms:

Va=Via tVoatVzatVipgatViga+Vaat
+ Vsa + Vga.

The amplitude of the signal FTA necessary to com-
pensate the offset V p is:
R12
R13

R11. . 1
R14 A1

VETA= VA -
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Calling V) the maximum value of the signal FTA,
the phase error of the system is:

. VFTA
Vm

= sin”

If ¢tc is the phase between two consecutive charac-
ters, (it may be equal 360° or multiple of it} the
percentage error in the character positioning is:

o

€ 100

C

In these caiculations we have not considered how
the precision of the signal FTA, coming from the
optical encoder, influences the positioning error.
The percentage value of the pitch accuracy must be
added to € to have the total percentage error in the
character positioning. Any DC offset of the mean
value of the signal FTA must be multiplied by A1
and added to V1 to obtain its effect on the error.

NUMERICAL EXAMPLE

In this numerical example we will calculated the
precision of the positioning in the worst case, i.e.
with all the offsets at the max value. The values of
the external components are taken from the ap-
plication circuit. {fig. 12).

R11=22K R12=100K R13=120K R14 = 156K
R83% = R8 + R9 = 6K

From the data sheets of the three {Cs we can find:

V1=5bmV V2= 80mV V3=45mV
V4= 2mV V5 = 350 mV
17 =0.3uA I, =0.4uA
A1 min=22dB =12.6
I
— % min= 205 _mA_
Vi \%

I
VMmin = 0.4V

For lg we will consider the value lg = 50 mA
15, _120

Vip - 551070 - - 45 mv
1A 22 100
Vop= 80 - 107 16& = 16V
Vaa= 45-10° (1+ 22y, 120 _ g7y
227" 100
Vija=03:10° +15.10% « 29— 54my
100
Vipa=0.4+ 107 < 120+ 10° = 48 mV

120

Vap = 2+1073« + =) =44,



Vsa = 350 mV

- .50 _

Vep= 20 -
A" 508

244 mV

V= 2.346V

100
120

2 1
15

VETA = 2.329 - =0.228V

A 0.226  _
sin s x>
0.4
If we consider an optical encoder with 200 tracks/
turn and a daisy wheel with 100 characters, the
phase between two consecutive characters is
Q; = 720°, and then the maximum percentage

error we can have is.

35

720
From this numerical example we can see that the
main contribution to the positioning error is given
by the offset of the TACHO signal (Vop), other
big contributions are given by the input offset
voltage of L292 (Vg5a) and by the voltage neces-
sary to compensate the dynamic friction of the
motor (Vga). This last term is only determined by
the motor and can also have greater values.

o = 35°

+ 100 =438%

The error we have calculated is the maximum pos-
sible and it happens when all the offsets have the
max value with the same sign, i.e. with a prob-
ability given by the product of the single prob-
abilities. Considering as an example every offset
has a probability of 1% to assume the max value,
the probability the error assumes the max value is:

P=(102)7 = 107"
Fig. 21
G 44938
speed ‘ T fe1a
(rpm) ; AkHz)
800 /i,/z 66
y.04
/A
600 A 2
/ &
400 // 133
/1
e
200 // 0.66
Q 6 12 18 24 speed code

SPEED ACCURACY

If we consider the complete system with L290-
L291-L292 driving a DC MOTOR with optical

encoder, we can note the speed of the motor is
not a linear function of the speed digital code
applied to L291. The diagram of fig. 21 shows
this function and it is evident that the speed in-
creases more than a linear function, i.e. if the
speed code doubles, the speed of the motor be-
comes more than the double. The cause of this non
linearity is the differentiator network R4 C4 and
R5 C6 (see fig. 22) that has not an ideal behaviour
at every frequency.

Fig. 22

1) Vma = Vaa sing
¢ = tg' w R5C6

2nf

w =

2} Vma = Vaasintg' w R5 C6
f = frequency of the signal FTA

This last relation gives the amplitude of the signal
VMmA: it is evident there is not a linear function
between Vppa and w, like Viya= Kw and the dif-
ference is greater if the product w R5 C6 doesn’t
respect the disequation w R5 C6 <1 ., i.e. at high
frequencies.

The phase angle between Vppa and Vapa should
be 90° and then ¢ = 0, in our case ¢ increases
with the frequency according to the equation
¢ = tg ' w RBCHB, and influences the ampjitude of
the output signal TACHO. In fig. 23 are shown the
waveforms that contribute to generate the TACHO
signal. A and B are the signals Vap and Vg in
phase with the input signals FTA and FTB. C and

Fig. 23

Vaa

- VMa S'9n Vag
VMB sign VA A . ov
- Vpga S1G7 Vag F
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D are the signals Vg a and Vpyg: the continue line
indicate the ideal case, in fact the phase between
Vma and Vanp is 90°; the dotted line is referred to
the real case in which the phase is lower than 90°.
By adding the two signals shown in E we obtain
the TACHO signal, whose expression is:

Fig. 24

¢
/0

i
i
H >
¢ EN
$-5963

VTacHo™ Vue * sign Vaa - Vima * sign Vag.

The signals in E are referred to the ideal case, the
ones in F to the real case. It is possible to demon-
strate the mean value of the TACHO signal in the
real case is lower than the one we could have with
an ideal differentiator network and this explains
why in fig. 21 the speed of the motor increases
more than a linear function. The mean value of the
waveforms F is (fig. 24).

3 V= [
=4

m

2 K1

_WK1 sina d o= cos ¢

Since the waveforms E are half sinewaves, the
mean value is

4 vm= 281

™
We can conclude that two causes contribute to
give a TACHO signal lower than the theoretical
one, both due to the differentiator network:

a) the amplitude of the signal Vyyp is lower than
Vma = Kw and we can call €1 the relative per-
centage error.

sintg! w R5 C6-~w R5CH6
w Rb C6

100

€1=

b) the mean value of the signals Vpa * sign Vg
and Vg * sign Vap is lower than the the
theoretical one because there is a shift in the
phase of the signals Vg aand Viyg. The relative
percentage error only due to the shift of the
phase is
€2= (cosp-1)+ 100 ¢ = tg' wR5C6

The total percentage decrease of the TACHO

signal is given with a good approximation by

the sum of €1 and €2.

Example:

Consider:

f= 3000 Hz corresponding to

n = 3000 60 = 900 rpm of the motor if 200

200 are the tracks/turn of the

encoder

€1 = -2.6% with R5 = 820 Q
C6 = 15nF
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€2
€3

R

-2.6%
€1+€2 =

3

-5.2%

From the diagram of fig. 21 we note that at a
speed of 900 rpm corresponds a theoretical speed
of 855 rpm with a percentage difference of about
5.2%.

SPEED ACCURACY DUE TO THE D/A
CONVERTER

To analyse the influence of the DAC precision on
the speed accuracy we will refer to the following
(fig. 25).

Fig. 256

Tret
b

sC1
5C2
5C3
SC4
SC5 —
SIGN —

DAC

5-5961

The value of the output current of the DAC ig
depends on |l,¢¢ and on the digital code defined by
the inputs SC1-SC5, while its direction depends on
the value of the SIGN input, the max theoretical
value of |, obtained with SC1-SC5 low, is:

S
16

lom = # Iref

The motor will run at a speed corresponding to the
following value of the TACHO signal:

31
16

This last relation is true if we don’t consider the
motor friction and the offsets. Consider now the
possible spreads we can have in the motor speed
due to the DAC. If we call igp1 the value of the
max output current |5 corresponding to the SIGN
LOW and lgpm2 the one corresponding to the
SIGN HIGH, the percentage error we have in the
max speed from the positive to the negative
value is:

VracHo= - lom * R89= ¢ lyef - RB9

.+
cqa- _tomi * lom2 . 100

fom

Note that we have consider the sum of lgp1 and
lomz because they have opposite signs. This kind
of error is principally due to a different gain of
the DAC between the two conditions of the SIGN
LOW and HIGH. An equal difference of gy and
lomz, from lom (tomi ! = Ilom! = llomzl - Ilomi)
doesn’t constitute a speed error because this shift
from the theoretical value can be compensated by
adjusting the resistor R89 that is formed by a fixed
resistor in series with a potentiometer.



With the guaranteed values on the L.291 data sheet
we can calculate for €4 the max value:

21 A

——— +100= 15%
1.4 mA 10

€4 =

Another characteristic of a D/AC is the linearity,
that in our case is better than = 1/2 LSB. This
value is sufficient to guarantee the monotonicity of
lo. and then of the speed of the motor, as a func-
tion of the input digital code. The precision of
+ 1/2 LSB implies a spread of the speed at every
configuration of the input code of =+ 1.61% re-
ferred to the maximum speed. The max percentage
error we can have is then greater at low level speed
(+ 50% at min speed) and has its minimum value at
the maximum speed (1.61%).

ACCURACY DUE TO THE ENCODER

The amplitude of the signals FTA and FTB deter-
mines the value of the TACHO signal. This ampli-
tude must be constant on the whole range of the
frequency, otherwise it is not possible to have a
linear function between the TACHO signal and the
frequency. The spread of the amplitudes of the
two signals FTA and FTB between several encoder
can be compensated by adjusting the potentio-
meter R9 (see fig. 12). The phase between the two
signals should be 90°. If there is a constant dif-
ference from this value, a constant factor reduc-
tion of the TACHO signal results that can be com-
pensated with the potentiometer R9. If the dif-
ference from 90° is random, also the reduction of
the TACHO signal is random in the same way,
and by means of R9 it is possible to compensate
only the mean value of that reduction.
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