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u""\ Micro Linear PRELIMINARY
ML4421

Variable Speed AC Induction Motor Controller
GENERAL DESCRIPTION FEATURES

The ML4421 AC induction motor controller provides the
PWM Sine 0° and Sine 90° waveforms necessary for
controlling single and two phase AC induction motors.

Drives single and two phase AC motors
10:1 variable speed control range

Constant V/F with programmable ratio
A constant voltage/frequency ratio can be maintained over

a 10:1 frequency range. The output variable frequency AC
voltages are sensed and fed back to the controller to track
the sine wave frequency and amplitude set by the speed
control.

Forward/reverse for two phase drive
Optional slip angle control
PWM sine wave drive

5% distortion typical
On two phase motors, direction is controlled by
electronically changing the relative 90° phase difference
between the main and secondary motor winding.

Eliminates run capacitor for PSC motors
Drives IR 2118 high side drivers (ML4421-12)
12V £10% operation

On-board 8V voltage reference

For tighter speed control, the slip angle can be sensed by
measuring the phase angle of the current vs. the voltage in
the main winding of the motor. The resultant error signal is
used to adjust the amplitude of the output Sine 0° and
Sine 90° signals in order to maintain a constant speed
during changes in motor load.

Current limit and programmable dead time

The ML4421 limits the motor winding current with a
constant off-time PWM controlled current limit. Additional
circuitry protects the power transistors by preventing shoot
through. The ML4421-12 has output drive from zero to
Vee (+12V) while the ML4421-5 has output drive from

zero to 5V.
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ML4421

PIN CONFIGURATION

ML4421
28-Pin Narrow DIP (P28N)

1A []1 \/  28[7 sensks
18 [ 2 27 [] SENSEC
Csa[]3 26 [ ] SENSEA
Csup [ | 4 25 [ ] SINEo
Rspeep [ | 5 24 Ve
Vseeep [ 6 23[ ] Ha
veer |7 22 Hc
Ror [ 8 21| ] Hg
Co[]9 20[J1a
Coo [ 110 1] 1c
Crste (11 18] s
Crwm [ |12 171 ] Vss
FWD/REV [ |13 16| ] SINEsp
Cos [ |14 15 ] sense
TOP VIEW
ML4421

28-Pin SOIC (528)

158 [T 28 [T SENSEg
e [T]2 27 [T] senskc
csa [L]3 26 | T SENSEa
caup (114 25 I'T7 siNgp
Rspeep (L5 24 [T] vee
vseeen (1] 6 23 [T fa
veer [1]7 22 [T] 7e
Rot [1]8 21|T] mg
Co ]9 2077 1a
Cyo [T{10 19T 1c
Crsre L] 11 1817 1p
Crwm [1] 12 1717 vss
rwo/rev [1]13 16 [T siNEso
Cos L1114 15 Isense
TOP VIEW
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ML4421

PIN DESCRIPTION

PIN NAME  FUNCTION PIN NAME  FUNCTION
1 Isa Differential input which senses the current 12 Cpwm  The external capacitor sets the PWM
of winding A to determine the phase frequency in conjunction with the
difference between voltage and current, external 100kQ resistor (Rrep) at VRer.
with lsg. 13 FWD/REV A logic high causes Phase B to lead Phase
Isg {See Isa). A by 90°; a logic low causes Phase A to
o]
Csa The external capacitor sets the slip angle lead Phase B by 90°.
between voltage and current. 14 Cops The external capacitor controls the off
4 Cgp The voltage on this pin increases the time during current limit.
sinewave amplitude at SINEy and SINEgg 15 lggnse Motor current sense input. Current limit
when the slip angle is exceeded. occurs when the value exceeds
5 Rspgep  The external resistor provides a variable approximately 0.5V.
current to the sinewave generator. This 16 SINEgg A test output to observe the internally
current is proportional to Vspgep. generated 90° Sine wave.
6 Vspgep  The voltage on this pin sets the frequency 17 Vss Signal and power ground.
and amplitude of the sinewaves . .
generated at SINEg and SINEgo. 18 Lg Low side drive output for phase B.
7 Veer This is a dual purpose pin providing a 19 Lc¢ Low side drive output for phase C.
constant reference voltage which can be 20 La Low side drive output for phase A.
used for Vspgep. The external 100kQ _ L . b
resistor (Rrgp) value sets interpal currents 21 Hg High side drive output for phase B.
used for the PWM frequency and the 22 Hc High side drive output for phase C.
current limit one shot off time. — R .
23 Ha High side drive output for phase A.
8 Rpr The external resistor controls the dead .
time in the output stage to prevent cross- 24 Vcc +12 VDC input.
conduction. 25 SINEg A test output to observe the internally
9 Co The external capacitor sets the Sine 0° generated 0° Sine wave.
frequency in conjunction with Rspgep- 26 SENSEA Differential input which, with respect to
10 Coo The external capacitor value should SENSEC, feeds back the voltage applied
match Co. across the A-C motor windings.
11 Crstr  The external capacitor sets the one shot 27 SENSEc Reference. (See SENSEA).
time period to restore the DC level of the 28 SENSEg Differential input which, with respect to

waveform on Coyg.

SENSE(, feeds back the voltage applied
across the B-C motor windings.
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ML4421

ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond which
the device could be permanently damaged. Absolute
maximum ratings are stress ratings only and functional
device operation is not implied.

Supply Voltage (Vo) ovveereninsenrccnneneneeeeeeneeennee 14V
Output Current (Lg, L¢, La, Hg, He, HA) ceecveveeenceee +50mA
F/R Input Voltage ......coveeeeenevcniniciicccnne -03to 7V
Junction Temperature ........c.ocoviviiiiiiinniniccennenen, 150°C
Storage Temperature Range .........ccccooueei. -65°C to 150°C

Lead Temperature (Soldering 10 seC.) ....cccervvmvunen.n 260°C
Thermal Resistance (0)4)
Plastic DIP .....ccooiciviiiineeiierecreecenieic e 52°C/W
Plastic SOIC ..o 75°C/W
OPERATING CONDITIONS
Temperature Range .........ccceeveenienenieenene *Cto 70°C
Ve Voltage e, 12VE 10%

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Operating Temperature Range, Vcc = 12V * 10%, Rgpgep = 100k, Ryjpir = 0.3R,
Rrer = 100kQ, Co = Cgg = 1uF, Cpym = 0.51nF, Cos = 6.8nF, Crsrr = 2.2nF, (Note 1),

SYMBOL | PARAMETER CONDITIONS | min | e | wmax | unis

DC Characteristics

lec Vcc Current Operating 8 20 mA

VRer 8V Reference 7.2 8.0 8.8 \Y
Digital Inputs

ViL Input Low Voltage 0.3 \

Vin Input High Voltage 2 \
Output Drive ML4421-12

Vo Output Low Voltage loL = 2mA 0.4 0.8 Vv

Vou Output High Voltage loL =-2mA Vee -0.2 '
Output Drive ML4421-5

Vou Output Low Voltage loL = TmA 0.8 \'

Vou Output High Voltage loL =-1TmA 4.0 \%
Sinewave Generator Section

Vp_p Sinewave Voltage Vspeep = 5.5V 2.7 3.2 3.6 Y

FREQ Sinewave Frequency 63 68 83 Hz

Linearity Vspeep = 2V to 8V -5 +5 %
Distortion 5 %o

PWM Generator

Vp_p Peak to Peak Voltage 3.6 \%

Fpwm Frequency 18 22 30 kHz
Current Limit Section

Vrin Threshold Voltage 0.35 0.5 0.55 v

Tore One Shot Off Time 90 115 150 s

Note 1:Limits are guaranteed by 100% testing, sampling or correlation with worst case test conditions.

B 5093418 0005976 &00 WW

4 | L Micro Linear



ML4421

FUNCTIONAL DESCRIPTION

The ML4421 generates two reference sinewaves separated
by 90°. These sinewaves can be varied in amplitude and
frequency from a voltage at the speed input. Signals across
the motor windings are sensed and the ML4421 drives the
external output power stage with the PWM signal
necessary to cause the sensed waveform to match the
internal reference sinewaves. The ML4421 protects the
output power stage by providing constant off time current
limit and a programmable dead time circuit to prevent
cross conduction. Tighter speed control can be provided
by a slip control circuit which holds a constant slip angle
between motor voltage and current.

CIRCUIT BLOCKS AND COMPONENT SELECTION

VREF

VRer serves a dual function. A 100kQ resistor to ground
sets internal currents used for the PWM frequency and the
current limit off time. If a 100kQ low temperature
coefficient potentiometer is used it can also be a voltage
reference for Vepgep.

Speed Control

The voltage on Vspeep controls the sinewave frequency
and amplitude. A 100kQ resistor to ground on Rspgep
converts the voltage on Vspgep to a current which is used
to control the frequency of the sinewaves. The amplitude
of the sinewaves increases linearly with Vspggp until it
reaches 4.4V. Above this voltage the amplitude remains
constant and only the frequency changes as shown in
figures 1 and 2.

SINEy Generator

The capacitor to ground on Cy sets the frequency range of
the sinewave according to the following relationship. This
should be a low temperature coefficient capacitor for best
results.

Vepeep /R
fREQ. = Vopeen/Rspeep
Q= 3C,)0356v W

For Rspeep = 100kQ

v
FREQ. = —SPEED
Q=71200C, @)

The SINEg pin can be used to observe the SINEg sinewave.

SINEgg Generator

The capacitor to ground on Cgg should match Cg. The
2.2nF capacitor to ground on CgrsTR sets a 100ys restore
time during which the SINEgg waveform is allowed to
reestablish the DC reference voltage of SINEgg during it's
positive transition through neutral. A small positive or
negative step in the waveform may occur at this time. The
SINEgq pin may be used to observe the SINEgg sinewave.
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Figure 1. Frequency vs Vspgep
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Figure 2. Normalized Output Voltage vs Vspgep
Pin 4 grounded.
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ML4421

PWM Generator

A triangle PWM frequency will be generated on a
capacitor to ground on Cpyw. The frequency is set by the
following equation:

fowm = L
(Reer) (7-2) Cowm
6 (3)

This frequency (in Hz} is recommended to operate above
20kHz to eliminate PWM noise. This should be a low
temperature coefficient capacitor for best results. The
frequency is adjustable to accommodate lower frequency
IGBT switching power devices.

Current Limit

Motor current is sensed on lsense. Rpr should be
selected so that

V
Rumir = oAk (4)

The 1k and 330pF filters the high frequency diode
recovery spikes occurring in the output.

Cos - One Shot Current Limit Timer

When voltage exceeds 0.5V on the lsgnse pin, the output
pulse is terminated. The sensed current limit is constant
off time based, set by the one shot period. The one shot
period may be smaller or larger than the PWM period.
Use one shot period = 0.5 x PWM period as a starting
point.

PWM SINE Controller

This circuit block compares the sinewaves at SINEg and
SINEg to the sampled inputs SENSEA~SENSEc and
SENSER-SENSE(. The PWM loop then drives the outputs
to force these differential waveforms to equal the internal
reference waveforms at SINEg and SINEgq. The differential
signals SENSEA—SENSE¢ and SENSEg~SENSE: will be
approximately 1.6 volts peak. The signals at these pins
should be filtered to remove the PWM frequency.

The high voltages at the motor terminals are divided down
to 1.6 volts to provide voltage feedback to the controller.
See Figure 3. The 0.33uF capacitors (Figure 3) to ground
on SENSEA, SENSEg and SENSEc will create 1kHz filtering
at these inputs. Voltage on the motor is set by the divider
ratios.

R5(1.6V)

VP MOTOR = o (5)

OUTPUT DRIVE

The 6 output drivers of the ML4421-12 drive the H and L
output from 0 to 12 volts. The outputs will drive about
2mA and are designed to drive output buffers and high
side drivers requiring 12 volt swings. The ML4421-5
provides low current O to 5 volt drive for high side/low
side drivers requiring 5 volt swings.

SHOOTTHROUGH PROTECTION

A dead time circuit is provided to prevent shootthrough
currents in the output stage. The dead time is controlled
by a resistor to ground on Rpt. The dead time should be
sufficient to prevent cross conduction in the output stage.

RpT = 5.2 X 104 X tpgap (in ws) (6)

SLIP CONTROL (OPTIONAL)

For tighter speed control, slip sense can be activated by
connecting capacitors from Cga and Cgyjp to ground
respectively, and adding the circuit in Figure 4. The slip
control circuit compares the phase of the current in
winding A sensed at pin Isa with respect to pin Isg and the
phase A voltage at pin SENSE with respect to pin
SENCEc. The capacitor on Cga to ground sets the timing
window that current is allowed to lag behind voltage. See
Figure 5. Under no load conditions, the angle between the
motor phase voltage and current is close to 90°. When the
motor is loaded, this phase difference reduces, and it is
compared to the timing window set by Cga. The result is
integrated by the capacitor on Cgjp. When Vegjp
exceeds Vspeep, the voltage applied to the motor will be
increased. This pin can be grounded to disable the slip
control, or set to a given voltage to insure a minimum
starting voltage independent of frequency. This pin
sources or sinks about 80pA. For a given angle:

Csp =7.9%1074Cp)
or 7)

0= CSA

” (0isin degrees)
(7.9%107*Cp)

For slip control to function properly, Csa has to be less
than 7.1 x 10-2(Cyp). A transimpedance amplifier is used to
convert the sensed current in winding A to voltage in the
same phase. The resistor R1 should be chosen so the peak
to peak voltage between Iss and Isg is greater than
500mV. (See Figure 4)

Note: when Vg p reaches 4.4V, the motor voltage is at
its maximum.
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ML4421

DESIGN CONSIDERATIONS OFFSET COMPENSATION

The auto offset circuit is used to reduce potential DC
currents in the windings.- The EM13600 transconductance
op amp senses a DC voltage across a motor winding and
outputs a correction current to the SENSE, and SENSEg
inputs to automatically compensate for sensed DC offset
voltages. The 825kQ resistors produce additional currents
to the base of the NPN transistor pair. If another transistor
array is used, with different Beta, then the 825kQ and/or
845kQ resistors may need to be reselected. (Figure 3.1)

The ML4421 provides all the signals and sampling
necessary to drive the output power stage connected to
the motor. The components around the ML4421 for a
typical application is shown in Figure 3. The Vpotor
voltage power should be greater than the largest signal
waveform requested or output clipping may result. The
printed circuit board should have a ground plane to
minimize ground loops.

]
]
1:200 - I :
100Q '
car
1
FROM CURRENT T !
12v SENSE TRANSFORMER - =
]
A
! \ g 2 |1/2m358 I5A
10k A 100Q 1
o]+ I
]
10k 6V Isg
2
o
| DU,
Figure 4.

V(Csa=Sc)

VOLTS

di f ﬂ A A A VSENSE A—VSENSE C
0.5 V/ wl\lv V‘I \—

sovidv [f1I] ATAVAN] MEVCSA

\ ’\ “ A N L\'g Isa - Isg V(Csvip)
1.00 V/div V V JW!! VIVIV
L=y R ™
L~V M—\,_\
1.00 V/div s
D Vcsue
50 mls/div — et
TIME
Figure 5. Response to Torque Variation. Figure 6. Steady State.
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ML4421

CAUTION!!!

Systems built with the ML4421 may contain voltage
potentials capable of causing serious injury and
components which, when failed, or subject to improper
use may shatter or explode. Please use extreme caution
when operating these parts. The use of protective eye
wear is strongly recommended!!! To safely observe in-
circuit waveforms an isolation transformer should be
inserted between the AC line and the circuit under test.
Caution is required when testing the part with motors.
loose fitting clothing can catch in the rotor or motor load
causing injury. Ties are especially dangerous. Do not
attempt to hold or stop the rotor with your hand, as this
can cause injury as well. Use a dynamometer for load
testing.
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ML4421

PHYSICAL DIMENSIONS inches (millimeters)

Package: P28N
28-Pin Narrow PDIP
1.355 - 1.365
(34.42- 34.67)
r28‘1 o M ) ) M e e — | — | l_“"—‘T‘

0.280-0.296 0.299 - 0325
) FINTID (7.11-7.52) (7.60-8.26)

|

I J L J L J L J __J L_J .J | S—
_ T
0.045 - 0.055 0.100 BSC
(114 - 1.40) {2.54 BSC)
| 0,020 MIN
0180 051 MIN) = )
@sTMa0 | l y\
T —= | —nlle—
0.015 - 0.021 SEATING PLANE . 0.008 - 0.012
0.125-0.135 (038-0.53) 02150 —, ©.20-031)
(3.18-3.43)
Package: $28
28-Pin SOIC
0.699 - 0.713
(17.75-18.11)

EEPREABEEBRERBASR

0.291 - 0.301 0.398 - 0.412
(7.39-7.65) (10.11-10.47)

PIN 11D
O/_
$HHHHH§|§&HHHHHH
0.024-0034 | | 0.050 BSC
(0.61-0.86) (127 BSO)
(4 PLACES) 0.095 - 0.107
@41-272)
L ve \
vinininisininininininlnininly; | | A N
0.09 To 094 "———'07;1}6520 \oafs Som 0 oo«jo 013
2.28-239) (030-051)  SEATING PLANE ?ﬁ;:gg;? (0.56-1.07) (0.22-0.33)
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ML4421

ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE
ML4421C5-12 0°C to 70°C 28-PIN SOIC (528)
ML4421CPN-12 0°C to 70°C 28-PIN Narrow DIP (P281N)
ML4421CS-5 0°C to 70°C 28-PIN SOIC {528)
ML4421CPN-5 0°C to 70°C 28-PIN Narrow DIP (P28N)

© Micro Linear 1997 . Micro Linear is a registered trademark of Micro Linear Corporation
Praducts described in this document may be covered by one or more of the following patents, U.S.: 4,897,611; 4,964,026; 5,027,116; 5,281,862; 5,283,483; 5,418,502; 5,508,570; 5,510,727; 5,523,940;
5,546,017; 5,559,470; 5,565,761; 5,592,128; 5,594,376; Japan: 2598946; 2619299. Other patents are pending.

Micro Linear reserves the right to make changes to any product herein to improve reliability, function or design.
Micro Linear does not assume any liability arising out of the application or use of any product described herein,
neither does it convey any license under its patent right nor the rights of others. The circuits contained in this
data sheet are offered as possible applications only. Micro Linear makes no warranties or representations as to
whether the illustrated circuits infringe any intellectual property rights of others, and will accept no responsibility
or liability for use of any application herein. The customer is urged to consult with appropriate legal counsel
before deciding on a particular application.

12

B 5093418 0005984 957 W

2092 Concourse Drive
San Jose, CA 95131
Tel: 408/433-5200
Fax: 408/432-0295

ugL Micro Linear

04/17/97 Printed in U.S.A.



