Brushless DC Motor Driver/Controller
(with back-emf sensing)

Description

The C5-5143 is a back emf sensing,
brushless DC Motor Driver/
Controller IC. An onboard
transconductance amplifier and
tach circuitry control motor speed.
Back emf induced by the motor in
its windings determines rotor posi-
tion and insures efficient commuta-
tion.

With its full wave drive capability,
the £5-5143 fits in both star-con-
nected and delfa-conmected motors.
The commutation algorithm allows
ottt phase switch:inﬂ at the opti-
mum time to minimize torgque

ripple independent of motor type
or mobor load,

The cutput drive stages are pro-
tected from short circuit conditions
and excessive power dissipation by
on board thermal shubd own and
current limiting circuitry.

The C5-5143 is usad in sensorless
hard disk drive motor control sys-
temns but it is equally well suited for
brushless DC motors whers
improved motor performance and
recluced discrete component count
are needed.
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C5-5143
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B +AMP IN, -AMP IN and AMP OUT {Continued)
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Adaptive Commutation Delay: an algorithm used dur-
ing motor startup, it insures that the motor comes
to its correct speed quickly. During the motor's
steady state, it insures that the motor's rotation
rate Temains constant.

Back-emf: induced voltage in the unenergized coil in a
brushless motor. The magnitude of the voltage is
proportional to rotor and air gap between

il and magnet as well as coil and magnet prop-
erties.

Commutation Logic: en chip logic that controls the
sequence, iming, and direction of current
through the motor windings.

Flyback Pulse: the voltage rated in a coil when the

current through it is changed abruptly.

stages - Performance and Protection

Three push-pull eutput stages are used to drive a sensor-
Jess three- p motor in full-wave mode, Each output
is capable of sourcing and sinking 00mA. The three out-
puts (MOT,, MOT,, MOT,) ¢ccur in six different combina-
tions or states (Table 1). In each state, two outputs are

TABLE 1. Dutput Siate Seqoence for 1 Rokation of Motor

State  MOT, MOT, MOT,
0 HI LO Hi Z
1 HI Hi Z LO
2 Hi Z HI LO
3 LO HI Hi Z
4 LO Hi Z HI
5 Hi Z LO HI

active; i.e. one is sourcing and the other is sinking carrent;
the third is tristated.

Flghack Pulse Reliphr Einci-tmf

Mater Bags-emi Fyback Pulsa

Figure 1: Dulput Waveform for MOT,,

The tristated cutput stage presents a high impedance to
the motor and an internal comparator, associated with
that output, measures the back-emf induced by the pass-
ng magnet in the unexcited coil. (Pigure 1)

Each output stage is protected from damaging voltage
transients, overheating and short circuit copditions. If a

EFLE-50

Tachometer Signal: output signal generated by the motor
control IC that is proportional to the motor's
rofation rate.

Three Phase Motor: a motor with three coils; each coil is
unenergized one third of the time.

Tristated: an output transistor placed in a high
impedance mode. d

Zero Crossing: The point at which the generated emf
voltage crosses the motor's center tap voltage.
The point occurs approximately half way
between output commutations regardless of
motar apeed of loading.

fault occurs en one output, all outputs are immediately
tristated. On chip flyback diodes in each output stage
absorb flyback voltages induced in the coils when their
currents abruptly change. Thermal shatdown circuitry
prevents die junchon temperatures from exceeding 150°C
(max) and built in hysteresis insures that the cutput

do not reactivate before junction temperatures
drop 30°C (typ). Shert circuit protection limits eutput
current to 1A max.

Commutation logic controls the timing and sequence of
motor coil excitations. During startup, when no back emf
signal is present, on chip timing signals are required to
start the rotor spinning. Once the motor is rotating, differ-
ent Hming circuitry is used to keep the motor's rotation
rate constant.

Figure i Start up Wavefomms: CAP-5T and MOT, MOT,, MOT,



C5-5143

Cureuil Descriplion: conbinued

During startup, when the back-emd signal is absent, a start
up oscillator generates commutation pulses (Figure 2).
Oacillation frequency is determined by the equation:
I

Terazr

where t is in seconds and CAP-5T is in pE. The startup
oscillator is reset by each commutation pulse and there-
fore is only active during motor startup. The oscillator
pulse causes the outputs W switch to their next state. This
action continues until the motor is rotating fast enough to
generate a back emf voltage that the IC can use in its com-
mutation logic,

During startup, as the oscillator steps the motor through
its zequential states, the motor will oscllate around each
step. This oscillation must be damped sutficiently betore
the next step to insre that the motor does not rotate in
reverse. Motor oscillation can be calculated from the
equation:;

Topapr =2 % CAPST or

a

= e [

where K = torque constant (Nm/ A}
I = current{A)
P = number of magnetic pole pairs
I = rotor inertia (kg/m?)

vdaptive Delay Commmutatbon

Adaptive commubation begins during startup once the

back emf signal is large enough and continues during the
motor's steady state condition. Adaptive delay commta-
tion circuitry controls the time that elapses between the
zern crossing of the back-emf signal and commutation
{the change of output states) (Figure 3).

As the motor approaches its intended speed, the back emf
zero crossings ootur more frequently and the switching
time between uulﬁ: states (commutation), which ecours
roughly half way | zero crossings, should
decrease accordingly.
Commutation timing i5 controlled by two exbernal capaci-
bors, CAP-CD and CAP-DC, CAP-CD measures and
divides the interval between zevo crossings. CAP-DC
stores the delay befween the zero crossing and the com-
mutation signal. Figure 3 shows the output valtage wave-
forms for all three motor drive phases and the two capaci-
tors. At t, the delay time has been stored on CAP-DC, At
t,. & Zero ing oceurs on output MOT,. CAP-DIC.
begins discharging towards its threshold while
P-CD begins charging. When CAP-DC reaches its

threshald (L), commutation occurs and a flyback pulse
appears at MOT,. CAP-CD¥s charging is sus trg cluar-
ing the flyback pulse to protect the commutation logic
and prevent false triggering. After the flyback pulse,

of CAP-CL resumes untll a second zero crossing
is detected on MOT, (t)). CAP-CD now holds a voltage
proportional to the time between zero crossings. It begins

Omnee £ 18 known, £, . 18 picked to be a imately discharging at twice the rate it charged. When it reaches
one half the value of [, and the value of CAP-ST can be its preset threshold, a commutation signal is sent ().
determined.
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Circuit Description: continued

Adaptive Delay Commutation

During this time CAP-DC has been charging, in effect,
storing the time delay between zero crossing and commu-
tation. At t, it stops charging and holds its voltage until
the next zero crossing (t,). At t; CAP-DC begins discharg-
ing. When it reaches its threshold the next commutation
signal is sent and the entire sequence (t, - t,) is repeated.

CAP-DC and CAP-CD can be the same size. Their values
are selected using the formula:

1.3

e ) =0.080C
16.2 x 108

tde].ay =C (
where t,,, is given in ms and Cin nF.

For adaptive commutation to work properly, the voltages
in CAP-DC and CAP-CD must remain within the thresh-
old voltage ranges.

The capacitor value also determines the lowest commuta-
tion frequency.

6
C= 8.1x10°_ 6231

1.3f1 f

where f, is the lowest commutation frequency in Hz and
C is the capacitor value in nF.

Capacitor size and leakage current become important con-
siderations under low frequency conditions. The capacitors
must be large enough to ensure that, during low commuta-
tion frequency, the pin voltages remain below the level
fixed by the current sources of the CAP-CD and CAP-CD
pins. For the C5-5143 the pin voltage level is 2.3V typ. If
capacitors are too leaky, their stored voltage will drop dur-
ing the inactive phase of the commutation cycle and subse-
quent commutation will be distorted.

The Watchdog Timer

The watchdog timer is part of the circuitry used to prevent
reverse motor rotation and motor oscillations that may
occur during a blocked condition. The timer becomes
active when an expected timing event does not accur dur-
ing motor rotation; i.e. when the motor EMF does not
recover from a negative going or positive going flyback
pulse. Normally the flyback pulse only lasts tens of
microseconds. But if the motor is stalled or in reverse, the
timing is extended.

The watchdog timer frequency must be chosen carefully. If
it is too high, eddy currents in the motor windings may
trigger the circuit. If it is too low, the motor may run in
reverse.

Watch dog timing depends on the value of capacitor CAP-
T1. Within a commutation period, watchdog time is the
time it takes to charge capacitor CAP-TI from 300mV to
2.2V with a 5 A current. The size of the capacitor is

C=263xt

where t is in ms and the capacitor value is in nF.

M 20L755k6 0003598 T3T &A
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External RC Network

Flyback pulses on the motor windings cause high fre-
quency interference and acoustic noise. These pulses can
be damped and acoustic noise attenuated by placing RC
networks in parallel with
the motor windings

Motor Center Tap

c (Figure 4).
ol Xwith | However, the added RC

network increases overall
system power consump-
tion and interferes with
back emf sensing.
Therefore the network
components must be
carefully chosen.

MOTy

Figure 4: RC Network The values of Rand C are
related to coil inductance,
motor rotation rate and the voltage needed to damp the
coil after it is de-energized. The damping voltage and

motor rotation are related by the equation

IV o gp)
t
where w,, is the motor speed in rad/sec.

- a WOl —
VDAMI,—e O, or W=

The value of the capacitor follows from the relationship

1
W )2=
T e

where L is the inductance of the coil. Solving for the
capacitance gives

1
€= wyr
The value of R follows from
1
el L)
“\c

where the value of C was calculated in the previous equa-
tion.

The Tachometer Signal

The tachometer output signal is proportional to the total
number of back-emf zero crossings per motor revolution.
There are 6 pulses per IC output cycles in a 3 phase system.

fG:(no. of motor poles)(%)( 6 E;czlsees )

2

The negative going edges of the tachometer signal gener-
ate interrupts at the system microprocessor. The accuracy
of the signal is primarily dependent on the symmetry of
motor construction.

The electrical accuracy of the tachometer signal is opti-
mized by giving it its own ground pin.

€F19-SD



CS-5143

Circuit Descri

Motor Control

Operational Transconductance Amplifier

A separate externally compensated transconductance
amplifier is included on chip. It can be used as a control
amplifier or a level shifter in conjunction with a switching
power supply. :

When used as an analog control amplifier, the OTA drives
an external analog power transistor. When used with a
switching power supply, the output drives a switching
power transistor (Figure 5.)

Figure 5: PWM Speed Control with OTA used as a Level Converter

Motor Control

The OTA can be used in either a voltage control or a cur-
rent control application. In the voltage control application,
the output impedance is increased for a particular frequen-~
¢y (commutation frequency). In the current control appli-
cation, a resistor placed between Gnd2 and Gnd 1is
required. Both grounds are supply returns. Gnd 2 has a
small constant current with respect to Gnd 1.

Motor Braking

The C5-5143 does not have a built-in braking feature.
However the motor acts as a voltage generator as it spins
to rest following power disruption. The internal flyback
diodes rectify the voltage. If a current drain is placed on
pin V., a braking torque proportional to the drain cur-
rent is exerted on the motor. '

Additional Features

“Sleep” Mode=input of 600pA (nominal) to the TEST pin
disables the output drivers and startup circuitry. IC cur-
rent consumption is then less than 8mA in the V. line.
Note that this pin should float if current is not being input.
Grounding this pin will disable the over temperature shut
down circuitry.

“Output Preset”=prior to operation, pulling the -AMPIN
pin up to a Vbe above V. (current limited to 200pA) sets
the output state such that MOT, sources to MOT, with
MOT, tristated.

B 20L?55k 0003599 976 W
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(C5-5143 with RC Damping Network

1uF

100Q

10nF

69.0kQ 20kQ
AN

CS-5143 Application using the Operational
Transconductance Amplifier

From
DAC

To Micro-
Processor

B 20bL755k 0003k00O 413 HE
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Package Specification

CS-5143

PACKAGE DIMENSIONS IN mm (INCHES) PACKAGE THERMAL DATA

D Thermal Data 20L SO Wide
Lead Count I\/{Metril\c/I : Ivfinglils\s/llni Ry typ 17 “C/W
aXx m ax n
- R 90 C/W
20L SO WIDE 1295 1270 510 500 oA P /

HHEHHHHA 7

7.59 (.299) 10.41 (.410)
7.42 (.292) 10.16 (.400)

NHEEEHHE_ |

| A\ 2.67 (.105) [ . \

J \ /\l I 2.46 (.097)
_" L_ 1.02 (.040) 0.29 (.012) j T
0.61 (.024) 0.13 (.005)

A
lw]
X

Ordering Information

Part Number Description
CS-5143DW20 20L SO Wide

B 2067556 000360L 35y M
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