elantec

HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS

EL2027

Low Voltage Servo Motor Driver

Features

¢ +5V Supply

¢ Low power consumption mode
® Integral 0.4 ampere H bridge

¢ Bridge Vgat <0.6V @ 0.25A

e Low voltage detection and retract
® Head park with low aux. supply
® 4:1 gain switch input

* Low crossover distortion

¢ Input amplifier/filter

* Only one sense resistor needed
e Voltage reference included

e Surface mount SOL package

Applications
e 2.5”,3.5" Disk head positioning

Ordering Information

Part No. Temp. Range Package Outline #
EL2027CM 0°Cto +75°C SOL MDP0027

Connection Diagram
28-Pin SOL Package
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Note 1: Pins 4 and 26 must be open.

General Description

The EL2027 is a servo motor driver designed to drive voice coil
motors in disk drive applications. This circuit operates on + 5V
supply only, consumes minimum amount of quiescent current
and has a power down mode to conserve battery power in porta-
ble computers. The EL2027 contains an H bridge consisting of
bipolar power transistors and protection diodes and a patented
low saturation voltage drive circuit.

The EL2027 contains gain resistors and the transconductance
can be changed (via the HGAIN logic input) by a factor of 4 to
optimize the track and seek performance. The input signal am-
plifier can be configured to low pass or notch filter the input
signal. Crossover distortion is eliminated by Class AB biasing
of the output transistors with a patented temperature stable
adjustment free circuit.

System accuracy is improved by using one current sense resis-
tor in series with the motor. All of the critical bias voltages use
the same internally generated voltage reference. This reduces
the output offset current. The reference voltage can source or
sink current to bias external DAC, PWM or other circuitry.
The undervoltage detector or a logic input triggers the Park
circuit. The Park circuit forces a programmable voltage across
the motor and disables all inputs. The park circuit operates
from the back EMF of the spindle motor (down to 1.5V at the
chip) when the main supply is removed.

The EL2027 is manufactured under U.S. patents 4,910,477 and
4,935,704.
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Low Voltage Servo Motor Driver

Absolute Maximum Ratings

Important Note:

Vg Supply Voltage, Pin 1 —0.3Vto +7V Ta
Vaux Auxiliary Supply Voltage, Pin 8 Vg —1to +7V
Vin Logic Inputs, Pins 12, 13, 14, 15 —03to +7V
Signal Inputs =0.3t0 +7V
Ioyr Output Current, Pins 27, 28, and 2, 3 500 mA
Amplifier Output Current, Pins 21, 24 5mA Tt
Reference Output Current, Pin 9 5mA Pp
Ty Junction Temperature 150°C

Operating Temperature Range

Lead Temperature

SOL Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

Storage Temperature

Power Dissipation, T4 = 25°C

SOL Package

0°C to +75°C

215°C
220°C

—65°C to +150°C

1.50W

All parameters having Min/Max specifications are guaranteed. The Test Level column indicates the specific device testing actually
performed during production and Quality inspection. Elantec performs most electrical tests using modern high-speed automatic test
equipment, specifically the LTX77 Series system. Unless otherwise noted, all tests are pulsed tests, therefore Ty=Tc=Ta.

Test Level Test Procedure
I 100% production tested and QA sample tested per QA test plan QCX0002.
I 100% production tested at T4 = 25°C and QA sample tested at T4 = 25°C,
Tarax and Ty per QA test plan QCX0002.
1141 QA sample tested per QA test plan QCX0002.
v Parameter is guaranteed (but not tested) by Design and Characterization Data.
v Parameter is typical value at T4 = 25°C for information purposes only.

Electrical Characteristics 1, = 1; = 25°c, vs = Vaux = 5V,Rs = 10, R, = 160

Parameter Description Limits Test Units
Min X Typ I Max Level

Enabled Mode, Pin13 = L,Pin14 = L,Pin12 = H,Pin15 = H
GMH Transconductance, Ioyr = *200 mA 180 200 220 I mA/V
GMmL Transconductance, Ioyp = £50 mA, Pin15 = L 47 50 53 I mA/V
GRrATIO Gyu/GML 3.8 4.2 1
Vem Voltage @ Vo—, Vo + 1.8 2.2 2.6 I v
Iosp1 Output Offset Current, Pin 22 Driven, Pin 15 = L -2 +2 1 mA
Iosp2 Output Offset Current, Pin 22 Driven, Pin 15 = H 0.6 v mA
THD Total Harmonic Distortion, Viy = *20 mV, Pin 22 Driven 0.3 1 I %
ISE Total Quiescient Supply Current, Pins 7 and 1 18 I mA
Isa Augxiliary Quiescent Supply Current, Pin 7 2.8 4 I mA
PSR Ig/lizti); ?u:ent Supply Rejection, Vg and Vayx = 4.5V, 5.5V, 0.2 1 v mA/V
Vop Differential Voltage Swing +4.25 | 4.55 I \Y
Iom Output Current +250 I mA
Iou: ParkL Output Leakage High, Vpap = Vs 0 1 v LA
Park Mode, Pin13 = L,Pin14 = L,Pin12 = 1,,Pin15 = H
VRPARK Voltage at Rpark, R, = 3.0k 0.46 0.69 1 \"
IAR Auxiliary Supply Range, Ry, = 3.0k{ (0.4 = (Vog— — Vg+) < 0.69) 1.6 6 I v
Isap Short Circuit Maximum Current (Vo — = 0V) 100 175 1 mA
VoLi ParkL Output Low Voltage (I = 1.6 mA) 0.8 I v
Iona PwrOK Output Current High (V = 2.0V) 0.5 I mA
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Electrical Characteristics 1, = 1y = 25°C, Vg = Vaux = 5V, Rs = 10, R, = 160 — Contd.
Parameter Description Limits Test Units
Min I Typ | Max Level
Disable Mode, Pin13 = H,Pin14 = L,Pin12 = H,Pin 15 = H
Iop Motor Leakage Current t1 +200 I HA
Rop Output Resistance, Ioyr = £1mA 3 v k()
Isp Total Supply Current, Pins 1 and 7 8 I mA
Power Down Mode, Pin13 = H,Pin14 = H,Pin12 = H,Pin15 = H
Iop Motor Leakage Current +200 I HA
Rop Output Resistance, [oyr = *1mA 3 v kQ
Igp Total Supply Current, Pins 1 and 7 1.75 3.0 1 mA
Input Amplifier
Vosi1 Offset Voltage -2 2 v mV
Ios1 Offset Current —100 0 -+ 100 v nA
Ig Bias Current — 500 0 + 500 v nA
VBUF Qutput Voltage Range 0.9 3.5 I v
AvoL Open Loop Gain 4 6 v V/mV
Voltage Reference
VREF Reference Voltage Value 2.1 2.3 I v
Ryr Reference Voltage Regulation I, = £1 mA 3 v mV/mA
Power Amplifier
Ayp Power Amplifier Voltage Gain [ 6.5 J 7.5 I 8.5 l I ‘ \7AY
Undervoltage Detector
VsTF Trip Point, VS Falling 3.7 4.3 1 v
Vays Trip Point Hysteresis 200 500 I mV
IoL: PowerOK Output Leakage Current Low 10 I HA
VoLz ParkL Output Voltage Low, Ipgkp, = 1.6 mA 0.8 I v
Motor Current Sense Amp
Ayis Voltage Gain, Pin 22 Driven 3.9 4.1 I v/v
Vvyis Output Voltage Range 0.9 3.5 I v
Vos: Output Offset Voltage, Sense ++ = Sense— = VRgp +10 I mV
Logic Inputs Hgain, PwrDwn, Disable, PARK
ViL Low Level Voltage to a Valid Low 0.8 I \%
I, Low Level Input Current, Vi = 0V 30 100 v RA
Ving High Level Input for a Valid High 2 I v
Iig High Level Input Current, Viy = 5V 0 +1 v HA
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Typical Application
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Low Voltage Servo Motor Driver

External Components

Parameter Description Min | Typ Max | Units ?2:::;0?
Rp Sets the Motor Voltage During PARK Mode 1.0 3.0 kQ S

Cvr Voltage Reference Bypass Cap 0.01 uF NA

Rg Current Sense Resistor 1 O 1

Cc Loop Compensation. Sets Dominant Pole pF 5

R¢ Loop Compensation. Makes a Zero, Equal to Motor Pole 0 10 k2 5

Cr Sets Input Low Pass Filter Q 5

Ry Sets Input Low Pass Filter uF 10

Rp = Vp/190 pA Cc Rs

Rg = 1/(5 X DC Transimpedance (High Gain)) X (Ry + Rg) 27m BW

Lm
RC = e e o
(Rm * Rg) Cc
Xue = 300
X1G = 85.7
Burn-In Circuit
8V
T
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2027-6
Truth Table
PARK Disable PwrDwn H Gain Output
<0.8V X X X Parking Mode
>2.0V X >2.0V X Disabled, Lowest PWR Consumption
>2.0V >2.0V <0.8V X Disabled/Power Amplifier Only
>2.0V <0.8V <0.8V >2.0V Normal Operation HIGH Transconductance
>2.0V <0.8V <0.8V <0.8V Normal Operation LOW Transconductance

Note: To go from park mode to normal operation PwrDwn must go HIGH then LOW, while Park is not asserted.
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Pin Description Table

Pin # Name Description
1 Vg + 5V supply to the op amps and power stages.
2,3 Vo+ Positive output of the driver. When Vyy is higher than VRgF the voltage on
Vo + is higher than the Vg — voltage.
5,25 GND Ground.
6 ParkL Open collector output. Normally High. Low when head is being parked.
7 Vaux V + for reference, logic and park circuit.
8 Rpark Current source output. An external resistor to GND establishes the voltage to be

impressed on the motor during park.

9 VREF Internally generated reference voltage tap and bypass point.

10 Virip Trip voltage of the undervoltage dectector bypass and adjustment point.

11 Power Output of undervoltage detector. When under voltage is detected pin is pulled
OK low and parking is initiated.

12 PARK TTL low signal will park the head. The park command is latched. Reset by

pulling PwrDwn high then low.
13 Disable High TTL input disables the power amplifier and H bridge.
14 PwrDwn High TTL input disables the driver and shuts down most circuitry to minimize

power consumption. When pulled high then low resets the Park circuit.

15 Hgain TTL input sets the gain of the programmable gain amplifier. When high the
driver transconductance is 200 mA/V, When low 50 mA/V (with Rg = 10Q).

16 Sense + Positive feedback input from sense resistor.

17 In+ Non inverting input of the driver. Compensation network R¢ and Cc is tied
from it to ground.

18 In— Inverting input of the driver for compensation network to Comp pin.

19 Comp Output pin of the programmable gain amplifier. Compensation network R¢ and

Cc is tied from it to the inverting input of the driver.

20 Sense — Negative feedback input from sense resistor.
21 Vis Output voltage proportional to the current in the motor
(Vis = —4 X Iy X Rg) + VREF.
22 Amp+ Amplifier's positive input.
23 Amp— Amplifier’s negative input.
24 Amp Out Output of input amplifier/filter.
27,28 Vo— Negative output of driver to the motor and its current sense resistor Rg.
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Low Voltage Servo Motor Driver

Circuit Description
The EL2027 is an application specific product de-
signed to drive and control Voice Coil Motors in
5V disk drives. It contains 8 main blocks. These
are:

Three low offset voltage operational amplifiers

dedicated to specific functions.

Single-ended to differential output power

amplifier to drive the motor.

Voltage reference.

Undervoltage detector.

Control logic circuit.

Park circuit.

Operational Amplifiers

All three amplifiers share a common design but
are modified to fulfill special functions. Their
common characteristics are low offset, modest
gain and wide common mode range (Vg — 1V to
GND). They are internally compensated for sta-
ble operation at all gains. Their gain bandwidth
products are 2 MHz and the phase margin is 60°
at unity gain. One amplifier is used as input buff-
er and an active filter. One amplifier is used as
main motor driver gain block. The third amplifi-
er is used to sense the motor current. All three
amplifiers have an output swing of 0.8V to Vg —
1.4V. Beyond these bounds they clip.

Power Amplifier

The power amplifier of the EL2027 is made of
two identical stages, two power NPN’s, two pow-
er PNP’s and feedback elements. The power am-
plifier takes the difference between COMP and
VREF and drives the motor differentially. One
stage operates non-inverting, the other inverting.
The feedback elements set the total gain to 7.
The feedback is specially designed to ensure accu-
rate gain even when one amplifier saturates be-
fore the other. A unique patented biasing circuit
for the power devices eliminates low-level cross-
over distortion by biasing the transistors on at a
few mA.

The EL2027 will typically support more than
4.0V across a 10() motor (I < 400 mA).

Voltage Reference
The voltage reference is a classic bandgap design
with the added ability to both source and sink

current. Its output is used internally as the global
reference of the EL2027 and is brought to the pin
VREF for bypassing and external use.

The Voltage Reference is switched off when the
EL2027 is switched into the power down mode.
This drops the undervoltage trip point to nearly
0V making its ability to initiate parking unreli-
able. Thus the user should always park the motor
before switching to the power down mode.

Undervoltage Detector

The undervoltage detector compares 0.55 times
the main supply voltage with the 2.2V reference.
When the main supply drops below this level (Vg
= 4V) the undervoltage detector overrides all
logic inputs and latches the IC into the park
mode. The undervoltage detector has built-in
hysteresis. Once triggered, park will be asserted
by the undervoltage detector until 0.5 times the
main supply exceeds the 2.2V voltage reference
(Vg = 4.4V). The trip point of the undervoltage
detector is brought out to the pin Vtrip. The trip
point can be adjusted up or down by resistors to
GND or the main supply or by directly forcing a
voltage into the pin. The undervoltage detector
has a logic output PWROK (11). When Vg is
above the trip point PWROK is high. When low
Vg is detected PWROK is pulled low by an inter-
nal 60 k{} resistor. The resistor is intentionally
high to reduce EL2027’s supply current. If de-
sired an external resistor to ground can be added
to insure a low when driving a TTL logic input.

Note three facts when using the EL2027. First,
the Voltage Reference draws its power from
Vaux- When Vapyyx is below 3.4V Viggfr follows
Vaux and the undervoltage trip voltage moves
accordingly. Second, the logic circuit stops oper-
ating at about 2.4V on Vayx. Third the park cir-
cuit is self sustaining. The logic circuit must hold
off parking action during normal operation. So if
Vg drops very slowly and Vayux follows it, the
undervoltage detector will not trip until Vg
reaches about 2.7V. At this time, if the back
EMF of the motor does not hold Vayx above
2.4V the park signal will not latch. But parking
will be initiated anyway because the logic circuit
will not be holding off the park circuit. So the
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collapse of the Voltage Reference and the logic
circuit does not interfere with parking even if Vg
drops slowly and the back EMF if low. But, if
the power is immediately restored and Vg rises
very quickly the parking action may be aborted
because the park signal was not latched. If it is
desired to avoid this and also to initiate parking
at power on, a capacitor should be placed on the
Vrrip pin. The trip point divider is made with
large resistors (= 36k) so a 0.1 puF capacitor will
slow the voltage rise on Vrrip compared to the
voltage rise on Vgyrgr and will result in a park
signal.

Logic Circuit

The logic circuit operates from a separate supply
called the Auxiliary Supply (Vaux, 7). In a typi-
cal disk drive application the Auxiliary Supply is
usually within a diode drop of the main supply,
except when the main supply is interrupted.
Then the Auxiliary Supply is generated by the
back EMF of the spindle motor. By having two
supplies the logic circuit can operate for a finite
time after the main power has been removed.

There are four external inputs and one internal
input to the logic circuit. The external inputs are
Highgain (Hgain, 15), Disable (Disable, 13),
Powerdown (PwrDwn, 14), and Park-bar
(PARK, 12). The internal input is from the un-
dervoltage detector and activates parking regard-
less of the level at PARK. The external inputs
are TTL compatible and can be driven by CMOS
gates. The action of the four external inputs is
shown in the truth table (page 6). Hgain switches
the EL2027’s transconductance by a factor of
four. Powerdown and Disable set the operating
mode of the EL2027. When both are low the
EL2027 is fully operational. When Disable is
high the transconductance amplifier is off. When

PwrDwn is high maximum power savings is
achieved by disabling all circuitry except the log-
ic, park, and undervoltage sections. PwrDwn also
serves as the reset input for the park function.
Once Park has been asserted by Park or the un-
dervoltage detector the EL2027 will stay in the
parking mode until PwrDwn has been set high
then low while Park is not asserted.

The Park Circuit

The Park Circuit is activated by the park latch in
the logic circuit or by removing power from the
EL2027. When activated the Park circuit forces a
constant voltage on the pin Vo— and provides
base current to saturate the power NPN transis-
tor on pin Vg+. The voltage at Vg— is pro-
grammed by pin RPARK. The park circuit sourc-
es 190 wA +£20% at pin RPARK. A resistor to
ground at this pin establishes the voltage at
RPARK. Alternately a voltage can be forced at
pin RPARK with external circuitry. The Park
circuit has an output impedance of approximate-
ly 1.75Q which should be taken into account
when computing the actual voltage between
Vo— and Vgp+. The lowest nominal voltage
which can be programmed at RPARK is 0.25V.

The park circuit uses the Auxiliary Supply
(Vaux, 7) for power not the main supply. The
park circuit has been especially designed to oper-
ate at a very low auxiliary supply voltage. With
only 1.6V at Vyx the park circuit provides 0.6V
to park the motor. The park circuit needs Vayx
of about 1.1V above the programmed parking
voltage to operate properly. As the voltage drops
below this the parking voltage quickly drops to
zero. The park circuit also has an output ParkL
(6). It is an open collector output which sinks
current when the park circuit is activated.
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Applications Information

Transconductance

The DC transconductance of the EL2027 is set by
the state of Hgain (15) and one resistor Rg that
senses the motor current. The input voltage is
the difference between the voltages on pins
AMPOUT (24) and VRgFr (9). When pin 24 is
more positive than pin 9 the input is said to be
positive. When the input is positive the voltage
on Vg + (2, 3) is more positive than Vo — (27, 28)
and the motor current is said to be positive. The
DC transconductance is given by the equation

G Io
Rs VIN-VREF

where G = 0.2 when Hgain is high or 0.05 when
Hgain is low.

For a transconductance of 200 mA/V and
50 mA/V Rg should equal 1{). Resistor Rg should
be connected between Vp— and the motor for
maximum accuracy at large swings. The feedback
(current sensing) is provided by pins Sense—
(20) and Sense+ (16) connected to Vg — and the
motor side of the sense resistor respectively. Care
should be taken to insure that the PC board trace
resistance to pins 16 and 20 is low compared to
Rg.

Motor Loop Compensation

The primary loop is compensated by components
Cc and Rc. Their values are calculated to give
the desired transconductance bandwidth. The
equivalent motor resistance and inductance, Ryg
and Ly, the value for the sense resistor, Rg, and
the bandwidth, BW, are used to compute C¢ and
Rc. The EL2027 requires two identical networks
for compensation. Each network is a series con-
nection of R¢ and C¢. The matching of the com-
ponents is not critical, standard 5 percent toler-
ance is sufficient.

The EL2027 has two transconductance settings
selected by the logic input Hgain. So the loop
bandwidth will assume two different values de-
pending on the gain setting. Figure 1 shows the
SPICE equivalent circuit of the feedback loop us-
ing voltage dependent voltage sources for the pri-
mary op amp (E1) and the power stage (E2). By
connecting the inputs of E1 to either the right or
left sides of resistors R2A and R2B both gain set-
tings can be simulated. Figure 2 shows the results
of both a high gain and a low gain simulation. R¢
and Cc were selected for a bandwidth of 29 kHz
at high gain. The low gain —3 dB bandwidth is
about 74 kHz. This bandwidth change should be
considered in any application where the gain
switch is used.
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Figure 1. Servo Motor Equivalent SPICE Network
Shown at Low Gain Setting
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Figure 2. Simulated Transconductance vs Frequency
Use the following equations to select R. and C. in the high gain mode:

_ Rg R = Lm
G (Ry + Rg) X 2 X BW € (®Rym + Rg) X Cc

C

For high gain compensation G = 300

For low gain compensation G = 85.7
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