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HIGH PERFORMANCE ANALOG INTEGRATED CIRGUITS

EL2036C/EL2037AC

Servo Motor Drivers

Features

® No crossover distortion

* Low output offset current

* Maximum output swing

¢ EL.2036C short circuit protected
* Programmable park voltage

* Programmable transconductance
® Programmable bandwidth

® Chip enable function

® Drive low cost bipolar transistors
* Single sense resistor

* Minimum external components

® Small surface mount package

Applications

® Voice coil motor servo systems
* Winchester disk drives

® Optical disk drives

® Super floppy drives

* DC motor control

Ordering Information

Part No. Temp. Range Package Outline #

EL2036CM —25°Cto +85°C SOIC MDP0027

EL2037ACM —25°Cto +85°C SOIC MDP0027
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General Description

The EL2036C and EL2037AC are servo motor driver circuits
designed to drive voice coil motors in disk drive applications.
These second generation circuits contain more features, have
improved accuracy, and are lower in cost compared to earlier
generation circuits. The EL2036C/EL2037AC drive an H bridge
consisting of four low-cost external bipolar power transistors
for maximum output swing. Crossover distortion is eliminated
by Class AB biasing of the output devices with a unique patent
pending temperature-stable circuit that never needs adjust-
ment.

The EL2036C protects the output transistors from short cir-
cuits by powering down for a programmed delay time when a
fault occurs. When the fault is removed, the circuit returns to
normal mode. This type of short circuit protection eliminates
excessive power dissipation during faults and prevents over-
heating.

System accuracy is improved by using one external current
sense resistor in series with the motor. Compared to conven-
tional grounded resistor circuits, the EL2036C/EL2037AC have
inherent positive to negative gain matching and no gain error
due to transistor alpha. All of the critical bias voltages use the
same VREF voltage. This reduces the output offset current to
less than 5 mA.

In addition to an enable logic input, a “park” logic input has
been provided which programs a voltage across the motor to
park the head when power is removed. The power for this func-
tion comes from a separate supply generated by the back EMF
of the spindle motor used as a generator. The EL2036C requires
back EMF of 2.5V minimum, while the EL2037AC requires
back EMF of 3.5V minimum.

Block Diagram

g 12
V rer : OVERCURRENT O vum
100 PROTECTION 11
GND O—ﬁ EL2036C ONLY QO cum
2036-2

Manufactured under U.S. Patent No. 4,910,477, 4,878,034, 4,935,704 and 4,963,802.
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EL2036C/EL2037AC

EL2036C/EL2037AC

Servo Motor Drivers o
e —

Absolute Maximum Ratings

Vg Supply Voltage, Pin 19 —0.3Vto + 18V Ta Operating Temperature Range —25°C to +85°C
Vaux Auxiliary Supply Voltage, Pin 20 Vg—1Vto +18V Lead Temperature
Viim  Short Circuit Limit Sense Voltage Vg—0.3Vto + 18V DIP Package 300°C
Vin Logic Inputs, Pins 1 and 3 —0.3Vto +7V SOL Package
Signal Inputs, Pins 8 and 9 —-0.3Vto +7V Vapor Phase (60 seconds) 215°C
Iy Input Current, Pins 1, 3, 8, and 9 10 mA Infrared (15 seconds) 220°C
Ty Junction Temperature 150°C TsT Storage Temperature —65°C to +150°C
Pp Power Dissipation, Ty = 25°C
DIP Package 1.80W
SOL Package 1.50W
Important Note:

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=Tg="Ty.

Test Level Test Procedure
1 100% production tested and QA sample tested per QA test plan QCX0002,
)11 100% production tested at Tp = 25°C and QA samyple tested at Ty = 25°C,
Tarax and Tyin per QA test plan QCX0002.
it QA sample tested per QA test plan QCX0002.
v Parameter is guaranteed (but not tested) by Design and Characterization Data.
A\ Parameter is typical valueat Ty = 25°C for information purposes only.

Electrical Characteristics
Ta = Ty = 25°C, Vg = 12V, VRgp = 5V, Ry = 0.250, Load = 10(2. See test circuits

Parameter Description Min Typ Max g;evs: 1 Units
Enabled Mode, Pin 1 = H. Pin 3 = H. (Note 1)

Ios Output Offset Current -5 0.6 5 1 mA
Gy Transconductance, Iogur = 100 mA 0.95 1 1.05 1 A/V
Gz Transconductance, Ioyt = *1A 0.93 1 1.07 1 A/V
Ist Quiescient Supply Current, Total 20 v mA
Io1 Quiescient Supply Current, Pin 12 + 19 10 14 I mA
Io2 Auxiliary Supply Quiescient Current, Pin 20 1 5 7 1 mA
IoE External Transistor Quiescient Current 2 8 12 1 mA
Ipn NPN Drive Current, Pin 13 or 18 25 35 1 mA
Ipp PNP Drive Current, Pin 15 or 16 25 35 I mA
I Input Bias Current. Viy = VRgr = 2.5V, 6.5V —250 50 250 X MA
Ita Active Input Current. Viy = 0.5V, VRgf = 2.5V -1.5 —11 I mA
I1a Active Input Current. Viiy = 4.5V, VRgr = 2.5V 0.4 0.7 I mA
IrRB Reference Bias Current. Viy = VRgf = 2.5V, 6.5V —250 50 250 I HA
IRa Active Reference Current. Viiy = 0.5V, Vggp = 2.5V —-1.5 —0.9 I mA
IRa Active Reference Current. Vi = 4.5V, VRgr = 2.5V 0.2 0.5 I mA
Vg Supply Voltage Range, Pin 19 11 12 13 v v
VRR Reference Voltage Range, Pin 9 2.5 6.5 1 v
RRR Reference Voltage Rejection, 2.5V to 6.5V 0.3 1 I mA/V
PSR Power Supply Rejection, 11V to 13V 0.3 1 I mA/V
THD Total Harmonic Distortion, Viy = 20 mVpp, 1 kHz 0.5 1 1 %o
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Electrical Characteristics
Ta = Ty = 25°C, Vg = 12V, VRgF = 5V, Ry = 0.250, Load = 104). See test circuits — Contd.
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Parameter Description Min Typ Max IT:::! Units
Park Mode. Pin 1 = H. Pin 3 = L. Aux Supply (Pin 20) = 6V (Note 1) Rparg = 1.5k, EL2036C, Rpark = 3k, EL2037AC
Vpy Vout (Vo* -V ) (EL2036) —-030 | —045 | ~0.55 1 v
Vpy Vour (Vo© -Vg ™) (EL2037) —040 | —0.50 | —0.60 1 v
VAR Aux Supply Range, EL2036C (—0.25V < Voyr < —0.65V) 2.5 6 12 I v
VAR Aux Supply Range, EL2037AC (—0.25V < Vouyr < —0.65V) 3.5 6 12 I \%
Ipp NPN Drive. Pin 13 2 3 I mA
Iaux Short Circuit Maximum Current (Pin 17 = 0V) 250 v mA
Disabled Mode. Pin1 = L. Pin 3 = H. (Note 1)
Iop Output Current —200 10 200 1 HA
Rop Output Resistance. Ipyt *1mA 1 3 1 kQ
Isp Total Supply Current, Pin 12, 19, and 20 + Transistors 10 14 I mA
Short Circuit Protection (EL2036C Only)
VIR Trip Voltage. Pin 12—Pin 19 340 425 510 I mV
Ic Capacitor Charging Current 20 35 50 I RA
Ip Capacitor Discharge Current 1 3 10 1 mA
Ve Capacitor Quiescent Voltage 7 8 9 I v
Logic Inputs
ViL Low Level Input Voltage for a Valid Low 0.8 1 \4
I Low Level Input Current, Logic = 0V —20 —10 10 I MA
Vig High Level Input Voltage for a Valid High 2 I v
Itg High Level Input Current, Logic = 5V —150 10 150 1 KA
Individual Amplifiers
Ay | Power Amplifier Voltage Gain [ o5 [ s [ i2s [ 1 | wwv
Note 1: Logic Level L = 0.8V, Logic Level H = 2.0V
DC and Closed Loop AC Open Loop AC Test Circuit
Test Circuit 0 e,
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Typical Application
TO SPINDLE MOTOR
it
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- 2036-7
External Components
Typical +
Parameter Description Min | Typ Max Units ical £ %
Tolerance
Rp Sets the Motor Voltage During PARK Mode, EL2036AC 0.5k 1.5k Open 4] 5
Rp Sets the Motor Voltage During PARK Mode, EL2037AC 1k 3k Open Q S
R Current Sense Resistor 0.1 0.25 1 N 2
C. Loop Compensation. Sets dominant pole 100 2000 0.1 uF pF 5
Loop Compensation. Makes a Zero, Equal to Motor Pole 0 10 200 k 5
Ry Short Circuit Sense Resistor 0 0.33 3 Q 5
Cq Short Circuit Delay Capacitor 0.05 1 100 uF 10
D1-4 Catch diodes, 1 amp 1N4000
Q1,2 PNP Power Transistors. Min Hpg = 40 MJE210 or D45H11
Q3,4 NPN Power Transistors. Min Hrpg = 40 MJE200 or D44H11
Rp = 0.7k/Park motor voltage (see the curves) for EL2036C and 1.4k/Park motor voltage for EL2037C
R; = 0.425/Trip current
Cq = Delay/250k
R, = 1/(4*DC transimpedance)
Truth Table Burn-In Circuit
Enable Park
Vi2to V19 OQutput | e ciiciic——s - 12y
®inl | (Pin3 ° uipy
EN 1 20 AUX SUP
>2.0V >2.0V <0.34V Normal Operation =3 "N_‘,’c;xbz_ oS o9
Al 3 18 . N~
<0.8V >2.0V <0.34V Disabled £ oom’,\: ‘ 17 . R
= 9 - O ne
SENSE 22 16, P~
X <0.8V <0.34V Parking Mode ~ E 5;50,—-—‘
= - ’.-o-.__._.
X X >0.52V Disabled for Delay -VN %f—‘ovﬁc
13, N+
4R 502 e e
C. = S % EL2036C ONLY. o
©” 800 (Rm + Ry 2 pBandwidth L L= o
- L
e Ce®m + RY e
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EL2036C/EL2037AC

Circuit Description

The EL2036C/EL2037AC are transconductance
amplifiers especially well-suited to driving voice
coil motors in disk drives. The EL2036C/
EL2037AC consist of five main blocks. These five
functions are a low offset voltage operational am-
plifier, a single-ended input to differential output
power amplifier, a short circuit protection circuit,
a logic circuit and a park circuit.

The operational amplifier and power amplifier
together with four well-matched internal resis-
tors make the basic transconductance amplifier.
The short circuit protection circuit senses the to-
tal supply current and shuts down the amplifiers
if it exceeds a predetermined value. The logic cir-
cuit enables the amplifiers and the park circuit.

The Operational Amplifier

The operational amplifier is a low offset design
with modest gain and excellent common mode re-
jection over a wide range that includes ground.
This ensures proper operation when the motor
voltage exceeds the supply or ground and is
clamped by the catch diodes. The operational am-
plifier is internally compensated for stable opera-
tion at all times. The gain bandwidth product is
2 MHz and the phase margin is 60°C at unity
gain. The operational amplifier has internal
clamps to limit its output swing to about 2V of
the reference voltage. The clamps are not shown
in the simplified schematic and their only func-
tion is to prevent overcharging of the compensa-
tion capacitor during transients. The operational
amplifier output is disabled by the logic circuit
when either pin 1 or pin 3 is low.

Op Amp Open Loop
Gain and Phase vs Frequency

T
GAIN

g ®
z 3
z 0 0 >
3 é
90 ©
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—180 0
L]

il
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FREQUENCY (Hz) 2006-5

Figure 1

Servo Motor Drivers
The Power Amplifier
The power amplifiers of the EL2036C/

EL2037AC are made of two identical stages that
take a single-ended input and drive the motor
differentially. The reference is buffered and the
outputs of both stages are biased from the buff-
ered reference voltage to reduce output offset cur-
rent. Each stage has feedback for linearity and
gain accuracy. One stage operates noninverting
and the other inverting, resulting in a total gain
of 11. The feedback is more complicated than
shown in the simplified schematic, to ensure ac-
curate gain even when one amplifier saturates be-
fore the other. The bandwidth of the power am-
plifier is about 500 kHz as shown below.

External power transistors deliver the power to
the motor to optimize the output swing capabili-
ty and eliminate power dissipation concerns. A
unique biasing circuit eliminates low-level cross-
over distortion by biasing the transistors on at a
few mA. The amplifier outputs are disabled when
either pin 1 or pin 3 is low.

Power Amplifier Gain and
Phase vs Frequency
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EL2036C Short Circuit
Protection Circuit
The short circuit protection circuit consists of a
comparator, a floating reference, a flip flop and a
one-shot. An external resistor, R; between pins
12 and 19 senses the total supply current the am-
plifiers pull from the supply. The floating refer-
ence subtracts 425 mV from the voltage sensed
on pin 12 and the comparator trips when the
voltage on pin 19 is at the same level. The net
result is that when the drop across Ry is 425 mV,
the comparator trips. The output of the compara-
tor sets a flip flop whose output disables the am-
plifiers and triggers the one-shot. When the one-
shot starts timing, it resets the flip flop and the
one-shot keeps the amplifiers off.
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EL2036C/EL2037AC

Servo Motor Drivers

EL2036C/EL2037AC

Circuit Description — Contd.

The one-shot delay is set by an external capaci-
tor, Cq. When the one-shot times out, the amplifi-
ers are enabled again. If there is still a fault con-
dition, the supply current rises until the compar-
ator trips and the cycle repeats. Because the cir-
cuit is much faster than the one-shot delay time,
the average power dissipation is very low. The
circuit responds very quickly, in a few micro-sec-
onds, so any current spike through R; will be de-
tected and disable the amplifier for the delay
time. The protection circuit will sometimes trip
when there is a large, very fast, input signal. This
is because there is a short but large spike of sup-
ply current. If this is a problem, the resistor R
should be bypassed with a large (about 100 uF)
capacitor. Pins 11 and 12 are not connected on
the EL2037AC.

The Logic Circuit

The logic circuit operates from a separate supply
called the auxiliary supply. In a typical disk drive
application, the auxiliary supply is usually with-
in a diode drop of the normal supply, except
when the normal supply is interrupted. Then the
auxiliary supply is generated from the back EMF
of the spindle motor. By having two supplies, the
logic circuit can operate for a while after the
main power has been removed.

There are two external inputs to the logic circuit,
and one internal. The external inputs are enable
and park-bar; the internal input is from the short
circuit protection. The external inputs are TTL
compatible and can be driven by CMOS gates.
The internal short circuit protection input over-
rides the two external inputs. The park-bar input
overrides the enable input when it is low. Note
that when left open, the external inputs generate
a logic low. Therefore, if the logic inputs are re-
moved, the EL2036C/EL2037AC go into park
mode.

The Park Circuit

When the park-bar logic input is high, the park
circuit is disabled and has no effect on the motor.
When the park-bar logic input is low, the amplifi-
ers are disabled and the park circuit is activated.
Like the logic circuit, the park circuit uses the
auxiliary supply, not the main supply. The park
circuit sets the base of Q65 (the transistor whose
emitter is pin 2) to about 2V. The value of the

external resistor from pin 2 to ground, Rp, deter-
mines the current in the collector of the Q65 tran-
sistor. That current is mirrored and generates a
voltage as it flows through two diodes, an inter-
nal resistor and a saturated transistor, Q68. The
voltage is applied to the base of a darlington that
drives V —, pin 17. At the same time, a cur-
rent is sent to the base of the opposite output
NPN transistor, pin 13. This saturates the exter-
nal output NPN transistor. The voltage across
the motor is now independent of the auxiliary
supply voltage at pin 20 and is an inverse func-
tion of the resistor Rp.

Applications Information

Transconductance

The DC transconductance of the EL2036C/
EL2037AC is set by one resistor, R, that senses
the motor current. The input voltage is the dif-
ference between the voltage on pin 8 and 9. When
pin 8 is more positive than pin 9, the input is said
to be positive. When the input is positive, the
voltage on pin 14 is more positive than pin 17
and the motor current is said to be positive. The
DC transconductance is given by the simple
equation:

1

G .
MO ™ 4R,

_ Io
VIN-VREF

For a transconductance of 1 Amp per volt, the
sense resistor, R;, should equal 0.25(). Because
the sense resistor is very small, care should be
taken to insure that the PC board trace resistance
does not increase its value. The connections from
pin 5 and 17 are the “sense” connections while
the motor and transistor collectors are the
“force” connections. Therefore, the connections
from pin 5 and pin 17 should go directly to the
sense resistor,

Source Impedance

The input and reference source impedances
should be low to prevent gain and offset errors.
The input current is determined by the internal
feedback resistors and the input and output volt-
ages. The worst case current flows when the ref-
erence is low and the input is lower and therefore
the Vg — output is high. This condition is tested
and the input and reference currents are guaran-
teed to be less than 1.5 mA. Therefore, the input
and reference should be able to sink and source
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Applications Information — Contd.
1.5 mA. For the typical case where the transcon-
ductance is 1 Amp per volt, a source impedance
of less than 10} will generate less than 2.5 mA of
additional output offset current and less than
1.5% gain error. Obviously, if the output of an
operational amplifier drives the EL2036C/
EL2037AC there will be no errors due to source
impedance. Be careful with some single supply
operational amplifiers (324 and 358 types). They
require output loading to ground to eliminate
their high output impedance and crossover dis-
tortion.

Transistors

The EL2036C/EL2037AC will drive almost any
pair of complementary transistors. The output
transistor drive is guaranteed to be 25 mA. The
required maximum output current divided by
25 mA gives the minimum Hgpg required. For
1 Amp output current, the minimum Hgg is 40.

The important specifications for the output de-
vices are:

BVCEO Minimum 15V

Hgg Minimum 40 at 1 Amp
fe 40 MHz or more
VcE(SAT) As low as possible

The MJE200 and MJE210 series are excellent
with minimum Hgg of 45 and saturation volt-
ages of only 300 mV at 1 Amp. The D44H11 and
D45H11 series have even lower saturation volt-
ages and a higher Hgg of 60. Both types are
available in surface mount from Motorola, SGS
and others.

Motor Characterization

The formulas for the compensation of the
EL2036C/EL2037AC are based on the electrical
characteristics of the motor. For most high-per-
formance voice coil motors, the effective imped-
ance is a function of frequency that can not be
modeled over a large frequency range with a sim-
ple resistor and inductor. Fortunately, for the
compensation equations to work, it is only neces-
sary to model the motor at the bandwidth fre-
quency.

The easiest way to determine the resistance and
inductance of a motor is to use an RLC meter
that reads the inductance and resistance at the

bandwidth frequency. If such a meter is not
available, a network analyzer and a current probe
will give the impedance versus frequency. From
the magnitude and phase at the bandwidth fre-
quency, the real and imaginary impedance can be
calculated (and the imaginary part converted to
inductance). Some network analyzers will even
give the real and imaginary impedances directly.

The setup below was used to generate the follow-
ing curve of impedance versus frequency on a
real motor. At 10 kHz the impedance is 13{) at
52°. This is 8{} real and 10.25Q) reactive. Notice
that the DC resistance is much less than the im-
pedance at 10 kHz. The equivalent inductance is
163 pH.

NETWORK oC
ANALYZER CURRENT
PROBE | A V
GEN R A TN | R T aQ
Q Q ©

2036-11
Figure 3. Motor Characterization Setup
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vs Frequency

!
100 | H
l l £
$ B
Qe 3 >
; "8
g 10 [T MAGNITUDE | e £
¢ L L P.d " L f
R = oo ammet RV AN P
i
1 o 2
il
10 100 1k 10k 100k
FREQUENCY (Hz)
2036-12
Figure 4
Compensation

The compensation components, C. and R, are
calculated to give the desired transconductance
bandwidth. The equivalent motor resistance and
inductance, Ry, and Ly, the value of the sense
resistor, Ry, and the bandwidth, BW, are used to
compute C; and R,.. The EL2036C/EL2037AC re-
quire two identical networks for compensation.
Each network is a series connection of a resistor,
R, and a capacitor, C.. The matching of the com-
ponents is not critical, standard five percent tol-
erance is sufficient. The derivation of the fol-
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EL2036C/EL2037AC

Applications Information — Contd.
lowing equations is in the AC Response Section.

c = 4R,
€ 800 (Ry, + Ry) 2m BW
L
R, = —_——m
Ry + Ry C,

To compensate the motor described in the previ-
ous section for a 10 kHz bandwidth and a trans-
conductance of 1 Amp per volt we substitute

Ry = 025 Ly = 160 uH
Ry, = 80 BW = 10 kHz

into the above equations.
4(0.25)

C. = = 2400 pF
800(8 + 0.25)(2)(3.14)(10 kHz)
use 2200 pF
160 mH
e = ———————— = 8800
(8+0.25)(2200 pF)
use 10k.

Two 220 pF capacitors between pin 4 and pin 7,
and between pin 6 and Ground (as shown in the
Typical Application drawing on page 4-28)
smooth fast rising input signals to ensure that
the operational amplifier will not slew rate limit.
Both capacitors can be eliminated if the slew rate
of the input signal does not exceed 0.5 V/us.

Park Function

The EL2036C/EL2037AC will force a constant
voltage across the motor when pin 3, park-bar, is
open or low. The output voltage is negative; pin
14 if forced to about zero volts and pin 17 to the
constant voltage determined by the resistor Rp
from pin 2 to ground. This voltage drive produc-
es a constant velocity that is used to park the
heads. The power to drive the motor is supplied
from an auxiliary supply (Aux Sup) on pin 20.
Usually this auxiliary supply is the normal sup-
ply reduced by a diode drop. The spindle motor
also is tied to the auxiliary supply. Once the nor-
mal supply drops, the spindle motor back EMF
acts as a generator and holds the voltage up long
enough for the drive to park the heads. An exter-
nal bypass capacitor is needed on pin 20 to filter
the ripple. To determine the value of the resistor

required from pin 2 to ground use the curve of
Output Park Voltage versus Park Resistor (page
4-27).

Protection Circuit

The EL2036C has a protection circuit that pre-
vents damage if either of the motor terminals is
shorted to ground. The circuit senses the total
supply current with a resistor, Ry, and disables
the amplifiers during over-current conditions.
The curve of Protection Circuit Trip Current ver-
sus Limit Sense Resistor (page 4-27) should be
used to select the proper resistor. For a typical
1 Amp output current the resistor should equal
0.334).

AC Response

The AC response of the EL2036C/EL2037AC is
set by the motor electrical time constant and the
compensation impedance Z(s). The actual circuit
is quite difficult to analyze due to the differential
techniques used to improve accuracy. To simplify
the analysis, a single-ended system can be mod-
eled with a summer, a forward path, the motor
electrical elements and a feedback path. The for-
ward path has a gain that includes the compensa-
tion components, and the feedback includes the
current sense resistor, Rg. In this way we can
solve for the response in terms of the actual
EL2036C/EL2037AC external component values.

- 2036-13
Figure 5. The Servo Motor
Loop Equivalent Circuit

Figure 6. The Servo Motor
Control Equivalent Circuit
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The forward path gain of this circuit is the out-
put current divided by the input voltage without
any feedback.

I, 11Z(s)
Viy 88K (L, + Ry + Ry

The feedback path is the feedback voltage divid-
ed by the output current.
b=SFB_ g
Io
The closed loop response is therefore:
1

A=

A _ B
1+ AR 1 1

AcL =

1+ 800 ( s Ly . 1) (Rm+ Rs)
4R \Rp, + R, Z(s)
The compensation network Z(s) is usually a se-
ries resistor and capacitor, R; and C.. That is to
say
Zts) — Rc+—1-= sR.C. +1
s Cc sCec
Substituting this into the closed loop equation
gives
1
4R,
800 ( sLpy ) (R + Rg)sCe
4R, \Rp, + R, (R C.+ 1)

Simplified Schematic

AcL =

There are many ways to analyze this for the de-
sired response. Bode plots, Nyquist plots and
root locus techniques can all be used to determine
the values of R; and C, for a particular motor.
The simplest way to obtain the values of R, and
C. is to make the zero due to them equal to the
motor pole.

L
C=—
ReCe Ry + R,

Substituting this constraint into the closed loop
equation results in a single pole system. The
equation is:
1
4R,

A =
€L~ g0

4Ry

The closed loop —3 dB bandwidth (BW) is where
the magnitude of the real and imaginary parts of
the denominator are equal. We therefore can say,
in terms of bandwidth in Hertz, that

800
—— Ry + Ry)2wreBWeC. =1
4R,

Solving these for C. and R, gives:

c - 4R,

¢ 800(Rpy + Ry 2m BW
R, = ___Lm—_
Ry + Ry Ce

LOGIC ]

L ‘HW :
LEL [ o flase

SHORT CIRCUIT PROTECTION

LOGIC AND PARK CIRCUIT 203615

Figure 7

=
&
[
[~
[
(-
(@)
~
o)
=
D
(=4
W
-3
>
@)




