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Power Operational Amplifier

General Description

The Maxim LHG101 Power Qperational Amplifier de-
livers up to 8 Amp peak cutput current. Packaged in a
rugged TO-3 case, the LHO101 combines the ease of
use and performance of a FET input op amp with the
power handling capahbilities of a 5 Amp output stage.
The output short circuit protection makes this device
ideal for driving AC and DC motors, large capacitive
lpads, and electromagnetic actuators. The output
stage virtually eliminates crossover distortion while
using little guiescent power.

The LHO101 is a wideband amplifier, with a full power
bandwidth of 300kHz and a gain bandwidth of SMHz.
To simplify connection to the LHD101, the output of
Maxim's LHOW01 is connected to both the case and to
pin 4.

Features

# Pin for Pin 2nd Source!

5 Amp Peak, 2 Amp Continuous Output Current
Virtually No Crossover Distortion

300 kHz Power Bandwidth

300 pA Input Bias Current

* & + @

10 V/us Slew Rate

¢ 5 MHz Gain Bandwidth

*

2 us Settling Time to 0.01%

¢ Adjustable Current Limit

Applications Ordering Information
The LHOMO1 is well suited for applications requiring —— T
both standard op amp performance and high current r PART TEDMP' RAN?E PACKAGE i‘
output capability: | LHO101CK -25°C to +85°C 8 Lead TO-3 |
OC Motors LHOI0TK 55°Cto 1125°C  _ Blead TO-2
AC Motors LHO101ACK __—25:(;2@5“_:3” _8leagTO-3 |
Actualors LHO101AK -55°C to +125°C 8lead TO-3
Coaxial Cable Drivers
Programmable Power Supplies
Typical Operating Circuit Pin Configuration
Top View

=1
G SERVD MOTOR GRIVER

UTPUT IS
CASE AND
FIN 4

=INPUT

+INPUT FEEDBACK

V-

U+

Sc+

JWLAXIM

Maxim Integrated Producis %

For free samples & the latest literature: hitp:/www.maxim-ic.com, or phone 1-800-998-8800
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage Vo ..o ool _22v

Powar Dissipation at T, - 25°C

Derate lingarly at 25*C-W to zeeg at 150 C

Power Disaipation at 1~ = 25°C

Cerate lingarly at 2°C:/W to zerg at 150°C

Difterential Input Voltage. ¥y
Input Voltage Range. V-,
Peaak Qutput Current (50ms pulse)

...................... G2W
=40V but < =Vy
20V but - +Vy

..................... 5A

Output Short Cirguit Duration twithin rated power
digsipation, R, - 03510 T = 25°C)

Operating Temperature Range
LHO1OIAC, LHO1OSC

Contnuous

2370 to +853° 0

LHOMOTA LHOTO1T .o -55"C o +125°C
Storage Temperature ... ... L 85°C 1a -160°C
Maximum Junchon Temperaturé ..., ..o .. 150°C
Lead Temperature (Scoldering, <~ 10seconds) . ......... 300°C

Struzses above thuse Hsted under "Absolute Masximum Sabngs” may cadase permarent damage 10 1M¢ deviee Those are stress ratings only ana farchior:
apgraticn of the device at thase of any other conditions above those indicated in the aperational sechans of the specihications is not imphed. Exposur: 1o
absoluTe riaanum rati g condiens for extended periogs may affect device reliabi ity

DC ELECTRICAL CHARACTERISTICS

IV, - 215Y, T, = 25°C unless atherwise noted, see Note 1)

PARAMETER SYMBOL CONDITIONS _i—_"Hﬂmﬁ'ﬂmﬂ‘? _| _ LHOWIC, LHotat LNITS
MIN.  TYP  MAX. | MIN. TYPR  MAX.
ot Oftsel vl y Ta-25C | 1 3 5 0 omy
Il sel Volt ; — —
T L s T Tuahore sy | _ s v
Crangein AVen I
Inpul Clfset Voltage ch ‘ {Note 2) 150 300 PN
| witr dissipated power APy f 1
I Change n av | I
Input Offset Vallage D= Ve =0 10 10 pWC
with termperature AT l
Ta- 25°C i 300 000 | pa
Inpu Bias Current ™ ' Ta = Tyax LHOO1CAC I‘ e s oA
B {Note 4) LHO101:A 300 1000 nA
b | Ta=r5°C Th 750 £A
' Imput Offset Current Iz Tas Tyax LHO101C/AC 13 15 nA '
[ {Note 4) LHIMD1 /& 7 250 j nA |
\'};;E,Zf anal | Ave | ve= 10V R = 100 500 200 50 200 Fumy |
I | Rs =08 | AL 008 A7 zs mr s v
1 Ontput Vollage Swing i Vi Ay = +1 BL 'JO!EK o 7:11{ _EME o ‘,ﬁ_ :1 F. ) ) \."_ 4
(Note 31§ R - 51 105 il ~10.5 -1 v
Caommor Mode .
Reyettion Batio CMAR | aviy == 1ov 65 100 85 100 dB:]
Fower Supply T . . 5
Rajeenon Aa [ PsRR T avi=ravio -ty 85 100 85 190 | =8 J
* g"f'escf”ts“ppw I 28 35 28 35J ma |
L arrent o _ _ S
2

- - AN



Power Operational Amplifier

AC ELECTRICAL CHARACTERISTICS

Vg - +15V. T, - 25°C, see Note 1)

LHOMMMAC, LHO101A LHO191C, LHO101
PARAMETER SYMBOL CONDITIONS UNITS
MIN, TYR MAX. MIN, TYP MAX.

Equivalent Input N " 25 v Sz
Narse Voltage & F= lkHz i 2 N
Input Capacitance G f-1MHz 30 30 oF
Power Bandwidth, 328 300 300 e ngA
Slew Rate (Note 4) SH 75 10 ) 10 - Vs
Small Signal Rise or ' 200 200 -
Fall Time - _ | T
Small Signal Overshoot s} 10 7 o
Qa\n-Bﬂndwwdth Product GBW 4.0 50 50 MHz
(Mote 4y

e 1 | b J— 1 - —
Large Signal Settling
Timeto 0 01% B 2.0 20 s
Total Harmenic Distortion THD ;0: ?OT\ZN f=1xHz D 008 0008 ki

L=

Note 1:

Specificationisat T _=25°C When supply voltages are Z15V. quicscant eperating junction temperature will rise approximately 200 C

without heat sinking. Accordingly, Vs may change 0 5mV and lg and | os will change sigr-ticantly during warmup. Refer tothe lavs
temperature aned power dissipation graphs lor expected values. Temperature tests are made only at extrermes

Note 2: Change in offset voltage with dissipated power is due cntirely to average device temperature rise and nol to different.al thermal
feedback ctiects Testis pertarmed withaut any heat sink.

Note 3: At lightloads 1hc oulpul swing may be limited by the second stage rather than the output stage. Sec the application sevtion under
“Qutput swing enhancement” for hints on how 1o oplain extended operation

Note 4 These parametars ade sample testad 12 10% LTPD.

SAFE CPERATING AREA

Ug=*150

AUTPUY CURAENT 1A

-5 - -5 0 ] 10 15
AUTPUT YOLTAGE [¥)

POWER DISSIPRTION W]

g

MAXIMUM POWER DISSIPATION

NG HEAT 3INK

=2 C/W
w=25 LW
INFINITE
HEAT SINK

0 ] 50 15
TEMPERATURE | C)

AKX

100

125

QUIESCENT POWER SUPPLY CURRENT
50

10

an

LUIESCFNT POWER SUPPLY CURRENT |ma)

+3 + +15 +20 225
FOWER SUPPLY NOLTAGE 1)
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INPIT VOLTAGE RANGE (V1

Power Operational Amplifier

INPUT COMMON-MODE VOLTAGE RANGE

INPUT BIAS GUARENT (nA|

COMMON MOUE REJECTIDN RRIID [dB

5

20

e

€5 =10

an

40

20

1y

FORITIVE

NEGATIVE

15 +20
SUPPLY VOLTAGE V)

INPUT BIAS CURRENT
¥S. COMMON-MODE VOLTAGE

[WARMED UP IN FREE WIR)
Vg = =15Y
Ty=25C
% UNQERCANCELLED lg= +18pA = ¥ow =0
3

PERFECTLY LANCELLED Yg=0 = Vem -0
DVERCANCELLED |g= —16pA » ¥rm =0

E L B 1] 4 | 12
INPUT COmMON-MODE VDLTAGE [VOLTS|

COMMON-MODE REJECTION
RATIO ¥S. FREQUENCY

Ty—2 C
Vy=z1av

1 il Tk 10k Wk 1w
FREQUENLY [|Hz]

m

INPUT BIAS CUARENT |pAl

EQUIALENT INPUT NOISE VOLTAGE [ni . Kz|

POWER SUPPLY REJECTION AATIO (dB]
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100K
s~ =18
Yn=0v
10K W
¥
100
]
1
|
-5 =25 & B B % 15

CASE TEMFERATURE | CI

EQUIVALENT INPUT NOISE VOLTAGE

200

=2 [
Vp==150

100 1% 10k
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100

POWER SUPPLY REJECTION
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(]
Ta=® L
U=z I5%
BD
1]
10
20
0
10 o 1k 1 100k 1M 1M
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"
TOTAL HARMDNIC DISTORTIGN 1 ™1 INPUT BIAS CURRENT (NOAMALIZED]

TATAL HARMONIC GISTORTION (-4

10

g
=

=1

o
&

g *15
o=
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1 ? 1 1 o
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DISTORTION VS, GAIN

t= ThHz
Ry =10:¢
Ta=20 C

YpT £V Pp = 50mW

[} 100
RAIN [4/¥)

L]

TOTAL HARMONIC
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By=+1

Th=23 C
Vg~ Tl
RL=10%

Pa—5anW .

Py - 100MW
—

Py = SO0MW .

Lty Th 10k
FREQUENCY [Hz

100K
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NUTPUT WOLTAGE |Vt

|
=
1)

DUTPUT RESISTANGE |51]

OUTPUT BESISTANCGE |12

NIV

SMALL SIGNAL PULSE RESPONSE

o

=

Tw 10k

(NO LOAD)

n 1 2 3 q ]
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Power Operational Amplifier

LARGE SIGNAL PULSE RESPONSE
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Power Operational Amplifier

. Detailed Description

The LHO101 consists of three stages: an operational
amplifier, a buffer, and a power output stage. (see
Figure 1). The operational amplifier is similar to the
LF156. This operational amplifier was chosen for its low
bias current. high slew rate, and fast settling time.

The buffer stage, made up of transistars Q3, Q5, Q10,
and Q11 is a unity gain current amplifier. The buffer
stage bandwidth is greater than 50MHz. and is current
limited 1o 50mA cutput by the JFETs Q8 and Q7 1 the
Feedback pin is connected to the Output, the buffer
stage provides all autput current up to 25mA. The
buffer stage current flows through the 501 resistors, B3
and R4. The voitage across these resistars turns onthe
high power output stage when the buffer stage output
currgnlis approximately 25mA. The buffer stage contin-
ues to supply current up to its 50mA current limit
during the turn-on delay of the output stage. Only in
driving low resistance or high capacitance loads at
high frequencies will there be any noticeable distortion
during the pericd when the output stage is turning on,

The high power output stage consists of the power
darlingtons. Q1and Q2, and the current limit protection
circuit. The power darlington transistors are die
attached directly {o the case, minimizing thermat
resistance. This electrically connects the collectors of
Q1 and Q2 tothe case, therefore the case is the LHO101
Qutput connection. The output of the Maxim LHD101 is
also connectedtopin 4. This additional output connec-
tion enables users to make all connections directly viaa

CASE

FFEOBACK O OUTPUT

socket or printed circuit board. without baving to make
the output connection through heatsink mounting
hardware.

Transistors Q6 and Q% provide current limit protection.
The current limit threshold is programmed by sense
resistors connected between the supplies and the short
circuit protection pins, SC* and SC-. A veltage of about
0.6V across the sense resistors turns on either A8
(source current limit) or Q9 (sink current limit). These
transistors then turnon Q12 or Q4, which divert excess
base current drive away from the darlington output
transistors, preventing the output current from rising
beyond the preset limit

. Application Hints
Output Swing Enhancement

When the Feedback terminal is directly connected to
the Output. the buffer stage clips and limits the output
voltage swing before the cutput stage saturates. The
output swing is 11V to 12.5V with the Feedback terminal
connected to the Cutput. The ocutput swing can be
increased by using the circuit of Figure 2. In this circuit
the output stage operates with a gain of 1.5 and the
output stage saturation voltage of approximately 1V
limits the output voltage swing. The 0.014F com-
pensation capacitor is required for loop stability in
unity gain non-inverting buffer applications using
output swing enhancement. but is not needed in
circuits with a ¢closed loop gain greater than 1.5,

Capacitive Loads

Capacitive loads create an additional pole with the
associated phase shift, which may cause oscillations.
The LHO101 typically has 60° of phase margin as a unity
gain buffer with no capacitive lcad. A 1000pF load will
reduce this phase margin to 40° and 0 01uF will reduce
it to only 22° A phase margin of only 22° is generally
considered unacceptably low and the LH01 should

——— [JUTPUT

IAPLT

100¢1

0
=14 =

1

Figure 1. Maxim LR Schematic.

Figure 2. High Power Voltage Follower with Swing EaRancement.
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Power Operational Amplifier

be compensated as shown in Figure 3 when driving
capacitive loadsinthe 0.01xF range. Figure 4 shows an
alternative method of compensation which can easily
be used with the output swing enhancement circuit
discussed below.

As with most amplifiers. there is a value of load
capacitance above which oscillation will not ccour. For
the LHO101 this value 1s approximately G.1uF. The pole
farmed by the LHO1(01 autput impedance and capacitive
lcads greater than 0.1uF becomes the deminant pole
and oscillation will not occur In summary, if the load
capacitance is less than 1000pF or greater than 01 uF
the circuit should be stable, otherwise usethe compen-
safion techniques of Figure 3 or 4.

Inductive Loads

Inductive loads present three potential problems: in-
ductive kickback cr back EMF stability, and safe

operating area (SOCA) violations. The LHO101 18 suitable
far driving inductive loads such as voice coil actuators
and motors, but many circuits will require protection
from the harmful effects of the energy stored in the
indugtor, The inductive kickback probtem occurs when
the powertathe circuit is removed while high currentis
still flowing through the inductor. The back EMF or
inductive kickback may have engugh energy to destroy
the LHC101 as current fiows from the inductive load,
through the output stage, back into the interpal circuitry
ofthe LHQ. The clamp diodes shown in Figure 5 will
steer the inductive kickback currents direclly 1o the
power supplies, thus protecting the LHO101.

Some inductive loads. particularly those with high Q,
may cause spurious oscillaticns. The damping circuit
shown in Figure 6. a series combination of 10( and
0.01uF or D1uF, usually cures this type of prohiem,

Rl
INPUT >—AAA—

1062

AAA

Vi

L camemve L
Cp A2 07 LOAD
R 1
Fiure 3 Corngensaiion for Capacitive Load.
Tkt
CAPACITIVE
INPUT L0
INPUT o
1=
[~ INDUGTIVE
LO/D
i~
oR
0.0 F —TL =
V-
Figure 4. Afternate Compensation for Capacittive Load Figure & Damping of High Q Inductive Load.
-

ViAXIV U
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Printed Gircuit Board Layoul and Kelvin
Connections or Remole Sensing

Printed circuit board traces which carry high currents
must be carefully designed High current traces must of
course be wide enough to handle the current without
excessive heating. A 0.030" wide trace on 2oz./ft?
copper clad board will have a 10° C rise when carrying 3
Amp. Even when the printed circuit board traces are
large enough ta carry the current, the voltage drops
may cause errors in the output. For example, a 0.030"
wide trace on a 2oz. copper clad board will have a
resistance of 10mL2 per inch of length and will have a
voltage drop of 20mVinch when carrying 2 Amp.
Errors due to voltage drops can be avoided by using
anetrace or canductor for high current output connec-
tions and a seccnd trace or conductor for the low
current feedback sensing cannection. Figure 7 shows
the proper configuration of supply and feedback con-
nections. The 4701} resistor completes the feedback
path if the remote sense connection is inadvertently
disconnected.

In some cases signal greund and the power ground are
connected together elsewhere and cannot be con-
nected as shown in Figure 7. In this case the circuit of
Figure 8 can be used. IfRsa/Reg = RiRE. voltage drops
across Rg are turned into a commen mode voltage at
the input of the LHO101 and are rejected by the 100dB
comman maode refection ratio {CMRAR) of the LHO101.

Supply Bypassing
The LHO101 must be adequately bypassed tc avoid

oscillation and stability problems caused by the power
supply impedance. The higher currents and lower

impedance levels associated with the LHO101 require
more bypassing than is nermally required for lower
power op amps. A O.1uF ceramic capacitor in paraliel
with at least 47uF is recommended. The minimum
acceptable bypassing is D.01uF in parallel with 4.7uF
between ground and each power supply.

Common Mode Voltage Range

While the common mode rejection ratic (CMRR) is
guaranteed anly aver the 110V input voltage range, the
actual input cornmon made voltage range (CMVR) s
typically ~12V to +151V with =15V power supplies.

Exceeding the negative common mode hmit an either
input will cause a phase reversal: if the inverting input
exceeds the negative common mode limit the gutput
will be forced low; if the non-inverting input exceeds
the negative comman mode limit the output witl be
forced high.

Exceeding the positive commaon mode limit on only
one input will not cause a phase reversal. Exceading
either the positive or the negative common moede limit
with both inputs will force the cutput high,

The LHO101 does not latch-up when the inputs exceed
the common mode voltage range provided the absoiute
maximum ratings are not exceeded; normal aperation
resumes when the inputs return to within the common
mode voltage range limits.

Inpul Protection

While the very low input bias current specification of
the LHO101 might appear to eliminate the need for a
bias compensation resistor at the non-inverting input,

& AND CASE

L suppy
= COMMON

|

CABLING AND
CONNECTOR
AESISTANCES

SIGAAL
GROUND

DIEITAL OR
HIGH POWER GAOUND

Figure 7 Power Supply Connechons

Figure 8 Correching Ior Voltage Difference batween
Signal arrt Power Grounds.
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Power Operational Amplifier

the bias compensation resistor also protects this input.
Direct connection of the inputs to ground should be
avoided since excessive fault currents might flow if one
of the power supplies were to be interrupted. A 1k{l or
greater resistor in serias with the inputs will avoid this
potential problem.

__ Heatsinks and Power Dissipation Limits
The maximum junction temperature of the LHO1( is
150°C. This is the basic limitation that, in conjunction
with the thermal resistance, sets the maximum allow-
able powar dissipation for the LHO101. Specifically,
Poigsimax, - | Max) - TA
tac + icg + Hsa

Where
Taimaaxy is the maximum aliowable junction
temperature of the LH0T, 150°C.

Ta 15 the ambient temperature.

thtc is the LHO1O1 juncticon to case thermal resis-
tance, 2°C/W.

fics is the thermal resistance between the LRO107
case and the heatsink in °C/W.

tina 15 the thermal resistance from the heatsink to
ambient.

The i )¢ of the LHO101 is typically 2°C/W; a conservative
design should use a value of 25°C/W to allow for
device-to-device variations in /. The actual power
dissipation 1n a given application is the sum of the
quiescent power dissipation {850mW typical with 15V
power supplies) and the power dissipaticn in the out-
put transistors. The dissipation in the output transis-
lorsis the time average of the instantanecus product of
the output current times the voltage difference between
the output and the supply voltage.

Short Circuit Current Limiting

The source and sink current limits are individually set
by the current sense resistors connected hetween the
power supplies and the short circuit current limit pins,
SCT and SC-. Calculate the resistor values from the
formula.

0.6V

ISHOAT CRCUIT = S
Rsc

This equation is cnly an approximation, and it is not
unusual for the actual current limit to vary as much as
25% from the expected value. The 0.6V in the above
formula is the Vge of Q6 and Q9, which may vary as
much as 10% from device to device. This Vee alsohas a
temperature coefficient of about -2mV°C. A second
error source is the exact value of Rge. Remember that
Ree includes all resistance between the power supply
and the SC terminal, including printed circuit board
trace resistance, solder joints, and If a socket is used,
the socket contact resistance. Since Rsc may be as low

wvAxamwy

as 0.121}, these extra resistances can be a significant

fraction of the total Rse. The power dissipation of the

current limit resistor 1s:
(0.8Y)2 _ 036

Poigs = -~ — —= — - Walts
DISS " pecfin 1) Rsc

When the LHO101 is used without a heatsink. set the
current timit to 250mA with 2.7} resistors for Rsg.

Safe Operaling Area

The Safe Operating Area curve shown in the typical
characteristics section must not be exceeded. This
curve is for a case temperature of 25°C, and must be
further derated for operation at elevated case
temperatures,

There are two basic limits that must be cbserved, the
maximum current limit and the maximum power dis-
sipation limit. The SQA curve doos not have any lmits
set by secondary breakdown in the output transistors,
the power dissipation limit is reached before the
transistors approach their secondary breakdown limits.

Table 1. HEATSINKS FOR LHO101

Manuf;:lu-r‘;r - _Pa;-t_# ’ T |
| Thermallay 5002-19 !
IERC LAICZBACE
‘ HPI-TO3-33CH

Commentis

Table 2. SOCKETS FOR LHO101
1 Parl

000201 Chaszis or heat- |
‘ sink maunted
socket

r Manufacturer

Robinson Nugent Iae.

Low cost socher
pins tor PCHR
maonnting &
spcket uns are !
required 1o

mauant one
LHO01 |

Midiand-Ross 450-371R-01-03-00

Hypertronics YSKO102-004

4

Hypertronica
16 Brent Dr

Hudsar, MA J1/489
{617} 568-0431

Rabinson Nugent inc.
800 E Btn St
New Albany, IN 47150
{812) 845-0211

IERC Thermalloy

135 W Magnolia BL RC. Box 34829
Burtiank, CA $1502 Dallas TX 75234
\B18] 786-1182 (214} 243-4321

Midiand-Ross
Cambion D

445 Copcord Ave
Cambornrdge, MA 02238
16171 491-5400
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Typical Applications
DC Servomotor Amplifiers

Figure 10 shows a voltage feedback DC servomotor
amplifier. This type of control loop is normally used
when the speed control is achieved by controlling the
maotor voltage. With the resistor values shown, the
voltage at the motor will be -5 x Vn. The output voltage
is sensed at the motor, therefore voltage drops in the
cahle hetween the LHO101 and the motor will not affect
the voltage applied to the moter. The 10{ resistor and
0.0 uF capacitor may be reguired 1o prevent
oscillations,

Figure 11 shows a current feedback DC servomolor
amplifier. This type of control loop is normally used to
develop a torque approximately proportienal to the
input voltage Like Figure 9 this circuit delivers a
constant current that is propartional to the input
voltage.

Figure 12 combines both current and voltage feedback
to achieve better open loop speed regulation than can
be achieved by either Figure 10 or 11. The specific
values of Rs, Ry and Rg) are chosen to best approxi-
mate the Speed/Current/Torque characteristic of the
motor. Capacitor Cc may be required for stability if the

50kt
i > —nAn

VWA

Bkt

AA
r\rvv

loyr  20DmA-Y

[139)

Yiw

AMAKLVI
LHMM

10k

Y-

Fiqure 9. Aigh Current Soures. ' Sink.

Fiqure 11 Torque Feedback Servo Motor Amplifiar

VA

Vi >—AAA—

L 2z
e 2 Ay
1

o Ral

ADJUST R FOR BEST SPEED vs LOAD REGULATION

Figure 12 Constant Speed Motor Driver

VLAV
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Power Operational Amplifier

positive feedback is such that the motor speed in-
creases with increased torque load.

These circuits will either source or sink current, depend-
ing on the polarity of the input voltage, and can drive
DC motors in both directions.

Low Distortion Audio Amplifier

The hermetically packaged LHO101 is well suited for
use as an audio amplifier for severe environments.
Figure 13 shows two LH0101s used in a bridge audio
power amplifier. The bridge configuration doubles the
voltage that can be delivered to the load, in this case
delivering 50V peak-peak to an 812 speaker. This means
that a 40 Watts RMS can be delivered to the 8{) speaker
while using only 118V power supplies. The harmonic
distortion is a respectable 0.1%, which should suffice
for all but the most demanding applications.

CRT Yoke Driver Clrcuit

The 300kHz power bandwidth and 5 Amp peak output
current capability of the LH0O101 make it well suited for
CRT yoke driver circuits such as Figure 14. This circuit
is basically a constant current source’sink with a
transconductance of 435 mA/V (reciprocal of the 2.311
current sense resistor) The resister Rpamp lowers the
Q of the inductive yoke: the vaiue of Roame is chosen
empirically for the least distortion at the cperating
frequency. At low frequencies Rpamp is not required.

DC Servomotor Phase Locked Loop

In the circuit of Figure 15, the shaft encoder produces
600 pulses per revolution. These puises are compared
to a reference frequency by the digital phase compar-
ator of the CD4046. The output of the phase compar-
ator passes through a low pass filter and drives the
input of the LHO1(. The LHO101 amplifies this signal
and drives the DC servomotor. The phase-frequency
comparator of the CD4046 increases or decreases the
input voltage to the LHO101 until the shaft encoder
output is the same frequency as the reference input.

Motor Speed _ Finx 60
{in RPM) N

Where Fnis the frequency of the reference input and N
is the number of shaft encoder pulses per revalution.

A single-pulse-per-revoiution speed pickup can be
used in place ofthe shaft encoder, but the PLL low pass
filter time constant must be greatly increased.

Note that thug circuit is similar to a slandard phase
locked loop except that the LHO101, the motor, and the
shaft encoder replace the internal VGO of the CD4046.
Unlike the VOO of the CD4046, the motor adds another
poie to the system response and loop stability must be
carefully analyzed, particularly if the motor and its load
has significant inertia. As with most feedback systems,
the locp wilt be stable when therais only one dominant
pole. The loop filter time constant should preferably be
at least 1 decade higher or lower than the constant of
tha metor and its load.

MAXIMMM . 0

iy
A
Rl s
1 K]
R? 5 P 7 L
v 4 AN
= DUy CSE
F
] PR
e
8 ch

A
=
=
-
&
o
S

- By
WeuT >——— Y SPEAKER E

- “4anD
T EASE
3}
+ N, 3
8C4,
f g
I3
RID R4 ]
= T
"6
M ArAXLA
LHOC
A1A¢  CLBRENT LIMIT AESISTOR 015 2w
[ FEEDRATK AESISTOA Skt
RE FEEDBACK RESISTON 1561
RTAI0  INPUT HESISTORS 10K ()

C1-C4  BYPASS CAPACITORS
C5-CA  BYPASS CAPALITORS
COLIZ  BYPASS CAPACITORS

4TuF 25V ELECTAOLYTIC
10,:F 259 TANTALUM
01 F 254 CERAMIC

Figure 13. LHOTO! Bridgs Audio Power Amplifrer.
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