elantec

HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS

EL2007

Higb Efficiency Precision Servo Driver

L00ZTa

Features

¢ Logic Selection of Class B or D
Mode

» Efficient Class D Switching
Mode

* Linear Class B Track Mode

e Single Supply Operation
4.5to 20V

* No External Active
Components Required

Applications

¢ Winchester Disc Head
Positioning Servo

3.5” Disc Drive Servo
Galvo Motors
Robotics

DC Motor Controls

Ordering Information

e & o 0

Temp. Range Pkg.  Outline#
MWYZCD ~2510/+85°C 24-PinDIP MDPODOS
EL2007-2CD/E+ -25t0 485°C  24-PinDIP  MDPO0OS

General Description

The EL2007 is designed to reduce the power consumption and
space required for closed-loop control of voice coil actuator motors
in disc head positioning servos and other precision servos. It in-
cludes the current sense amplifier, bridge output power drive and
the error amplifier.

The EL2007 can save power by using a Class D {chopper) mode out-
put drive during the high current “seek” operation. Device dissipa-
tion is reduced a factor of three providing higher reliability and
easier heat management. During the lower current “tracking” oper-
ation, the amplifier switches to conventional Class B-analog mode
for noise-free data retrieval. A logic input selects the operating
mode. The bridge output stage of the 2007 is designed for mini-
mum saturation voltage allowing efficient operation with single
supply voltage from 4.5 to 20V.

A low offset differential amplifier senses the output current in the
bridge ground return and provides a proportional voltage added to
the externally-generated common-mode reference voltage.

The EL2007 contains all of the control circuitry, the output power
transistors and the catch diodes required to drive over 2 Amps in
the Class D mode, or 0.75Amps in the Class B mode. For more
current, use the EL2017 with external power transistors.

The EL2007 is available in a 24-lead dual-in-line package.
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EL2
1

Absolute Maximum Ratings 25°c) - ; S

Vs Supply Voltage : L 20V - T; Junction Temperature—EL2007 175°C

Vi~ Input Voltage Range (any logicpin) =03V to Vs T, Operating TemperatureRange . ~25°C{o+85°C
Sense Amp Input Voltage Range ~15VitoVg  leadTemperature . oo

Sense Amp Differential Input Voltage Range +5V . {soldering, 5seconds). 245°C

Iogr Output Current : " 2325A Te StorageTe ‘ ‘ ~65°G 1o +150°C

- N Temp Elﬁlm& 3 o
“Pp merDissipaﬂonﬂEIBOO?(see curves) ww

Important  All parameters having Min./Max. specifications are guaranteed. The Test Level column indicates the specific device testing actu-
Note: ally performed during production and Quality Assurance inspection. Elantec performs most electrical tests using modern high-
speed automatic test equipment, specifically the LTX 77 Series system. Unless otherwise noted, all tests are pulsed tests, therefore

T=Tc=Ty.

1=Tc=Thx.

TestLevel Test Procedure
1  100% production tested and QA sample tested per QA test plan QCX0002.

I 100% production tested at Ty =25°C, and QA sample tested at Ty =25°C, Tmax and Tyyy per QA test plan QCX0002.
Il QA sample tested per QA test plan QCX0002.
IV  Parameter is guaranteed (but not tested) by Design and Characterization Data.

V  Parameter is typical value for information purposes only.

Electrical Characteristics 1,-1,-25°C, R =109 (see test figure) (Note 7). T
. - Volts it : Test

Parameter i ; Mode _- Vs VE?_; Vv Min 1yp Max Level |- Units
SYSTEM, CLOSED-LOOP = o e : '

K %ﬁ%ﬁ?ﬁ- s B 2 5 Notel 085 1 15 1 AV
Ios . Output Offset Current Bz 50 s -35 5 35 I mA -

' i 1R 8 8 40 5 40 1 mA

B 12 2 2 ~40 - -5 40 1 mA

B 45 . 2 2 ~40 5 40 i mA

B. 20 2 2 -40 5 40 1 mA

B 20 6. 18  -40 - 5 40 I mA

Iy Quiescent Supply Current B 2 . 5  Open 25 . 50 1 mA
. D 1 5 Open 20 50 I mA

Standby 12 5 Open 12 25 I “mA

B 20 5 Open 40 100 1 mA

D 20 5 Open 25 100 I mA

Standby - 20 5  Open 20 50 I . mA

Tour Maximum Output Current B 12 5 Notez =075 =1 1 A
R =59 Vi Dre R 5. NoteZ = =2 =~ *25 I A

Toal Saturation Voltage, .~ e ‘ ,
Vsar  lour=:2A(Noted) ‘D 12 5 4 Note2 17 2 1 v
Rour (SMOutputResismnce stndby 12 5 open y 4 ; "o
T - Select High Current (20V) ; B T2 8o 0 10 1 T pA
Iy, - Select Low Current (0V) : D 2B =10 =200 i uA
I Oscillator Low Current (0.4 V) Standby 12 5 5 =100 =-400 I HA
Iagee . Reference Voltage Bias Current  Standby =~ 12 5 Open 02 - 06 1 1 mA
122
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EL2007

High Efficiency Precision Servo Driver

A
Electrical Characteristics — (continued) 7-1,~25°C, R; =102 (see test figure)
Volts

Parameter : Mode ———TP—0— Min  Dp.  Max st Units
CURRENT SENSE AMPLIFIER - :
A3 Pci‘:l”;f;sfggfn’{;“p Gl standby 12 5 Open 38 4 44 1 vV
Vosé | Current Sense Amp Output Standby 12 5 - Open - =20 5 20 1 mv
Offeet Sandby 12 8  Open -30 5 30 I mv
Standby 12 2 Open = ~30 5 30 1 mV
Standby - - 4.5 2 Open = -30 5 30 i mv
Standby - 20 2 Open  -30 5 30 1 mV
. Standby . 20 16 Open. =30 5 30 I mv
RvRr Reference Voltage standby - 20 ' .Note5 Open . 50 75 i dB
Rejection Ratio ;
PSRR-  Power Supply Rejection Ratio Standby - Note 8 2 Open 50 75 1 dB
Common-Mode
CMRR ~ Rejection Ratio Standby 125 Open 50 75 I dB
Pin 4=Pin 5= +500mV
Ioyr - Output Source Current Standby 12 5  Open 45 +10 1 mA
Iz Input Current Standby 12 5 Open. 02 086 1 I mA
ERROR AMPLIFIER j
Vos *Offset Voltage B 12 5 - Open =10 2 10 I mv
B 2 8  Open  -10 2 10 i mvV
B 12 2 Open . -10 2 10 1 mv
B 45 2  Open -10 2 10 i mv
B 20 2  Open -10 2 10 I mV
B 20 16 Open - -10 2 10 1 mV
RVER g:é’ﬁ;ﬁ’;ﬁge B 20 Note5 Open 50 75 1 dB
PSRR- Power Supply Rejection Ratio B Note 6 2 Open 50 75 I dB
Ioyr Output Current B 12 5 Open = x5 *20 I mA
DRIVER AMPLIFIER
A2  Driver Amp Gain,
Ioyr= £750mA B 12 5  Notel 10 17 20 I viv
fosc Switching Frequency, iy
Toyr= +500mA D 12 5 Notel 20 30 40 I kHz
Duty Cycle, Ioyr= +500mA D 12 5 ~ Notel 35 45 55 i %
Ve D e Guaranteed by above tests - 45 2 2 1 v
Vrer  Reference Operating Range Guaranteed by above tests : 2 5 Vs~4 I v

Notel: Vi isadjusted to set gy
Note2: Viy=2V for loyy <OA, and V=8V for Iy >0A.

Note3: Total Saturation Voltage includes the drops across both the PNP and NPN output transistors and the 500mV drop across the 0.25Q
current sense resistor. R; =5Q.

Noted: . Vopr=Vs/2.
Note5: 2V<Vggp<16V.
Note6:  4.5V<Vg<20V.

Note I: Mc:ide Bi;fomdwith pin2=2.0V and pin 3 open. Mode D is forced with pin 2=0.6 V and pin 3 open. Standby is forced with pin 2=-0.6V
and pin 3=04V.
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EL2007 |
High Efficiency Precision Servo Driver
1

External Component Guide ~
A ke s :
Recommended Effect
Component ‘ Purpose Comments
wo Value , , Smaller | Larger :
Cet+, Co— 0.01uF A2 Compensation Oscillation | ~ Crossover %’m linear driver
Tigher Tower | Switching Frequency
Res+, Res— 0.25Q Senses output current HigherIpg Lowerlomax | Res's %S_V
; 4 max
Riv 10k0 Sets Overall Gain Constant Higher Gain Lowergain | _ R
Rer 10k Current Sense Amp Feedback | Loads A3 ok " 4xResX Ry
Ro 1002 Stabilize A1 Oscillation Oscillation Use the values shown
Co 0.01,F
3 Thermal i
Rg 2.7Qx10% - | Fiiter the supply to the Possiblejitterin | Runaway el
o ATF control circuit switch mode RS X TR May notbenecessary
e 304 Res
R 10kQ-100kR Lyg v 2 n BW)
¥ ko100 R, Cpy cancel the motor pole Loop Loop m -Rox (@
o 1nP-4.70F and set the loop gain Oscillations | Oscillations 601 Res
i Cpr = (_____..____...
- Ry +Rop+2 n BW
Crz 0-1nF Filters switching transients svgiggrrinode Loop Oscillations —Cn :
: aioim
Hr R +Cry
Provides sink current escetit Limitsswing - | _ Vomin
Ras Ska forA3 i;qg‘msea of A3 T = ~p,5

osciLLATOR | “05gic
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100214

Bandwidth-mkl-lz L o e BV

Current Sense Amp Loads=5kto Vegr

Switching frequency > 20kHz ik
Motor Characteristics: Ryy=4Q  Ly=1mH

Step 1. System-Dictated COmponents

a. Res+andRes-

The optimum value of R¢s times the maxmmm out-

put current should equal 400mV. This ensures that

theinput to the current sense amp is as large as

possible without ever overl those inputs.
Res+=Res— = +04V/ oy (max) =0.4/1.6=0.258

Power Dissipation
P=R.R

b. Rcp
Choose Rep'to be 10k

This is a convenient, arbitrary value that is-a compro-
mise between loading of A3 and high-impedance

pick -up problems, v

C. Raz

Amphﬁer AB must be loaded to provide output sink

ty. Th eamou.nt inkcmmmmquirediszv

divided the loac and another load

of perhaps 5k ina the overall system

{for example the input ofan mtegrator)

' Ppimax=(L6R +0.25=0.64W

The mini-
mum value of A3 somput iszvlessthanvm, hence:

d. Ry
Use Ry to set the overall constant, K; because Ryy
doesnotaffecmnyoﬂxerg;ai?am

Rm-le(4-R¢3-K}-10kl(4 0.25+0,75)=13.3k

Step 2. Motor Compensation Components
The design - equations for the compensation
components are derived in the loop operation and
compensation section of this data sheet. The value for
the bandwidth, BW, is not as tforward
. parameters. the bandwidth
enough so the electrical gystermn adds
aminimumo& hase-shift and the overall response is
dominated nae ealowermecham cal system; but too
th 1 ; Usuany the ovezall moremisgehatg
e oop servo system
signed with a bandwidth of 500Hz to 2500Hz, so an
electrical bandwidth of 10 times that will ozdy intro-
duce 6° of phase shift. The small signal rise time of
the current in the motor for a step function input
voltage 1s approximately: tgyez~0.35/BW.

125

 Gain=750mA/V

value of
: ﬁghter toleragze (5% lefm' g

j -so_a.azst?“ -10k€2n-mkﬂz)2!~193pl7

. Crr
«(80.7+
cm-(ﬁﬁ ?*ﬁgg!

m’l‘:‘f'éngmz) -mpfr-s usp?

C.
i;R:—Luiﬂ!Ma(}})v-imﬂlM-S 84598)-42 77k -

The iinnarpower ﬁmphfierm requiresco ﬁoxi
capacitors C¢ C& ; the derivation of tt follow—
ingformula isisn tailed aircuit dzscnptions

d Cc-i-andﬁc-
Cc+-cc-~LMJ{RM.mk)-1mHI(4-mk)-O 025[4?

Step 3. EL2007 Components
a. Cosc

Cosc=0.001uF-30kHz/ fosc, Choose Cosc=0.001uF initially
Capacitor Cosc determines the switching

of the class D dpnlse width modulator. The mching
frequency an %RM time constant of the motor

determine how e ere isin the output
current. Usually, them response of the mo-
tor to this ripple is negligibie Hawwerthzs ACsi

does: in the motor. Thtme

‘generate powe:
efﬁciencyisbetﬁerwhen rippleisn
the E12007 power transistors have finite switc
times and losses that limit how fast the oecillator can
operate, the efficiency worsens for oscillator
freguenchs above 35KkHz. It is easy to

monitor the supply current to evalua
fora given motor

b. RoandCoy v
“Choose Ry=1009 and Co=0:01uF

ThevaiuesofRoandccshouidnotbechanged,mey
compenea&etheimemalarcumyofm
c RgandCB
Rp and Cg form an optional filter between the main
power supply and the internal control circmny’s sup-
ply, pin 19. themain supply is ve
with a good quality capacitor near eELZOOTI then

-and Cg are not requi andpmlsshouldbe
shorted to pins 16 and 21. To evaluate the need for Rg
and Cg, check the very high current switch mode per-
formance without them.

ThemaximumvalueofRBlsz 79 (x20%).

Step4 Standard Values
conggnents just calculated should be rounded
‘standard value available. All
compoxiem can be 20% tolerance, however the re-
variation in gain constant would notbe desire-
able T - should be
the gain con-

Cosc
ificiency

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




EL2007

High Efficienc

'y Precision Servo Driver

Circuit Description

The EL2007 is a precision servo driver that contains

all of the active circuitry required to control the

current in a variety of DC servo motors. To optimize

mumnmyspmdandeﬂkmnwyof&wsmmanw&ha

awmnxmn&momyamxmﬂwumNQMndamﬁmx
pensive passive components.

To form a closed-loop control systermn ﬁxreeamgliﬁem :

are required: the power driver; the current sense am-

thetwccurrentaenseresistorsﬁsc*andﬁsc« Itisthe
value of these current sense resistors an(g the values

of the loop. ?hehxpumﬁamﬁze'wmn'msemi&
. tors are then amplified and sur 'withthevmin
puttoeemple&eﬁlesewoloop ;

phﬁenandﬂxemamplﬁenmﬂueeofﬂxmand ~ An,

special control circuitry are included on the EL2007.
Eachofﬂzeseampliﬁersonthemomhasbeenapﬁ
mizedfaxitsparﬁcxﬂarfuncuan '

Error Amplifier

EnﬁramphﬁenAl,maconvmﬁomlopemmam T el
plifier that is configured as an inverting summing Logic Co
&ﬂmﬁﬁﬂ:ﬁﬂgﬂnchmadﬁﬁﬁksanagnbya,nnp»»pggg

selected feedback network. The controlling input,

Vi !sfedtothesummmgnodeofthisampliﬁezand~ i

s the 1 e voltage applied to the

Vi srence between these twovoltages  E1200
ca current to flow through the feedback net-

wmrk.’?heresultmanemrwk:ageat&mompmofﬁxe
gramphﬂerwhmhismdm(mnﬁolthepm
ver : :

mmet
The power driver A2 is a unique bndge ampllﬂer that
canbe operated in eithera linear, class Bmode, orasa

switching amplifier in the class D mode. It has a PR

single-ended input and a differential output with the
gain preset at 17VA for either mode. The mode is con-
trolled by a logic signal to the SELECT input. A low
forces the amplifier into its class D (Pulse Width Mod-
ulation) mode. These two modesare provided to aliow
the user to select the optimum mode for the particu-
lar operating requirement. Class B linear mode is rec-
ommended for tracking operations where less than
500maA is required and noise must be kept to a mini-
mum. Thisisapplicable during data transfer or while
on ttack. Class D mode is used for rapid motor move
ments such as those required durhmgseekoperaﬂans

Current Sense Amplifier

The current sense amplifier A3 is a differential input
instrumentation amplifier with a preset gain of 4V~
It senses motor current by taking the voltages from

Power-Up
The EL2007 powers up without any transient being
to the motor if the Vyy input voltage is equal to
the Vger input voltage, and if this voltage is within the
normal operating range. If these conditions cannot be
met at power-up and power should not be applied to
* the motor, the control logic inputs should be held low
for power-up in the STANDBY mode.

126
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EL2007

High Efficiency Precision Servo Driver -

Power-Down

The EL2007 will continue to operate normally with re-
duced supply voltage (down to 4.5 V) as long as the ref-
erence voltage 18 2V less than the supply voltage and
greater than 2V above ground.

If the reference voltage is within 1.5V of the supply
voltage the output will force maximum  current
through the motor If no current is desired through
the motor during power-down then the control inputs
should ‘be held low forcing the output into the
STANDBY mode.

1f power is required through the motor during power-
down, then it should be in the direction correspond-
ing to a low Vyy signal (pin 15 low and pin 22 high).
This will prevent the problems caused by the supply
dropping to within 1.5V of Vrgp. If a power-down logic
signal is available, it can be used to force Vyy or pin 8
low: This will force the motor drive outputs in the
same direction as the supply decays. The only change
in this would be if the reference voltage decays faster
than the supply voltage.

Evaluation

The EL2007 is designed to be used with a single sup-
ply voltage. This operation requires a Vgpr voltage
above ground. As most function generators are
ground-referenced, the circuitshown belowisan easy
way to offset the generator.

Op amp input offset voltage and resistor mis-match
will introduce additional output offset current into
the motor. For a unity gain circuit with 0.1% resistors
and a 5mV offset op amp the worst case addiﬁ nal
output offset current is ZOmA ,

N = Vw-wm(*:i) :

vaEn , S
4 ,
o Jer
12007
PN :
tam——
MATCH:
Fi=RY
Rami2 Offgetting the Generator Input

Loop Operation and Compensation

The following equivalent circuit (figure 1) is used to
calculate the passive components required for the
feedback network of the error amplifier. The forward
gain of the loop is defined as G(s)=Ioyr/Iiy and the
feedback factor is H(s)=Ip/loyr. For. stability the
product, G{s)*H(s), cannot equal ~1.

w|$nee L l/cour[ ™
<]

Y- b

. - - Figure 1. System Loop-Equivalent Circuit
AZ 1
G(s) = Lour/inv = RM Rl (1)
HE) = Bflor = S50 @)
Gls) H(e) # -1 ®)
Zg«AZ 1

At @

-k RCF

"RM sLy/Rp+ 1

127

Zp can be any network that satisfies the stabxlity cri-k
terion above. For maximum bandwidth, Zg should
have a zero that cancels the pole due to the Ly/Ry
time constant of the motor. Zg should also have the
dominant pole of the feedback loop and another
non-dominant pole for additional filtering that is
desirable in the class D switching mode. The follow-
ing network (figure 2) for Zp has these eharacten&
tics. j

Cr2

Figure 2. Feedback Network

7 SRp -Cpy +1
F = -
SRp -Cpi <Cpp
Wt Tovee !

In this network the zero is due to Rp and Cpy. The
dominant pole is due to C; in parallel with Cr2.The
non-dominant pole is due to Rp and the series com-
bination of Cr; and Cr,. Cgy is usually much greater
than Cp; so there is minimal interaction. o

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

100713



EL2007

High Efficiency Precision Servo Driver

1

To cancel the motor pole, the zero of the feedback net-
work is used. The resulting equation is:

Rp:Cpi = Ly/Ry (6)

Substituting this Zg into the stability equation (3)
gives:

G{s) His) = A2 -Res A3 @)

8(Ciy + Cpa) 8Rp -Cr1 +Cm +1 ) Ry »Rep
CF1+C172

The frequency where the magnitude of G{(s)H(s)
equals 1is'the bandwidth of the closed-loop system.
1t will be useful to refer to this frequency so we will
define it as. BW. For a feedback system to have no
output overshoot for a squarewave input, there
should be about 60° of phase margin. This will
result in a very stable system and is the criteria that
we will use in calculating the values for Zr If
G{s) H(s) is equal t6 1at one half the frequency of the
non dominant pole then there will be 22° of phase
shift dueto that pole. There will alsobe 90° of phase
shift due to the dominant pole resulting:in about
68° of phase margin. This meets our criteria so we
will'use it. The bandwidth of the system can now be
defined as:

= _1_ 1 = Cp1+Cmp
M= (ZgMR.P'Cm-Cm) 4nRp-Cp1+Cr @
Cr1+Cre
By again substituting into the stability equation (7):
(s) W) = e ©
Ryt +Rer 8{Cry + Cpa) (m-r 1
Now let s=j2n BW and magnitude G(s) H(s)=1:
A2 .Reg +A3

(10)

{Note: |j/2+1]=1.12)

Solve equation (10) for (Cgy +Cy3), take the motor pole
cancellation constraint equation (6)-and substitute
those results into the bandwidth definition equa-
tion (8) and solve for Cpy. The result is:
_ A2 -Res-A3

7 Rep2(1.12) Ly (2 n BWP

Equations {10) and {11) are now solved for Cg result-

ing in:

Cpy =

1=
Ry +Rep 2 n BW (Cpy +Cpp) 1.12

(11)

Cm

A2 «Reg + A3 -c
Ry -Ror L1220 BW) . °

(12)

Rewriting equation (6) for Rp yields:

Ry {13)

= RuCn
To simplify this further we can now substitute in the
constants of the EL2007. These constants are the
gains of the current sense amplifier, A3=4, and the
gain of the power amplifier, A2=17. This yields the
final equations for the feedback network:

30.4 Res

O = o Rer (2 n BWP (14)
60.7Res
O = RyRr2nBW " (9
i Ly
i Ry +Cpg (16)

Detailed Circuit Description: Current
) Amolifier p ,

The current sense amplifier is a differential input
amplifier with low offset and good common-mode
rejection for signals above and below ground.
Common-mode inputs below ground occur when
the EL2007 is operated in the switched mode.

; PINS
é O VaEr

Figure 3. Current Sense Amplifier
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EL2007

High Efficiency Precision Servo Driver

To simplify analysis of the current sense amplifier,
assume that all of the transistors shown in Figure 3
have zero base current. Transistor Qy, operates with a
constant Vcg and a constant I¢; therefore the base-
emitter voltage of Qp, is constantand the current in RS
is constant. The same is true of Qq and R7. Since the
Vgg of Qy and Qg4 are constant, the voltage across R6 is
equal to the differential input voltage, Vin, and every-
thing is independent of the common-mode voltage,
Vem.

The collector current of Q, is equal to the currentin R5
less the current in R6. Similarly the collector current
in Q. is equal to the current in R7 plus the current in
R6. Both of these collector currents are independent
of Vrgrand Veu. This results in good high-frequency
CMRR. The conversion of the differential input
voltage into current allows easy level shifting to the
reference voltage.

A differential amplifier and four equal value resistors
convert the differential current 1o a single-ended out-
put voltage. This configuration has a gain of 2, result:
ing in an overall gain of 4V, The maximum allow-
able differential input voltage is determined by the
current that flows in R6. This'current cannot exceed
the current in R5 or R7. Since R5, R6, and R7 are all
equal, the maximum input voltage is one Vpg: This is
about 500mV over temperature.

Power Driver—Switched-Mode
The switched-mode (class D) section (see figure 4) of
the EL2007 consists.of a triangle wave oscillator; two

PINT®

sistors that

comparators, and the output power tra
are connected as an “H” bridge.

The oscillator circuit uses a 0.001 uF extemai capacitor
on pin 3 to set the frequency at approximately 30kHz.
The voltage on the capacitor is buffered by an emitter
follower, Q1. Comparators Ul and U2 monitor the buf-
fered voltage and compare it to the voltage at the R1,
R2, R3 resistive divider string. When Ul senses the os-
cillator voltage equal to the upper trip voltage, Ul sets
the flipflop and turns on the 2I current source that
discharges the external capacitor When U2 senses
the buffered voltage equal to the lower trip voltage, U2

resets the flop-flop turning off the 2I current source,

allowing the external capacitor to recharge. The result
isa triangle wave at the inputs of Ul and U2 that is cen-
tered at half the supply voltage with a peak-to-peak
amplitude equal to 10% of the supply voltage.
Resistors R4, R5 and R6 level-shift the voltage at the in-
put of Ul and U2 by 5% of the supply. The resulting
voltage applied to comparator U3 is a triangle wave
going from 50% to 60% of the supply. Similarly the
voltage fed to U4 is from 40% to 50% of the supply. The
signal on pin 10 determines if U3 or U4 awitches and
for how long they stay on.

The output of U3 switches a transistor that drivesone
side of the “H” bridge and U4 drives the other. Level
shifting the triangle wave to the comparators ensures
that only one side of the bridge is on at any time. This
maximizes efficiency and eliminates the possibility
gf doév:ﬂapping conduction of the output power

ri

Ve
3O

FLIP-FLOP

OSCILLATOR

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

L00Z1a



mthehnearnwde(classB),ﬂiepomrdﬁvercunsists_
of two identical amplifiers that are connected as a
bridge amplifier (figure 5). One amplifier is set up
with an inverting gain of ~8V~ and the other with a
noninverting gain of 9. Thisgivesatotalgaincf
17V for the bridge amplifier. '

oo 72K 74K ewd Lo

m&mnmammwmw = - '

Figure 6 shows the unusual amplifier conﬁguration
chosentogivemaxim%nuutput‘swmgandmghslew ,

( Rpﬁﬂkzcc} )(
1+ ng}Ry**Rz) 8 Cpy R+ e e
For minimum phase shjft in the critiwl low fre-
quencyregion,thezemduewthehminmﬁmecon, R
stant should be canceled by the pole dueto Cc. The  For additio
in will beabandpasamﬁa?*  Califory

130
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Typical Performance Curves
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