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recommended operating conditions

46 oe— - :
ADVANCEL 002917 TYPE SN76477
CIRCUITS 417 <. CSOMPLEX SOUND GENERATOR

BULLETIN NO. DL-S 126%2. SULY 1978

N OR NF DUAL-IN-LINE PACKAGE

Generates Noise, Tone, or (TOP VIEW)
Low-Frequency-Based Sounds,
or Combinations of These ENVELOPE SELECT 1 ENVELOPE SELECT 2
. GROUND MIXER SELECT C
Sounds Are Defined by User EXTERNAL NOISE CLOCK MIXER SELECT &
via External Components NQISE CLOCK RESISTOR MIXER SELECT B
NOISE FILTER CONT. RESISTOR ONE-SHOT CONT. RESISTOR
Allows Custom Sounds to be NOISE FILTER CONT. CAPACITOR QNE-SHOT CONT. CAPACITOR
Created Easily DECAY CONTROL RESISTOR VCO SELECT
) ATTACK/DECAY TIMING CAP. SLF OSC. CONT. CAPACITOR
Low Power Requirements SYSTEM INHIBIT SLF OSC, CONT. RESISTOR
, ATTACK CONTROL RESISTOR PITGH CONTROL
Allows Multiple-Sound AMPLITUDE CONTROL RESISTOR VCO CONTROL RESISTOR
Systems ) FEEDBACK RESISTOR VCO CONTROL CAPACITOR
. . . __— AuDIO OUTPUT £XTERNAL VCO CONTROL
Compatible with Microprocessor vec Veeg
Systems ~—

description

The SN76477 compiex sound generator is 2 monolithic chip combining noth analog (bipolar} and digital (iL)
circuitry. It includes a noise generator, 3 voltage-controlled oscilator (VCOJ, and 2 super-low-frequency osciilator
{SLF) together witha noise filter, mixer, attack/decay circuitry, audio amplifier, and control circuitry to provide noise,
tone, or low-frequency sounds and any combinations of these. Programming is accomplished via control inputs and
user-defined external components, which allows a wide variety of sounds t0 be created and tailored for particular
applications. This device may be used in a variety of applications requiring audio feedback to the operator inctuding
entertainment equipment such as arcade or home video games, pinball games, 1Qys; consumer-oriented equipment
such as timers, alarms, and controls; and industrial equipment for indicators, alarms, controls, etc.

Operation is either from a five-volt regulated supply applied to0 Vreg. OF from a 7.5-voit 1o 10-volt supply applied to 3
built-in voltage regulator through the VCC terminal, in which case a regulated five volts is available from the Vreg
terminal to power a smali amount of external circuitry, or to provide 3 high-logic-level voitage to logic inputs.

More detailed information on the functions of various parts of this device is found elsawhere in this data sheet in the
section entitled "Qperation.” -

absolute maximum ratings at Ta =25°C lunless otherwise noted)

Supply voltage, Ve (see Note D PR S e e e e 15V
Supply voltage,Veeg = = =t © T T T e .. .. .. B8
input voltage: any logic input .« .« oottt L mEe e 12V

any capacitor input . . - - - st T T e L .5V
Operating free-air temperature (BNGE . e e e et e e e 0°Cto 70°C
Storage temperature range . —65°Cto 150°C

Leadtemperature1/16inch(1.6mm)fromcasefor10seconds T . 260°C

- MIN  NOM  MAX UNIT
Supplvvoltage,VCc........................7.5 10 \'

SUppiyvoltage,Vreg........................4.5 5 55 \
Operatlngfree-air temperature . . - - - 0t T T e ~10 25 40 ’C

NOTE 1: All voltage values are with respect 10 the network ground terminal.
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TYPE SN76477 _
COMPLEX SOUND GENERATOR

electrical characteristics at Vreg

=5V, TA = 25°C (unless otherwise noted)

] PARAMETER AT PINS TEST CONDITIONS | MiN__TYP MAX | it
‘ v High-level input vait 1.9,22,25. 2 10 v
igh-level 1npy volta
IH e ol 26.27,28 ,
Vv Low-level input voita 1.9,22,25. 08| V
] .
L o 26,27, 29
Maximum peak-to-peak R =1 k§2, R = 100 k{2,
VOoPP ] 13 load tabk 25 3.0 '
output voltage swing Hpin 11} * 200 uA
Vreg Reguiated output voltage 15 vee 8.25V, \1oag = 10 mA 4.5 "85 v
Input regulation 19 Vec=75Vw©i2Vv, licad = 10 MA 150 mV
One-shot capacitor 23 2.5
Trip points | Noise filter capacitor 6 ) 32 \Y
SLF capacitor 21 25
External VCO cutoff voltage 16 2.35 v
System inhibit or
) ysiem ! 9,22 , 150
High-tevet VCO select
W . V=2V uA
input current Other logic inputs 1,25, 26, 40 7%
er \
27,28
c i R 4,5,7,10. ; 400 A
antrot in: t curren
ined 11, 18, 20, 24 H
Dynamic output impedance 13 100 Q
| Suppl LV 14 vec =83V 5 10| mA
P current 3 .
cc el cc All inputs and outputs open m
functional block diagram
vco EXTERNAL PITCH
SELECT VCO CONTROL CONTROL
,..._..__.___.__._..._.___..____._._....__._ -
I 22 16 19 -:
e 120 oeemiow | AMa  [EXTERNAL VCO] \__‘.s..ll-g veo
FREQ. OSC OR SLF » vco
CONTROLY :21 , (SLF! SELECT 17 : CONTROL
: Ann I
NOISE Iy 5l|
cLOCX ] N
CONTROL | NOISE NOISE NOISE -—-Hl ] F?L“?ga
i CLOCK GENERATOR FlL‘_l’ER [ CONTROL
EXTERNAL 13 b Vg (5 V)
NOISE CLOCK™ | o 9 POW
‘ noise, SLF, VCO REGULATOR 4-—-’.-‘ Vee <78V ER
| ovorem 2. 4 GROUND
svsTEM 19 1 nwiBIT | mIXER 121 - FEEDBACK
INHIBIT | » T RESISTOR
LOGIC |
: — ENVELOPE 13
‘ ! GENERATOR ALy AuDl0
| < ENVELOPE AND i | — OUTPUT
] ONE. SELECT MODULATOR ]
| CIRCUT |
bl 2a | 28 z%zfin 8 10 7| al ]
\__V_—J 1 2 A 8 C ATTACK ATTACK DECAY AMPLITUDE
AY
ONE SHOT ENVELOPE MIXER ?IEI\:I:ING CONTROL CONTROL CONTROL
CONTROL
SELECT SELECT CAP
' denotes pr ograrnming via capacitor
T denaotes programming via 1esistor
A genotes.programming via logic level
> denotes programming via analog voitage
FIGURE 1
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TYPE SN76477

COMPLEX SOUND GENERATOR

47 kS enables internal noise clock, high logic

TABLE 1
SUMMARY OF FUNCTIONS
DESCRIPTION . INPUT PIN FUNCTION' PARA.
LIMITS NO. NO.}
1 ) 7.5 k&L Mi _
[ SLF Control Resistor RgLF [ 7.5 xa Min D | oor trequency (D) = 064 ;
[ SLF Control Capacitor {CsLE! | See Note 2 S RSLF - CSLF
VCOQ Select \ 10 V Max | 22 {H= “nternai control (SLF) = external control (pin 16} \
) . . 0.64 -
VCO Control Resistor (Ryco! 7.5 k& Min 18 Min. VCO frequency (Hz} = e
Ryco * Cvco
[ VCO Control Capacitor {Cyco! | See Note 2 T3] Max. VCO freq. = 10 X Min. V€O freq. 2
‘ External VCO Caontrot \ oOVt25V 16 Increase in voltage decreases Vv CO frequency ‘l
voltage at pin 19
pitch Control 5V Max 19 VCO duty cycle = 50 X = %
volitage at pin 16

‘ Noise Clock Control

100 kX Max

level enables external noise clock input {pin 31

£ xternal Noise Clock

10 V Max

Enabled by 3 high \ogic levet at pin )

47 k§1 Nom \
, o-\
\
\

| Noise Filter Control Resistor {BNE! 7.5 k§2 Min 5 | 3 4B frequency (H2) = 1.28
| Nosse Filter Control Capecitor (CnE! | See Note 2 6 | RNF ° ONF
l Mi | A 0V Ma 26
i '_“f Select \ - Gelectone or 3 combination of generator
Mixer Setect B | 10V Max 25 . 5
outputs. See Table 2, Section 5.
rﬁixer Select C \ 10 V Max 27 \
. H inhibits sound output. L enables sound output,
System Inhibit 10 V Max 9 ) 6 .
H-to-L transition triggers ane-shot when operabie
i One-Shot Cantrol Rttt (Ros! ‘ 7.5 k2 Min ‘ 24——\ Qne-shot duration {seconds) = 08 - Ros * Cos
One-Shot Control Capacitor (Cogl | SeeNote? R
Enveiope Select 1 TovMax | i Setect envelope for sound outaut from mixer.
Enveiope Select 2 10 V Max | 8 | See Table 3. Section 8.

‘Attack/Decay Timing
Capacitar {CA/D)

‘ attack Control Resistor (Ra}

See Note 2 8‘\

‘ Decay Controi Resistor (Rp)

7.5 k§ Min

Attack time (secands) = Ra - CA/D

\ Decay time (seconds) = Rp - Ca/D

Amplitude Canurol
Resistor (RG}

47 kS Min, 34Rg
1 VDU!.—'—

220 kL Max RG

Feedback Resistor (RE )

12 pin 12 and pin 13. See Note 3.

,when RE is connected between

Audio Output

13 Requires pull-gown resistor from 2

\

\

B

|77.5 ksl Min 10
| 7
|

T

l

7 k0 to 10k |

Supply voltage, vee

14

|
|
|
7.5 V Min, \

- Supply Voitage, Vreg

\nput for 5-voit reguiated supply. |

7 5-voit to 10-voit supply is applied

to pin 14, this pecomes the cutput

for up to 10 mA of §-valt reguiated

supply for use outside the chip.

raound

E

l Comman ground

l J
|

Input if unreguiated supply voltage is used

{uses internal regulator). Leave open if

5.voit reguiated power is applied to pin 15.

f
11
]

T All equations are for Vrieg * 5V, Ta = 25° C. Resistars and capacitors ar@ connected from the pin \ndicated to ground uniess otherwise notad.
H = high logic level (3»2V), L=low logic level (< 0.8 V or open).
fIparagraph numbef refarrad to is in the section of this data sheet entitied s QOperation.’”

NOTES: 2. For affective operation, the vO

itage at any capacitor input pin should not exceed 4 voits.

4. When this device is used with an external audio amplitier, pin 13 is connected to the input of

trom the external amplifier isc

onnected to pin 12.

the external amplifier, and feedback
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TYPE SN76471
COMPLEX SOUND GENERATOR

0.64/(1000000*0.0000001)

850 Hz = 7.5kR = <
OPERATION 20t = 1o ,0.1uF  85Hz =7.5kR, 1uF i 2 )

8.5Hz = 7.5R, 10u
64Hz @ 100kR
1. super-low frequency osciltator (SLF) 6.4Hz @ IMR,
: 0.64Hz @ 10M R
The SLF is normally operated in the range of 0.1 hertz to 30 hertz, but will operate up 10 20 kilohertz. The frequency
is determined by two external components, the SLF control resistor [RgLF) at pin 20 and the SLF control capacitor
(CSLF) at pin 21 according to the following equation: :

' 064
Equation 1: SLF frequency (Hz) = s———=—al Veeq=59 V.
a RSLF - CSLF 0

. . Every 1 _
RgLF should have 2 minimum value of 7.5 k2. C_SLF should have a min value of 1uF y 10xon R or on C reduces oscillation b

) Then oscilation is 85Hz.
The SLF supplies two signals to other parts of the device. It feeds a 50% duty cycle square wave to the mixer, and it
feeds a triangular wave to the external VCO or SLF select logic, where, if VCO select {pin 22} isata high logic levei, it
is fed through to the VCO to modulate the frequency of that oscillator.

2. voltage-controlled oscillator (VvCO)

The VCO produces a tone output whose frequency is dependent upon the voltage at the input of the VCO. This
controlling voitage may be either the SLF output described above, or an externally generated signal applied to the
external VCO control, pin 16. The method of controlling the VCO is selected by the logic jevel at the VCO select
{pin 22). With 3 low logic level applied to VCO select, the VCO frequency is controlied by an external signat applied t0
the external VCO control, pin 16, When a high is applied t0 the VCO select, the VCO frequency is controlied internally
by the triangular waveform signal generated by the super-low-frequency oscillator, and the output of the VCO is a

pitch frequency modulated waveform as shown in Figure 2 below.
SLF RAMP
vCO OUTPUT
FIGURE 2

The higher the voltage applied to the VCO leither internally from the SLF or externally applied to pin 16), the lower
the frequency of the VCO output. An alternate method of applying an external voitage to the \CO input is to do 50O
indirectly by applying the controlling voitage to the SLF oscillator control capacitor input, pin 21. In some applications
this may be more convenient than using the pin 16 input.

The minimum frequency of the VCO is determined by the VCO control resistor (RycO) at pin 18 and the VCO control
capacitor {CycO) at pin 17 according to the following equation:

0.64
Equation 2: Minimum VCO frequency (Hz) = O atVieq=5V.
d Avco - tvco e

The frequency range of the VCO is internally determined atan approximate ratio of 10:1, so the maximum frequency
of the VCO will be approximately ten times the minimum frequency determined by the external components RvCO

and CyCO-
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" TYPE SN76477
COMPLEX SOUND GENERATOR

OPERATION
v/

2. voltage-controlled oscillator (VCO) (continued)

When the external VEO control (pin 16) is used {VCO select, pin 22, is low), the voltage at the external VCO control
should range from Q 10 2.35 volts. If this voltage goes above 2.35 volts, the output of the VCO section saturates ata
high logic level and in turn saturates the output amplifier-stage. This may be used as an alternative method of disabling
the sound output without changing the system intiibit input. The input at the external VCOQO control may be a dc
voltage producing 3 constant tone, or any digital or analog type input to modulate the frequency of the VvCO.

The Wuies the duty cycle of the VCO output according to the following eguation:

ion 3: ~ 5o x oitage atpin 19
Equation 3: VCO duty cycle = 50 X voltage 3t pin 16 %.

By leaving pin 19 high, a constant 50% duty cycle is achieved. The minimum duty cycle attainable is approximately
18%. The specific duty cycle applies to constant tones produced by applying a constant dc voltage at the external VCO
control, but the pitch control may be used 10 aesthetically alter the pitch of any frequency-moduiated VCO output
signals.

The output of the VvCO is a square-wave pulse and is supplied both to the mixer and through the envelope-select logic
10 the envelope generator and modulator.

3. noise clock

The noise clock internally generates clock puises and supplies them to the noise generator. The noise claock resistor
{pin 4) sets the internal operating current for the noise clock section. The nominal value for this resistor is 47 kQ. For
v faster clock rates, a smaller valued resistor may be used. For slower clock rates, a higher valued resistor may be used, but
it should be limited to 3 maximum of 100 k). 1t may be desirable to use an external noise clock to provide a lower
frequency noise of 3 more precise clock rate. This external clock signal should be applied to the external noise clock
termim and the noise clock resistor input should be taken to a high logic voltage level. The external clock

signal shouid be a 10-volt-maximum peak-to-peak square wave.
4. noise generator/filter

The noise generator produces psuedo-random white noise that passes through the noise filter before being applied to
the mixer. The variable-band-width low-pass filter has its 3-dB rotloff paint defined by th e noise filter controi resistor
(RNF) at pin 5 and the noise filter control capac_itoGr {CNnE) according to the following equation:

. pin

1.28
Equation 4. 3-dB frequency (Hz) & =——————3tVreg = 5V.
2 q X RNF . CNF reg

RNF should have a minimum value of 7.5 kS in order to limit the current in the noise filter section to 3 safe operating
level. ’
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TYPE SN76471
COMPLEX SOUND GENERATOR

OPERATION r

5. mixer

The mixer logic selects ane of a combination of the inputs from the generators and feeds the output 10 the envelope
generator and modulator. The mixer performs a logical AND function on these sounds: therefore, the output of the
mixer is not 2 combination of simultaneous sounds. The output of the mixer is determined by the jogic levels at the
mixer select inputs as shown in Table 2, below. .

TABLE 2
MIXER SELECT INPUTS
< . - MIXER
QUTPUT
(PIN 27)  (PIN 25} (PIN 26}
L L L vCOo
L L H SLF
L H L NOISE
L H H VCO/NOISE
H L L SLF/NOISE
H L H SLE/VCO/NOISE
H - H L SLF/VCO
H H L] INHIBIT

H = high level
L = low level of open

Figure 3 isan gxample of how two signals would be combined by the mixer according to the logical AND function with ﬂ‘
the mixer select times set for SLF/noise {C input high, A and B inputs tow). ’ :

SLF
QUTPUT

cnn——

| S
NOISE !
QUTPUT

MIXER
OUTPUT

FIGURE 3

To obtain two sounds occuring simultaneously (e.g., car engine and siren of, steam engine and whistle), an external
muitiplexer s required. The multiplexer is an oscillator or frequency generator that can switch the mixer select lines at
a rapid rate so that the two sounds seem 10 occur at the same time. The frequency of the multiplexer should be above
the human hearing range of 20 kHz, but not greater than 100 kHz. A multiplexer with a 5Q0% duty cycle would provide
equal amplitudes for both sound functions.

The output of the mixer is suppiied to the envelope generator and modulator.
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TYPE SN76477
COMPLEX SOUND GENERATOR

OPERATION

6. system inhibit

The system inhibit togic provides inhibit/select control for the sound qutput of the system: a high logic level at the
system inhibit terminal {pin 9 inhibits the sound output, a low togic level (or open} enables it. This input also triggers
the one-shot circuit for momentary sounds such as gunshots, bells, of explosions. The one-shot logic is triggered on the
negative-going edge of the.system inhibit input. This may be accomplished by means of a momentary switch or by 2
square-wave input to system inhibit. The system inhibit input must be held tow for the entire duration of the one-shot
sound including attack and decay periods if the sound is to be completed. Taking the system inhibit input high early
terminates the sound. Note that the one-shot is operable only when the proper envelope select logic is selected {see
Section 8).

7. one-shot

As mentioned in Section 6 above, the one-shot circuit controls momentary sounds, and is-triggered by a high-to-low
lagic-level transition at the sysiem inhibit input {pin 9). The duration of the one-shot s determiried by the one-shot
control resistor (RQg) at pin 24 and the one-shot control capacitor (CQS) at pin 23 according to the following
equation:

Equation 5: One-shat duration (seconds) = 0.8 * ROS * COos at Vreg = 5V.

Maximum duration of the one-shot is approximately 10 seconds. |f the one-shot is terminated early by taking the

_ system inhibit input high, the one-shot timing must be allowed to end so that an internal latch will be reset before

another one-shot can be triggered. The one-shot may also be controlled by external logic eliminating the need for the
one-shot control resistor and capacitor. This is done by triggering the one-shot in the normal way at the system inhibit
input, and terminating it by taking pin 23 {one-shot control capacitor} high. ’

The output of the one-shot is fed through the envelope select logic to the envelope generator and madulator, therefore it
is operable only when the one-shot envelope is selected by the envelope select inputs {see Section 8). The one-shot does
not generate sound as such, but provides an envelope for the sound supplied to the envelope generator and modulator
by the mixer.

8. envelope select

The envelope select togic determines the envelope that is applied to the mixer output according to the foilowing table:

TABLE 3
EN\IIELOPE SEL‘ECT‘l FUNCTION SELECTED WAVEFORM
{SEE FIGURE 4)

(PN (PIN 28}

L L vCO A

L H Mixer only 8

H L One-shot C

H H VCO with alternating cycles 8]

H = high leve!

L = low level ar open
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TYPE SN76477
COMPLEX SOUND GENERATOR

OPERATION

3. envelope select (continued) - _

If the function selected is mixer only, no envelope is selected and the mixer output is supplied continuously to the

audio amplifier. If VCO is selected, the square-wave output Gf the VCO is the envelope for the mixer output, and the

gated by the VCO output; that is, the mixer output is passed on t0 the audio amplifier while the VCO

ited whiie the VCO output is low. If one-shot is selected, the output from the mixer is enabled
alternating polarity is simitar to the VCO envelope described
t pulse from the vCO

mixer output is
output is high and inhib
onily for the duration of the one-shot puise. VCO with
above except that every other VCO pulse is inverted with the result that only every other outpu

enables the output from the mixer.

Figure 4 shows examples of the four selectable envelopes with noise as the mixer output.

-J.

vVCco
IN

O e

ONE-SHOT

TIME INTERVAI_\

L

e

O

FIGURE 4: EXAMPLES OF THE FOUR SELECTABLE ENVELQPES USING
NOISE AS MIXER OUTPUT: (A) VCO, (B) MIXER ONLY,
{C) ONE-SHOT, (D} VCO WITH ALTERNATING CYCLES.

TEXAS INSTRUM ENTS

INCORPORATED
POST OF FICE BOX 225012 & DALLAS. TEXAS 75265



TYPE SN76477

COMPLEX SOUND GENERATOR

a) OPERATION
9. attack and decay control

The attack and decay circuitry
attack/decay timing capacitor

aiters the rise and fall times of the envelope selected by the envelope select logic. The
{Ca/D) at pin 8 is shared by both the attack and decay circuitry. The attack control

resistor (RA) at pin 10 sets an internal current that charges capacitor CA/D thereby determining the attack (rise} time
of the envelope. The decay control resistor (Rp) at pin 7 determines the discharge rate of capacitor Ca/D and thus
determines the decay {fall) time of the envelope. The actual times may be derived from the following equations:

Equation 6: Attack time {seconds) = Ra * CA/D at Vieg=5V-

Equation 7: Decay time {seconds) = RD + CA/D 3t Vreg = 5V,

1f mixer only or one-shot has been chosen at the envelope select inputs, the attack ramp begins when the systeminhibit
{pin 9) is taken low. 1£ VCO or VCO with alternating cycles is selected for the envelope, the attack ramps up on each
positive- edge of everv,"mﬁei;ipo’s"ftive edge, respectively, of the VCO freguency. The decay section ramps the sound
amplitude down as the sound ends. The decay has no effect on the mixer-only function, but for the one-shot, the vCQ,

and the VCO with alternating cycle envelopes,
envelope and prolongs the sound a3t 3 decaying volume.

the decay ramp is triggered by each high-to-low transition of the

Figure 5 shows examples of how a waveform may be modified by varying degrees of attack and decay when the mixer
output is noise and the one-shot envelope i$ selected. Figure 6 shows exampies of noise with a VCO envelope and attack

and/or decay.

MIXER MIXER
QUTPUT QUTPUT
ONE-SHOT vCo
ENVELOPE . ENVELOPE
onm—— #
: - -
ATTACK-\‘.l. Tn~ DECAY ATTACK
, ] . ONLY
DECAY
ONLY

T e— hd"

DECAY

FIGURE 5

gL

ATTACK AND

FIGURE 6
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TYPE SN76471

COMPLEX SOUND GENE

RATOR

10. output amplifier

The output amplifier is

external fee

{tis designed a

Rg should be in the range of 47 k§ to 2

ut range is limited to 2.5 v

The dynamic outp
Therefore pin

foliower Wi
o 10 k2.

When an exte
and feedback from the externa

11. regulator

The circuit will opera
with Vg (pin 14) le
supply applied to VCC p
§-volt regulated supply of

ithout a load resistor.

Equation 8: Vout

designed to interface

dback resistor {Rg) from pin 12 to
: ndance outpu

t. The peak output volta

OPERATION

with sound m

34RF

20 kQ.

te from either of two power
ft open. However, an interna
in 14} and in addition to sup
up to 10 mA from-Vreg (PN 1

This simple amplifier setup draws c. 30mA

TYPICAL AUDID

AMPLIFIER

2N2222

RACING CAR

* Ty

kb

CRASH
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5) for use outside the integrate

BV
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y the following equation:

lated supply ma
s the use of a 7.5
the internal requiato
d circuit.
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