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ABSTRACT
THIS PROJECT PRESENTS A BANG-BANG TECHNIQUE THAT USED TO
CONTROL A 500 VA INVERTER BY USING PWM ( PULSE WIDTH MODULATION ) BY
USING OUTPUT OF INVERTER FEEDBACK . THE INVERTER CAN CONTROL
CONSTANT OUTPUT VOLTAGE FOLLLOWING SINE REFERRENT . IN THE BEGINING
OF EXPERIMENT ,CONTROL CIRCUIT AND POWER CIRCUIT ARE SIMULATED BY
]
COHP&TER . TO TEST PROPRABILITY OF THE CIRCUIT AND TO TEST
EFFIOIENCY OF INVERTER . THIS TECHNIQUE IS ADVANTAGES ANOTHER
CIRC@IT » ITS HAS AN [EASY CIRCUIT AND AND FAST RESPONSE . THIS

CONTﬁOL TECHNIQUE IS SUITABLE FOR UPS SYSTEN.
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o ’ .
9 Precision Waveform :
2 Generator/Voltage , o
Controlled Oscillator !
.4 !
GENERAL DESCRIPTION FEATURES L,
The ICLB038 Waveform Generator is a monolithic inte-: & Low Frequency Drift With Temperature o .
grated circuit capable of producing high accuracy sine, — 250ppm/°C
square, triangular, sawlooth and pulse waveforms with a ¢ Simuitaneous Sine, Square, and Triangle Wavé
minimum of external components. The frequency {or repeti- Qutputs RN
tion rate) can be selected externally from .001Hz to more ¢ Low Distortion — 1% (Sine Wave Output)
than 300kHz using either resistors or capacitors, and 7 ¢ High Linearity — 0.1% (Trlangle Wave Output)
frequency modulation and sweeping can be accomplished ¢ Wide Operating Frequency Range — 0.001Hz {6
with an external voltage. The ICL8038 is labricated with 300kHz
advanced monolithic technology, using Schottky-barrier ® Variable Duty Cycle — 2% to 98% ck
diodes and thin film resistors, and the output is stable over a ¢ High Level Outputs — TTL to 28V .
wide range of temperature and supply variations. These o Easy to Use —Just A Handtul of External gt
devices may be interfaced with phase tocked loop circuitry Components Required
to reduce temperature drift 1o less than 250ppm/°C.
ORDERING INFORMATION
PART NUMBER STABILITY TEMP, RANGE PACKAGE
1CLB03BCCID 250ppm/°C typ 0°C to +70°C CERDIP
ICLBO3BBCID 180ppm/°C typ 0°C to +70°C CERDIP
ICLBO3BACID 110ppm/*C typ 0°C to +70°C CERDIP
ICLB038BMID® 350ppm/”C max ~55°C 10 +125°C CERDIP
ICLB03BAMID® 250ppm/*C max -55°C to +125°C CERDIP
ICLBO3B/D — = DICE**
*Add /8838 to part number if 883 processing 1s required.
**Parametoer Min/M'ax Limits guaranteed at 25°C only for DICE ordets.
T v
]
| CURRENT
LS
' DUl‘iE " % COHP:'AA'IOI
[ R
I "‘ sINE 'AV: 4 E NC
¢ COMPARATOR 'M:" : n' o
. T "2 < ouT 3 NC
. TRIANOLE r= SINE WAYE
ouTt ADJUST
s
o 6 E v onaNo
CURRENT FREQUENCY
souRCE FLPFEDR sownt {[§] caracTon
0
SOUARE WAVE
I V™ or GND v E E] our
N SRR | 1 : ol £ [3) T4 sweer
[ WPUT
UNE
SUFFER ‘el BUFFER CoNVERTE —
inn W
#b007301
Figure 1: Functional Diagram Figure 2: Pin Confi urallon *
(Outline dwg b
S
302600-002
Note: At typical values have been g by ¢h and aré not lested. )
;*L
586 g




ICL8038 BINTERSIL

+ TEST CONDITIONS

PARAMETER Ra Rp Rp ¢« Cy SWy MEASURE
Supply Current 10k$2 105Q 10k§2 3.3nF Closed Current into Pin 6
Sweep FM Rangol") 10k2 10k2 10k02 3.3nF Open | Frequency at e 9
Frequency Drift with Temperature 10kQ 10kQ2 10k§2 3.3nF Closed Froquency al Pin 3
Frequency Drift with Supply Vunag';ﬂ'r 10h52 10k§2 10k 3.3nF Closed Frequency at Pin &
Output Amplitude. Sine 10k 10k$2 10k * 3.9nF Closed Px-Pk output at Pin 2
(Nots 4) Triangle 10kS? | 10k2 10k 33nF Closed Pk-Pk output st Pin 3
Leakage Current (ot 10kS1 10k§2 3.3nF Closed Current nto Pin 9
Saturation Vollage {(on)3) 10k 10k§2 3.3nF Closed Output (low) et Pin
Rise and Fall Times (Note S) 10k§2 10682 4.7k2 3.3nF Closed Waveform at Pin 9
Duty Cycle Adjust.  [MAX 50k} ~1.6kQ2 1001 3.3nfF Closed Wavetorm st Pin @
{Note 5) MIN ~25k2 50k92 102 3.3nF Closed Waveform at P ©
Triangle Wavetorm Linearity Yok§2 10k 10k§1 3.3nF Closed Waveform at Pin 3
Total Harmonic Distortion 10k2 .10k 10k$2 3.3nF Closed Waveform at Pin 2

NOTES: 1. The hi and lo lrequencies can ba obtained by connecting pin 8 1o pin 7 (tn) 8nd then connecting pin 8 10 pin 6 (i). Otherwise
. 8pply Sweep Voltage at pin 6 (2/3 VsuppLy +2V) S Vsweee € VsuppLy where VsuppLy i the la(al supply voltage in Figure 7b,
pin 8 should vary betwean 5.3V and 10V with respect to ground.

2. 10Vsv* <30V, or £5V < Vgyppry £ £ 15V,

3. Osciligtion can be halted b} forging pin 10 1o +5 volls.or -5 volts.

4. Output Amplitude is tested under slatic~Eonditions by forcing pin 10 1o 50V then to ~5.0V.
5. Not tested; lor design purposes only.

DEFINITION OF TERMS:

Supply Voltage (VsuppLy). The total supply voltage from N e
v¥iov- o 1ol s
Supply Current. The supply current required from the <
power supply to operate the device, exciuding load currents N S "
and the currents through R and Rg. l 7 'n‘nv
Frequency Range. The frequency range at the square ,'?,’;
wave output through which circuit operation is guaranteed.
s L8038 3 AN

Sweep FM Range. The ratio of maximum frequency to
minimum frequency which can be obtained by applying @
sweep voltage to pin 8. For correct operation, the sweep

voltage should be within the range N

(2/3 VsuppLy + 2V) < VSWEEP < VSuPPLY

FM Linearlty. The percentage deviation from the best-fil
straight line on the control voltage versus output frequenc .

curvg.’ gover b LY Figure 3: Tes{ Circuit «
Output Amplitude. The peak-to-peak signal amplitude
appearing at the outputs.

Saturation Voltage. The output voltage at the collector of
Q23 when this transistor is turned on. It is measured for a
sink current of 2mA.

Rise and Fall Times. The time required for the square wave
output to change from 10% to 80%, or 90% to 10%, of its
final value.

Triangle Waveform Linearity. The percentage deviation
from the best-fit straight line on the rising and falling triangle
waveform.

Total Harmonlc Distortion. The total harmonic distortion
at the sine-wave output.

Note: All typical values have been g d by ch i and are not tested.
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ICL8038
ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V> 1o V*) .o, sV
Power Dissipation(!........ .. 750mW
Input Voltage (any pin) ...... VT vt
Input Current (Pins 4 and 5) v.cceveerrvvrrneeriennnnnnn, 25mA
Output Sink Current (Pins 3 and 9) ................... 25mA

Stresses abovo those hsted under Absolute Maximum Ratings may cause
operetion of the device at these or any other conditrons above those ind

EINTERSIL

Storagé Temperature Range ... -65°C to +150°C

Operating Temperature Range:
B03BAM, 8038BM.................
8036AC, 80388C, 8038CC

Lead Temperature (Soldering, 10sec),

~55°C to +125°C
0°C to +70°C

permanent damage 1o the device, Thess are stress rafings only, and functional
in the

of the spacificetions is not implied Exposure to

absolute maximum rating conditions for extended petiods may allect device rohability.
NOTE %: Derate ceramic package et 12.5mW/"C for ambienl temperatures above 100°C.

ELECTRICAL CHARACTERISTICS (VguppLy = £10V or +20V, Ta = 25°C, Ry = 10kS2, Test Circult Unless
Otherwise Specified)

8038CC 8038BC(BM) B038AC(AM)
SYMBOL GENERAL CHARACTERISTICS N UNIT
MIN | TYP | MAX [ MIN | TYP | MAX'| MIN | TYP | MAX
VsuppLy Supply Voltage Operating Range
v* Single Suppty +10 430 | +10 30 +10 30 v
Ve, ve Dua! Supphes 45 415 EX3 15 *5 215
IsuppLy Supply Current (Vsyppiy = ¢ 10V)i2}
8038AM, B038BM 12 15 12 15 mA
B038AC, 8038PC, 8038CC 12 20 12 20 12 20 mA
FREQUENCY CHARACTERISTICS {all wavetorms)
fmax M F y of Oscil 100 100 100 { kHz
Tsweop Sweep Frequency of FM tnput . 10 10 0 kHz
Sweep FM Rangel 351 35:9 3s5:1
FM Linganty 10:1 Ratio 0.5 0.2 02 %
Avar Py 8000 00 B30 v b {% o pomr G
8038 AM, BM, -55°C to 125°C 350 250 |.
avav &":‘r"gg‘, 3"30732'52 i“:’r“’;’o;’°"‘9° 0.08’ 0.05 008 v
OUTPUY CHARACTERISTICS
Square-Wave
loLk Leakage Current (Vg = 30V) 1 1 1 pA
Vga Saturation Voltage (I = 2mA) 0.2 05 0.2 0.4 0.2 0.4 v
4 Rise Time (AL = 4.7k 180 180 180 ns
7] Fall Time (R = 4.7x8Y) p 40 40 40 ns
AD Typical Duty Cycle Adjust (Note 6) 2 ] 2 98 H 08 %*
Triangle/Sawtooth/Ramp .
VYRIANGLE Amplitude (Rtg) = 100kSY) 030 | 033 030 | 033 030 | 033 xVsuppLY
Linearity 0.1 0.05 0.05 %
* 2oyt Output Impedsnce (loyy » SmA) 200 N 200 200 13
Sine-Wave
Vsing Amplitude (ReiNg = 100KSY) 0.2 0.22 0.2 0.22 0.2 0.22 xVsuppLy
THD THD (Rg = 1M ' 2.0 5 1.5 3 10 | 15 %
THD THD Adjusted (Use Figure 6) 1.5 1.0 08 %
NOTES: 2. Ra end Ry curents nol included. '
3. VsyppLy = 20V; Ra and Rg = 10kS2, {2 10kH: nominal; can be extended 1000 to 1. See Figwes 78 and 7b.
4. 82x§1 connected between pins 11 and 12, Triangla Duty Cycle set at 50%. (Use Ra and Rg)
5. Figure 3, pins 7 and 8 connecled, VsuppLy = £ 10V. See Typical Curves for 1.C. vs VsuppLy. .
Note: All typica! values have been o d by ch zation and are not lested,
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FREQUENCY MODULATION AND
SWEEPING

The frequency of the wavelorm generator is a direct
1unchon of the DC voltage at terminal 8 (measured from
v*). By altering this voltage, frequency modulation is
performed. For small deviations (e.g. £ 10%) the modulating
signal can be applied directly to pin 8, merely providing DC
decoupling with a capacitor as shown in Figure 7a. An
external resistor between ping 7 and 8 is not necessary, but
it can be used to increase input impedance from about 8k
{(pins 7 and 8 connected together), 1o aboul (R + 8kSY).

The sine wave output has a relatively high output
impedance (1k$2 Typ). The circuit of Figure 8 provides
buffering, gain and amplitude adjustment. A simple op amp
follower could also be used.

S :
L. "
[ :

teonie

Figure 8: Sine Wave Output Buffer Amplifiers

Note: All typical vatues have been g by

¥

For larger FM deviations or for frequency sweeping, the
modulating signal is applied between the positive supply
voltage and pin 8 (Figure 7b). In this way the entire bias for
the current sources is created by the modulating signal; and
a very large {e.9. 1000:1) sweep range is created (f = 0 at
Vsweep = 0). Care must be taken, however, to regulate the
supply voltage; in this configuration the charge current is no
longer a function of the supply voltage (yet the trigger
thresholds still are) and thus the frequency becomes
dependent on the supply vollage The potential on Pin 8
may be swept down from V* by (1/3 VsuppLy - 2V).

APPLICATIONS

With a dual supply voitage the externgl capacitor on Pin
10 can be shorted 1o ground to hait the ICLB038 oscillation.
Figure 9 shows a FET switch, diode ANDed with an input
strobe signal to aliow the output to always start on the same
slope.

To obtain a 1000:1 Sweep Range on the ICL8038 the
voltage across external resistors Rp and Rg must decrease
to nearly zero. This requires that the highest voltage on
control Pin 8 exceed the voltage at the top of R and Rg by
a few hundred millivolts.

The Circuit of Figure 10 achieves this by using a diode to
lower the effective supply voltage on the ICLB038. The
large resistor on pin § helps reduce duty cycle variations
with sweep.

and are not lested.
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10 1 2 33— Y\ 10 1 2 — Y\ 10 1 12 ’l_" N
=c [t et (Y '.[L: 23

1]
V™ or GND — V¥V ot GND V" or OND
1G0sos0r (o080 L]
Figure 5: Possible Connections for the External Timing Resistors

Neither time nor frequency are dependent on supply
voltage, even though none of the voltages are regulated
inside the integrated circuit. This is due to the fact that both
currents and thresholds are direct, linear functions of the
supply voltage and thus their effects cancel.

To minimize sine-wave distortion the 82kSY resigtor
between pins 11 and 12 is best made variable. With this
arrangement distortion of less than 1% is achievable. To
reduce this even further, two potentiometers can be con-
nected as shown in Figure 6; this configuration allows a
typical reduction of sine-wave distortion close to 0.5%.

l | d
1
LN Rs R
’ 118038 I—AA
1 1 12 1 1&———-«’\/\, 10k
1N Y
100k}
,.,.%
v a’vﬂND
1O toe0!
Figure 6: Connection to Achleve
Minimum Sine-Wave Distortion

-

.

SELECTING Rp, Rp and C

For any given output frequency, there is a wide range of
RC combinations that will work, however certain constraints
are placed upon the magnitude of the charging current for
optimum performance. At the low end, currents of less than
1uA are undesirable because circuit leakages will contribute
significant errors at high temperatures. At higher currents
(I > 5mA), transistor betas and saturation voltages wit
contribute increasingly larger errors. Optimum performance
will, therefore, Be obtained with charging currents of 10pA
to 1mA. If pins 7 and 8 are shorted together, the magnitude
of the charging current due 1o Rp can be calculated from:

| Rixv*-vs) 1 (vt-vo)
(R + Rp) Ra 5AA
A similar ¢, Jlation holds for Rg.

The capacitor value should be chosen at the upper end
of its possible range.

WAVEFORM OUT LEVEL CONTROL AND
POWER SUPPLIES

The wavelorm generator can be operated either from &
single power-supply (10 to 30 Volts) or & dual power-supply
(£5 to>+15 Volts). With a single power-supply the average
levels of the triangle and sine-wave are at exactly one-half
of the supply voltage, while the square-wave alternates
between V* dnd ground. A split power supply has the
advantage that all waveforms move symmetrically abgut
ground.

The'square-wave output is not committed. A load resistor

can be connected to a different power-supply, as fong a8. i
the applied voltage remains within the breakdown capability

of the wavelorm generator (30V). In this way, the square-
wave output can be made TTL compatible (load resistor
connacted to + 5 Volls) while the waveform generator itsolf
is powered from a much higher voltage.

Note: All typical values have been guaranteed by characterization and are not lested.
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Square-Wave Duty Cycle—50%

Figure 4: Phase Relationship of Waveforms

WFD1500

Square-Wave Duty Cycle—80%

DETAILED DESCRIPTION
(See Figure 1)

An external capacitor C is charged and discharged by two
current sources. Current source # 2 Is switched on and off
by a flip-flop, while current source # 1 is on continuously.
Assuming that the flip-flop is in a state such that current
source # 2is ofl, and the capacitor is charged with a current
I, the voltage across the capacitor rises linearily with time.
When this voltage reaches the level of comparator #1 (set
at 2/3 of the supply vottage), the flip-flop is triggered,
changes stales, and releases current source #2. This
current source normally caries a current 2l, thus the
capacilor is discharged with a net-current § and the voltage
across it drops finearly with time. When it has reached the
level of comparator #2 (set at 1/3 of the supply voltage),
the the flip-fiop Is triggered into its otiginal state and the
cycle starts again.

Four wavelorms are readily obtainable from this basic
generator circuit. With the current sources set at | and 21
respectively, the charge and discharge times are equal.
Thus a triangle waveform is created across the capacitor
and the flip-flop produces a square-wave. Both waveforms
are fod to buler stages and are ‘available at pins 3 and 8.

The levels of the current sources can, however, be
selected over a wide range with two external resistors.
Therefore, with the two currents set at values ditferent from
| and 2l, an asymmetrical sawlooth appears at terminal 3
and pulses with a duty cycle from less than 1% to greater
than 99% are available at terminal 8.

The sine-wave Is created by feeding the trlangle-wave
into a non-linear network (sine-convarter). This network
provides a decreasing shunt-impedance as the potentiat of
the triangle moves toward the two extremes.

WAVEFORM TIMING

The symmetry of all waveforms can be adjusted with the
external timing resistors. Two possible ways to accomplish
this are shown in Figure 5. Best results are obtained by
keeping the timing resistors Ra and Rp separate (8). Ra

Note: All typical values have been o

1

controls the rising portion of the triangle and sine-wave and
the 1 state of the square-wave,

The magnitude of the triangle-waveform is set at 1/9
VsuppLy: therefore the rising portion of the triangle is,

Cxv Cx ¥ xVsyppLy xR 5
Sy, CxBrvswec XA, Zg, ¢
[ /5 x VSUPPLY 3

The falling portion of the triangte and sine-wave and the 0
state of the square-wave is:

\ CxV Cx 1/3 VsuppLY § RARRC
= -—x
- 2 Vsurpiy 1 Veuepiy 3 2a-Re
Rg 5 Ra

Thus & §0% duty cycle is achieved when Ra = Rp.

If the duty-cycle is to be varied over a small range about
50% only, the connection shown in Figure 5b is slightly
more convenient. i no adjustment of the duty cycle is
desired, ferminals 4 and 5 can be shorted together, 88
shown In Figure 5¢. This connection, however, causes an
inherently larger variation of the duty-cycle, frequency, etc.

With two separate timing resistors, the frequency is given

or, f Ra=Rg=R
t 03 {for Figure Sa)
w —- {{Or e 58
pc T

It a single timing resistor is used (Figure 5c only), the
frequency is
0.15

fm——

RC

snd sre not lesied.
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Figure 11: Linear Voltage Controlied Oscillator

w110

The linearity of input sweep voltage versus output fre-
quency can be significantly improved by using an op amp as
shown in Figure 11.

USE IN PHASE-LOCKED LOOPS

lts high frequency stabifity mskes the ICL8038 an ideal
building block for a phase-iocked loop as shown in Figure
12. In this epplication the remaining functional blocks, the
phase-detector and the amplifier, can be formed by &
number of avlilable IC's (o.9. MC4344, NE562, HA2800,
HA2820)

In order to match these building blocks to each other, two
Sleps must be taken. First, two different supply voltages are
used and the square wave output is returned to the supply
of the phase detector. This assures that the VCO input

Note. ANl typcal values have been g d by.char

voltage will nbt exceed the capabiiities of the phase
detector. I a smaller VCO signal is required, & simple
resistive voltage divider is connected between pin 8 of the
waveform generator and the VCO input of the phase-
detector. !

Second, the DC output level of the amplilier must be
made compatible to the DC level required at the FM input of
the wavelorm generator (pin 8, 0.8V*). The simplest
solution here is to provide a voltage divider to V* (R, Ry
as shown) if the amplifier has a lower output level, or to
ground if its level is higher. The divider can be made part of
the low-pass filter.

This application not only provides for a free-running

frequency with very low temperature drift, but it also has the .

and are not tested.
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3 unique feature of producing a large reconstituted sinewave For further information, see Intersil Application Notg
Q signal with a frequency identical to that at the input. A013, "Everything You Always Wanted to Know About The
1CL8038."
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Flgure 13: Detalled Schematic \

Note: All typics! 'v-vugs have been ¢ d by izstion end &re not tested.
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