INTERSIL ICL8038

Precision Waveform
Generator/Voltage
Controlled Oscillator

FEATURES . GENERAL DESCRIPTION
» Low frequency drift with temperature - 50ppm/°C The ICLED3B Waveiorm Generator is a monolithic integrated

s Simultaneous sine, square, and triangle wave circuil capable of producing high accuracy sine, square,
outputs triangular, sawtooth and pulse waveforms with a minimum of

s Low distortion - 1% (sine wave aulput) external components. The frequency lor repetition rate! can

« High linearity - 0.1% (triangle wave output) be selected externally fram .001Hz to more than 300kHz
- using either resistors or capacitors, and frequency

* Wide operating frequency range - 0.001Hz to modulation and sweeping can be accomplished with an

. 0.3MHz external voltage. The ICLB038 is fabricated with advanced
* Variable duty cycle - 2% to 98% monalithic technology, using Schottky-barrier diodes and
» High level outputs - TTL to 28V thin film resistors, and the output is stable over a wide range
» Easy to use - just a handful of external components of temperatura and supply variations. These devices may be
required ) interfaced with phase locked loop circuitry to reduce

temperature drift to less than S0ppm/°C.

BLOCK DIAGRAM PIN CONFIGURATION (outline dwg JD)
v"'
8
CURRENT
SQURCE COMPARATOR
&1 Il A\IAV L]
' 10 o
] SINE WAVE
o [ apJdust U 1] NG
== COMPARATOR SINE WAVE 5 7 ne
]
TRIANGLE . SINE WAVE
/ our L2 12| ApJusT
ouTY IcLaoas
e ] 11] v~ OR GND
FREQUENCY TIMING
SRR FLIP-FLOP aowust | [E] 19 capaciton
uRes v [E] =1 SBUARE WAVE
- ouTt
Il oV~ or GND M 7| FM SWEEP
] BIAS INPUT
SINE
surreR |- | aurren 1 WWE“TEH.—I
s JLIL s AN LAY

ORDERING INFORMATION

TYPE TEMPERATURE RANGE STABILITY PACKAGE ORDER PART NUMBER
68038 CC 0°GC lo +70°C 50ppm/° C typ CERDIP ICLBO38 CC JD
8038 BC 0°C 1o +70°C 100 ppm/°C max CERDIP ICLBO3B BC JO
8038 AC 0*Cto +70°C 50ppm/° C max CERDIP ICLBO3B AC JD
8038 BM —55°C to +125°C 100ppm/® C max CERDIP ICLBO3B BM JD
8038 AM -55°C to +125°C 50ppm/° C max CERDIP ICLB03B AM JD
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ICL8038
MAXIMUM RATINGS

Supply Voltage

Power Dissipation'™......

Input Valtage (any pin}
Input Current (Pins 4 and

Qutput Sink Current (Pins 3 and 91

Starage Temperature Ran
Operating Temperature R;
2038AM, BO38EM ..

BO38AC, 8038BC, BU28CC
Lead Temperature (Soldering, 10 sec.)

INMERSIL

306665000000006000500 05650000 0GoGHO0S +18Y or 36V Total
...... R < 1 L1
....................... Mot Ta Exceed Supply Voltages
Bl e 0OpOCcoDooDabdon FfreERTRTLRR RS Jaaea 20MA

25mA

ge
ange:

Stresses above those listed under Absolule Maximum Ratings may cause permanent damage lo the device. These are stress ratings anly, and
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specilicationsis nat
implied. Expasure to absclute maximum rating conditions for extended periods may aflect device reliability.

NOTE 1: Derate ceramic package at 12.5mW/*C for ambient temperatures above 100°C,

ELECTRICAL CHARACTERISTICS
Wsupp = 210V or +20V, Ta = 25°C, RL = 10k(, Test Circuit Unless Otherwise Specified)

H03BCC A038BC{BM) BO3BACIAM)
SYMBOL| GEMERAL CHARACTERISTICS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Vsupp | Supply Vollage Operaling Range
V" Single Supply +10 +30 +10 a0 +10 30 v
'S Dual Supplies 5 +15 5 15 =5 *=15 v
lsupp | Supply Current (Vsupp = 21002 )
ED3BAM, BOJAEM 12 15 12 15 mA |
EOBBAC, BO3RBC, BO3BCC 12 20 12 20 12 20 mA
FREQUENCY CHARACTERISTICS Iall waveformzs)
fmax Maximurm Frequency of QOscillation 100,000 100,000 100,000 Hz
fowaep | Sweep Frequency of FM 10 10 10 kHz
Sweep FM Range 3501 35:1 351
FM Lineanty 10:1 Ratio 0.5 0.2 0.2 )
Al/AT | Frequency Orift With Temperature's
+28°C 1o + 70°C( +125°C) 250 150 80 "
0°C (- 40°C) o + 25°C 250 200 20 | PPM/OC
Al/AV | Frequency Drift With Supply Vollage
(Over Supply Vollage Range) 0.05 0.05 0,05 YiVsypp
Recommended Programming
Resistars (Ax and Rp! 1000 1M 1000 1M 1000 M ]
CUTPUT CHARACTERISTICS
Square-Wave
oLk Leakage Current IWg = 30V 1 1 1 uh
| Vaar Saturation Voltage llsink = ZmA) 0.2 0.5 0.2 0.4 0.2 0.4 v
I Rise Time (AL = 4.7k{p 160 180 180 ns
| _ b Fall Time (R = 4.7kill 40 a0 40 ns
Duty Cwvcle Adjust 2 58 2 58 2 965 b
Trlangle/Sawlaalh/Ramp
Amphitude IRTr = 100k{N 0.30 0.33 0.20 0.33 0.30 0.33 *Vsyupp
| Lingarity 0.1 Q.05 (.05 2
Zout | Qutput Impedance Hlour = SmA) 200 200 200 T
Sine-Wave
Amplitude (Rgine = 100k(Y 0.2 022 0.2 0.22 0.2 0.22 xVsupe
THD (R5 = 1Ml 20 E 1.5 3 1.0 1.5 £
THOD Adjusted (Lse Fig. Bb) 15 1.0 0.8 %

NOTE 2: Rs and Re currents not included.
NOTE 3: Wsupp = 20V; R4 and Ra = 10k{1, | = BkHz; Can be exiended 1o 1000.1, See Figures 13 and 14.
NOTE 4: 82k() connected between pins 11 and 12, Triangle Duty Cycle set at 50%. IUse Ra and Rg.)
NOTE 5: Fig. 2, pins 7 and 8 connected, VsurR = 10V, See Fig. 6c for T.C. vs Vsupe.
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ICLB8O38 INTERSIL
TEST CONDITIONS

PARAMETER Ra RAe AL Cy SWh MEASURE

Supply Current 10ki} 10kf1 10k 3.3nF Closed | Current inlo Pin 6
Maximum Frequency of Oscillabgn Tk{l 1k{] 4.7ki} 100pf Closed | Freguency al Pin 8
Sweep FM Range'n 10k1 10k(1 10k{} 3.3nF Open Frequency al Pin 8 |
Frequency Orift wiith Tempearalure 10k(1 10kI} 10k{ 3.3nF Closed Frequency at Pin 9
Frequency Drift wilh Supply Vollage2r 10k(L 10k[1 10k{1 3.3nF Closed | Frequency al Fin & |
Qutpul Amphitude; Sine 10Kk{) 10k() 10k{} 3.3nF Closed Pk-Pk oulput at Pin 2 |

Triangle 10KIL 10K11 [T 3.3nF Closed | Pk-FK culputat Pina |
Leakage Current (offlid 10k(1 10k£1 3.3nF Closed Current into Pin 9
Saturation Voltage lon)'a 10kl 10k11 10k{2 3.3nF Closed Qutput tow) at Pin 9
Hise and Fall Times 10k{] 10k() 4.7kl 3.3nF Closed Waveform at Pin 9
Duty Cycle Adjust: MAX S0k ~1.Gk{} 10k{} 3.3nF Closed Waveiorm at Pin 9

MIN ~25k{} B0kIY 10K} 3.3nF Clased Waveform at Pin 9
Triangle Waveform Linearity 10k(1 10k} 10Kk} 3.3nF Closed | Wavelorm at Pin 3
Total Harmome Distortion 10k " 10kI1 10Kk 3.3nF Closed Wavelorm at Pin 2

NOTE 1: The hi and |a frequencies can be oblained by connecting pin 8 to pin 7 il and then connecting pin 8 to pin 6 (ho), Otherwise apply
Sweep Vollage al pin 8 1273 Vgypp +2V) < VswEEP S Vgypp where Vsuee is the total supply veliage. In Fig. 2, pin 8 should vary
between 5.3V and 10V with respect o ground. ’

NOTE 2: 10V = V" = 30V, or =5V = Vgupp = £15V.

MWOTE 3: Oscillation can be halted by forcing pin 10 to +5 valts ar =5 vaolts,

DEFINITION OF TERMS: TEST CIRCUIT

Supply Voltage (Vsuppl. The total supply voltage fram V" to V™

Supply Currenl. The supply current required fram the power supply

to operate the device, excluding load currents and the currents

through A and Ag. ) =1V
. Frequency Range. The fréequency range at the square wave oulput Ra RE AL

through which circuil operation is guaranteed. 10k 10k 10k

Sweep FM Range. The ratio of maximum frequency to minimum

frequency which can be obtained by applying a sweep voltage to pin j_ r = £ 9 J—Ln_
8. For correct operation, the sweep voltage should be within the -
range N.C.

12/3 Vsupe + 2V) < Vaweer < Vaupp

FM Linearlly. The percentage deviation from the best-fit straight lina
on the control voltage versus oulput frequency curve. Rt

Output Amplilude. The peak-lo-peak signal arﬁplitude appearing at
the outputs. . 1 2 2 nu'h

8 ICLA038 :

s

Saluration Valtage. The outpul voltage at the collector of Qza whaen _i_
this transistor is turned on, It is measured lora sink current of 2mA, [ 3k Rsine
Rise and Fall Times. The time required for the square wave gutputta TMPF =
change trom 10% o 90%, or S0% to 10%, of i1s final valua. a =10V
Triangle Wavelorm Linearity. The percentage deviation from the
besi-tit straight line on the rising and talling triangle wavelorm.
Total Harmonic Distortion. The totalharmonic distortion at the sine-
wave gulpul,
TYPICAL PERFORMANCE CHARACTERISTICS
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ICLBO38

THEORY OF OPERATION (see block diagram,
first page)
An exlernal 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 siate such that current
source #2 is off, and the capacitor ischarged withacurrent |,
the voltage across the capacitor rises linearily with time.
When this voltage reaches the |evel of comparator #1 (sel at
2/3 of the supply valtage!, the flip-flop is triggered, changes
states, and releases current source #2. This current source
normally carries a current 2[, thus the capacitor is
discharged with a net-current | and the voltage across it
drops linearly with time. When it has reached the level of
comparator #2 (set at 1/3 of the supply voltagel, the flip-flop
is triggered into its original state and the cycle starts again.

INTERSIL

Four waveforms are readily oblainable from this basic
generator circuit. With the current sources set at | and 21
respectively, the charge and dischargetimes are equal. Thus
a triangle waveform is crealed across the capacitor and the
flip-flop produces a square-wave. Both waveforms are fed to
buffer stages and are available at pins 3 and 9.

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 different from | and 21, an
asymmetrical sawtooth appears at terminal 3 and pulsas with
a duty cycle from less than 1% to greater than 99% are
available at terminal 9. .

The sine-wave is created by feeding the triangle-wave into a
non-linear netwark (sine-converterl. This network provides a
decreasing shunt-impedance as the potential of the triangle
moves toward the two extremes.

Performance of the Square-Wave Output
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ICL8038
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Square-Wave Duty Cycle — 50%

Square-Wave Duty Cycle — 803

Phasa Relationship of Waveforms

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 1. Best results are obtained by
keeping the timing resistors Ra and Rp separate (al, FAa
conlrols the rising portion of the triangle and sine-wave and
the 1 stale of the square-wave, ’

The magnitude of the triangle-waveform is set at 1/3 Vsupe;
therefore the rising portion of the triangle is,

_CXV _CX1/BXV' XRa _ 5
=T T TTamxw g axC

The falling portion of the triangle and sine-wave and the 0
stale of the square-wave is:

ty

¢ _CxVv_ Cx1/3V -5, BaReC
#7707 T2, Vsuee _1 _Vsupe 3 2Ra-Re
5 Re 5 Ra '

Thus a 50% duty cycle is achieved when Ra = Ra.

It the duty-cyele is to be varied over a small range about 50%
anly, the conneclion shown in Figure 1b is slightly mare
convenient, If no adjustment of the duty cycle is desired,
terminals 4 and 5 can be shorted logether, as shown in Figure
1, This connection, however, causes an inherently larger
variation of the duty-cycle, frequency, etc.

With twa separate timing resistors, the frequency is given by

{= 1 1
Thttz 5 ( Ra )
— 14+ —m———
s PG\ R R
or,ifRA=Re =H
i= %ﬂor Figure 1a)

If a single timing resistor is used (Figure 1c onlyl, the
frequency is

Meither time nor frequency are dependent on supply voltage.
even though none of the vollages are regulaled inside the
integrated circuit. This is due to the fact that both currents
and thresholds are direct, linear functions of the supply
vollage and thus their effects cancel.

To minimize sine-wave distortion the 82k(1 resistor 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 connected as shown in
Figure 2: this configuration allows a typical reduction of
sing-wave distortion close to 0.5%.

(a) (b} (<}
L l —ay" v
R AL
Ra Ap AL Thid
Ra Ru AL
4 5 ]
El ¢ = ] I I I |:"|‘I 1] I I I I T ] i I I I
|:, IcLao3a —a a lcLeo3g 3—a W 8 ICLBO3R f— a\/\{

10 1 w2 Yy 10 1 2 2 Y\ 10 11 w2 Y
J-v.': B2k Iv: 100k Lc 82k

T oV~ or GND T + ¥ or GHD | V' arGHD

Figure 1: Possible Connections for the External Timing Resistors.
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ICL8038

| I

8 ICLBOIB s——o AN
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T 100kt
’ mu%
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Figure 2: Connection 1o Achieve Minimum Sine-Wave Distortion.

SELECTING Ra, Re AND C
Far any given output frequency, there is a wide range of RC
comoinations that will work, however certain constraints are

placed upon the magnilude of the charging current for-

optimum perfarmance. At the low end, currents of less than
¢ A are undesirable because circuit leakages will conlribute
signiftcant errors at high temperatures. At higher currenis (1
* oAl transistor betas and saturation valtages will
coninibute increasingly larger errors. Oplimum performance
will. therefore, be obtained with charging currents of 10uA to
ImA. If pins 7 and 8 are shorted together, the magnitude of
the charging current due to Ra can be calculated from:;

_ RixVsupe ., 1 _ Vsupp

{R1+ Rz Ra SRA

A similar caleulation holds for Aa.
The capacitor value should be chosen al the upperend of its
Possible range.

WAVEFORM OUT LEVEL CONTROL AND

POWER SUPPLIES

The wavetarm generator can be operated either from a single
Power-supply (10 to 30 Yolts) or a dual power-supply (£5 to
=15 Valts). With a single power-supply the average levels of
he triangle and sine-wave are at exactly ane-half of the
Supply valtage, while the square-wave alternates between V"
and graund. A split power supply has the advantage that all
*avelorms move symmetrically about ground.

The square-wave output is not committed. A load resistor
tan be connected o a different power-supply, as long as the
2pplied valtage remains within the breakdown capability of
e wavelorm generator {30V, In this way, the square-wave
Sulput ean be made TTL compatible (load resistor
tannecled to +5 Volts) while the wavelorm generator itselfis
Powered fram a much higher voltage.

INTERSIL

FREQUENCY MODULATION AND SWEEPING

The frequency of the waveform generator is a direct function
of the DC voltage at terminal 8 tmeasured 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 B, merely providing DC decoupling
with a capacitor as shown in Figure 3a. An axternal resistor
between pins 7 and 8 is not necessary, but it can be used to
increage input impedance from about 8kl (pins 7 and 8
cannected together), to about (R + 8k,

For larger FM deviations or for frequency sweeping, the
modulating signal is applied between the positive supply
voltage and pin 8 (Figure 3b). In this way the entire bias for
the current sources is created by the modulating signal, and
a very large fe.g. 1000:1) sweep range is created {f = 0 at
Vswesp = 0l. Care must be taken, however, to regulate the
supply voltage; in this configuratian the charge current is no
longer a function of the supply voltage (yat the trigger
thresholds still arel and thus the freguency becomes
dependent on the supply voltage. The patential on Pin 8 may
be swept down from V™ by (1/3 Vsupp — 2V

@
v+
;1% Re AL
R
P 1CLA03A 3 AN
L
10 11 1z 2 VAT

-'I|=C . lli_
VZorGND

(k)

SWEER Ra Ra A
VOLTAGE

8 ICL8038 3 _.___n/\’,c\,

10 11 12 ?—ﬂrU‘U

-[ ¥V orGHD

Flgure 3: Connections for Frequency Modulation (o) and Sweaep (b
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APPLICATIONS -
CTY RB
— . s 5]AMPLITUDE
8 ICLA038 20%
10 11
‘_Lc
T -

Flgure 4: Sine Wave Output Bulfer Amplifiers.
The sine wave oulput has a relatively high oulput impedance
{1kl Typ). The circuil of Figure 4 provides bulfering, gain and
amplitude adjustment, A simple op amp follower could also be

used.

FREQUENCY

RA

11

L
=

1CLB038

+15V [+10V)
-15¥ (-10%)

Flgure 5: Strobe-Tone Burst Ganerator.
‘With a dual supply voltaga the external capacitor on Pin 10 can be
shorted to ground 1o halt the 8038 cscillation. Figure 5 shows a
FET swilch, diode ANDed with an input strobe signal to allow the
output to always start on the same slope.

ouTt

CYCLE

IN4ST

+ 10V

15k

10k

g )

10

ICLBD3A

11 12

22—t

L s
200 %;ﬁu% Tm

N\

DISTORTION
100k
=10V

Flgure 6: Variable Audio Oscillator, 20Hz to 20kHz.
To obtain a 1000:1 Sweep Range on the 8038 thavollage across external resistors Ra and A must decrease to nearly zero. This requires that the
highest voltage on cantrol Pin B exceed the valtage at the top of R and Ra by a faw hundrad millivolls.
Tha Circult of Figure 6 achieves this by using a diode 1o lower the eifective supply vollage on the 8038. The large resistor on pin 5 helps reduce
duty cycle variations wilh sweep.

HIGH
FREGQUENCY = | J__,
SYTMMETRY 1NT53A 50001 o 10002
B2¥) 24780 470 <
L 1N < 1000
M AR P Low
1,000pF FREQUENCY
4 § & It SYMMETRY
8 15V
1CLB038 AN ~
8 FUNCTION GEMERATOR 3If———= 781
g I +
10 " 12 S0uF
15y
100kE:
T 19000F SINE-WAVE
r DISTORTION l

Flgure 7: Linear Voltage Controlled Oscillator
Tha linearily of input sweep vollage versus output frequancy can be significantly improved by using an op amp as shawn in Figura 7.
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ICL8038

USE IN PHASE-LOCKED LOOPS

Its high frequency stability makes the ICL8038 an ideal
building block far a phase-locked loop. In this application
the remaining functional bloeks. the phase-detector and the
amplifizr, can be farmed by a number of available IC's le.q.
MG 4344, NE 562, HA 2800, HA 28201

In order to match these building blocks to each other, two
steps must be taken. First, two diflerent supply voltages are
used and the square wave output is returned Lo the supply of
the phase detector. This assures that the VCO input voltage
will not exceed the capabilities of the phase detector, If a
smaller VCO signal is required, a simple resistive voltage
divider is connected between pin 9 of the waveform

INTERSIL

Second, the DC autput level of the amplifier must bemade com-
patible to the DC level required at the FM inpul of the waveform
generator (pin 8, 0.8 X V') The simplest sclution hereis to pro-
vide a voltage dividerto V* (R1, Rz asshownlif theamplifierhasa
lawer autput 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 alse has the
unique feature of producing a large reconstituted sinewave
signal wilh a fraquency identical to that at the inpul.

For further information, see Intersil Application Bulletin
AD13, "Everything You Always Wanted to Know About The

genarator and the VCO input of the phase-detector. B033."
- ¥TT
ouTY
" CYCLE
il FREQUENGY,
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FMBlas| ¢ 5 & vy

P 7 ifp—o
v o—

sn‘g‘acg SINE WAVE

“ ouT

out 1CLEO38
1 8 2— AN\,
[']+s] :
IN DEMODULATED F
INPUT oo _— AMPLIFIER FM | SWEEP

PHASE DETECTOR INRUT| - SINE WAVE

ADJ.

R o 10 11 12
— J_ SINE
LOW-PASS Ml WAVE
FILTER ' ADJ.
VIGND

Figure B: Wavelorm Generatar Used as Stable VCO in a Phase-Locked Loop
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INTERS,

ICL8038

DETAILED SCHEMATIC

CUARENT SOURCES

SINE-COMYERTER
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