DIGITAL FUNCTION GENERATOR

MODEL:__ 72-380




SECTION 1 GENERAL DESCRIPTION

INTRODUCTION

The DIGITAL FUNCTION GENERATOR provides
square, triangle, sine, ramp and pulse waveforms over &
frequency range from 0.2 Hr to 2 MMz, plus a VCF input,
vorigble DC offset and TTL or CMOS pulse output.

The frequency counter A measurement range from
0.1 Hz 1o 10 MHz. High input sensitivity of 20mv RMS.

FRONT PANEL

The main output and all controls are located on the
front panel. They are: the push button POWER switch,
saven frequency RANGE push button switches, three
push button FUNCTION switches, frequency MULTI-
PLIER [variable), DUTY potentiometer with invert switch,
DC OFFSET contral with level control, output AMPLI-
TUDE control with output attenuation, OUTPUT, VCF
(voltage controlled frequency) input, COUNTER input,
TTL or CMOS pulse output, CMOS level control with
CMOS/TTL selector SW, input semsitivity ATT, EXT/INT
selector SW, counter display, Hz and KHz indicator, over-
flow indicator, Gate signal indicator.

REAR PANEL
On the rear panel is located the power cord receptacie.

PRINTED CIRCUIT BOARDS

Main Generator; All circuitty and the power supply
gre contained on the main P.C. board. All controls and the
POWER switch are also contained on the main P.C. board.

FREQUENCY COUNTER: The freguency counter
is cantsined on the main P.C. board.

ELECTRICAL DESCRIPTION

The DIGITAL Function Generator utilizes twa con-
stant ‘current sources of opposite polarity for charging and
discharging & timing capacitor to produce the triangular
Wway

sform.

& diode shaping bridge network shapes the triangle
to produce the low-distortion sine wave. The level detector
senses the voltage on the timing capecitor and connects
and disconnects the current sources alternately, The square
wave produced by the level detector s utilized to produce
the output square wave,



SPECIFICATIONS

Specifications are listed below in table 1-1.

Table 1-1 Specifications

Theory of operation is given in section 3,

Fraguency)

it for 1000:1 13 decades)

frequency ratio input im-
pedance, Approx. 1080

Main Generator Pulse Ouput
Frequancy Fangs Eﬁmh.‘mm‘j Rise time <25 08 will sink 5 TTL Loads
Freguency Accuracy +5% of length xale Level Amplitude Fixed >+3V opan
elreul
V.C.F. (Vo Controlled Approx, 0 1o 10V {21V
e CMOS Lavel 5V-16V adjustable

Main Qutput Wave Forms

Sine, trisngis. square, puise
and ramp

Fraguency Counter

Amplitode 220V p-p open ciroult
210V p-p into 500
Attenugtion ~20dB & continuousty
Variabla
DC offa Variable +10 to - 10V opan
glreult, +5 to -6V into GO0
Sine Wave Distortion: 0,2Hz-200KHe<1%
Response: 0.2Hz-200KHz<0, 108
200K He-2MH <0, 5d8
Square wave Fiva Time << 120 nS

Fower Source AC 116/230V1: 10% BO/GOH:
Iretruction manuasl x 1
Diimangion 237 (W xBE(HIx 288 (D)mm
Waight 3.2kg
Freguency counter:

g [INT, EXT Switch Sslactor.

b. Accuracy: :Time Bate sccuracy * 1 count.
¢ Time Base: Oscillation freguency 10MHZz




Stability 0°-50°C+ 2 X 107°
Counting Capecity: 6 digit (0.3 LED display).
Assolution: 0.1Hz, 1Hz, 10Hz, 100Hz
Fraguency Range: 0.1Hz - 10MHz
Sensitivity: <20mV rms.
Max. Input Voltage: 150V rms
input Impedance: TMI2

SECTION 2 INSTALLATION AND OPERATION

UNPACKING AND INSPECTION

THE DIGITAL FUNCTION GENERATOR is pack-
aged to absorb any reasonable shock encountered during
shipping.

Carefully remove the instrument from the shipping
container and inspect for shipping damage. If damage
is found, notify the carrier immediately.
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AC POWER REQUIREMENTS

This instrument operate on line voltages of either
110V, 220V, 240V AC £ 10% 50-80Hz, power dissipation
spprox. 10VA.

FUSE REPLACEMENT
If for soma reaton the fuse blows, first try to deter-
mine the cause of the failure and remedy If possible,
NOTE: Replace with the proper size fuse ONLY to prevent
damage to the instrument.

CONTROLS AND INDICATORS

POWER SWITCH
The power switch applies power to the function

generator.

RANGE SWITCH

Seven fixed decades of frequency are provided by
the RANGE pushbutton switch. Each of the seven push-
button BANGE switches is interlocked. Depressing one
pushbutton will release all othars.

FUNCTION SWITCH

Three imerlocking pushbutton switches provide
selection of the desired output waveform. Depressing
one switch will release the switch previously depressed.
Squars, triangle, and sine waveforms are provided, satisty-
ing most epplications.

MULTIPLIER
The MULTIPLIER is a variable potentiometer allow
ing frequency settings between fixed ranges. Aithough
the disl skirt is calibreted from .2 1o 2.0, the dynamic rangs
of tha MULTIPLIER dial is 1000:1 (three decades). For
sxample, this allows frequency settings between 200KHz
and 200Hz without changing ranges.
NOTE: This is necessary when sweeping up In frequency
over a three decade range 1000:1. (Voltage Control



Frequency Applicationg).

DUTY CONTROL WITH INVERT

Time symmetry of the OUTPUT waveforms, as
well as the TTL or CMOS PULSE output, is controlled
by the DUTY potentiomster,

When this control is set to the CAL position, the time
symmetry of the output waveforms is 50/50 or approxi-
mately 100% symmatrical,

The variable symmetry allows the time period of
onehalt the waveform to be changed while the other
halt remains fixed as determined by RANGE and MULTI-
PLIER settings. This unique festure provides ramp wave
farms, variable pulse width and variable duty cyels pulses,

and skewed sine aves.
The duty control potentiometer with INVERT

switch when pull position is provided , inverts the tima

symmatry set by the Duty control.

Tabie 2-1 lllustrates the effect of the INVERT switch and

DUTY cantrol,

NOTE: The time symmetry as illustrated below is for
reference only. Any desired time symmetry ratio
may be set as desired within the limits &s described
in Saction 3, DUTY.

Table 21 Duty Control
DC OFFSET WITH LEVEL CONTROL
A DC OFFSET control (DC offset control potentio-
meter in pull position) Is provided to allow the DC level
of the OUTPUT waveforms 10 be set as desired.

NOTE: The amount of offset plus the amplilude setting
can't exceed the maximum p-p amplitude or dip-

ping will pocur,
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Teble 2-2 below [llustrates the effect of the DC
OFFSET control. The clipped waveform s caused by too
much ampliude and too much offsst.
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AMPLITUDE WITH ATT

The AMPLITUDE control provides 20dB of attenua-
tion of the output waveform selected by the FUNCTION
switch. When the switch s pulled, in addition to 20d4B
provided by amplitude control, 8 maximum of 40d8 of
atwnuation, at the output,

QUTPUT

Square, triangle, sine, ramp and pulse waveforms are
provided at up to 20V P-P amplitude (open circult) st the
OUTPUT. (When ATT pushbutton switch is pulled).,

The VCF input and PULSE outputs, utilize BNC
connectors .

VCF INPUT

A VCF (voltage-controlled frequency) input is pro-
vided for externally sweeping the frequency. Approxi-
mately +10V spplied at the VCF input will sweep the
generator frequency down three decades or 1000:1. The
generator may also be swept up in frequency by applying
a negative voltage st the VCF input.

PULSE OUTPUT

The PULSE OUTPUT is a TTL or CMOS output
signal suitable for driving TTL or CMOS logic. The rise and
fall time of the PULSE output is typically 10ns. The pulss

width and repetition rate may be set as desired, utilizing
the RANGE and MULTIPLIER and DUTY control. The
symmetry of the PULSE output is controlled in the same
manner as the output waveforms described in Table 2-1,

CMOS LEVEL CONTROL

The CMOS LEVEL CONTROL potsntiomatar
{pull position) provides CMOS LEVEL QUPUT from 5V
to 16V continuously variable.

PULSE OUTPUT SWITCH
Depress the potentiometer switch and observe the
TTL and CMOS output push is TTL, pull is CMOS.

FREQUENCY COUNTER

-20dB SELECTOR SWITCH

Sslect the frequency counter input semsitivity, push
on Is 200mV rms (-204B). Push off is 20mV rms (1/1).

EXT, INT SELECTOR SWITCH

Selector the frequency counter is INT or EXT, push
on is EXT, push off is INT.

EXT INPUT CONNECTOR
For EXT frequency countsr, BNC type connector.
COUNTER DISPLAY

LED indicator display meswured INT or EXT input
frequancy.



Hr KHz LED

Hz, KHz and the position of the decimal point are
indicated when the gate time swiich iz pressed to the
10Sec, 15ec, 0.15ec, 10mSec.
GATE LED

Gate signal indicates when the gate time swilch, is
pushed.
OVER LED

Larmp which indicates that the counter display value
is an overflow.

NOTE: Before applying power to the Digital FUNCTION
GENERATOR, be sure the proper line voltage is
available.

Plug the power cord into the proper source of
110V AC 50-80 Hz. All instruments are wired for 100V AC
unless otherwise order made.

FIRST TIME OPERATION PROCEDURE
Set the digital function generator controls as follows:

RANGE-Hz 10K
MULTIPLIER 2.0
FUNCTION ~7
DUTY CAL
AMPLITUDE MAX
OFFSET PUSH
ATTENUATOR Od8

MAIN OUTPUT
Connact an oscllloscops o output.
Obsarve a 20V P-P 20K Hz triangle wave.

FUNCTION SWITCH
Select and observe a 20V P-P square wave and sine
wave,

AMPLITUDE CONTROL
Aotate the AMPLITUDE wvernier from maximum 1o

minimum and observe greater than 30dB of attenuation.

ATTENUATION
Connect the oicilloscope to the OUTPUT and push

the ATT pushbutton switch and the signal will be attenuated
by & factor of 20dB.

DC OFFSET

Reconnect the oscilloscops to the OUTPUT and
seloct the triangle waveform. Rotste the DC OFFSET
control potentiometer (pull position) and observe the peaks
of the triangle waveform will "clip” when the DC OFFSET
plus the peak amplitude axceeds + 10V,

Reduce the output amplitude and observe the
smount of DC OFFSET may be increased by the same
amount the peak amplitude has been decreased.

Return the potentiometer to “PUSH" position and
the AMPLITUDE to maximum,



DUTY CONTROL

While observing the triangle waveform on the oscillo-
scope, rotate the DUTY control CW from the CAL posi
tion,

Observe one slope of the triangle remains constant
while the other slope is variable over typically a 20:1
range, producing a ramp waveform,

INVERT SWITCH

Depress the INVERT potentiometer {(pull position)
ond obssrve the positive and negative slopes of the ramp
wavetorm reverse {invert).

By selasting the Square wave and repesting the same
procedure, this model DIGITAL FUNCTION: GENER-
ATOR become very versatile pulse generators.

The pulse width may ba determined by the following for-
mula:
PULSE WIDTH = the reciprocsl of 2 X freq. sstting.

In other words, the pulse width equals one-half the
time period of the frequency set by the RANGE and’
MULTIPLIER controls,

The time symmetry of the Sine wave may be set in
the same manner, providing additional versatility.

NOTE: The DUTY control and INVERT switch provide
the same flaxibility for the PULSE output

PULSE QUTPUT _
Connect the oscilloscope to the PULSE output,

By adjusting the generator frequency, the DUTY control

and the INVERT switch, the high-speed TTL pulse or

CMOS pulse may be utilized as a very versatile pulse ganera:

tor, With the INVERT switch in the NORM position,

the pulse width “on time" is determined by the RANGE
and MULTIPLIER setting and the repetition rate “off
time'’ s set by the DUTY control.

NOTE: When thae INVERT switch is set 1o INVERT, the
pulse "off time" & determined by the RANGE and
MULTIPLIER setting and the pulse “on time"
is sat with the DUTY contral,

SECTION 3 THEORY OF OPERATION

GENERAL

This section describes the operation of this DIGITAL
FUNCTION GENERATOR in detsil as well as a brief
description ralating to the Block Diagram. (see Seation
4). The drawings contained in this Section are included
to aid in the description as well as to supplement the
schematics In Section 4,

MAIN GENERATOR

A DC Volage from the MULTIPLIER potentiometar
is connected to the Summing Amplifier U201 and Q201.
The output of the Summing Amplifier drives the Positive
Current Source U203, Q203 and the inverter U202,
Q202. The Invert in turn drives the Megative Current



Source U204 and Q204.

Two constant current sources of opposite polarity
charge and discharge a timing capacitor producing the
triangle waveform figure 3-1.
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Fig. 31 Triangle Waveform

The Positive Current Source charges the timing
capacitor during the time period Tj - T causing the voltage
on the timing capacitor to increase from T, to T linearly.
At time T the Diode Switch disconnects the Positive
Current Source from the timing capacitor and connects
the Negative Current Source at time T,. The voltage on
the timing capacitor will now discharge or decrease linearly
until time T, when the Diode Switch will disconnect
the Negative Current Source and connect the Positive
Current Source, etc. '

Ay and Ry, Figure 41 are equal in value and
determine the positive and negative voltage st the Positive
and Megative Current Source. The DUTY potentiometer

varies the voltage and thus the current of the Positive or
Negative Current Source depending upon the position
af the INVERT switch.

Evnw\mﬂuwmﬂhwmwmmumﬂ
not the other, the timing capacitor will charge and dis
charge at different rates causing an unsymmatrical triangle
wavetorm (Ramp) Figura 3-2.

—— — —

Fig. 32 Unsymmetrical Triangle (Ramp) Waveform

The RANGE switch selects different timing resistors
and timing capacitors which determine the frequency of
the generator. A high input impedance BUFFER Q301,
U301. A and B is necessary to prevent loading of the
timing capacitor st small timing currents. The triangle
waveform Is connected to the LEVEL DETECTOR U301,
C.D,E, Q302 and 0Q303. The LEVEL DETECTOR switches
when the voltage at its input reaches a pre-determined
level. The output from the LEVEL DETECTOR causes
the CURRENT SOURCE Diode Bridge to switch, dis-



connecting one current source and connecting the other,
By connecting and disconnecting and currant sources
at the proper level of wvoltage on the timing capacitor
the triangle waveform is produced. The square wave from
the LEVEL DETECTOR drives another diode switch
producing a symmetrical square wave for use at the DUT-
PUT AMPLIFIER.

A TTL GATE s also driven by the sguare wava
from the LEVEL DETECTOR. The output of the TTL
GATE provides a TTL pulse at the PULSE output con-
nector.

A diode shaping bridge network Lses the log curve
of silicon diodes to sImLHlt:_ g sinusoidsl curve, Flgure
33.
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Fig. 3-3 Diode Shaping Bridge

Sine amplifier U401, boosts the amplitude of the
sine wave to the proper level for the OUTPUT AMPLI-
FIER.

A square, triangle or sine wave may be selected
by the FUNCTION switch. The desired waveform is con-
nected to the AMPLITUDE potentiomater, OUTPUT
AMPLIFIER Q801 thru OB06 is & non inverting amplifiar
which supplies the necessary output amplitudes of the
desired waveforms as selected by the FUNCTION switch
and AMPLITUDE control.

CIRCUIT DESCRIPTION (Main GENERATOR)

POWER SUPPLY
The power supply shown in the Block Disgram,
figure 4-1, consists of a full wave unregulated 20V supply
and a regulated £16.5V sipply.
NOTE: Unregulated +20V supply: Refer to the schematic
diagram figura5-4.

Line voltage is applied to transformer T101 through
power switch S101,
Jumpers wire provide for line voltages selected of
110V, 220V and 240V AC 50-80Hz,
MOTE: If it is necetsary 1o change the wiring on the
transformar primary to sccept other line voltages,
rofar to proper wiring, jumpers and fuse data for



different ling line voltages that indicated that the
printed circuit board.

BD101 is a full wave rectifier which converts the
line voltage to approximately +20V DC across filter capaci
tors C101 1o C10M4.

U101, Q101, and U102 are dual regulator supply
T16.5V.

SVR101 and SVR102 are sdjust balances the +15.6V
supplies. This small amount of adjustment (approximately
+0.1V) helps adjust the waveform symmetry for minimum
sine distortion,

SUMMING AMPLIFIER

Refer to Figure 4-2 U201 is an operational amplifier.
Q201 is an emitter followsr buffer used In conjunction
with the operational amplifier. U201 and Q201 are con-
nected as a summing amplifier with a closed loop gain of-1
[inverting). The MULTIPLIER, (VR201) supplies a negative
voltage to the summing amplifier input (pin 2) through
summing resistor R204. The negative voltage of approxi-
mataly -2V to OV Is inverted by the summing amplifier
and sppears & +2V to OV at Q201 emitter.

The frequency may be swept |adjusted) over a three
decade range (1000:1) by the MULTIPLIER or by applying
the proper AC or DC voltege at the VCF input. With
the MULTIPLIER set at 2.0, the voltage at the summing
rasistor R204 is approximately 2V. By applying approxi-
mately +10V DC st the VCF input, spproximately +2V
is applied at summing resistor R202. The -2V from the

MULTIPLIER and the +2V a1t the YCF input add to
provide OV st the summing amplifier output. This will
cause the frequency to decrease approximately three de-
cades or 1000:1. I it s desirable 1o sweep up in frequency
rather than down, set the MULTIPLIER st maximum
counter-clockwise (approximately OV =t the summing
smplifier output). This will set the freguency spproxi-
mately three decades below the selected frequency
RANGE. By applying approximately 10V at the VCF
input, the summing amplifier output will be forced to
+2V causing the frequency to increase three decades or to
the maximum frequency indiceted on the selected fre-
guency AANGE. By setting the MULTIPLIER at the
dasired start fraguency and applying the propar AC or
DC voltage st the VCF input, the frequency may be swept
as desired over a three-decade range.
NOTE: The maximum frequency and minimum freguency
limits on any selected frequency RANGE are
betweer D02 and 2.0 (1000:1) on the MULTI-

PLIER dial.
Q201 provides & voltage-to-current conversion far

driving the positive current source. 0207 converts the
voltege at Q201 emitter to a comstant current through
R27144A, Assume DUTY control is in the CAL pasition.
By varying the MULTIPLIER the voltage on R208A varjes,
causing the current through R214A to vary. Tha current
through RZ084A and R214A sre egual except for a small
amount of base current for Q207 end bist current for
202




INVERTER
The INVERTER (U202, D203 inverts the voltage
at ‘the summing amplifisr output (O201 emitter) and

appears across A208A which is sgusl in valus to R20BA.
U202 s an operational amplifier connected for a closed-

loop gain of -1 (inverting). The +2V at Q201 emitter is
inverted and becomes -2V at Q202 emitter. Q202 s an
emitter follower buffer used in conjunction with the
operstional smplifier U202. The voltage across R200B
is equal to the voltage across R2088, therefore: the current
through R214B is equal to the curment through R214A
{assuming VR202 is in the Cal position). Q202, like 0207,
pravides a voltage-to-current canversion,

POSITIVE AND NEGATIVE CURRENT SOURCE

The positive and negative current sources provide
a constant current for charging and discharging the timing
capacitors.

U203 and Q203 form & voltage follower. U203
is an operational amplifier with very low input biss currents
necessary to prevent timing current errors. Q203 s an
emitter follower providing the voltage-to-current conver-
sion for the current source,

U204 and Q204 perform the same function for the
negative current source, Equal voltages appear at the cur-
rent source inputs and ocutputs dependent upon the
MULTIPLIER satting as previously explained.

Since the current through RA214A and R214B are
equal the voltage at U203 and U204 inputs is equal and

==

opposite in polarity. The voltage appearing at 0203 and
0204 smitters kb also equal and opposite in polarity.

The timing current is determined by the wvoltage
across the timing resistors (R216 to R219 and R220
to R223).

The RANGE pushbutton switches select the proper
timing resistors and capacitors according to the frequency
range selected.

DUTY

5202 INVERT swirch and VR202 VAR DUTY
control are utilized to obtain pulse and ramp waveforms,
When the VAR DUTY control VR202 is in the CAL
position. R208A and R2088 are both connected to ground
in either pasition of the INVERT switch 5202.

As long as R208A and R2088 are grounded, the cur-
rent thus R20BA and R20B8 is eqgual as previously ex-
plained, When the INVERT switch is in the NORM position
(in}, R208A is grounded directly and R2088 is grounded
rheough VR202, the DUTY control With VR202 in the
CAL position, currents through R2148, R2088, R214A and
S208A are equal, therefore the voltages st 0203 and 0204
are equal and opposite In polarity. A triasngle waveform is
produced across the timing capacitor when the puTY
control is In the CAL position. When VR202 is not set
to the CAL position, the resistance from Q202 emitter
to ground is variable from 1K ohm to spproximately
20K ohma. The voltage of Q202 emitter remains constant
determined by the MULTIPLIER setting. This causes



10 vary over approximately a 20:1
range; approx. 2mA in the CAL position (1K) and approxi-
mately TmA in the CW position (20K); Current thru
R208 remains constant whila current thus R2088 s wari
able, The positive current soumce valtage remaing flxed and
the negative current source voltage is variable by the
DUTY contral. A variable slopa ramp waveform b pro-
duced in this manner. The slope of the ramp I8 adjusted
as desired over approx. a 20:1 range. When the INVERT
switch {5202) is set 1o the INVERT paosition, the positive
current source becomes variable and the negative current
source remains fixed reversing the slopes of the ramp
wavefarm,

NOTE: When VR202 Is in the CAL position, the position
of 5202 has no effect becouse R208A and R2088 are bath
grounded in either position of S202.

CURRENT SOURCE DIODE SWITCH

A diode switch is utilized for connecting and dis-
connecting the current sources. One output from the
level detector sinks the current from either the positive
ar regative current sourca.

When the input to the switching bridge is positive, the
level detector sinks: the current from the negative current
source thru diodes D206 and D206. This positive input
signal reverse blases D201 and D202, The positive current
source now charges the timing ceapacitor positive. When
the voltage on the timing capacitor reaches approximatsly
+1V, the level detector switches and the diode bridgs

F44 |

imput switches negative. This negative voltage at the input
to the switching bridge sinks the current from the positive
current source thru D207 and D202, This negative voltage
reverse biases D206 and D206. The negative current source
now discharges the timing capacitor, When the voltage on
the timing capacitor reaches approxXimately -1V, the
level detnctor switches and the timing capacitor charges
positive again, ste.

BUFFER

Q301 and U3DIA and B form the high input im-
pedance buffer. Q301 is an FET with awvery high input
impedance. U30IE s used as current source supplying
bias current foi Q301. The ZERO BAL adjust SVA301
sets the bigs current thru the FET (Q301) to the proper
leval to obtain @ GATE to source voltege egual to the
base emitter drop of U30TA. The gate to scurce voltage
of the N-channel FET Q301 & opposite In polarity to that
of the smitter follower U301A. The input to output
error is adjusied to OV in this manner. The emitter follower
output (pin 100 provides the necessary current to drive
the [evel detector and sssociated circuitry.
LEVEL DETECTOR

The lavel detector senses the voltage on the timing
capacitor from the buffer cutput and switches the diode
switch at the proper level producing the trisngle waveform.
U301C and D forms o differential amplifier with current
source UZDTE. Q302 and Q303 form a second differntial
amplifier driven from the Input differential amplifier




U3o1C and D. Positive feedback is applied 10 U30TD
basa thru the reference switching bridge D304 thru D307,
This positive feedback and high open loop gain provide
very fast switching times for the level detector, Q302
collector drives the reference switching bridge providing
the positive and negative and negative referance current
thru R311. When Q302 is on, the collector holds the
input to the reference bridge positive. 0302 sinks the
current from the negative supply thru SVR303, R313
and D307, Current thru R311, D304, SVR302 and R312
establishes the positive reference voltage of approximataly
+5V at 301D base. Q302 collector is also connected
to the current source switching bridge at D201 and D208
junction. This positive signal allows the timing capacitor
to charge in the positive direction ss explained in Section
3. (Theory of Operation)

The input to the level detector s & voltege divider
consisting of A304 and R305 +1V at R3ID4 input equals
approximately +8V at U301C base. When the voltage
st U301C base rises above the reference voltage st U301D
[+.5V], the level detector will switeh. Q302 will turn
off, cauting the voltage at the reference bridge (D304
to D307) and the current source switching bridge (D201
to D204 and D205 to D208l to switch negative. This
negative voltage will cuase the reference voltage at L3010
to switch negative and cause the timing capacitor 1o begin
charging negative (discharge). When the timing capacitor
had charged to approximately -1V, the sinal at U301C

==

will become more negativen than the reference valt-
age at U3DID [now approximately -.6V) and the level
detector will switch again etc. Q303 collector supplies
the square weve signal to drive the Sguare Dioda Switch
and tha TTL Gate U302,

TTL GATE

U302 is a Dual 4 Input Positive Naud Gate providing
the TTL PULSE OUTPUT. D320, D321 and D322 provide
the necessary lovel shifting of the square wave at 0303
collector for driving the TTL GATE inputs (pin 1 and 8).
ZD301 s & zener diode providing spproximately a +5V
power supply for the TTL GATE. The outputs of the two
nand gates (pin 6 and B8} are paralled to provide the capa-
bility of sinking 20 TTL GATES,

Output levals of the TTL GATE are approximately
+3V and OV open circuit st typically 10ns rise and fall
time. The PULSE out is & square wave a3 long #i the DUTY
control is in the CAL position. A varisble pulse width and
varisble duty cycle pulse are sasily set up utilizing the
DUTY control and INVERT switch as shown in Section
2, Table 2-1, o
SOUARE WAVE DIODE SWITCH

The square wave diode switch D323 to D326 pro-
vides & clean square wave of approximataly 1V amplitude
from the £2V signal st Q303 collector. The signal from



0303 collector is routed thru SS01C to the diode switch.
The diode switch is activated only when the sguare wave
is salected by S501 the FUNCTION switch. The positive
signal sinks the current thru D323 R3I1E The positive
portion of the sguare wave i1 developed acrom the ampli-
tude potentiometer (VRS501) thru SVA304, D326 and
R317. The negative portion of the square wave is developed
across VRBO1 thru SVR304, D326 and RIVE, when the
square wave at 0303 collector reverse polarity SVR304
provides a small smount of adlustment for calibration
of the square wave amplitude,

SINE SHAPER

Three diode bridges are utllized to produce a sine
wave from the triangle waveform. D401, D402 and D403
are three matched diode sts of 4 diodes in esch set. The
trisngle waveform from the buffer output is sonnectsd
to thess thres diods bridges thru R401. As the triangle
voltage rises above OV, the current thru RA408 incroases
exponentislly in the positive direction thru BD&018
and R402 while the current thru BD401D and RA03I is
being shunted thru BD401C as the triangle voltage rises
toward its positive peak. When the triangle hes reached
its positive peak, the current thru R404 1o the +15V
supply has resched s maximum. The current now decresses
axponentially =5 the triangle rises toward its negative
peak. When the triangle has reached spproximately 0V,
the current thru RA04 is nearly zero because an equal
current |s passing thru BD401D and BD40IB, As the

triangle increases in the negative direction, current increases
thru BDA0TD and RA04 exponentially, ns the triangle
rises toward its negative peak. Current thru RA02 i now
being shunted thru BOA0OTA a3 the tirangle rises toward
its negative peak. The current thru R404, R407 and R410
increase in the positive and negative direction exponentially
thru each of the three bridges in the same manner, The
current thru each bridge & determined by the resistors
in sach bridge. By summing or adding the esponential
currents of the thres bridoes scrois R412, a sing wave |s
produced. By proper selection of resistor volues in esch
brdige & low distortion sine wave of typically <5% is

produced.

SINE AMPLIFIER

U401 is an operational amplifier which boosts the
small sine wave at R412 w approximately 2V pp. The
oparational amplifier s connected as an inverting amplifier
with & closed loop gain of approximately-8, SVRA401
allows sdjustment of the fesdback resistor to adjust the
sine wave amplitude during calibration. The sine wave is
connected to the AMPLITUDE control VREO0Y when
the sine wave is selected by the FUNCTION switch 5501,

OUTPUT AMPLIFIER

+20V p.p, waveforms are produced by the output
amplifier. sguare wave rise and fall times <\120ns are
possible with this smplifiers 200V /usec slew rate. 0501
and Q502 is the Input differential smplifier. Feedback

N e




for this non-inverting amplifier is thru RB07; RS07 and
RB0G form a voltage divider at Q502 (the inverting input)
establishing a closed loop gain of approximately 10. Q603
and Q504 are two constant current sources driving bias
diodes Q507 and 0508, R512, RB13 and RAG614 is o voltage
divider providing the bias voltage for Q503 and Qs04.
RB11 sats the current for Q504 a Tew milliamps less than
the current available at Q503 current source. Q502 supplies
@ current equal to the difference in current between Q503
and Q504 current source. Q505 and Q506 form s com-

output emitter’ follower. A positive going
signal et Q501 base will cause Q501 collector current to
increase and Q502 collector current to decrease. A decreas2
in eurrent from Q602 cusses excess current from Q&03
current source to raise the voltage at 0506 and Q506
base Negative feedback from the output emitter followers
thru RE07 to the base of 0502 maintains an output signal
approximately 10 times the input signal. As the input
signsl becomes negative, Q501 collector currant decreases
and Q502 collector current increases. As Q502 collector
current increases, the current form Q503 collector becomes
less than the current from Q504 and the output follows
the input negative. Negative feedback maintains the output
at approximately 10 times the input signal as previously
explained. R519 and R520 provide 50(1 output impedance
and short cireult protection for the output.

-20dB OUTPUT

—

RE21 to R522 make up the output attenua
gwitch S602 for the ~20dB output.
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