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FG 507

OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary
is for both operating and servicing personnel. Specific
warnings and cautions will be found throughout the
manual where they apply, but may not appear in this
summary.

TERMS
In This Manual

CAUTION statements identify conditions or practices that
couldresultin damageto the equipment or other property.

WARNING statements identify conditions or practices
that could result in personal injury or loss of life.

As Marked on Equipment

CAUTION indicates a personal injury hazard not im-
mediately accessible as one reads the marking, or a
hazard to property including the equipment itself.

DANGER indicates a personal injury hazard immediately

accessible as one reads the marking.

SYMBOLS
In This Manual

This symbol indicates where applicable
cautionary or other information is to be
found.

As Marked on Equipment
; DANGER — High voltage.

@ Protective ground (earth) terminal.

A ATTENTICN — refer to manual.

Power Source

This product is intended to operate from a power module
connected to a power source that will not apply morethan
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250 volts rms hetween the supply conductors or between
either supply conductor and ground. A protective ground
connection by way of the grounding conductor in the
power cord is essential for safe gperation.

Grounding the Product

This product is grounded through the grounding conduc-
tor of the power module power cord. To avoid electrical
shock, plug the power cord into a properly wired recep-
tacle before connecting to the product input or output
terminals. A protective ground connection by way of the
grounding conducter in the power module power cord is
essential for safe operation.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all
accessible conductive parts (including knobs and con-
trols that may appear to be insulating) can render an
electric shock.

Use the Proper Fuse

To avoid fire hazard, use only the fuse of correct type,
voltage rating and current rating as specified in the parts
list for your product.

Refer fuse replacement to qualified service personnel.

Do Not Operate in Exploslve Atmospheres

To avoid explosion, do not operate this product in an
explosive atmosphere unless it has been specifically
certified for such operation.

Do Not Operate Without Covers

To avoid personal injury, do not operate this product
without covers or panels installed. Do not apply power to
the plug-in via a plug-in extender.
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FG 507

SERVICE SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

Do not perform internal service or adjustment of this
product unless another person capable of rendering first
aid and resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltages may exist at several points in this
product. To avoid personal injury, do not touch exposed
connections and components while power is on.

@
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Disconnect power before removing protective panels,
soldering, or replacing components.

Power Source

This product is intended to operate in a power module
connected to a power source that will not apply morethan
250 volts rms between the supply conductors or between
either supply conductor and ground. A protecltive ground
connection by way of the grounding conductor in the
power cord is essential for safe operation.

ix
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Section 1—FG 507

SPECIFICATION

INTRODUCTION

This section of the manual contains a general descrip-
tion of the FG 507 and complete electrical, environmental,
and physical specifications. Standard accessories are also
listed. Instrument optioninformationislocatedinthe back
of this manual in a separate section.

INSTRUMENT DESCRIPTION

The FG 507 Function Generator provides low distortion
sine, square, triangle, ramp, and pulse waveforms over a
frequency range from 0.002 Hz to 2 MHz. Dc offset up to
+13 V is available. Waveform triggering and gating func-
tions, in addition to being siope {(+ or —) selectabie, are
provided with variable phase control capable of upto +90°
phase shift. The symmetry of the output waveform may
also be varied from 5 to 95%. Step attenuators provide up
to 60 dB of attenuationin 20 dB steps. A variable amplitude
conirol provides an additional 20 dB attenuation.

A voltage-controlled frequency (VCF) inputis provided
to control the output frequency from an external voltage
source. The output frequency can be swept above and
below the selected frequency to a maximum of 1000;1
depending on the polarity and amplitude of the VCF input
and the selected output frequency.

The FG 507 has the capability of self-sweeping up to
three decades of frequency, either linearily or
logarithmically.

The sweep can be switched between linear and
logarithmic without readjusting the frequency controls.
The sweep can be free running or manually or externally
triggered. The linear sweep ramp is available at a front
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panel connector, asis aninternally generated gating pulse
equal in durationtothe sweepramp. The FG 507 features a
manual sweep function whereby the operator can, via a
front panel control, manually sweep between the start and
stop frequencies.

ACCESSORIES

The only accessory shipped with the FG 507 is the
Instruction Manual.

PERFORMANCE CONDITIONS

The electrical characteristics are valid with the follow-
ing conditions:

1. The instrument must have been adjusted at an
ambient temperature between +20°C and +30°C and
operating at an ambient temperature between 0°C and
+50°C.

2. The instrument must be in a noncondensing en-
vironment whose limits are described under Environmen-
tal.

3. Allow 20 minutes warm-up time for operation to
specified accuracy; 60 minutes after exposure to or
storage in a high humidity (condensing) environment.

Items listed in the Performance Requirements column
of the Electrical Characteristics are verified by completing
the Performance Check in this manuai. Items listed in the
Supplemental Infermation column may not be verified in
this manual; they are either explanatory notes or perfor-
mance characteristics for which no limits are specified.

1-1



Speclilcatlon—FG 507

Tabie 1-1
ELECTRICAL CHARACTERISTICS

Characterlstics

Performance Requirements

Supplemental Information

Frequency
Range

Sinewave, squarewave,
and triangle

0.002 Hz to 2 MHz calibrated
portion of dial.

Provided in eight decade steps plus
variable, with overiap on all ranges.

Calibrated portion of dial extends from
20 to 2. Portion of dial from 2 to 0.2 is
uncalibrated.

0.0002 Hz to 0.002 Hz uncalibrated
portion of dial.

Variable Symmetry “On”

0.002 Hz to 200 kHz * 10% calibrated
portion of dial. {2-20).

Measured at 50% duty cycle.

0.0002 Hz to 0.002 Hz uncalibrated
portion of dial,

Variable Symmetry

Duty Cycle

< 5% to = 95%.

Activation of symmetry control divides
output frequency by = 10.

Qutput Amplitude

At least 30 V p-p into an open circuit,
at least 15 V p-p into 50 Q (front
panel only).

Offset control off.

Output Impedance

Front panel z, = 50 Q £10%.
ATTEN in 0 dB position.
Rear interface z, = 600 {1 +10%.

Offset Range

At least =13 V into open circuit, at
least £6.5 V into 50 (2. Maximum
peak signal plus offset cannot exceed
+15 V into an open circuit, or £7.5
into 50 Q {front panel only}. Offset
reduced by attenuators.

Frequency Resolution

1 part in 10" of full scale with
frequency vernier control.

Stability (Frequency)

Time

= 0.1% for 1 hour,
< 0.5% for 24 hours.

Temperature

Within 2% from 0.2 Hz to 2 MHz, and
within 10% from 0.002 Hz to 0.2 Hz.
The FREQUENCY Hz dial must be on the
calibrated portion. The instrument
must be in a temperature between 0°C
and +50° C and checked after a 1

hour warmup. VAR SYMM control
disabled.

1-2
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Table 1-1 (cont)

Specliication—FG 507

Characlerlstics

Performance Requiremenis

Supplemental Informatlon

Amplitude Flatness

Measured with 0 dB ATTEN button
pressed and output driving 50 Q2
load. {front panel only)

Sinewave
(10 kHz Sinewave Reference)

+0.1 dB 20 Hz to 20 kHz

40.5 dB 20 kHz to 1 MHz

+1 dB 1 MHz to 2 MHz

Typically £0.5 dB
0,002 Hz to 20 Hz.

Squarewave
(10 kHz Squarewave Reference)

Peak to peak amplitude within
10.5 dB of squarewave reference
amplitude 20 Hz to 2 MHz.

Typically within 0.5 dB
0.002 Hz to 20 Hz.

Triangle
{10 kHz Triangle Reference)

Peak to peak amplitude within
+0.5 dB of triangle wave reference
amplitude 20 Hz to 200 kHz. Within
2 dB 200 kHz to 2 MHz.

Typically within £0.5 dB
0.002 Hz to 20 Hz.

Sinewave Distortion

< 0.25% 20 Hz to 20 kHz on 10’
range and below.

20° to 30°C.
Measured with average
responding THD meter.

< 0.5% 20 kHz to 100 kHz.

Measurement bandwidth
limited to approximately
300 kHz.

All harmonics at least 30 dB below

fundamental from 100 kHz to 2 MHz.

Verified at 15 V p-p into

50 Q) load. Must be on
calibrated portion of dial.
VAR SYMM control off. Offset
control off.

Trigger output driving open
circuit.

Squarewave Cutput

Risetime and Falltime
Aberrations (p-p)

Step ATTEN in 0 dB position.

< 25ns at 15V p-pinto 50 Q.
< 3% (front panel only).

Pulse Qutput

Risetime and Falltime
Aberrations {p-p)

Step ATTEN in O dB position,

< 25 ns at 15 V p-p into 50 .
< 3% {front panel only).

VCF Input

10 vV = 1000:1

Positive going voltage increases
frequency. Maximum slew rate =
0.5 V/us.

VCF must not exceed range limits.
Maximum input < 15 Vpk.

Ext Trig/Gate Input
Impedance
Threshold Level

+1 V + 20%,

= 2kil.
Maximum input < 15 Vpk.

REV APR 1981
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Specification—FG 507

Table 1-1 (cont)

Characterlstics

Performance Requirements

Supplemental Information

Trigger Output

= +4 V into open circuit.
= +2 Vinto 50 Q.

Variable Phase Range

At least 1:90°.

Sine and triangle oniy.

Attenuators

Accuracy

+1dB.

60 dB in 20 dB steps. > 20 dB
additional attenuation with
amplitude control.

Verified at 20 kHz.

Dial Accuracy

Within 3% of full scale 20 to 2.

2 to 0.2 uncalibrated.

Triangle

Linearity

Time Symmetry

Better than 1% from 20 Hz to 200 kHz.
5% from 200 kHz to 2 MHz
{calibrated).

Greater than or equal to 99% 20 Hz to
200 kHz, 97% 200 kHz to 2 MHz
(catibrated).

Measured from 10% to 80% of
waveform.

Internal Sweep

Sweep Duration

1mSto10s

> 10 sec with variable.

In five decades plus variable
with overlap on all ranges.

Sweep Trigger [nput
Threshold Level

+1 V {fixed) £20%.

Maximum input < 15 Vpk.

Impedance =2 k)
Sweep Output Ramp less than +300 mV to 10 V £5%. | Output impedance typically
1 k(Y +5%.

Gate Output

= +4 V into open circuit.
= +2 Vinto 50 Q.

Dial Accuracy
Nonswept Mode
Start Frequency

Within 3% of full scale 20 1o 2.

SWEEP DURATION knob in “off"
position, VARIABLE SYMMETRY *“‘off’'.
2 to 0.2 uncalibrated.

Swept Mode
Start Frequency

Temperature = 25°C £5°C
Within 5% of full scale 20 to 2.

Stop frequency kneb set at 20 in
TRIG SWEEP mode with no EXT TRIG.
0.2 to 2 uncalibrated.

Stop Frequency

Within 5% of full scale 20 to 2.

Start frequency knob set at .2

VAR full clockwise. Sweep hold button
pressed.

0.2 to 2 uncalibrated.

14
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Specificalion—FG 507

Table 1-2
MISCELLANEOQUS

Characterislics

Description

Power Consumption

17 W or less (plug-in only)

Recommended Adjustment Interval

1000 hours or 6 months, whichever occurs first.

Warm-up time

20 minutes.

Table 1-3
ENVIRONMENTAL"

Characterlstics

Description

Temperature

Operating
Nonoperating

0°Cto +50°C
—55°C to +75°C

Meets MIL-T-28800B,
class 5.

Humidity 95% RH, 0°C to 30°C Exceeds MIL-T-288008,
75% RH to 40°C class 5.
45% RH to 50°C
Altitude Exceeds MIL-T-288008B,
class 5.
Operating 4.6 Km {15,000 ft)

Nonoperating

15 Km (50,000 ft)

Vibration 0.38 mm (0.015") Exceeds MIL-T-28800B,
peak to peak, 5 Hz class 5, when installed in
to 55 Hz, 75 minutes. qualified power modules.’

Shock 30 g's {1/2 sine), Meets MIL-T-288008,

11 ms duration,

3 shocks in each direction
along 3 major axes, 18 total
shocks.

class 5, when installed
in qualified power modules.®

Bench Handling®

12 drops from 45°, 4" or
equilibrium, whichever occurs
first.

Meets MIL-T-28800B,
class 5.

Transportation®

Qualified under National Safe Transit Association Preshipment

Test Procedures 1A-B-1 and 1A-B-2.

EMC

Within limits of MIL-461A, and F.C.C. Regulations,

Part 15, Subpart J, Class A.

Electrical Discharge

20 kV maximum charge applied to instrument case.

" With power module.

* Refer Lo TM 500 power module specifications.

¢ Without power module.

REV APR 1981
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Specification—FG 507

Table 1-4
PHYSICAL CHARACTERISTICS
Characteristics Description
Finish Plastic/aluminum laminate front panel.
Anodized aluminum chassis.
Net Weight 3.25 Ibs (1.47 kg)

Overall Dimensions

Height 5.0in. (12.7 cm)
Width 5.3 in. {(13.5 cm}
Length 12.2in. (31 cm)

1-6
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Sectlon 2—FG 507

OPERATING INSTRUCTIONS

INTRODUCTION

This section of the manual provides operating informa-
tion required to obtain the most effective performance
from the FG 507. Also included are installation and
removal instructions and a functional description of front
panel controls and connectors. Operating modes and
basic applications are also discussed.

INSTALLATION AND REMOVAL

The FG 507 is calibrated and ready to use when
received. It operates in two compartments of any TM 500-
series power module except the TM 501. Refer to the
power module instruction manual for line voltage re-
quirements and power module operation.

CAUTION

To prevent damage to the FG 507, turn the power
module off before instaliation or removal of the
instrument from the mainframe. Do not use ex-
cessive force to install or remove.

Check to see that the plastic barriers on the inter-
connecting jacks of the selected power module com-
partments match the cutouts in the FG 507 circuit board
edge connectors. If they do not match, do not insert the
instrument until the reason for the barrier is checked.
When the units are properly matched, align the FG 507
chassis with the upper and lower guides of the selected
compartments (see Fig. 2-1). Insert the FG 507 into the
mainframe and press firmly to seat the circuit board edge

202B-02A

Flg. 2-1. Installation and Removal.
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Operating Instructions—FG 507

connectors in the power module interconnecting jacks.
Apply power to the FG 507 by operating the power switch
on the power module.

To remove the FG 507 from the power module, pull the
release latch (located in the lower left corner) until the
interconnecting jack disengages. The FG 507 will now
slide straight out.

REPACKAGING FOR SHIPMENT

If the Tektronix instrument is to be shipped to a
Tektronix Service Center for service or repair, attach atag
showing: owner (with address) and the name of an
individual at your firm that can be contacted. Include
complete instrument serial number and a description of
the service required.

If the original package is not fit for use or not available,
repackage the instrument as follows:

Surround the instrument with polyethylene sheeting, or
other suitable material, to protect the exterior finish.
Obtain a carton of corrugated cardboard of adequate
strength and having inside dimensions no less than six
inches more than the instrument dimensions. Cushion
the instrument by tightly packing dunnage or urethane
foam between the carton and the instrument, on all
sides. Seal the carton with shipping tape or an in-
dustrial stapler.

The carton test strength for your instrument is 200

pounds.

CONTROLS AND CONNECTORS

Although the FG 507 is calibrated and ready to use, the
function and actions of the controls and conneclors
should be reviewed before attempting to use it. All
controls necessary for operation of the instrument are
located on the front panel. A brief description of these
controls follows. Refer to Fig. 2-2.

@ RELEASE LATCH—pull to disengage the FG 507
from the power module.

@ POWER—illuminated when power is applied to the
FG 507.

FREQUENCY/FUNCTION

FREQUENCY Hz (START)—selects frequency of
operation or start frequency in sweep mode.

FREQUENCY Hz (STOP)—selects ending frequen-
¢y in sweep mode.

MULTIPLIER—in conjunction with the FRE-
QUENCY Hz controls, selects the output frequency
in eight decade steps.

FREQUENCY VERNIER—control for fine adjust-
ment of output frequency to at least 1 part in 10" of
full scale.

@ © 6 ©

English Version 2-2

www.valuetronics.com

@ FUNCTION BUTTONS—select output waveform;
square, triangle, and sine,

VAR SYMM—(push to enable) readjusts time-based
symmetry of output waveform. Reduces the fre-
quency of the output waveform by a factor of
approximately ten and illuminates the FREQ <+ 10

indicator.
@ FREQ -+ 10—illuminated when the variable
symmetry functio&Jrs—aeti.yatid.

TRIGGER/GATE

®

FREE RUN—button when pushed causes con-
tinuous waveform output.

TRIG—button when pushed causes output of one
cycle of selected waveform for each trigger pulse
applied to the TRIG/GATE IN Connector.

GATE—button when pushed causes continuous
output of the selected waveform for the duration of
the gating pulse.

SLOPE—button selects, in Trig mode, the slope of
the input signal which will trigger the selected
output wavefarm, and, in GATE mode, whether

® & 6
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Fig. 2-2 Controls and Connectors.
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Operating Instructions—FG 507

output gating will occur when the level of the input
signal is above or below the threshold level of +1 V.

VAR @#—control to adjust phase lead or lag, up to
180°, relative to input trigger or gate waveform.

@ TRIG/GATE IN—BNC connector used to apply the
external trigger or gating signal.

VCF INPUT—BNC connector for applying an exter-
nal voltage for controlling the output frequency of
the generator. Positive voltage increases frequency.

@ TRIG OUTPUT—BNC connector which outputs one
positive pulse for each cycle of the selected output
waveform.

SWEEP

SWEEP DURATION—selects total duration time of
frequency sweeping ramp. Also selects manual
{MAN) sweep and disables (OFF) the sweep func-
tion.

@

VAR—varies total sweep time between steps of the
SWEEP DURATION control.

® ®

MAN TRIG—button manually triggers one sweep
each time it is pushed when Triggered Sweep is
selected.

HOLD SWP—button in causes the sweep to hold
when it reaches the STOP frequency. Sweep will
reset to START frequency when button is released.

® 6

LOG SWP/LIN SWP—button in sweeps frequency
{start to stop) at a logarithmic rate; button out
sweeps frequency (start to stop) at a linear rate.

English Version 2-4
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® ® & &

®

®

TRIG SWP/FREE RUN—button in causes frequency
sweeping to commence with positive pulse at the
SWP TRIG IN connector; button out allows the
sweep to free run.

MAN SWP—with the SWEEP DURATION control in
the "MAN" position this control permits manual
adjustment of the frequency from start to stop.

LIN SWP OUTPUT—BNC connector outputs a 0 to
10 V linear ramp, irrespective of sweep mode used,
any time sweep is running.

SWP TRIG IN—waveform applied to this connector
triggers frequency sweeping ramp when in TRIG
SWP mode.

GATE OUTPUT—available at this connector is a
positive squarewave gating pulse equal in duration
to the sweep ramp.

OUTPUT

OFFSET—puli andturn control provides upto 13 v
DC ofiset of the output waveform.

AMPLITUDE—varies the amplitude of the selected
output waveform between steps of the attenuator
buttons.

ATTENUATOR BUTTONS—when pushed in
attenuate the amplitude of the seiected output
waveform in 20 dB steps to a maximum of 60 dB.

OUTPUT—BNC connector for output of the
selected waveform.
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OPERATING CONSIDERATIONS

OUTPUT CONNECTIONS

The output of the FG 507 is designed to operate as a
50 (O voltage source working into a 50 (2 {oad. At higher
frequencies, an unterminated or improperly terminated
output will cause aberrations on the cutput waveform.
Loads less than 50 Q will reduce the waveform amplitude.

Excessive distortion or aberrations, due to improper
termination, are less noticeable at the lower frequencies
(expecially with sine and square waveforms). To ensure
waveform purity, observe the following precautions:

1. Use good quality 50 Q coaxial cables and connec-
tors.

2. Make all connections tight and as short as possible.

3. Use good quality attenuators if it is necessary to
reduce waveform amplitude applied to sensitive circuits.

4. Use terminations or impedance-matching devices
to avoid reflections when using long cables (6 feet or
more).

5. Ensure that attenuators, terminations, etc., have
adequate power handling capabilities for the output
waveform.

If there is a dc voltage across the output load, use a
coupling capacitor in series with the load. The time
constant of the coupling capacitor and load must be long
enough to maintain pulse flatness.

RISETIME AND FALLTIME

Ifthe FG 507 is used to measure the rise or falltime of a
device, the risetime characteristics of associated equip-
ment should be considered. If the risetime of the device
under test is at least 10 times greater than the combined
risetimes of the FG 507 and associated equipment, the
error introduced will not exceed 1%, and generally can be
ignored. When the rise or falltime of the test device is less
than 10 times as long as the combined risetimes of the
testing system, the actual risetime of the system must be
calculated. Once the risetime of the system is known, the
risetime of the device under test can be determined.

@
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IMPEDANCE MATCHING

If the FG 507 is driving a high impedance such as the
1MQ input impedance (paralleled by a stated
capacitance) of the vertical input of an oscilloscope,
connect the transmission line to a 50 Q attenuator, 50 (
termination, and then the oscilloscope input. The
attenuator isolates the input capacitance of the device,
and the FG 507 is properly terminated.

FIRST TIME OPERATION

The Controls and Connectors pages give a description
of the front panel controls. The waveform selection and
frequency determining controls are outlined in blue, the
trigger function contrals and inputs are outlined in green,
the sweep controls are outlined in orange, and the cutput
controls are outlined in black.

The following exercise will familiarize the operator with
most functions of the FG 507.

NOTE

If any discrepancies are encountered during the
exercise, refer the condition to qualifed service

personnel.

For first time operation, preset the controls as follows:

Blue Sectlon

FREQUENCY Hz (start) 10
FREQUENCY Hz (stop) 20
MULTIPLIER 10°
FREQUENCY VERNIER Fully Clockwise
VAR SYMM Off (in)
Sine Wave in

All Others QOut
Green Sectlon

VAR @ Centered
FREE RUN In

All Others Out
Black Section

0 dB In
AMPLITUDE Centered
OFFSET Off {in)
All Others Out

English Version 2-5



Operating Instructions—FG 507

Orange Section

SWEEP DURATICN OFF
MAN SWP Fully Ceounterclockwise
All Others Out

Connect a 50 1 bnc coaxial cable terminatedin 50 Qto
the vertical input of an oscilloscope. Set the oscilloscope
controls to:

Vertical
Harizontal {Time Base)

2 V/DIV DC Coupled
1 ms/Div

The oscilloscope should display one complete cycle
per division of the sine waveform (approximately ten
cycles across the graticule).

1. Alternately press the square, triangle, and sine
buttons and observe the different waveshapes. Return to
the preset condition.

2. Alternately press the four attenuator buttons and
rotate the AMPLITUDE (variable) control to verify thatthe
waveform amplitude changes. Return these controlstothe
preset condition.

3. Pull out and rotate the OFFSET knob. Notice the
change in dc level of the displayed waveform. Return the
OFFSET knob to the "IN” position.

4, Push the VAR SYMM button to release it to the out
position, QObserve that the FREQ ~+ 10 indicator is il-
luminated and only one cycle of the output waveform is
displayed. Rotate the VAR SYMM control through its
range and notice the change in shape of the square,
triangle, and sine waveforms (with the appropriate buttons
pushed in). Return the controls to the preset condition.

5. Rotate the FREQUENCY control and the
MULTIPLIER switch and observe the change in frequency
of the displayed waveform. Return these controls to the
preset condition.

English Verslon 2-6
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6. Set the FREQUENCY Hz (start) dial to 2 and check
that the FREQUENCY Hz (stop) dial isat 20. Two complete
cycles of the sine wave should be displayed on the
oscilloscope.

7. Set the SWEEP DURATION control to the MAN
position.

8. Rotate the MAN SWP control fully clockwise and
back. Observe the frequency change of the displayed
waveform,

9. Set the SWEEP DURATION control to the 10 s
position. Note that the displayed waveform changes from
the start frequency tothe stop frequency, at alinear rate, in
10 seconds.

10. Pushthe HOLD SWP button to the in position. The
displayed waveform will sweep to the stop frequency and
remain there until the HOLD SWP button is released.
Release the HOLD SWP button.

11. Push the LOG SWP button to the in position. The
FG 507 will now sweep at a logarithmic rate. Observe that
the displayed waveform changes frequency slowly at the
beginning and more rapdily toward the end of the sweep.

12. Pushthe TRIG SWP button to thein position. Each
time the MAN TRIG button is pushed, the displayed
waveform will sweep to the stop frequency, then return
and hold at the start frequency.

13. Release the TRIG SWP button to the FREE RUN
position and turn the SWEEP DURATION control to the
OFF position.

This completes the operators front panel familiariza-
tion exercise.
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OPERATING MODES

FREE-RUNNING OUTPUT

The following procedure will provide a free-running
output with variable frequency and amplitude.

1. Select the desired waveform.

2. Setthe AMPL control fully counterclockwise. Check
that the VAR SYMM and OFFSET controls are in the off
{in) position.

3. Select the desired frequency with the FREQUENCY
Hz dial and MULTIPLIER switch. Frequency equals dial
setting times multipler setting.

4. Connect the load to the FG 507 output connector
and adjust the AMPL control for the desired output
amplitude.

TRIGGERED OR GATED (BURST)
OPERATION

With the FG 507 set for free-running operation as
described in previous paragraphs, apply the triggering or
gating signal to the TRIG/GATE IN connector.

If only one cycle of the output waveform per trigger is
desired, push the TRIG button and select + or — slope.
One ouiput cycle will now be generated for each input
trigger cycle.

If more than one cycle of the output waveform is
desired, push the GATE button. The output will now be
continuous for the duration of the gating waveform. The
number of cycles per burst can be approximated by
dividing the gating signal duration by the period of FG 507
output frequency.

In triggered or gated operation the PHASE control
varies the start of the output waveform by +90°. This
phase change is measured from the 0 V, 0° point on the
output waveform.

VOLTAGE CONTROLLED FREQUENCY
(VCF) OPERATION

The output frequency of any selected waveform can be
swept within a range of 1000:1 by applying an external

@
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voltage to the VCF INPUT connector. The polarity of the
VCF input signal determines which direction the output
trequency sweeps from the selected frequency. A positive
(+) going signal increases the frequency, while a negative
{—) going signal decreases the frequency (see Fig. 2-3).
The amplitude and polarity of the input voltage can be
selected within a range of +£10V depending on the
FREQUENCY Hz dial setting.

Themaximum swept frequency range of 1000:1 encom-
passes the uncalibrated portion of the FREQUENCY Hz
dial (<.2to 2}. To ensure that the frequency does sweep at
least a range of 1000:1, it is recommended that the
FREQUENCY Hz dial be set at 20 and a 0to —10 V signal
be applied to the VCF INPUT connector. It may, however,
be necessary to vary the FREQUENCY VERNIER control
to obtain the full 1000:1 swept range or the lowest swept
frequency desired.

Since the VCF input amplitude is a linear relationship,
the frequency output range can be determined from the
VCF input amplitude.

INTERNAL SWEEP OPERATION

The internal sweep function allows a rapid overview of
the frequency sensitive characteristics of a device under
test. The following paragraphs discuss the various sweep
modes of the FG 507.

Manual Sweep

Select the desired waveform and set the start and stop
frequencies. Adjust the amplitude, symmetry and offset as
desired. Set the SWEEP DURATION contrel to MAN and
the MAN SWP control fully counterclockwise (START
FREQ). Check that the HOLD SWP button is in the SWP
{out) position. Select LOG SWP or LIN SWP as desired.
Set the TRIG SWP-FREE RUN button to the FREE RUN
{out) position. Connect the FG 507 OUTPUT tothe device
under test.

In this mode, the frequency of the selected waveform
can be swept from start to stop with the MAN SWP control.
The frequency of the output signal can be increased,
decreased, or stopped as desired along the sweep. This
mode is usefui if it is desirable to stop the sweep at some
point between the start and stop settings. The operator
may want to examine a portion of the output frequency
more closely than would be allowed using one of the
calibrated sweep speeds.
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Uncalibrated

OUTPUT OUTPUT

SWEPT FREQUENCY
RANGE

(B) (o]

Uncalibrated
Range

Uncalibrated
Range

X

vee Y10 VCF g ver '3
INPUT INPUT 0 INPUT _J

OUTPUT

1431-05

Flg. 2-3. Swept Irequency range wilh 10 V signal applied to VCF IN connector.

Free Running Sweep

With the sweep controls set as previously described
under Manual Sweep, switch the SWEEP DURATION
control to one of the five calibrated sweep time positions.
Connect the FG 507 OUTPUT to the device under test.

In this mode, the frequency of the selected waveformis
automatically swept from the selected start frequency to
the selected stop frequency. When the stop frequency is
reached, the FG 507 resets to the start frequency and
repeats. When the HOLD SWP function is activated, the
sweep will continue on to the stop frequency and remain
there until the hold button is released to the cut position.

Triggered Sweep

With the sweep controls set as previously described
under Manual Sweep, switch the SWEEP DURATION
control to one of the five calibrated sweep time positions.
Press the TRIG SWP-FREE RUN button to the TRIG SWP
(in) position. Connect the FG 507 OUTPUT to the device
under test.

In this mode the sweep of the output signal can be
triggered manually or with an external signal. Each time

English Version 2-8
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the MAN TRIG button is pressed the output signal will
sweep to the stop frequency, reset to the start frequency,
and hold there until the next trigger pulse.

With an external trigger signal applied to the SWP TRIG
IN connector, the repetition rate of the sweep is deter-
mined by the frequency of that signal and the setting of the
SWEEP DURATICN control. A trigger pulse applied after
the sweep cycle has started is ignored. The first trigger
pulse after the sweep has reset to start will repeat the
cycle.

TRIGGER OUTPUT

A +4V square wave is available from the TRIG
QUTPUT connector. The frequency of the trigger output
is determined by the frequency of the selected output
waveform. One trigger pulseis generated for each positive
cycle of the output signal except when square wave is
selected. When generating square waves, one trigger
pulse is generated for each negative cycle of the output
signal. Trigger output impedance is 50 .
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BASIC WAVEFORM CAPABILITIES

The following photographs illustrate the basic waveform capabilities of the FG 507.

2028-05

Filg. 2-4. BASIC FUNCTIONS. Square, iriangle, and sine

waveforms selecled by front panel pushbuttons.

+1.5V
(min.} LEVEL
————————————— = 41V
+0.5V —
ov

2986-26

Fig. 2-6. Trigger Signal amplitude requirements and iriggering
points.
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2028-08

, | I | TRIG OUTPUT'
Wavelorm

[}

|

|

I

| Trangle
[ Waveform®
l

[

(

]

|

]

\/\/\- Sinewave
’ Squarewave*

'Duty cycle of the TRIG QUTPUT wavelorm loliows the
duty cycle of lhe OUTPUT wavelorm.

2028-39

*Also ramps or pulses using the SYMMETRY control.

Flg. 2-5. RAMPS AND PULSES. These are obtalned Irom Lhe
baslc waveforms by using the SYMMETRY conlirol.

@

www.valuetronics.com

Flg. 2-7. Phase relatllonships between OUTPUT wavelorms and
the TRIG OUT waveform.

English Version 2-9



Operaiing Instructions—FG 507

200u5

L

(AR
W

--r-nnn
--uuUUUU

14

2028-11

Fig. 2-8. GATED OPERATION. The top three traces are various
outpul waveiorms and the bollom trace la the gating waveform
applled 1o lhe frigger INPUT connecior with the GATE
pushbullon pressed in, Nole the additional cycle completed alter
lhe waveforms are gated off.

2028-12

1 : C

Flg. 2-10. PHASE CONTAOL OPERATION. This photograph
illuslrates PHASE control usage in the triggered mode. The five
super-imposed traces illustrate the effect of the phase contral.
This conirol provides approximalely +90° of shift. The bollom
trace Is the triggering waveform.

2028-08

Fig. 2-9. TRIGGERED OPERATION. The lop three traces are ihe
varlous oulpul lraces selected. The bottom trace Is the Iriggering
wavelorm applied 1o lhe trigger INPUT conneclor with the TRIG
mode selected. Nole lhat only one cycle of the output wavelorms
is completed.
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Flg. 2-11. LINEAR SWEEP. Select the start and slop frequencles
and the [nternal linear ramp for a swept output from lhe start to
stop frequencles in the selected time.
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>500my S5uS8

Fig. 2-12 LOGARITHMIC SWEEP. Use ihe same setup as in Flg.
2-11. Selecl lhe logarithmic ramp. The frequency s swept at a
logarithmic rate. The logarithmlc ramp vollage is not externally
avallable,

Fig. 2-13. NARROW BAND SWEEP. The top trace shows the
triangle waveform swept by a linear ramp. The siart frequency Is
.52 kHz and lhe slop frequency Is 10.52 kHz. This function ls
useful for narrow band sweep tesling. The botlom trace Is Lhe
sweeplng ramp.

APPLICATIONS

RESPONSE ANALYSIS

The FG 507 is particularly suited for determining
response characteristics of circuits or systems. This
application utilizes the internal sweep feature of the
FG 507 to sweep over a range of frequencies. Refer to the
Internal Sweep Operation discussion under Operating
Modes for additional information.

1. Connect the FG 507 output to the device under test
and connect the device under test to a monitoring device.

2. Set the MULTIPLIER switch and FREQUENCY Hz
dials for the desired upper and lower frequency limits.

3. Select the desired sweep duration and set the
FG 507 for a free running mode.

4. Observe the response characteristics on the
monitoring device.

The frequency at which an observed response
characteristic occurs can be determined by first pressing
the HOLD SWP button. This stops the sweep at the
selected upper limit. Then adjust the FREQUENCY Hz
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{STOP) dial toward the start frequency to again obtainthe
observed characteristic. The frequency is the FRE-
QUENCY Hz (STOP) dial reading times the MULTIPLIER
setting.

If a frequency counter is available, the frequency of the
observed characteristic can be determined without distur-
bing the FG 507 frequency control settings. Connect the
FG 507 output to the device under test and the frequency
counter using a 50 () tee adapter. Switch the SWEEP
DURATION control to the MAN position, Rotate the MAN
SWP control to again obtain the observed characteristic.
The frequency can now be read directly from the counter.

TONE-BURST GENERATION

The FG 507 can be used as a tone-burst generator or
frequency multiplier for checking tone controlled devices.
This application utilizes the internal sweep feature of the
FG 507 and a pulse generator, such as the TEKTRONIX
PG 501, as a gating signal source,

The following procedure describes a technique for
obtaining a tone-burst or frequency mutliplied output
from the FG 507. Refer to the Triggered or Gated (Burst)
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Output discussion under Operating Modes for additional
information.

1. Select the desired upper and lower frequency limits
with the FREQUENCY Hz controls and MULTIPLIER
switch.

2. Select the desired sweep duration and set the
FG 507 for a free running mode.

3. Push the GATE button and connect the pulse
generator to the TRIG/GATE IN connector.

4. Adjust the pulse generator period for the desired
number of bursts within the selected sweep duration.

5. Adjust the pulse generator duration for the desired
burst width.

6. Connect the FG 507 output to the device under test
and adjust the AMPLITUDE control for the desired output
level.

FILTER TESTING

The swept frequency capabilities of the FG 507 makeit
quite suitable for sweep testing filters. When using the
FG 507 in this application, it is best to use the LOG SWP
mode. Figures 2-14 and 2-15 illustrate the advantages of
using logarithmic sweeps.

CHART RECORDER CONTROL

Two signals available at the front panel of the FG 507
make it a useful device in chart recording systems. The
linear sweep ramp is used to drive the recorder and the
gate pulse to control the recording pen.

Because the duration of the gate pulse is equal to the
length of the sweep ramp, the recording pen will be picked
up precisely at the end of each sweep. When the next
sweep starts, the recording pen will return to the paper.

TR SRR FEERE FEEEE EXTN SRS Fpa

V1 R,
AN

300 Hz

30 Hz 3 kHz 30 kMz

2028-20

Flg. 2-14. Linear sweep showing skewed apacing of filter outpul
frequencles.
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|
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2028-21A

Fig. 2-15. Logarithmic sweep showlng even spacings of filler
oulput frequencles.



Section 3—FG 507

THEORY OF OPERATION

INTRODUCTION

This section of the manual contains a description of the
electrical circuits in the FG 507. Refer to the block
diagram and schematic diagrams on thefold out pages in
the back of the manual to aid in understanding this

description. Diamond enclosed numbers appearing
throughout this section refer to the schematic diagram on
which the circuit being discussed is located.

Loor

SUMMING AMPLIFIER

Refer to the discussion under FREQUENCY CONTROL
AND LOG AMPLIFIERS toward the back of this section.

The start frequency voltage is applied to pin 2 of
summing amplifier U1540A where it is summed with any
currents developed by avoltage appliedtothe VCF inputs.
The VCF inputs are J510 (front panel) through R1553, and
pin 21B (rear interface; through R1103. These summed
currents are buffered by Q1445 and flow through R1543.
The voltage developed across R1543is proportional tothe
frequency.

CURRENT SOURCES AND SWITCH

The voltage developed across R1543 is buffered by
U1440 and Q1541 which form the negative current source
forthe main loop timing circuitry. This same voltageis also
buffered by U1540C and Q1543 which form a current
source identical to U1440 and Q1541. The output current
from Q1543 flows through Q1527, Q1525 and Q1421,
which form a current mirror that inverts this current to
provide the positive current source for the main loop
timing circuitry. The current through R1521 is the timing
capacitor charging current; the current through R1536 is
the discharging current. The Top Dial Symmetry Cal,
R1421, adjusts the balance between these two currents so
they are equal in magnitude.

Inthe normal mode of operation (fixed symmetry) R520
and R540 are in the emitter circuit of Q1541 and Q1543. In
this condition, equal amounts of current will flow in both
the positive and negative current sources. When S500,
VAR SYMM, is activated, R530is switched intothe current
source emitter circuits. As R530 is varied from one end to
the other, unequal amounts of current flow through the
positive and negative current sources. |n this manner the
symmetry of the waveform generated bythelcopis varied.
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These currents are switched into the junction of CR1531
and CR1533 where they alternately charge and discharge
the timing capacitor, producing a triangle waveform. The
current switch is formed by Q1531, CR1531, Q1433 and
CR1533.

TIMING CAPACITORS AND
CAPACITANCE MULTIPLIER

The timing capacitors providefortriangle generationin
the five fastest MULTIPLIER ranges. They are switched
into and out of the circuitin decade steps from 10° (C1631)
down to 10' (C1741).

For the four lower MULTIPLIER ranges, 10° down to
107, C1741 is switched into the feedback loop of U1930
forming an integrator. Current from the current switch is
applied to operational amplifier U1940. A voltage is
developed at the output of this amplifier that is propor-
tional to the applied current times the value of R1941
{1 kQ)). This voitage is applied, across one of four
resistors, to the input of U1930. These resistors, R1831,
R1B841, R1842, and R1843, are switched into and out of the
circuit in decade steps with the MULTIPLIER switch
$1731. This arrangement provides very large values of
effective capacitance. The output of U1930 is now the
triangle that is applied to the buffer stage.

TRIANGLE BUFFER

The voitage developed by the timing capacitor or
multiplier (U1930) is applied to the triangle buffer. Q1725
and Q1723 form the differential input stage of this circuit.
Q1821 serves as a constant current source for the input
differential pair. Q1721 and Q1712 complete the feedback
for the amplifier such that the voltage at the emitter of
1712 is equal to the voltage at the Gate of Q1725.
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Loop delay compensation is provided by a network
comprised of R1712, R1812, C1712, and C1714. The
buffered timing capacitor voitage is applied through this
network to the level comparators.

LEVEL COMPARATORS

The level comparators detect upper and lower
threshold levels, UT700A is the upper level detector and
U1700B the lower. The reference level for these com-
parators is supplied by U1400B and C. As the threshold
levels are detected, the respective comparator triggers
U16008B.

REFERENCE VOLTAGES

The reference voltage supplies are composed of
U1400B {—) and U1400C (+) and associated components.
The upper {positive) level threshold voltage is established
by adjusting R1412. This resistor is in a voltage divider
string from zener diode VR1413. The voltage developed
across R1412 is buffered by U1400C and set to ap-
proximately +400 mV atthe output. This voitageis applied
to pin 5 of U1700A as the upper threshold level reference.
This same voltage is also applied to pin 9 of inverter
U1400B. R1511 is used to adjust the gain of this stage so
that the output is nominally —400 mV. This voltage is
applied to pin 13 of U1700B as the |ower threshoid level
reference.

LOOP LOGIC

When a rising voltage at pin 6 of U1700A passes
through the threshotd level set at pin 5, the output (pin 8}
goes low pulling pin 10 of U1600B low. This action setsthe
flip-flop causing pin 9 {Q) to go high and pin 8 (Q) to go
low. Pin 8 of U1600B is tied back, through R1403, to the
junction of CR1431 and VR1532. VR1532 serves as a level
shifter tochange the TTL output gateto the correct level to
drive the current switch (Q1531, CR1531, Q1433
CR1533).

As the voltage at the junction of R1532 and R1534
drops, it pulls the bases of Q1531 and Q1433 low. Q1531is
turned on and Q1433 is turned off. Any current from the
positive current source, through R1521, now flows
through Q1531 and is shunted to the —15 V supply. With
Q1433 turned off, any current flow through the negative
current source must come from the positively charged
timing capacitor through CR1533,

The falling voltage on the timing capacitor is buffered
through the triangle buffer and applied to the level
comparators U1700A and U1700B. Asthe voltage at pin 12
of U1700B falls through the threshold level set at pin 13,
the output {pin 1) goes low pulling pin 13 of U1600B low.
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This action resets the flip-flop causing pin 2 (Q)to nowgo
low and pin 8 (Q) to go high. Taking this high at pin 8 back
to the current switch, Q1531 will be turned off and Q1433
turned on. This allows the timing capacitorto chargeinthe
positive direction.

The action just described generates one entire cycle of
a triangle wave.

TRIGGER GENERATOR

The square wave output at pin 8 {Q) of U1600B also
drives the trigger cutput amplifier. This circuit is com-
posed of emitter follower Q1431 and associated com-
ponents. Q1440, in conjunction with R1440, serves as
output short circuit protection, The output of this circuit
(at J2043) is a square wave 180° out of phase with the main
loop signal. The output amplitude is greater than +4 Vinto
an open circuit, and at least +2 V into a 50 0 load.

SQUARE WAVE GENERATOR

The output at pin 3{Q) of U1600Bis a square wave, but
180° out of phase with that at pin 8. This signal is used to
drive the square wave generator composed of differential
pair Q1801, Q1901, and associated components, The base
of Q1901 is held at a constant voltage by divider network
R1815 and R1818. R1728 and R1816 form a constant
current source for the differential pair. The square wave
from U1600B alternately switches this constant current to
ground through Q1801 or through R1819 and Q1801. In
this manner, a square wave voltage is developed with dc
levels sufficient to drive the output amplifier for the square
wave function.

PHASE CLAMP THRESHOLD DETECTOR

The output of the triangle buffer, in additionto possibly
being fed to the Output Amplifier through S19018, is
connected to the base of Q1711. Q1711 and Q1611 form a
differential amplifier. Q1621 and associated components
pravide a constant current source for the differential pair.
This amplifier senses the level of the triangle waveform
and compares it to the output voltage of U1400A. The
output voltage of U1400A is determined by the setting of
the VAR @ control, R550. The voltage range of R550 is
established by reference voitage supplies U1400B (—) and
U1400C (+). These are the same reference voltages
supplied to the Level Comparators. This arrangement
permits comparison of the iriangle voltage with the
maximum possible positive and negative levels, and all
levels between.

When the triangle voltage exceeds the reference
voltage set by the VAR @ control, Q1711 turns off. Any
current flowing through Q1621 now flows through Q1611.



CURRENT AMPLIFIER

Current flowing through Q1611 also flows through
R1622 and is ampilified by Q1521. Temperature compen-
sation for this amplifieris provided by CR1621. Differential
pair Q1511 and Q1523 serve as a current switch. With
Q1511 turned off, any current amplified by Q1521 passes
through Q1523 te the junction of CR1531 and CR1533.

Theory of Operatlion—FG 507

When the timing capacitor voltage rises to the threshold
level set by the VAR @ control, R550, It is clamped. Q1523
now draws exactly the amount of current that the positive
current source supplies. Because the square wave at pin5
(Q) of U1BD0A drives the base of Q1511, the clamping
action only happens during the positive edge of the
triangle wave. On the negative transition, Q1523 is shut
off, and Q1511 is on. In this manner, the timing capacitor
voltage can be clamped at any desired positive level.

TRIG/GATE AMP AND SINE SHAPER <&

TRIG/GATE AMP AND LOGIC

The input trigger amplifier consists of an emitter
coupled differéntial pair {Q1320 and Q1322}, current
amplifier 11324, and therequiredlogic circuitryto control
the operation of the main foop phase clamp. Input circuit
protection is provided by R1203, R1204, CR1220 and
CR1221. Triggering signals are applied either through
front panel connector J520 or interface connections on
the rear edge of the Main circuit board.

The differential pair, Q1320-Q1322, responds to the
input signal when the voltage rises above (+ SLOPE) the
reference voltage at the base of Q1320. This reference
voltage is established by divider network R1312 and
R1314. The position of $1400D, SLOPE switch, deter-
mines whether a positive or negative going input will
cause the amplifier Q1324 to conduct. Whenthe threshold
level is exceeded and conduction starts, current flow
through the circuit causes a voltage to be developed
across R1322. This voltage is applied to the base of Q1324.
The output at the coilector of Q1324 is a TTL compatible
waveform to drive the logic circuit, U1310. CR1320
provides temperature compensation for Q1324.

Three modes of operation are selectable with S1400;
Triggered, Gated, and Free Running.

In the TRIG mode, $1400A and $1400C are positioned
such that the output, pin 6, of U1310B is connected to pin
4, set input, of U1600A. In this mode, a very narrow,
negative going voltage pulseis developed by U1310B each
time the input waveform passes through the trigger
threshold. This low sets U1600A, which deactivates the
phase clamp uniil the triangle generator again startsinthe
positive direction, and allows the generator to complete
one full cycle.

Inthe GATE mode, $S1400A and S1400C are positioned
such that the output, pin 3, of U1310A is connected to pin
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4, set input, of U1600A. In this mode, a low level is
produced whenever the input waveform exceeds the
threshold if + SLOPE is selected. The generator free runs
as long as this condition exists. As soon as the level at the
input connector drops below the threshold, the output
voltage of U1310A rises. This high level causes the
generator to again stop running when the phase clamp
reaches its threshold level at the end of the last complete
cycle.

Inthe FREE RUN mode, S1400Ais positioned suchthat
pin 4 of U1600A is held low. The generator now outputs
continuous waveforms.

SINE SHAPER

The Sine Shaper is composed of three separate circuit
functions: a Transconductance Amplifier, the Shaper
Circuitry, and an Output Buffer,

Transconductance Amplifier. Emitter coupled tran-
sistors Q1210 and Q1212 along with current source Q1200
form the Transconductance Amplifier. The amplifier con-
verts the triangle voltage at the base of Q1212 to a
differential current. This current flows through two sets of
diode wired transistors, U1120C, U1120D, U1220C, and
U1220D, to the input of the shaper.

Shaper. The active portion of the Shaper is formed by
two sets of emitter coupled transistors U1220A, U1220B,
U1120A and U1120B. These devices have their inputs
wired in series and their outputs cross coupled. U1120E
and U1220E are current sources for these devices. The
circuit operates by generating a power series approxima-
tion to the sine function. The devices in U1120 generate
the first order term while those in U1220 generate the
second order term in the approximation.

3-3
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Output Butfer. The Output Buffer is an operational
amplifier that converts the differential current from Q1010
and U1020D to a single ended voltage that is applied,
through the function switch, to the output amplifier.
U1020E is a current source for the emitter coupled

OUTPUT AMPLIFIER

The output amplifier is basically a noninverting
operational amplifier whose plus input is the base of
Q2101 and minus input is the base of Q2113.

The three basic waveforms are selected by S1801 and
applied across R570 and R580 to the input stage of the
amplifier. R570 varies the amplitude of the selected
waveform. The feedback network consists of R2011 and
R2012, connected from the output to the minus input of
the amplifier. C2011 provides high frequency compensa-
tion for the feedback, and is used to adjust the squarewave
front corner. The input pair, Q2101 and Q2113, amplify the
difference between the input waveform and the fedback
waveform.

An offset current is also summed with the feedback
signal at the base of Q2113 when S510A is closed. This
allows R560 to control the dc offset of the output signal.

differential input pair U1020A and U1020B. Q1012 serves
as a current mirror for U1020A and as an active load for
U1020B8. U1020C is the output emitter follower and R1020
is the feedback resistor.

& ATTENUATORS &

The output of Q2101 is applied directly to Q2111 which
is cascoded with Q2011. The output of Q2113 passes
through an inverting amplifier, Q2211, before passing to
Q2213 cascoded with Q2311. CR2111 provides tem-
perature compensation for Q2211. Thetwo cascodes form
drivers for the amplifier cutput stage.

The output stage consists of Q2013 and Q2123 in
parallel with Q2121 for amplification of positive going
signals. Q2321 and Q2323 in parallel with Q2325 form the
amplifier for negative going signals. The outputistaken at
the junction of R2026 and R2228. The 50 Q output
impedance is determined by parallel 100 Q resistors
R2033 and R2131. C2121 in this network provides high
frequency compensation for the output impedance. The
attenuator circuit is a constant impedance resistive divider
network, switch selectable in 20 dB steps.

POWER SUPPLY <&

The FG 507 receives its power from the power module
via interface connections on the rear edge of the Main
circuit board. The power module supplies plus (+) and
minus {—) 33.5 Vd¢ (unregulated) from which the follow-
ing regulated voltages are generated.

+20 V SUPPLY

The +33.5 V from the power module is filtered and
applied to voltage regulator U1210 (pins 11 and 12). This
regulator contains its own reference, operational
amplifier, and current limiting elements. The output of the
regulator is applied to Q1231 which serves as a driver the
the series pass transistor located in the power module.
The +20 V output is applied across voltage divider R1201,
R1301, and R1315. The output level of the supplyis set by
R1301 (+15 V Adj) which compares the supply output to
the internal reference level of the regulator. This supply is
current limited through the action of R1121 and the
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current limiting element in the regulator. When excessive
amounts of current are drawn from the supply, the voltage
developed across R1121 turns on the current limiting
element in the regulator (U1210). This action reduces the
base drive, through Q1231, to the series pass transistor
causing the supply to reduce output. This supply is the
reference for other suppiies in the FG 507.

+15 V SUPPLY

The +15V supply consists of U1230D and Q1221.
U1230D serves as an error amplifier which compares the
+15 Voutput of the supplytoa +15 Vreference developed
by divider network R1231, R1232 and R1233 from the
+20 Vsupply. Since thissupplyis sourced fromthe +20 V,
it is inherently current limited by the +20 V supply.



+5 V SUPPLY

The +5V supply consists of U1230C and Q1331.
U1230C serves as an error amplifier which compares the
+5 V output to a + V reference developed by divider
network R1231, R1232 and R1233 from the +20 V supply.
Since this supply is sourced from the +15 V and referenc-
ed to the +20 V supply, it is inherently current limited
under the same conditions that limit those supplies.

—20 V SUPPLY

The —20 V supply is derived from —33.5 V supplied by
the power module. The output of operational amplifier

SWEEP GENERATOR

SWEEP DURATION SELECT

U1240A and Q1240 form a positive current source to
charge timing capacitor C1132. Sweep duration is
selected by switching into the emitter circuit of Q1240, one
of the resistors R1340, R1341, or A1342. Each of these
resistors is ten times larger in value than the previous one.
The sweep duration is variable between decade steps by
adjusting R1520. This current source charges C1132 to
approximately +2 V.

CAPACITANCE MULTIPLIER

In the three fastest sweep ranges U1240B serves as a
non-inverting unity gain buffer for the timing capacitor
(C1132) voltage. For the two slower sweepranges (1sand
10 s) this circuit is re-configured to act as a X100
capacitance multiplier. Opening contact 5 and closing
contact 4 of §1320, SWEEP DURATION, inserts R1240
and R1241 into the input circuit of U1240B. The 100 to 1
value ratio of these resistors permits C1132toreceive only
1/100th the charging current it does in the slower sweep
speeds. This makes the capacitor effectively 100 times
larger in value. The output of U1240B is applied to, and
ampiified by, U1140B. This stage has a gain of five, which
raises the timing capacitor veltage from 42 Vto +10 V.

LEVEL DETECTOR AND 10 VOLT
REFERENCE

The +10 V reference for the sweep ramp is established
by U1340B. The differential amplifier formed by Q1132
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U1230A is applied, through Q1245 to the base of Q1241,
which serves as a driver for the series pass transistor
located in the power module. This supply is alsoreferenc-
ed to the +20 V. The supplyis current limited through the
action of R1141 and Q1243. When excessive amounts of
current are drawn through R1141, a voltage sufficient to
turn Q1243 on develops across R1141. This action reduces
the base drive to the series pass transistor causing the
supply to reduce output.

—15 V SUPPLY

The —15 V supply consists of operational amplifier
(U1230B) and a series pass feedback regulator {Q1345).
The output of the supply is fed back through divider
network RA1247, R1341, and R1245. The output level is
adjusted by R1341, Because this supply is sourced from
the —20 Vsupply,itis currentlimited by the —20 V supply.

®©

and Q1136 serves as an upper level threshold detector.
When the voltage at the output of U1140B, which drives
the base of Q1136, reaches the +10 V reference level, the
differential amplifier will switch turning Q1136 off and
Q1132 on. With S1020Binthe FREE RUN position, current
flows through R1130, Q1132, and A1123,

SWEEP MULTIVIBRATOR

The voltage developed across R1123 drives the base of
Q1120 high causing that differential amplifier {Q1120,
Q1122) to change state. Q1120 turns on and Q1122 turns
off. Current now flows through divider string R1124,
R1125, R1129. The voltage developed across this divider
drives the base of Q1116 high causingits collector voltage
to drop. This low on the collector of Q1116 causestheflip-
flop, Q1112 and Q1118 to change state. The coliector of
Q1112 is now high, which drives the base of Q1124 high.

CLAMP DRIVE

With the base of Q1124 driven high, its emitter will pull
up, through R1134 and R1137, on the base of Q1130 and
Q1134. Timing capacitor current flow is now through
Q1134 to ground allowing U1140B output to start falling.
Q1134 is usedinitsreverse active mode in this circuit. This
arrangement provides for collector to emitter saturation at
very low voltages resulting in very accurate clamping of
the timing capacitor. Q1130 provides increased drive
capability for Q1134,
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TRIGGER GENERATOR

The drop in U1140B output drives the base of Q10408
low. When the voltage at the base of Q1040B drops below
the lower threshold level set at the base of Q1040A,
Q1040B will turn off. This causes Q1040B collector to go
high which drives the base of Q1220 high. The emitter of
Q1220 goes high driving the base of Q1114 high. The
collector of Q1114 goes low causing the flip-flop to
change state and drives the base of Q1124 low. Q1124
turns off and its emitter goes low. This action drives the
base of Q1130 and Q1134 low turning them off. This
refeases the clamp to ground from the timing capacitor
C1132. The capacitor recharges and starts the next sweep
ramp, Diode CR1040 on the base of Q10408 prevents this
device going into reverse breakdown when the output of
U1140B is at +10 V.

Manual Sweep Mode. In this mode $1320 contact 6is
opened and contact 7 is closed. R1530 is between the
+10 V reference and ground. The voltage developed
across R1530is buffered by U1340A and appliedto pin 9 of
U1730. With this arrangement, the +10 V reference is
variable from 0 to +10 and the generator can be manually
swept over its entire sweep range.

Hold Sweep Mode. This mode allows the sweep
generator to be stopped atthetop of the ramp (+10 V) and
held for an indefinite period. In this mode, $1020B is
positioned such that the output of the upper level
threshold detector is disconnected from the multivibrator.
The rising voltage at the output of U11408B drives the base
of Q1136 high turning it off. Conduction through Q1132
causes a voltage to develop across R1134 and R1135
driving the base of Q1130 and Q1134 high. These two
transistors now serve as a linear clamp that will draw off
any current that would otherwise flow into C1132.

Any increase in voltage above established limits at
C1132 is buffered and amplified by U1240B and U1140B.
This action turns Q1136 off harder, increasing conduction
through Q1132. The resulting increase in voltage across
R1134 drives the base of Q1130 and Q1134 higher. More
current is drawn from C1132 and the voltage dropstothe
established level. This feedback action assures that the
output of U1140B will remain at +10 V until $1020B
(HOLD SWP) is released.

TRIGGER AMPLIFIER

In the triggered mode of operation, S1020D is position-
ed such that the generator is in its quiescent state. The
collectors of Q1112 and Q1114 will be high. The base of
Q1124 is being held high andits emitteris pulling up onthe
base of Q1130 and Q1134. Thetiming capacitor, C1132,is
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clamped to ground. The generator is waiting for a trigger
to change the state of the flip-flop {Q1112, Q1118). The
trigger signal can be applied to the trigger amplifier
through front panel connector J540 or rear interface
connector 22A.

The sweep trigger amplifier consists of Q1004 and
Q1006 which form a Schmitt Trigger. Q1000 and Q1002
serve as a temperature compensated current source used
to establish the width of the hysteresis window. Input
circuit protection is provided by R1104, CR1100, and
CR1102. Q1110 acts as a trigger lockout ot biock any
recurring trigger pulses during the period that the ramp is
resetting.

An input signal larger than +1 V applied to the base of
Q1006 will cause the Schmitt trigger to change state. This
causes a trigger pulse to be applied, through C1014 and
$10200, tothe base of Q1220 driving it high. The emitter of
Q1220 goes high pulling the base of Q1114 high. The
collector of Q1114 goes low resetting the flip-flop (Q1112,
Q1118) and pulling the base of Q1124 low. Q1124 emitter
goes [ow driving {through R1137 and R1134) the base of
Q1130 and Q1134 low. This lifts the clamp from thetiming
capacitor allowing it to charge and start the ramp. In this
mode, since the lower level threshold detector is dis-
connected from the multivibrator, the sweep will not free
run. When the ramp voltage reaches zero the generator
will remain quiescent until the next trigger pulse.

The sweep can also be triggered manually by pressing
the MAN SWP button on the front panel. This pushbutton
activates S1020A. When this switch is closed, the base of
Q1220 is pulled up to +15 V through a very short time
constant (R1110, C1016). Pulling the base of Q1220 up
starts the action just described and generates one com-
piete ramp.

GATE AMPLIFIER

The gate amplifier consists of an emitter coupled
comparator, Q1440 and Q1442, and an emitter follower
buffer, Q1444. This circuitis driven by the same signal that
drives the timing capacitor clamp circuit (Q1130, G1134).
This arrangement assures that the gate output will always
go low while the ramp is resetting {free run and triggered
moedes) or being held high (hold sweep mode).

The threshold level is set by R1443 and R1444 at the
base of Q1442, Whilethe generator is sweeping (the clamp
circuit is off} there is +@ V on the base of Q1440 and it is
shut off. The collector of Q1440is high, driving the base of
Q1444 high. The emitter of Q1444 is high resulting in a
high output at front panel connector J560. When the



sweep ramp reaches +10 V, conduction through Q1132
drives the base of Q1440 high. When this voltage exceeds
the level set at the base of Q1442 (approximately 0.25 V)
Q1440 will turn on. This pulls the collector of Q1440 low,
driving the base of Q1444 low. The emitter of Q1444 goes
low resulting in a low output at J560. This action produces
a positive square wave gate output equal in durationtothe
sweep ramp.

Theory of Operation—FG 507

RAMP BUFFER

The +@to 10 V ramp output of U1140B is applied tothe
+input of U1140A which serves as a unity gain buffer, The
ramp output of this stage is available at front panel
connector J550. This buffered ramp voltage is also
available at rear interface connector 25A.

FREQUENCY CONTROL AND LOG AMPLIFIERS @

NONSWEEPING MODE

in the nonsweeping mode, the frequency of the
generated waveforms is determined by the setting of the
FREQUENCY Hz START control. The voltage developed
across R500 is buffered by U1310C. This buffered voltage
is applied directly to the Voltage Controlled Oscillator
{(VCO) U1540A on diagram . From this point con, the
action of generating the various waveforms has been
discussed,

LINEAR SWEEP MODE

In this mode, the buffered start frequency voitage is
applied to the plus (+) input of summing amplifier
U1710A. This same voltageis also applied tothe minus (-}
input of U1310A. Simultaneously, the stop frequency
voltage, which is set by R520 and buffered by U13100D, is
applied to the plus (+) input of U1310A, The difference
voltage at the output of U1310A is appliedtothe +Yinput
(pin4) of multiplier U1730. This dclevel is usedtoscalethe
0to10 Vsweepramp. The sweeprampisappliedtothe +X
input (pin 9) of the multiplier from the sweep generator.
The differential output currents {pins 2 and 14) from
U1730 are applied to the input of U1830. Buffer amplifier
U1830 converts these currents to a single ended voltage
which is applied to the minus (—) input of the summing
amplifier U1710A, The summed output at pin 1 of U1710A
is applied to, and sweeps the VCO. Since the transfer
function of the VCO is linear, the generator output is a
linear sweep from the start frequency to the stop
frequency.

LOG SWEEP MODE

The basic difference between linear and logarithmic
sweeping is that the sweep ramp must be scaled different-
ly to maintain a given set of sweep limits. The FG 507
utilizes a unique network of log and anti-log amplifiers to
accompiish this. Since each of the circuits function
identically, only the operation of one will be discussed.
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ANTI-LOG AMPLIFIER

The anti-log amplifier that will be discussed is com-
prised of U1810B, Q1910, Q1912, U1810A, U1820, and
associated components.

In bipolar transistors, the relationship of the collector
current to the base-to-emitter voltageis logarithmic over a
wide current range.

The collector current of grounded base amplifier
Q1912 is used to develop a voltage at the output of
U1810A. This voltage is proportional to the product of
Q1912 collector current times the value of R1615. At a
constant temperature, a linearily decreasing voltage
applied to the emitter of Q1912 will cause an exponentially
increasing current in the collector circuit. This resuitsin
an exponentially increasing voltage at the output of
U1810A. Q1910 provides the required temperature com-
pensation to assure stable base-to-emitter voltage in
Q1912. Operational amplifier 1820 serves as a current
source to maintain a constant current flow through Q1910.
With this arrangement, alinear voltage appliedto the base
of Q1910 results in a temperature compensated exponen-
tial current in the collector circuit of Q1912, and the
desired exponential voltage at the output of U1810A.

LOG AMPLIFIER

There are two log amplifiers used in the FG 507; cne
each for the start frequency and the stop frequency. The
log amplifiers consist of a simple operational amplifier
with an anti-log amplifier in the feed-back loop. The
operation of this anti-log amplifier is exactly as previously
described. The start frequency circuit consists of
operational amplifier U1510 with anti-log amplifier com-
ponents U1600B, U1610, Q1600, @1602, and U1600A. The
stop frequency circuit consists of operational amplifier
U1300 with anti-log amplifier components U1400B,
U1410, Q1400, Q1402, and U1400A.
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LOG SWEEPING

The start frequency voltage, set by R500, is buffered
through U1310C and applied to the input of log amplifier
U1510. The output of U1510is applied to pin 5 of the leg
mode summing amplifier U1710B. This dc level sets the
initial condition for the sweep. This same voltage is also
applied to the minus (—) input of summing amplifier
U1310B. The stop frequency voltage, set by R520, is
buffered through U1310D and applied to the input of log
amplifier U1300. The output of this log amplifieris applied
to the plus (+) input of summing ampilifier U13108B.,

The output of U1310B is the difference between the
start and stop log amplifiers. This dc level is applied tothe

+Y input (pin 4) of the multiplier L1730, The multiplier
now automatically scales the Oto 10 V sweepramp, which
is applied to the +Xinput (pin 9), for a logarithmic sweep.

The multiplier output currents are convertedto asingle
ended voltagethrough U1830and applied to the minus {(—)
input {pin 6) of the summing amplifier U1710B. The
summing amplifier inverts the ramp voltage at pin 6 and
adds it tothe dc level set at pin 5. The output of U1710B s
scaled through U1810B to the correct dc level to drive
Q1910. The output of this anti-log amplifier is applied
directly to the VCO through J1800.

SWEEP POWER SUPPLY

The sweep circuitry receives its power from the power
module via interface connections on the rear edge of the
sweep board. The power module supplies plus (+) and
minus (—) 33.5 Vdc (unregulated) from which the follow-
ing regulated voltages are generated.

+15 V SUPPLY

The +33.5 Vfromthe power moduleis appliedto U1744
which provides a precision reference voitage for com-
parator U1742. The voliage developed by the supply
output across divider network R1638, R1639, and R1640is
compared to this reference. The difference voltage at the
output of U1742 is applied to the base of Q1846. Q1846
serves as a driver for the Series Pass Transistor located in
the power module. Overload protection is provided by
R1845 and Q1844. If an excessive amount of current is
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drawn from the supply, current flow through R1845
develops a voltage across the base-emitter junction of
Q1844. This turns Q1844 on, which in turn reduces the
base drive to Q1846. This action results in a reduced
output from the supply.

—15 V SUPPLY

The —15 V supplyis derivedfrom the —33.5 Vfurnished
by the power module. The entire circuit, except the
reference voltage, functions exactly as the +15 V supply.
Inthis supply, the output of the +15 Vsupplyis used as the
reference voltage. The +15 V is applied to the input of
U1740B, inverted, and applied to comparator U1740A.
This arrangement permits precise adjustment of both
supplies with one control (R1640).
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CALIBRATION

PERFORMANCE CHECK

INTRODUCTION

This procedure checks the Electrical Performance
Requirements as listed in the Specification section in this
manual. Perform the internal adjustment procedure if the
instrument fails to meet these checks. If recalibration does
not correct the discrepancy, circuit troubleshooting is
indicated. Also, use this procedure to determine accep-
tability of performance in an incoming inspection facility.
For convenience, many steps in this procedure check the
performance of this instrument at only one value in the

specified performance range. Any value within the
specified range, within appropriate limits, may be sub-
stituted.

TEST EQUIPMENT REQUIRED

The test equipment, or equivalent, listed in Table 4-1 is
suggested to perform the performance check and the
adjustment procedure.

Table 4-1
TEST EQUIPMENT REQUIRED
Application
Minlmum Pert Adj
Item Description Specifications Check Proc Example
1 Power Module Five compartments or more X X TEKTRONIX TM 515 or
TM 506
2 Oscilloscope System Minimum Vertical deflection X X TEKTRONIX 7704A/7A16A/
factor .5 V/div. Fastest Cali- 7B50
brated Sweep Rate .5us.
3 Differential Comparator| Minimum Vertical deflection X X TEKTRONIX 7A13
Ampiifier factor .1 V/div
4 Sampling System X TEKTRONIX 7704A/7511/
7T11/8-1
5 Spectrum Analyzer X TEKTRONIX 7L12
6 Distortion Analyzer Frequency range from 20 Hz X TEKTRONIX AA 501
to at least 300 kHz. Distor-
tion resolution <0.25%
7 Frequency Counter Frequency range 0.002 Hz X X TEKTRONIX DC 504
to above 2 MHz, Accuracy
within one part in 10
31 count
8 Digital Multimeter Range to £30 V X X TEKTRONIX DM 501
Accuracy 0.1%
9 Function Generator 100 Hz Square Wave X TEKTRONIX FG 503
10 Puise Generator 0to 2 V square wave out- X TEKTRONIX PG 501
put into 50 Q load. Period
2 us; Duration .1 us
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Performance Che