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Model 145, 20 MHz Function/Pulse Generator




1.1 THE MODEL 145

The Model 145 20 MHz Pulse/Function Generator has
the versatility of output found in a function generator,
plus the pulse characteristics of a pulse generator. It
is a precision source of sine, triangle, balanced
square, positive square and negative square
waveforms, a source of dc levels and a source of nor-
mal and inverted pulses. All are front panel and
remote control variable from 0.0001 Hz to 20 MHz
(periods from 50 ns to 10,000s). Pulse widths are
variable from 25 ns to 1 ms and pulse delays variable
from 50 ns to 10 ms. Double pulses (two pulses per
period) are also available with variable time between
pulses. The logical complement of the pulse is selec-
table and either pulse or_complement are output
simultanecusly as ECL, ECL, TTL, TTL and variable
amplitude and offset pulses.

The amplitude controllable output of either waveform
or pulse can be varied to 30 volts peak-to-peak (open
circuit) and attenuated up to 80 dB. DC voltage or dc
offset of signal is variable by front panel control and
by external control between + 15 volts (open circuit).
The outputs are aiso triggerable for one or multiple
cycles by front panel switch or remote signal. A
voltage representing generator frequency and a TTL
level sync pulse at the frequency of the generator are
auxiliary outputs.

1.2 SPECIFICATIONS
1.2.1 Versatility

Instrument operates as either a function generator or
pulse generator.

1.2.2 Function Generator

Waveforms

Selectable sine’\y |, square "L, triangle “\v, positive
square I, negative square 1 and dc. TTL sync
pulse and fixed amplitude pulses of TTL, TTL, ECL and
ECL, all simulaneously available with function output.

Operational Modes
Continuous: Generator oscillates continuously at
selected frequency.

Triggered: Generator is quiescent until triggered by an
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GENERAL DESCRIPTION

external signal or manual triger, then generates one
cycle at selected frequency.

Gated: As triggered mode, except generator
oscillates for the duration of the gate signal.

Frequency Range
0.0001 Hz to 20 MHz in 10 overlapping ranges with
approximately 1% vernier control.

Function Output

Ny, 'L, A, selectable and variable to 30 Vp-p
(15 Vppinto 509Q). rL, 1r,to15Vp (7.5 Vpinto 509).
All wavetforms and dc can supply 150 mA peak cur-
rent and may be attenuated to 60 dB in 20 dB steps
with an additional 20 dB vernier.

DC Output and DC Offset

Selectable thru FUNCTION OUT output. Controlled by
front panel control or by applying an external voltage.
Adjustable between a minumum of £14.4Vdc (£7.2
Vdc into 50Q) with signal peak plus offset limited to
+14.4 Ydc (£ 7.2 Vdc into 50Q). External offset sen-
sitivity approximately —1 V/V with output into open
circuit. DC offset and output waveform attenuated
proportionately the 60 dB output attenuator.

Sync Output
A TTL level pulse. Will drive 50 termination.

GCV—Generator Controlled Voltage

At GCV OUT connector, a 0 to + 2V signal propor-
tional to generator frequency. 6002 source im-
pedance.

VCG—Voliage Controlled Generator

Up to 1000:1 frequency change with externat 0 to 2
volt signal to VCG IN connector. Upper and lower fre-
guencies limited to maximum and minimum of
selected range.

Slew Rate: 2% of range per us.

Linearity:
+0.2% for 10 Hz to 200 kHz.
+0.75% for 0.001 Hz to 2 MHz.

Impedance: 2 kQ.

Trigger and Gate
Input Range: 1 Vp-p to £10V.
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Impedance: 10 k2, 33 pF.

Pulse Width: 25 ns minimum.

Repetition Rate: 10 MHz maximum.

Adjustable Triggered Signal Start/Stop Point (sine and tri-
angle only): Approximately —90° to +90° to 2 MHz.

1.2.3  Frequency Precision

Dial Accuracy
13% of full range from X .01 Hz to X 1 MHz.
5% of full range on X 10 MHz.

Time Symmetry

Square wave variation less than:
+1% from 0.001 Hz to 200 kHz
10.5% from 20 Hz to 20 kHz

1.24 Amplitude Precision

Amplitude Change With Frequency
Sine variation less than:

+0.1 dB for 0.001 Hz to 200 kHz
+0.5 dB for 200 kHz to 2 MHz

+ 3.0 dB for 2 to 20 MHz

Step Attenuator Accuracy
0.3 dB per 20 dB step at 2 kHz.

1.2.5 Wavelorm Characteristics

Sine Distortion

<0.5% on X 100 Hz to X 10 kHz.

<1.0% on X .01 to X 10 Hz and X 100 kHz.

All harmonics 34 dB below fundamental on X 1 MHz.
All harmonics 26 dB below fundamental on X 10 MHz.

Square Wave RiselFall Times
At FUNCTION OUT <20 ns for 15V p-p output into 509 load.

1.2.6 Pulse Generator

Pulse Qutputs

Variable amplitude pulse, and simultaneous fixed ECL, ECL ,
TTLand TTL pulses and TTL sync pulse. All outputs can drive
50Q terminations.

Operational Modes

Continuous, triggered and gated plus the following.
Normal Pulse: Adjustable width pulse in phase with sync
signal.

Delayed Pulse: Pulse delayed with respect to normal pulse.
Pulse delay and pulse width adjustable.

Double Pulse: Two pulses for every period. Time between
pulses and pulse width adjustable. Minimum period 100 ns.
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Pulse Period Range
50 ns to 10,000sin 10 overlapping ranges with approxi-
mately 1% vernier control.

Pulse Width
26 ns to T ms in 5 overlapping ranges with vernier contral.
Includes OFF and square wave.

Pulse Delay
50 ns to 10 ms in 6 overlapping ranges with vernier control.

Duty Cycle
Duty cycles to 70% for periods > 100 ns (< 10 MHz); for
periods < 100 ns (> 10 MHz) duty cycles are approxi-
mately 50%.

Function Output
Variabie to 30V p-p {15V p-p into 50§}). DC offset and
attenuation are same as for function generator.

Puise Rise/Fall Times
At FUNCTION OUT, < 20 ns for 15V p-p output into 5052
load.

1.2.7 General

Stability

Short Term: =0.05% for 10 minutes.

Long Term: £0.25% for 24 hours.

Percentages apply to amplitude, freguency and dc offset.

Environmental
Specifications apply a1 23°C +5°C, Instrument will operate
from 0°C to 50°C ambient temperatures.

Dimensions
28.6cm (11 in.) wide; 13.3cm (5% in.) high; 27.3cm
(10% in.) deep.

Weight
5 kg (11 1b) net; 6.6 kg (14 Ib) shipping.

Power
90 to 105V, 108 to 126V, 198 to 231V and 216 to 252V
selectable; 48 to 400 Hz:; less than 30 watts.

NOTE

Alf specifications apply from 0.1 to 2.0 on fre-
quency dial when FUNCTION OUT output is
at maximum and 50§) terminated. Function
generator specifications apply when PULSE
WIDTH coatrol is OFF.
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Figure 4-1. Overall Block Diagram
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4.1 BASIC WAVEFORM DEVELOPMENT

The heart of the generator (the bold path in figure 4-1} is a
triangle and square wave generator. The triangle waves are
developed by capacitor charging ramps that are alternately
reversed in polarity. The polarity reversal is caused by a flip-
flop circuit, or hysteresis switch, that in turn produces the
square waves. The flip-flop changes states upon detecting
amplitude limits of the charging ramps through the triangle
amplifier.

As shown in figure 4-1, the VCG dial buffer sums the cur-
rents from the frequency dial, frequency vernier and VCG
in connector. The VCG dial buffer is an inverting amptifier
whose output voltage is used to control a positive current
source and a negative current source. For symmetrical out-
put waveforms, the currents from the two current sources
are equal and directly proportional to the voltage of the
VCG dial buffer output. The diode gate, which is controlled
by the hysteresis switch, is used to switch the positive or
the negative current to the integrating capacitor selected by
the frequency multiplier. If the positive current is switched
into the integrating capacitor, the voltage across the capaci-
tor will rise linearly to generate the triangle rise transition.
If the current is negative, the voltage across the integrating
capacitor will fall lincarly to produce the fall transition.

The triangle amplifier is a unity gain amplifier whose output
is fed to the hysteresis switch. The hysteresis switch has two
voltage timit points (+1.25 and —1.25V) at its input.

During the time the output voltage of the triangte amplifier
is rising, the output voltage of the hysteresis switch is posi-
tive, but when the output voltage of the triangle reaches
+1.25V, it triggers the hysteresis switch causing the output
to switch negative. Once the control voltage into the diode
gate becomes negative, it will switch the positive current
out and switch the negative current in to the integrating
capacitor, so that the voltage across the capacitor will re-
verse, starting a linear decrease of the waveform. When the
decreasing voltage reaches —1.25V, the output of the hys-
teresis switch will switch back to positive, reversing the
process. This action generates the triangle waveform as
shown in figure 4-2. Since the output of the hysteresis switch
is a square wave, the result is simultaneous generation of a
square wave and a triarigle wave at the same frequency.

SECTION
CIRCUIT DESCRIPTION

HYSTERESIS
SWITCH

Figure 4-2. Basic Generator and Timing Diagram

The output frequency is determined by the magnitude of the
capacitor selected by the frequency multiplier and the magni-
tude of the positive and negative current sources. Since the
current sources are linearily proportional to the control voltage
of the VCG circuit, the output frequency will also be linearily
proportional to the control voltagse.

The output of the hysteresis switch is fed to the sync amplifier
and also the the square wave shaper. The square wave shaper
consists of a shaping circuit which limits the square wave output
swing to+1.25V, For positive pulse outputs, it limits the output
voltage swing fromi -1.25 to 0V; and for negative pulse outputs,
it limits the output voltage swing from 0to +1.25V. The PULSE
or PUESE from the auxiliary board are bipolar and processed
as the square wave.

Thetriangle wave from the triangle amplifier is coupled through
a buffer amplifier and made available to the function selector
switch. The buffer amplifier provides a low impedance to drive
the sine converter circuit. The sine converter, using the
nonlinear characteristics of its diodes, converts the triangle
wavs into a sine wave.

The square wave from the sync amplifier, processed through a
one-shot and the sync out buffer, is externally available at the
sync out connector. The sync pulse, then, is a TTL level pulse
output of the generator frequency.

4-1



4.2 AMPLITUDE OFFSET AND ATTENUATION

The selected waveform is inverted and amplified in the pre-
amplifier. The preamplified waveform is sent to the output
amplifier.

The output amplifier is an inverting amplifier with a current
limiting output stage for short circuit protection. The dc
offset control provides the offset to the selected waveforms
center reference. The dc offset can be set by voltage at the
external dc offset connector. The output amplifier establishes
the generator O dB attenuation reference. An output atten-
uator decreases this reference amplitude in operator selected
20 dB steps. The attenuator consists of three voltage dividers.
Attenuation between the steps is provided by the attenuation
vernier,

4.3 TRIGGER AND GATE CONTROL

Generator operation is controlled by allowing or preventing
the timing capacitor to charge. Figure 4-3 shows in detail
this portion of the circuit. For continuous operation, the
trigger amplifier maintains a positive level above the positive
peak developed by the charging capacitors. This reverse
biases (turns off) the start/stop diode, and the trigger ampli-
fier does not interfere with continuous operation.

. When the trigger amplifier outputs some level below the
positive peak charging level, the diode is forward biased
(turned on) to sink the integrating current from the current
source, preventing the capacitors from charging to the posi-
tive peak. This stops waveform generation and holds the
triangle output at some dc level called .the trigger baseline.
The trigger baseline is the level where a triangle waveform
cycle starts and where it stops. This baseline is directly ap-
plicable to the triangle waveform and thus affects the sine
wave. The square wave levels, output via the hysteresis
switch, are not affected by the triangle baseline levels.

The rormal trigger baseline is zero volts, analogous to 0°
phase of a sine or triangle waveform. The trigger start/stop
control offsets the trigger amplifier output and can change
the baseline for starting and stopping a sine or triangle
waveform from its negative peak (—90°) to its positive peak
(+90°) range. At the extreme positive peak level setting
though, the diode is again reverse biased and generator
operation goes continuous.

When charging level is being held, the positive current
generator still varies its output with corresponding frequency
control inputs. These varying currents must be sunk through
the diode to keep the timing capacitors from varying their
charge, and thus varying the trigger baseline. The baseline
compensation circuit monitors the output from the positive
current generator to control the trigger amplifier and thus
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control the necessary compensating current through the
diode.

The trigger control logic determines that after a waveform
starts, it always stops at a complete cycle and at the same
phase at which it started. The trigger control logic latches
the trigger amplifier for an enabling output from the time
the cycle starts to when the negative peak of the last cycle
is reached (just one cycie in the trigger mode). Upon reach-
ing the negative peak, the timing capacitor continues
charging positive again, but stops upon reaching the trigger
baseline. A sguare wave from the hysteresis switch synchro-
nizes the last negative peak time for unlatching the trigger
amplifier for its trigger baseline ocutput.

The generator mode control circuitry (not shown) deter-
mines whether the trigger control logic is to be fired for just
one cycle, or is to be held on for the duration of the trigger
input. When in gate mode, the trigger is directly coupled for
controlling the trigger control logic. In the trigger mode,
the squaring circuit output is converted by a one-shot to a
narrow pulse which fires the trigger control logic.

The squaring circuit is a level detector that generates a
square pulse for the duration of a trigger signal above the
set trigger level. The pulse is also generated for the duration
the manual trigger switch is held down in gate mode, and
fires one cycle in triggered mode.

44 PULSE OUTPUTS

The pulse outputs are based on the square wave from the
basic generator circuit (see figure 4-1); the uise frequency
is controlled by the frequency dial, freque: cy vernier and
VCG voltage in the same manner as the w weforms. The
square wave is first modified to the sync pulse by a one-shot
circuit; then the normal/double/delayed pulse selector switch
sets or inhibits AND gates to distribute the sync pulse to
the delay one-shot and the width one-shot circuits. When
the switch is in normal position, the sync pulse is gated to
the width one-shot; the delay one-shot is bypassed. When
the switch is in delayed position, the sync pulse is gated to
the delay one-shot only. With the switch in the double posi-
tion, the sync pulse is gated to both the delay and width
one-shots,

Pulse width of the width and delay one-shot pulses can be
varied by the front panel width and delay controls, respec-
tively. The resulting pulse is gated by the selection of a pulse
width value rather than the square wave { "\, } detent on
the pulse width switch. The pulse or the basic generator
square wave, as selected by the pulse width control, is sent
to a buffer circuit and output as TTL, TTL, ECL and ECL
pulses. The pulse or square wave is also routed to another
buffer which is set by the selection of PULSE, PULSE or a



waveform with the front panel function switch. This output,
a normal pulse or a complemented pulse, is routed to the
square wave shaper and output, if selected, through the
output amplifier as a variable amplitude pulse. The pulse
modes of normal, delayed and double are shown as timing
diagrams in figures 4-4, 4-5 and 4-6.

45 WIDTH AND DELAY ONE-SHOTS

The pulse width and delay one-shots feature front panel

adjustable current sources to regulate the capacitor charge
time and as a result, the one-shot pulse width. The steady
state condition of the one-shot circuit is as shown in figure
4-7: Upon triggering, Q goes low, the switch transistor
switches off and the capacitor begins to charge. When the
voltage across the capacitor is sufficient, the level detector
senses the set level, the flip-flop is cleared and the circuit
revertsto its steady state condition. The duty cycle of the one-
shots is limited by the capacitor discharge time when return-
ing to steady state conditions.
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