


























A fast A/D plug-in
for the oscilloscope

Hideki Iwata Ken Sternes
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O ne picture is worth a thousand words. And some-
times even a thousand words can’t adequately
convey the information. We might paraphrase this to
say, “One waveform displayed is worth a thousand volt-
meter readings.” And sometimes even a thousand volt-
meter readings can’t adequately portray the waveform.
It’s true, however, that often a picture, or waveform,
doesn’t tell the complete story. The addition of a few
words, or figures, can impart a lot of valuable informa-
tion.

The introduction of the TEKTRONIX 7000-Series
Oscilloscope with CRT READOUT brought us the
powerful measuring capability afforded by displaying
both waveforms and alphanumerics on the CRT at the
same time. To many, this seemed to be merely a con-
venience for recording deflection factors along with the
trace when photographing the screen. It has proven to
be a convenience—and much more, for it has broadened
the role of the oscilloscope to include counters, DVM’s,
computer-aided measurements and the like. Now a new
analog-to-digital converter plug-in for the 7000-Series
adds several highly useful measurements to your oscillo-
scope’s repertoire.

The 7D12 Plug-in

The 7D12 A/D Converter plug-in is designed for
use with any 7000-Series Oscilloscope containing CRT
READOUT. The unit consists of two basic sections: the
plug-in mainframe, which contains a fast, 414-digit,

A/D converter, inverter power supply, dual-trace 100-
MHz vertical amplifier, readout control section and
trigger circuit; and a smaller module which plugs into
the front of the 7D12. Three modules are currently
available—the M1 Multifunction Module for measur-
ing DC volts, resistance and temperature; the M2
Sample /Hold Module for measuring voltage from
ground to a selected point, or the difference voltage
between any two selected points; and the M3 RMS Volts
Module for making true RMS voltage measurements.
We will discuss each of these in some detail; but first,
let’s take a closer look at the 7D12 mainframe.

The block diagram in Fig. 1 shows the major sections
of the 7DI12 and the modules. The modules process
various analog signals-- peak voltage, RMS voltage,
resistance, temperature, etc., and produce a DC voltage
which the 7D12 converts to digital readout information
for the 7000-Series Oscilloscope. The M2 and M3 also
provide an analog signal for display.

The function of each block in the 7D12 is readily
apparent except, perhaps, for the inverter power supply.
This supply permits floating the A/D converter, en-
abling us to make measurements with the input ele-
vated as high as 1 kV. Triggering of the 7D12 can be
accomplished internally from a unijunction transistor
oscillator, externally thru a BNC connector, or manu-
ally by a front-panel push button.
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Fig, 1.

Block diagram of plig-in module and 7D12 plug-in.
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t;-t,—When a trigger pulse arrives at t;, the A/D
Stand-by StartRamp Generator produces an A/D
stand-by pulse to switch the states of SW1, SW2, SW3,
and SW6 through the A/D Stand-by Logic circuit. The
input of the |Gy| converter is now connected to Vy;.
The input voltage Vy is equal to Vi minus V..

t,-t,—After 2 milliseconds, a start-ramp pulse is pro-
duced at t, to turn SW4 on through the Start Ramp
Logic, to start integrating the input current, Iy, and the
counter is started by the clock pulse from the Clock
Synch. and Control Section.

t,-t,—At 20,000 counts of the counter at t,, SW4 is
opened, and SW5 is closed to start integrating down by
the reference current, Igg. At t,, the auto-zeroing circuit
is activated again by turning SW1 off and SW2 and SW3
on through the A/D Stand-by Logic.

After t,—When the output of the integrator reaches
the zero level, a stop-count pulse is produced, and the
reference current is turned off at t,. The counter stops.
The content of the counter is then transferred to mem-
ory where the output is converted to an analog readout
signal. SW6 is turned on again to prepare the integrator
for the next measurement. The digital readout is equal
to (Iin/Irer) x 20,000. Iy is equal to | Vy|/R)y where
Ry is a discrete resistor in the |Gy | converter, and Igg
is equal to Vige /Ry The readout can be expressed by
the following equation:

Readout == ((| Vi [/Rin) / (Vree/Rger) ) x 20,000 . ..
Iq.1

With the use of the auto-zeroing circuit, the |Gy
converter cannot drift more than 100 microvolts for the
instrument’s operating range of +15°C to +40°C. By
using a precision input amplifer with high gain and
high common-mode-rejection, V,yin Eq. 1 is made equal
to the voltage input to the 7D12. Vi is a temperature-
compensated zener diode with a temperature coefficient
of 5 p.p.m./°C. The ratio of Ry and Rgg can be tightly
controlled by using matched resistors whose tempera-
ture tracking is better than 2 p.p.m./°C. Therefore,
total maximum temperature coefficient is 7 p.p.m./°C.
The required accuracy of *0.01%, over a *5°C tem-
perature range is easily achieved.

Now let’s take a closer look at the plug-in modules.

The M1 Multifunction Module

The M1/7D12 combination forms a 414-digit voltmeter
and ohmmeter, and a 314-digit temperature indicator.
The DC voltmeter measures from 0 to 1000 V in four
ranges with a resolution of 100 ,V on the 2 V range.
System accuracy is £0.039, of reading =0.0059, of full
scale over the ambient temperature range of 20°C to
30°C, or =0.049, of reading +0.005%, of full scale from

15°C to 40°C. Either input connector can be elevated
1 kV above ground, and the input impedance is 10 MQ
on all ranges.

Resistance from 0 to 20 M@ is measured in six ranges,
with a resolution of 10 millichms on the 200 Q range.
The accuracy is £0.099, of reading plus =0.019 of full
scale from 15°C to 40°C.

Both temperature and DC voltage can be measured
using the convenient P6058 voltage /temperature probe.
Temperature from —55°C to +150°C can be measured
with a resolution of 0.1°C and an accuracy of =1°C up
to 125°C and £2°C up to 150°C. A pair of terminals on
the M1’s front panel provides an analog output of 10
mV/°C (0°C = 0 volts). This output is available re-
gardless of the Mode/Range switch setting.

The M2 Sample/Hold Module

The M2/7D12 combination provides a unique measure-
ment capability for the 7000 Series. You can measure
voltage amplitudes from ground to a selected point, or
the difference voltage between any two selected points
with an accuracy of *=0.359, or better. The sample
points can be triggered automatically, manually, or ex-
ternally, with one of the most convenient sources being
the delayed gate from a 7000-Series Time Base. With
the delayed gate applied to the trigger Ext In connector,
the leading edge of the gate determines the S, sample
point, and the trailing edge determines the S, sample
point. Fig. 4 shows a typical measurement using the
5,-S; mode. The reading at the upper left is the voltage
difference between S, and S, upper center is the TIME/
DIV, and the lower left reading is the vertical deflection
factor for the displayed signal. The signal display is in-
tensified during the delayed gate; however, at sweep
rates of about 100 ns/div and faster, the intensified
portion will not coincide with the displayed gate be-
cause of the delay line in the oscilloscope vertical am-
plifier. The time interval between S, and S, can be as
short as 30 ns and as long as 5 ms. For single-shot S,-§,
measurements, the time interval must be 150 us or
longer.

Fig. 4. Typical 52-S1 measurement showing peak-to-peak voltage
of AC waveform. Reading is at upper left.
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10 Nanosecond Aperture Time

Ome of the unusual features of the M2 1s the 10 ns
aperture time. This makes it useful for measuring high
dv/dt signals such as the fast A/D converter waveform
pictured in Fig. 5. Accuracy of the measurement is typi-
cally better than =0.259, if 40 ns is allowed for settling
time following an input signal step-function.

Fig. 6 illustrates an application of the MZ2/7D12
teamed up with a 7D15 Universal Gounter/Timer
plug-in to make accurate rate-of-rise measurements on a
ramp signal. The M2 is operated in the $,-S, mode. The
delayed gate from the time base plug-in is used to gate
both the M2/7D12 and the 7D15. The 4+2.35 V reading
in the upper left corner is the change in amplitude dur-
ing the brightened portion of the trace. The time in-
terval as measured by the 7D15 is 20.92 us and the 1X
indicates the reading was taken during a single event
rather than an average of several ramps. Accuracy of
the M2/7D12 in this mode is =0.35%,. The linearity of
the ramp can be quickly checked by moving the delayed
gate along the ramp and noting any change in the am-
plitude reading provided by the M2.

Fig. 5. Voltage level at any point on this
A/D waveform can be made by positioning
the gate to start at the desired point.

Fig. 6. The $2-S1 mode being used to ac-
curately measure rate-of-rise on a ramp
sighal, The voltage difference is+2.35 V

The M3 RMS Voits Module

The M3/7D12 combination brings another unique
measurement capability to the oscilloscope—measuring
true RMS voltages. The M3 measures DG, the true RMS
voltage of signals from 40 Hz to 100 kHz, and the true
RMS value of AC 4+ DC. The maximum input is 500 V
RMS or 1000 V peak. Voltages are displayed digitally
on the CRT with 314-digit readout, with a resolution of
I mV achievable on the 2 volt scale. Accuracy of the M3
is £0.25%, of full scale up to 40 kHz on the 2 Vand 20 V
ranges, derated to £0.5%, above 40 kHz. The maximum
permissible crest factor (EE"‘_K) is 5. Response time of

RMS
the M3, that is the time required for the readout to

reach its stated accuracy after a step voltage is applied,
is less than 2 seconds.

The M3 can measure distorted sinewaves such as the
outputs from SCR circuits, or non-sinusoidal waveforms
such as pulse trains with duty cycles as low as 4%,. The
photograph in Fig. 7 shows the measurement of the
RMS voltage from a silicon controlled rectifier. The
RMS value of the displayed waveform is the reading at

Fig. 7. True RMS value of SCR is measured
by the M3/7D12.

and elapsed time 20.92 gs.

Fig.8A. Measuring true RMS value of
AC-+DC waveform.
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Fig. 8B. Measurement of same waveform
with DC component removed by AC
coupling.







Teknique

Digitizing and
displaying fast pulses

Hale Farley

Did you know that high-speed signals can be quickly
made computer compatible? Or that they can be

displayed on a large screen TV monitor in real time or
stored on an X-Y monitor in a refreshed mode? The
TEKTRONIX R7912 Transient Digitizer can digitize
signals that occur in a few tenths of a nanosecond. The
signal is captured on a diode-array target at sweep rates

Dr. Gail Massey of the Oregon Graduate Center making
adjustments to a pulsed neodymium YAG laser, using the
R7912.
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up to 500 picoseconds per division. In the DIGITAL
mode, it is scanned off at a rate slow enough for a
minicomputer to handle, with a maximum writing
rate equivalent to 8,000 div/us. The NON STORE
mode provides bright, large screen displays at writing
rates equivalent to 30,000 div/pus.

Just how fast is 500 picoseconds? The fastest entity
known is light. In 500 picoseconds, light travels about
six inches. One source of light pulses which is receiving
increasing attention in many research laboratories is the
laser. A laser (light amplification by stimulated emis-
sion of radiation) is a source of energy that occurs
within a very short time frame.

The pulse train produced by a mode-locked laser
often has fast pulses that are separated by only a few
nanoseconds. A switching method such as a dye cell is
used in conjunction with a mode-locked laser to permit
only a single pulse train to leave the laser cavity. The
individual pulses within the train can be as short as
five picoseconds. The ability to capture and display
a single pulse is limited by the response of the de-
tector and the measurement instrument. With the
R7912 and the 7A21N Direct Access Plug-in, instru-
ment risetime is 350 picoseconds at a sensitivity of
4V/div or less.

Fig. 1 shows a very simple mode-locked laser which
produces two basic waveforms which can be analyzed
with the R7912, Response of the flashlamps can be mea-
sured with the R7912 by either ol two methods. One is
to place a currentsensing resistor in series with the
power lead for each lamp. A drawback of this method
is that multiple signal channels are needed, one for
each lamp. A preferred method of measuring flashlamp
response is with a light pipe and photo-diode detector.
Now, the display shows the actual flashlamp output on
a single channel. The R7912 can be operated in the
NON STORE mode to provide a real-time display for
adjusting the flashlamps and setting the pumping
power. In the DIGITAL mode, the R7912 digitizes the
waveform to allow computer action on the signal or for
automatic computation. Some of the data that can be
obtained from this setup is:

e Total light output.

® Duration of light pulse.

e Peaks, breaks, or other irregularities in the power

curve.
* Area under the curve for indication ol power (may
be determined automatically by the computer) .

» Auto-feedback calibration of the pumping power
to maintain desired light output (under computer
control) .

Waveform B shown in Fig. 1 is the pulse-train output
of the mode-locked laser. Normally, this signal is ob-
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