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Figure 1. The Tektronix 2213 and 2215 Portab le Oscilloscopes provide 60-MHz dual-trace, delayed-sweep operation and a full 8 by 10 cm 
display in a package weighing only 13.5 pounds (6.1 kg). 

Expansion of electronics into nontradition- printed circuit boards. This requi res a lot 
al areas is generating an increasing de- of board handling, plus cables and con-
mand for moderately-priced oscilloscopes nectars to interconnect the boards. We 
to use in designing, manufacturing, install- needed a new approach. By contrast, the 
ing, and servicing these new products. 2213 has only three circuit boards: a main 

Several manufacturers, both domestic board, front panel board, and a small 
and foreign based, recently have intro- attenuator/sweep board. The main and 
duced instruments to this marketplace. front-panel boards are connected by 
The challenge for Tektronix was to develop soldered-in straps, which provide maxi-
a quality instrument which would be mum reliability yet afford flexibility for ser-
superior in performance, competitively vicing. For example, any component on 
priced, and supportable by our worldwide the front-panel board can be replaced 
sales and service organization. without removing the board. 

A thorough evaluation of the measure- Most of the cabling in the 2200 Series 
men! needs indicated a series of instru- is in the form of circuit board runs, a tech-
ments should be developed to best serve nique that requires careful design to avoid 
the diverse applications. crosstalk between adjacent conductors. 

First of the new series to be introduced The new approach reduces cabling and 
are the Tektronix 2213 and 2215 60-MHz connectors by 90 percent and mechanical 
Oscilloscopes. Both feature dual trace, de- components by 65 percent, compared to 
fayed sweep operation, sweep speeds to other instruments of the same class. The 
5 ns/division, and s by 1 o centimeter fu ll reduction in parts and connectors con-
size displays. Instrument weight is less tribute to improvements in reliability, ser-
than 14 pounds- accomplished by using viceability, and light weight, as well as 
new construction techniques and a unique cost. 
high-efficiency power supply design. Another area that afforded opportunities 

A new approach 
The price/performance targets set for the 
2200 Series were formidable. A new ap
proach to design, manufacturing, and mar
keting was essential if we were to reach 
our goals. We took a long, hard look at our 
traditional manufacturing procedures, look
ing for areas where we could become 
more productive. One of the most promis
ing areas for improvement was our basic 
approach to oscilloscope construction. The 
typical oscilloscope contains eight to ten 

for cost reduction was component selec
tion. Commonality of parts simplifies stock
ing and reduces inventory costs. The front
panel lever switches in the 2213/2215 are 
an excellent example. Most are three
position slide switches (the two-position 
trigger slope switches are the same switch 
sl ightly modified). Limiting the lever 
switches to three positions has the addi
tional benefit of simplifying the front panel, 
making the scopes easy to operate. 

Another component cost-saving tech
nique involves the X1-X10 gain-switching 
amplifier used in the vertical amplifier 
system. To get the component density 
needed to achieve the targeted bandwidth, 
the attenuator resistors are thick-film de
posited on a substrate. A commercially
available, 5-transistor array in a 16-lead 
dual-in-line package is then attached to 
the substrate using reflow soldering tech
niques. This takes much less time than 
bonding the individual wires of a chip to 
the substrate. 

As you would expect, automated parts 
insertion is employed extensively, with 
about 70 percent of the parts machine 
inserted. 

Some operating niceties 
While manufacturing efficiencies were a 
prime design consideration, equal attention 
was given to achieving the high perfor
mance and reliability goals set for the 
2213 and 2215. 

One of the goals was to include a de
layed sweep capability in the 2213, the 
lowest-priced scope in the series. A unique 
approach that does not require a separate 
delaying sweep provides a low-cost de
layed sweep capability suitable for many 
applications. 

In the INTENSified horizontal mode, the 
signal that triggers the sweep also starts a 
delay generator. When the selected delay 
time has elapsed, a Z-axis signal is gener
ated that intensifies the trace for the re
mainder of the sweep. Delay is selectable 
over a range of 0.5 µs to more than 4 ms. 
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Switching to the DLY'D horizontal mode 
displays the same sweep (without intensifi
cation) but the start of the sweep is de
layed with respect to the trigger signal by 
the amount of delay selected. 

For the more complex delaying sweep 
applications, the 2215 provides dual time 
base delaying sweep operation with 
alternate-sweep display and triggered 
B sweep. 

The 2213 and 2215 also include operat
ing conveniences not found on even the 
more expensive oscil loscopes. Automatic 
intensity and focus ci rcuitry maintains a 
bright, sharp trace over a wide range of 
sweep speeds. Automatic intensity control 
eliminates the need for a separate intensi
ty control for the delayed sweep, which 
was sometimes a confusion factor for 
novice scope users. 

The auto-intensity circuit (figure 2) looks 
at the sweep duty cycle and generates a 
Z-axis control signal proportional to the 
duty cyc le. Separate duty cycle c ircuits 
are used for the delaying and delayed 
sweeps and produce Z-axis correction 
appropriate for each time-base. 

The auto-intensity signal is also applied 
to the focus circuitry to cause the focus 
voltages to track changes in intensity level. 

Versatile triggering 
Both the 2213 and 221 5 feature peak-to
peak automatic triggering with level con
trol over the full range of the trigger signal. 
A TV FIELD mode provides stable trigger
ing at TV field rates. Triggering on horizon
tal sync and other repetitive pulses is 
enhanced by a variable holdoff control. 

In the interest of operating simplic ity, 
selection of some trigger modes, such as 
INTERNAL AC and DC are not provided 
for on the front panel. They are, however, 
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Figure 3. New design and construction techniques result in the use of only three circuit 
boards in the 2213. Most cabling is in the form of c ircuit board runs, which red uces the 
need for connectors and enhances reliability. 

operative within the instrument. When you 
are in the NORMAL triggering mode, the 
trigger is DC coupled. Conversely, in the 
AUTO mode, the trigger is, essentially, AC 
coupled. All triggering is independent of 
the vertical position control setting, and 
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the trace can be positioned anywhere on
screen without having to readjust the 
LEVEL control. 

Reducing the weight 
In a portable instrument, a few pounds 
make a lot of difference. Weight reduction 
received a lot of attention in the 2213/ 
2215 design. The mechanical package is a 
monocoque; that is, the instrument case 
contributes greatly to the structural 
strength of the package. This technique 
limits the need for heavy internal structural 
members. 

Figure 2. Simplified block diagram of automatic intensity and focus ci rcuitry. Circuit ac
commodates changes in both A and B sweep rates. 

A new high-efficiency power supply 
design allows operation over a wide range 
of ac line voltages without the need for the 
typically heavy ac power transformer. A 
single high frequency transformer supplies 
all of the secondary voltages needed, in
cluding the crt anode voltage drive via a 
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Figure 4. The one-piece cabinet provides structural strength, helping to eliminate the 
need for heavy structural members. 

high voltage multiplier. All of these factors 
contribute to the light weight of the new 
portables. 

Complete accessories 
Accessories are an important element in 
oscilloscope design. The new P6120 10X 
attenuation probes designed for the 2200 
Series provide fu ll 60·MHz bandwidth 
operation at the probe tip. A new IC· 
grabber probe tip makes it easy to con· 
nect to integrated circuit pins with mini· 
mum danger of shorting between pins. 

For the traveling user, an optional front 
cover and accessories pouch provide pro
tection for the front-panel controls, and 
keeps manuals and probes conveniently 
stored. 

The Tektronix C·5C scope camera and 
Model 200C SCOPE·MOBILE cart are also 
among the optional accessories available 
for the 2200 Series. 

A new marketing concept 
An important part of the 2200 Series plan· 
ning involved discussions on how to most 
effectively market moderately-priced in
strumentation. Research indicated that 
relatively few purchasers of this type of 
equipment need a demonstration before 
making the purchase decision. According
ly, a factory order desk was established to 
provide price and delivery, or technical in
formation, directly to the customer. Those 
customers requi ring a demo, or service of 
their instruments, have our sales and ser
vice faci lities available to them worldwide. 

Summary 
Designing a new price/performance stan
dard for portable osci lloscopes has proven 
to be an interesting challenge. A new ap
proach to building oscilloscopes has 
shortened production times, improved re
liability, reduced instrument weight, and 
produced a quality instrument of superior 
performance at a competitive price. 
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