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The NEW GENERATION is a term used by those 
who have participated in the development of a new 
concept in oscilloscope design. T o  the men and 
women of Tel,tronix, 1vho h a ~ e  labored with their 
many \.aried skill5 to convert these thoughts into 
reality, it will always be the NEW GEN. 

The  NEW GEN has taken the best efforts of a 
large segment of the Tektronix development popu- 
lation. The  beginnings were over five years ago 
when a small task force first began studies of a 
product line designed for the future with optimum 
versatilit);. Over 20 years of oscilloscope experience 
and accumulated skills ha1.e interacted with these 
stndies to result in the new 7000-Series and 5000- 
Series Oscilloscopes. New components have been 
built as well as new facilities to prod~lce them. Over 
two years of intensi1.e engineering development pre- 
cedes thc introduction of these instruiucnts. T h e  
results are the finest oscilloscopes available based 
on today's most acl~~ancecl technology. 

This issue of TEKSCOPE can only tell the begin- 
ning of the New Generation cvol~~tion.  T h e  future, 
we belie\ e, Jvill be even more exciting. 



The 7504 and 7704 with their array of 13 plug-ins are 
the vanguard of a new oscilloscope line designed with 
an unprecedented degree of flexibility in anticipation 
of future requirements. Each instrument accepts up to 
four plug-ins and can display its output in a wide variety 
of ways. Blank plug-in panels are available to cover 
the unused panels if four plug-ins are not required 
initially. 

The new plug-in oscilloscopes are designed to be the 
most expandable line of oscilloscopes ever developed. 
Thought has been given to probable technical develop- 
ments in both components and instruments, and every 
effort has been taken to ensure the future compatibility 
of these designs. 

The 13 plug-ins provide an overall measurement capa- 
bility exceeding that of any other plug-in oscilloscope. 
5-mV performance at 150 MHz with a full 8-cm scan, 
5-mV four-trace performance at  105 MHz, are just two 
of the features currently available only in the 7000 Series. 

The two plug-in oscilloscopes are identical in front panel 
appearance. The major differences are in the vertical 
amplifier, the low voltage power supply, and the cathode 
ray tubes. The 7504 with appropriate plug-ins provides 
up to 90 MHz bandwidth performance, while the 7704 
has 150 MHz capability. 

Possibly the most dramatic feature of the new instru- 
ments is the readout capability. Auto scale-factor readout 
is a standard feature of both oscilloscopes and auto- 
matically provides a display of vertical and horizontal 
sensitivity. By providing the correct scale factors on the 
face of the CRT, the operator is relieved from simple 
but bothersome mental calculations. Plug-in knob set- 
tings are read out on the CRT screen by means of a 
unique character generator which time-shares the CRT 
beam with the normal oscilloscope display. 

Magnifier settings and probc attenuation are autornat- 
ically taken into consideration. Therefore, the operator 
always reads the value at  the probe tip at the correct 
sweep speed. Should plug-in polarity be inverted, an 
indication ( J, ) is given. If any knob becomes uncali- 
brated, a greater than symbol ( >) will precede the 
quantity. A photograph will include both the analog 
display and alphanumeric data, eliminating the possi- 
bility of incorrect labeling. 

A new trigger circuit is featured in the new oscilloscopes 
that greatly simplifies trigger operation. The peak-to- 
peak auto trigger circuit detects the peak-to-peak excur- 
sions of the displayed waveform, stores the value in the 
peak-to-peak memories, and matches the range of the 
level control to the range of the displayed signal. With 
the trigger in the peak-to-peak auto position, the opera- 
tor can go through the maximum excursions on either 
slope and never reach an untriggerable position on the 
control knob. 

Switching in the 7000 Series is accomplished in the 
mainframe of the oscilloscope. Five vertical mode push 
buttons and four horizontal mode push buttons deter- 
mine which plug-in outputs will be displayed. Twenty 
possible combinations of vertical and horizontal opera- 
ting modes are provided for maximum versatility. This 
design choice allows comparison between any two verti- 
cal channels to enable comparison of signals with sig- 
nificantly different characteristics. For example, sam- 
pling (50 Q) and conventional ( 1 MO) ; wide bandwidth 
and high sensitivity; differential comparator and current 
probe; dual trace and dual trace for four-trace opera- 
tion are all easily accommodated in the appropriate 
plug-ins. In  addition, as higher performance or special 
performance plug-ins are developed, they may be used 
with a more conventional unit. 

The center two compartments are designed so they may 
be devoted to sampling capability, spectrum analysis, or 



X-Y display. 'I'his allows a signal to be observed in a 
conventional manner while siliiriltaneously monitoring a 
sa~rlpling display, frcclucncy tlisplay, or X-Y display of 
tlic identical plicnolncnon. 

Switclling is also providcd between tlic two horizontal 
 lug-ins to l)ro\.id(: swc:c'l)-switclii~lg capability. In  ad&- 
tion to AL'I', a (:MOP ~ilotlc is proviclcd which is con- 
vcnicint when olxcr\:ing two clisplays of greatly tliffcrcnt 
repti t ion rates. 'I'his ~ n o d c  also proviclcs tlrial-11ean1 
capal~ility up to ;q)prosii~~;~t"ly 2O-,r.s/tliv s\vcc1) sl)cd.  

Placing tllc plug-in interface before tlic oscilloscope 
iuiiplificr providcs a nutnbcr of important advantages. 
For 111asilnr11~1 \.crsatility, \vc Iiavc: chosen a plug-in out- 
put of 25inV/tliv a t  0 volts in a 50-!] cn\.ironn~ent. 
This convcnicnt intcrfacc will allow 11s to take tlic maxi- 
niiinl I1cnc4it of new d e \ ~ l o p ~ i ~ c n t s  in components and 
in signal conclitioning. In  addition, as futurc oscillo- 
scol~cscvoolc, changes in display sensitivities arc casily 
acconl~rlotlatctl with the I~uffcring \wtical alriplificr. 

Altliorig11 tllis tlcsign clloicc incrcascs the initial price 
of the oscilloscopc:, it dccrcascs thc pricc: of cach plug-in. 
With the vertical amplilicr in the oscilloscol)~, it is not 
necessary to I)uiltl an ou tp i t  a~nplifier for each plug-in 
and this saving may be passed along to the custoiiicr. 

'I'hc 150-MI-Iz 7704 utilizes a "high efficiency" power 
supply which eliminates the I~ulky iron-core transformer 
and heat sink and eliminates any neccssity for a fan. 
'l'his new supply dissipates approsi~natcly 60 watts corn- 

7-SERIES PLUG-IN PERFORMANCE 
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7000 Series and Type 535A. Four plug-in capability and 
auto scale-factor readout are distinguishing characteristics 
of the new instrument line. 

p a r d  to 14.0 watts that a con\~entional supply would 
dissipate. Use of this ncw s\~pply r c ~ n o \ ~ s  approsiinatcly 
12 pounds fro111 the \wight of tllc instrument, 1)roviding 
a 200-W p o w c ~  s ~ p p l y  in a 10-112 package. 

'I'hc instrtitricmts l t lal i~ cstcnsivc tlsc of color coding to 
siniplify front 1)ancl logic lor tlic operator, and improve 
riscr intcrfacc. In aclclition, proper front panel coinpon- 
cmt sclcction has assisted in attaining this goal. 

'I'lic new 1<5030 is a dual-bean1 differential oscilloscope 
providing 1 -MI-Iz, 1 0-1r.V 1x;rformancc in a 6%-inch 
ClV1'. 'I'hc instrumcnt inakcs use of a fiber-optic readout 
clisplay adjacent to the (X'l' area. A separate current 
~notle is pro\-idcd to acccpt a currcnt prol~c (1-mA 
sensiti\.ity) with no csternal tcrnlination being required. 

'I'he instrument is designed for simple operation ancl 
uses color coding cstcnsi\:cly. 1)cprcssing a pus11 button 
clianges the display from a d ~ i a l  I)cain Y-'l' to a single 
I)ealn X-Y display for additional versatility. 

Unique to this instrument is a LOCATE function associ- 
ated wit11 the time-base nlagnifier. When clcprcsscd, the 
time base is returnecl to an X1 magnification position 
ancl the area which will be inagnifiecl is intensified. T h e  
magnifier, which is direct reading on the auto scale- 
factor rcaclout offers fi1.c positions of magnification on 
the time-base switch. T h e  locate feature allows the 
operator to easily pick out wl~cre  on the trace he has 
chosen his ~nagnificcl sweep. 

For further information on all of these new Telitronis 
instriiinents, consult your local field engineer. Complete 
information is given in the August 1969 New Products 
Catalog Supplement. 



tional time taken out of the display is proportional to the 
number of symbols displayed (0.15'c per symbol) and 
has little effect on the intensity of the normal display. 

T h e  system uses 14 Tektronis bipolar integrated cir- 
cuits ( the equivalent of some 6000 active devices) and 
is contained on a 4% x 5-inch circuit board. T h e  
heart of the system is the novel character-generator 
proper. Uti l i~ing t'ivo new circuit principles, ten symbols 
are packaged in each 65-mil square die, fabricated by 
the standard planar process. A total of five dice pro- 
\.ide a basic 50-character font, but changes in the style 
of the charactcr (italicimtion, aspect ratio, size, etc.) 
are readily macle externally. T o  generate a new set of 
symbols, it is only necessary to change one rnask in the 
process-the pre-ohmic mask. Since this step is near the 
end of the process, wafers can be proccssecl in common 
up to this point. 

Each circuit is a complete system, requiring only a polver 
supply and a scanniqg 1-oltage to p r o d ~ ~ c c  characters on 
the C R T .  T h e  characters are selectecl directly by apply- 
ing a current to one of ten selection pins. T h e  outpr~ts 
appear from Yree" collectors ancl thus any number of 
packages may he connected in parallel. T h e  outputs 
corrcsponcl to the scanned S- ancl Y-\~ilues of the com- 

Since an oscil~oscope c]isplay is basically a plete sylubol, and reclui~c 110 further proccssi~lg. Addrcs- 

graph, it is logical that the axes be labeled sing is ~xrfornied  1,). currents on colun~n-select lines and 

\,,ith the scales usec]) to simplify interpreta- row-select lines. The  co l~~m~-sc" Ic t  current is in the 

tion of both displays and photographic records. range 0 to 1 inA, and the character size is directly pro- 

The  calibration of this system is accomplis11ccl ~ o r t i o n a l  to i t ;  thus, it is simple matter to generate a 
displa). ha\.ing mised syml)ol sizcs. 

with a coding system that extends to the probe 
tip and is carricd through the plug-in interface. Each s)rnl,ol is composed of m e n  st~ol,cs. l m  unlike 
Thus, the oscilloscope takes 011 the character- ple\alent men-st lokc genclatols, the bleak-points of 
istic of a true quantitative instrument. the stlol\es ma) Isc placed at an! one of s e l e ~ a l  huncl~ed 

locations In aclclit~on. the stlokes ma) ha\ c il tually 

T h e  7000 Series introcluces a dramatic new systen~ of 
readout incspensi\.e enough for oscilloscope use. As 
oscilloscope displays may present several traces a t  dif- 
ferent sensitivities and sweep speeds, a versatile system 
is required. A fully integrated electronic character 
generating system has been dc\.elopcd which timeshares 
tlic cathode ray tube with all regular functions. The  
result is a system which collates within the C R T  arca 
all the inlportanl parameters of the measurement. 

any length and angle: permitting high-quality symbols 
to Isc generated 11y a small number of co-ordinate pairs. 
Each of the eiglit brcali-points consists of an S-co- 
ordinate ancl a Y-co-ordinate (no  Z-axis information is 
rcc~uirecl to generate the symbol), and these arc definccl 
hy the number of emitters connected tlirough the pre- 
ollmic holes in the osicle. A total of 1440 emitters arc 
used in the co-ortlinatc section of thc circrlit. 'I'his use 
of ~nultiplc emitter-aleas as precise current-splitting 
clcnlcnts is the fir5t of the fca tu~cs  that enabled Tek- 

T h e  symbols arc 3-mm high and 2-mm \vide ~ c i t h  tronis to achic\-e the high packagiyg density. 

spacing 0.3 111111 lxtwcen words. Eight ~vorcls arc pos- 
sible, four in the upper CII'T area and four in the lower l 'he  second feature is fo~~nc l  in the mcthocl ch-isccl for 

scanning synlbols. X simple scquential pulsing of the eiaht C R T  arca. 'The intensity of the readout display is adjust- 
co-ordinates \\.oulcl prodr~ce only an  eight-dot display. able by a front panel control and may be switched off 

if desired. A s~nooth  scanning from one point to the nest is re- 
quired to trace out the character fully. This is acliie\-ed 

T h e  character is written in 9.8 1 . t ~  The  display rate is by using a resistiw ladclcr network connected to the 
71.5 Hz, independent of the amount of data. The  i'rac- bases of the co-ordinate-for111i11g transistors. 



Multiple exposure. This photograph 
illustrates a typical auto scale-factor 
readout at top and bottom. Note the 
uncalibrated scale of Channel 1 and 
the polarity inversion of Channel 2. 
The 50-character font provided is 
also shown enlarged for clarity, in the 
center of the photo. 

A triangular input waveform srnootl~ly sequences through 
the co-ordinate pairs, ancl by proper network biasing 
procluces an X- ancl Y-currcn~ waveform corresponding 
to the symbol. Scanning rates can be anywlicre from 
I3C to a megal~crtz. 

Much of the flexibility of the system stems from the 
data coding techniques used. Instead of using the usual 
binary codes, a time-m~~ltiplcscd multi-level analog cur- 
rent code lvas acloptecl, in which the data is cliviclccl 1111 

into eleven 100-p,.A l c \ ~ l s  at  3-50-1.t~ inter\&. Since the 
symbols arc storecl in a matrix of ten rows (somc corres- 
pond to the storccl instructions, ancl some arc spares) by 
ten colun~ns, t ~ c o  lines arc nccclecl to convey the data O L I ~  

of the plug-in. Data is cncoclcd in the plug-in by switch- 
closures and resistors. I3ecoding is accomplisllecl on the 
reaclout I~oarcl by integrated A-ll  convertors (one IC 
for row and one for column clata) which then address 
the matrix. 

Apart from thc increasecl data-handling capacity (some 
1 0 1 ~  combinations are possible for the readout system), 

a more subtle ad\.antage results from the use of an  
analog current code: clata can be modified systcrnatically 

by the addition or subtraction of levels. For example, 
one of thc instr~~ctions controls the number of zeros that 
follow the first digit of a scaling factor. 

Each higher level adds a zero, until two zeros are dis- 
played. The  next level causes zeros to be dropped and 
the prefix (n, p, in, ctc.) to be shifted a factor of 1,000. 
Consecluently, responding to the addition of attenuator 
probes is a simple matter. 

Each word may lia\.c 1113 to 10 symbols, although typically 
there arc Isctwecn 2-5 sy~nbols per word. T h e  symbols are 
normally written without redundant spaces, but spaces 
may be called for in the code, if desired. In  adclition 
to the scale factor, provision is made for indicating 
inverted polarity ( 4 ) and not calibratecl (> symbol) 
preceding labeling. 

h special "identify" feature is included to determine 
which scale factor goes with wliich trace. Depressing 
the IIIENTIFY button replaces the appropriate scale 
factor with 1I)ENI'IFY and cleflccts the identified trace 
up a few millimeters. This feature is available on all the 
new plug-ins and is also present on the new probes intro- 
ducctl. 



The  new generation of instruments wo~ild not have been 
possible without the extensive component development 
program ernbarked upon by Tektronis component en- 
gineers. Early in the program it was recognixcl that 
commercially available components w o d d  be much 
too restrictive; so simultaneous developn~ent programs 
were initiated in integrated circuits, rotary ancl push- 
button switches, relays, ancl thick film attenuators. At 
the same time, efforts were launched in developing 
the "mother-board" etched circuit board concept along 
with the required interface connectors. 

The results of these efforts ale the priine factors in 
the ability to introduce the 115030 and the 7000-Series. 
For esample, auto scale-factor ~caclo~i t  would not 11a~e 
been possible without custom integrated circuit dc- 
sign, since the p i c e  ancl s i x  would ha le  been pro- 
hibit i~ c. Much of the \ eisatilc s\jitching that char- 
acterixs the 7000-Series is also accomplished with 
custom IC's. 

Tektronix Integrated Cilcuits are widely used in new 
generation oscilloscope circuit1 y. Sel entcen different 
integrated circuits are included in the new instrument 
designs ancl allow pcrfo~mance that would otherwise 
be unattainable. The  ability to custom-design IC's 
pcrnlits instrument features that w o d d  otherwise be 

prohibitively expensive. T h e  ability to use the best 
logic for a given job, instead of relying on logic de- 
signed for other applications, results in a more versa- 
tile, logical instrument at  a more economical price. 

Tektronix switch engineers developed the s~nall  reli- 
able rotary cam switch to replace bulky multiganged 
rotary switches. Two basic sizes have been deldoped. 
One incorporates a 0.83-inch d r ~ u n  diameter and is 
a\~ailable in up to 28 positions. The  other is 0.454 inch 
in diameter and is available in up to 12 positions. I n  
the case of the 115030, two 12-position cams and a 28- 
position cam are linked together with a clutch to pro- 
vide a direct reading magnifier and direct reading ex- 
ternal horizontal amplifier on the same knob as the 
T I M E / D I V  control. This novel configuration simplifies 
the front panel logic and conserves front panel space. 

Rotary cam switches provide the following acl\.antages 

1. Lower and more controllable torque. A cam 
switch may be t~~rnec l  without a knob. Thus a 
sn~aller diameter knob nlay be used allowing 
more efficient use of front panel space. 

2. Higher reliability and longer contact life. 

3. More accurate control of tolerances since cam man- 
ufacturing uses nun~erically controlled equipment. 

4. Wiring to the switch is more direct. "On board" 
wiring may be used since no separate wiring harness 
is required. 

New miniature p~ish  buttons indicate the status of vari- 
ous functions ancl replace many of the larger switches 
used in previous designs. The  basic family of push- 
button switches is proviclecl in rows of 2 through 10 
positions. Most configurations require only one lamp 
to light any button in a row. 

Depressing a push button causes the rear beveled edge 
of the button to obtain light f ~ o m  the lainp a t  the end 
of the rows. The  light is then transmitted to the front 
of the transparent button. The  push-button s~ itches 
ale mounted on an  etched circuit card that contains 
the appropliatc circuit~y T h e  lainps used ale rated 
a t  50,000 hours a t  full powel with e\en longc~ life 
at  partial power. 

I hesc s~uall switches require less inward tra\.el than 
other commercially a\.ailable s\vitches. Since the holes 
in the casting are quitc small, the switch design also 
creates less of an EM1 problem than the older larger 
switches. 

The new Tektronis instruments make extensive use of 
relays and relay switching. As there were no inexpen- 
sive miniature relays on the market, Tektronis engi- 
neers developed a 200-mW double-pole, double-thro\v 



from upper left: thick-film drum attenuator, character-generator IC with 1440 emitters, 
miniature lighted push-button switch, miniature relays, and rotary cam switch. 

sensiti1.e relay. Fro111 this basic design, there are cur- 
rently 16 \.ariations including a single-pole: single-thro~v 
version, a magnetic latch .iwsion, and a bifilar \vounci 
center tap latch version. 

'Tektronis relays arc generally designed to plug into 
a socket that is f lo~v soldered to the etclied circuit 
board, assuring quick and easy servicing. These low- 
capacitance miniature sensitive relays 11a1.c less leakage 
than semiconductor s\vitclles and are much more tol- 
erant of transient 1.oltage considerations. 

'4 new potcntiometcr clesi~n contributes to operator 
con\.cnience and sa\-es front panel space. The  design 
uses a 3 : 1 ~.eduction c1ri1.e to i m p r o \ ~  the resolution 
of the triggering control. Ry coml~ining this potcnti- 
ometcr with a relay, the slope is automatically changed 
as the Ic\.el control passes 0"  and 180". 1 ' 1 ~  d e \ ~ l o p -  
lnent of this feature pro\.ides a neiv ease in oscilloscopc 
triggering and contributes to the human engineering 
of the nc\v instruments. 

.4 "push-push" slvitch design \+.as d e d o p e d  to s\vitch 
variable controls in and out of the circuit. The  small 
s\vitch, \vl~ich conveniently solders to a circuit board: 
is used \vllcre\.er a 1-ariable function might uncalibrate 
an oscilloscope. 

Thick film technology permitted the drum attenuator 
design for the 7A16 Amplifier and allows thir unit to 
pro\ide 5 m V  sensitkity with 150 MHz bandwidth in 
the 7704. 

'The drum attenuator design consists of a ceramic chip 
for each attenuator position. T h e  chip consists of two 
resistors whose value is determined by the amount of 
thallium oxide and glass fired onto the chip. Although 
stray capacitance is still a factor, it is constant and con- 
trollable, and once co~npensatecl it remains the same. 
'Thc attenuator design incorporates subminiature but- 
terfly trimmers forined of sinall round ceramic discs 
\vith a clepo~ited sill-er film to allow coinpensation and 
standardization. 

Each attenuator position has its own attenuator without 
s\vitching in stacked resistors. As a result, inductance, 
feecltl~rougli, and crosstalk arc l~e ld  to a minimum. I n  
addition, the process lends itself well to tight tolcr- 
anccs since the resistors may be easily trilnined to 0.1%. 
T h e  result makes possible a very clean, fast plug-in 
amplifier ~vit11 a I MQ and 15 p F  input impedance. 

Thick-film tecliniqucs are also used for the high re- 
sistance di\ iders in the lligll \ o l t a ~ e  supplies of the 7504, 
7701, and R5030. 



T h e  new generation design concept of Tektronix in- 
struments has provided the ability for the front panel 
to keep pace with circuit miniaturization developments. 
Portable oscilloscopes such as the Type 453 were de- 
signed in appreciably sinaller packages by using solicl- 
state techniques. Front panel controls, however, made 
no significant size reduction since essentially the same 
components were being used. Once h e  choice of plug- 
in size for the 7000-Series was determined (234" W s 
5" H s 14%" L ) ,  it became evident that connnercially 
available rotary switches would no longer do the job. 
The same problem was present with lever switches ancl 
the PLIS~I buttons available. 

As a result of a joint effort between component del elop- 
merit engineers, circuit engineels, mechanical en?ineers, 
and indrlstrial design cnginccls, suitable Tektronis 
component4 were de\eloped. Once these new compo- 
nents were available, it was then possible to design an 
instrument front panel considerably different than be- 
fore. T h e  result is the radically new ancl logical front 
panel layouts of the 7000-Series ancl the 115030. 

The miniature lighted push buttons were designed to 
eliminate function selector switches and rotary switches 
wherever possible. Rows of miniature lighted push but- 

tons quickly indicate the status of all controls where 
a choice must be macle. 

'I'he push-button spacing has been given considerable 
attention. Since the finger is oval, not round, ver- 
tical ancl horizontal requirements are different. The 
cur\.ature of the finger and how far you ha te  to push 
determines the minimum spacing of the buttons. This 
spacing has been closely calculated and as a result, 
there is more finger space than is present in corn- 
inercially available push buttons used in the Type 184. 
These self-cancelling push buttons are one of the great- 
est contributors to the simplified front panel logic of 
these ne\v instruments. 

A logical and consistent use of front-panel color coding 
identifies specific functions and simplifies front-panel 
logic. T h e  folloiving colors have been assigned to 
assist the user in oscilloscope operation: 



The NEW GENERATION of Tektronix instruments and accessories. 

Black (and gray) is neutral and is usccl for all gcn- 
era1 nomenclature and controls. It is also used for 
grouping similar kinds of things (e.g. signal outputs on 
the mainframe of the 7000-Series). Varying shades of 
gray are used to denote various logical sub-groups. 

\Vhite inclicates status and normal operating conditions 
( c . ~  psh-button lights and whethcr A or B intensity 
control affects the display) . 

Blue is assigned to the display mode function. For 
exa~nple, the clisplay mode of the plug-ins ancl the inain- 
frame switching is coded in blue. The user knows that 
he must make a decision in each area where he sees 
blue. 

Green is assigned to triggering functions. A subtle 
difference is that in the sampling inrtruments a green 
outline is used instead of the normal solid color block. 

? 7 Ihis inclicates the triggering does not go through the 
mainframe, and thus the operator need not bother 
with mainframe controls. 

Yellow is used for notes of caution or unusual operat- 
ing functions. As an esample, yellow is used to indi- 
cate the restricted sensitivity ( 1  - 50 mV) available 
in the electroinetric mode (R  E a) of the 7A13 
Differential Cornparator Amplifier. 

Orange is used for esclusive functions on a given in- 
strument (e.g. current inputs on the R5030). 

Red is exclusiwly assigned to controls that will un- 
calibrate the instrument and indicates that an inaccu- 
late measurement is possible. Thus, when a variable 
control is in use, the red color band of the knob (a5 
well as the readout on the display) warns the user 
that the instrument is in an uncalib~atecl position. 
Ilcprcssing the hnob removes the red from the front 
panel, iecesses the knob flush with the outer control, 
ancl returns the instrument to a calibrated display. 
If an uncalibratecl clisplay is desired, a slight push on 
the knob releases the led ~ar iable  knob and the user 
regains variable control of the function. 

This new component sinlplifies front panel logic and 
guards against unintentional non-calibrated displays. 
Its use allows seldom usccl controls to essentially dis- 
appear when not in use. 

Color-coding has been extended to include concentric 
knob color and lettering style. If concentric knobs 
are used for similar functions (e.g., offset-fine, coarse), 
the knobs are identical in color. If concentric knobs 
are used for dissimilar functions (e.g., focus ancl in- 
tensity), the knobs arc dissimilar in color. 

The same logic is used for labeling. Outline lettering is 
used to relate to the light gray inner knobs ancl normal 
black lettering is used to relate to the dark gray outer 
knob. In  the case of similar functions, the inner control 
is in snlaller lettering than the outer knob nomenclature. 

We, at  Tektronis, feel that a major breakthrough has 
been achieved in simplifying front panel understanding. 
Although this first Tektronix offering of our new prod- 
ucts provides more flexibility than ever before, we think 
the improvement in human engineering will make them 
even simpler to operate. One thing is certain. A great 
deal of thought, discussion, and effort has gone into 
the final design choices. If acceptance is as we expect, 
future designs will all be compatible in their logic. As 
new designs evolve, less and less effort will be necessary 
for the user to easily understand and use the capabilities 
of his Tektronix instruments. 



CONSTR TI 

All three new instruments make use of front and rear 
panel castings connected by aluminum extrusions. The  
oscilloscope plug-in conlpartment is designed with no 
dividers for maximum future flexibility. The  modular 
power supplies are located behind the plug-in compart- 
ment on cables for easy access. The  R5030 power supply 
is located at the right rear of the instrument and is ac- 
cessible via a swingout heat sink. 

Plug-in construction consists of a front casting, a1unlinui-n 
extrusions top and bottom, a plastic rear panel, and a 
circuit board. The  central "motherboard" contains the 
circuitry and forms the connector of the plug-in. This 
connector then plugs into the female connector a t  the 
rear of the plug-in compartments and provides the inter- 
face to the oscilloscope amplifiers. The  circuit board 
connectois ha\ e been specifically clesignecl for low inser- 
tion and withdrawal forces to provide a reliable con- 
nection with long life characteristics. 

Extensive use is made of new 0.025 square gold-plated 
pins. Female clips on the end of wires clip directly to 
the gold pins. Where possible, plastic clips containing 
multiple connectors group wires together for easier 
servicing. The  use of long pins permits stacking of 
boards when component density is high. This technique 
provides good accessibility ancl ease of maintenance ancl 
contributes to a neat overall instrument appearance. 
The format also provides for easier automatic pretesting 
and faster instrument assembly. 

Gold-plated glass epoxy ciicuit boards are used to ensure 
maximum reliability. Features such as plated-tl~ough 
holes, built-in test points, and transistor and I C  sockets 
all combine to enhance maintainability. 

Eletromagnetic Interference requirements have been 
taken into consideration and are a standard feature in 
the plug-ins. The  7000-Series oscilloscopes are designed 
to be convertible to meet EM1 specification Isy a special 
set of side panels. This feature guarcls against obsoles- 
cence in the event of stricter EM1 regulations. 

Top to bottom: construction of a typical stacked plug-in unit; 
basic structure of casting, extrusions, and chassis; 7704 
with modular high-efficiency power supply extended for 
servicing; the three new CRT's developed for the New Gener- 
ation instruments. 



CATH E 

TUBES 

The heart of any oscilloscope is the cathode ray tube. 
The ceramic post-deflection accelerator CRT's devel- 
oped for the Tektronis 7000-Series Oscilloscopes offer 
significant impro\~ements o \ w  CI1T's currently a\.ail- 
able. T h e  8 s 10 c111 \,ie\ving area provides a large 
bright display xvith high writing speed. Both the 7504 
ancl 7 704 can easily rccord an 8-cm single-shot photo of 
their risetime, using standard Tektronis P31 phosphor, 
without employing film fogging techniques. 

The  new Tektronis CIIT's use a frame-grid construc- 
tion. Frarne-grid CIIT's employ scan expansion and 
pro\.icle a \.cry good compromise of deflection scnsiti\.ity 
ancl ~vriting speed. Because frame-grid conductors run 
only in the \ ~ r t i c a l  direction, electron-beam transmis- 
sion is nearly 5O$ greater than most mesh construction 
tubes. The  result is a high writing-speed tube with \ w y  
good linearity and sensiti\ity (e.g., the 7704 CliT \.erti- 
cal sensiti~.ity is L ~ I  3.3 \ . / c I ~ )  O\W a full 8 s 10 di\.ision 
scan. 

Good horizontal sensitivity is achieved by placing the 
frame grid as far forn.arc1 as possible into the post ac- 
celerator field. This causes the field lines to curve 
around the front of it sufficiently that the effect on the 
electron beam is similar to a c ~ ~ r \ . e d  horizontal plane. 
Thus many of the ad\.antages of a mesh are obtained 
rvith few disadvantages. 

Tektronis C11T's are designed to provide single-shot 
writing speeds sufficient to record a transient at the 
risetime limit of the instrument. Writing speed is speci- 
fied with no film fogging using P31 phosphor, the opti- 
mum phosphor for general purpose viewing and long-life 
characteristics. 

The  7504 C R T  is operated a t  1% kV and provides a 
specified minimum writing speed of 2500 cinlps (with 
C-51 camera) using Tektronis standard P31 phosphor 
with no fihn fogging. 

The  7704 C R T  is operated a t  24 kV and provides a 
specified minimum writing speed of 3300 cm/ps (with 
'2-5 1 camera) using Tektronis stanclard P31 phosphor 
with no fihn fogging. This photographic writing speed is 
inore than twice that of the Type 454 with P31 phos- 
phor (identical camera systems). 

The  7704 incorporates a special face plate design to 
ensure that X-ray radiation is attenuated well below 
the T V  standard recommended by the National Council 
on Radiation Protection and Measurement (100% duty 
cycle raster with f ~ d  intensity). I n  addition, circuitry 
has been included to limit the masiinum possible high 
voltage to keep the specification well within this figure. 

The 115030 CKT is a dual beam 6%-inch ceramic mono- 
accelerator CRT.  This unique tube provides a full 
8 s 10 di\ (dix = 1.27 cm) coverage for both electron 
guns with deflection clefocusing better than 1.5 to 1 on 
any a s k  The  laige divisions provide 50% greater view- 
in? alea than con\entional 8 x 10 cm designs. The tube 
pro\ides a bright hi+-resolution display which mini- 
mixs  operator f a t ig~~e .  

A n o l d  dynamic geometry circuit maintains excellent 
geometry in this tube over the wick estended deflection 
angles. An additional deflection element is placed 
betwcen the t ~ v o  sets of vertical deflection plates and 
corrects the beam at the deflection extremes (i.e. upper 
edge of lower gun display and lower edge of upper gun 
display). The  correction \.oltage ininirnizes geometry 
problems pro\,iding an excellent overall geometry. 

The  new Tektronis tubes employ a new female type 
neck connector for the deflection elements that is es- 
sentially  flus!^ with thc glass. As a result, tubes may be 
remo\~ecl without worrying about the pins catching and 
bending, or brealiing off. A new male connector on the 
clcflection leads simplifies C11T replacement. 

The  ceramic construction provides greater strength, 
lighter weight, and i~uproved internal graticule edge 
li$ting. This construction technique also allows tighter 
tolerances and decreases development time, due to our 
xvell-developed ceramics technology. 



to fit into the nosc of tllc prol~c to switch tlic two 20X 
high sl)wd, h ig l~  i ~ i ~ l d a n c c .  attcnuators. 

. , 
probes have bccn designed to automatically provide tlic 'I'hc 7Al  1 FE'I'/Prolx: Anil)lifi(>r pro\~idcs 150 MHz 
correct scale factors and ensure that the auto scalc-factor bantlwicltll (2.4 ns riscti~ne) in thc 7704 and SO MHz 
readout reprcscnts thc scnsiti\.ity a t  thc probe tip. I~anclwidth (3.9 ns risetime) in the 7504.. 'I'hc capaci- 

The 7 A l l  ProbelAmplifier and the P6052 and P6053 probes offer new versatility in probe usage. Each probe is coded to en- 
sure the correct readout, regardless of attenuation used, and contains a push-button trace-identify feature. 



tancc is a fu1i~tio11 of t l i ~  attcnrlators and is 5.8 p F  from 
5 I I ~ V  to 50 niV/di\.;  3.4 ]IF fro111 0.1 V to 1 V/di\r; and 
2.0 p F  from 2 V to 20 V/tli\.. \s\'llcn the front-panel 
I%NC connector is uscd, approsilnately 1 p F  is acltlctl to 
tile inptlt capacitance. 

All 7-scrics amplifier plug-ins are equippccl wit11 special 
signal input connc,ctors. 'I'licsc consist of a RNC conncc- 
tor \vith a concentric o~l tcr  riqg that is co~mcctccl to tlic 
readout circuitry. 'The amount of resistancc between the 
outer ring and groilud cletcrnlincs the attenuation factor 
to be used by thc auto scale-factor readout. For exa~nplc, 
a 10); probe has a I3 kc! resistance conncctccl I~ctwccn 
the outer ring ant1 grouncl. I n  addition, when the ring 
is shorted to grouncl the circuitry acts as a tracc identifier 
and shifts tllc tracc on the scrccn. 

Two new coclccl passive probes arc currently provided. 
T h e  P6052 is a DC-30 MHz dual-attenuation probe dc- 
signed for low-frcqllcncy applications. A sliding collar 
on the probc barrel selects 1X or 10X attenuation and 
a piid1 button prooidcs a trace-identify f e a t ~ ~ r c .  The  
P6053 is a ininiatr~re 1OX probe designed for the 'I'ck- 
tronix 7-Series amplifier plug-in units. Tlic probe has a 
risetime of 1.2 ns (290 MHz banclwidtl~) and also pro- 
vides a pus11 button for tracc identification. 

The C50/51 camera offers a new ease in waveform photog- 
raphy. When used with auto scale-factor readout the user 
is assured of recording the essential information of his oscil- 
loscope display. 

'l'wo colilpact scm~i-;lutomati(: camcras ha1.c Ixcn clcvcl- 
ol)ccl for us(, wit11 all 'I'cl<tronix 7000-Scrics Oscilloscopes. 
'I'lie (:-.%I ( f /  1.9, 1 : 0.7) and C-51 (111.2, 1 :0.5) diifcr 
only in tlic lens systcni. I3otli camcras provide rangc- 
fintlcr focusing to assure corrcct focris for every csl)osurc. 

Iiy tlq)rc~ssing a spring-loaded focus control, two light 
Imrs arc projcctctl on tlic CIYl' screen. 'The operator 
turns the focus control until the bars merge, and when 
tlic control h o l )  is rclcasccl, the camcra is loclted in 
focus. 

130th camcras use electrically controlled shutters and pro- 
\-ide a tracc lxiglltncss photomctcr to determine the 
correct exposure. 'The operator sets the ASA index, clc- 
PS~SSSC t1x f ltnol) until the pllotomctcr briglltrlcss 
matches tlic tracc intensity and rclcascs the f knob. Tllc 
cali~cra ~vill now autonlatically track to Itccp the samc 
csposw'-c if citllcr the i Imoh or shutter speed is changed. 
A shutter open Ialnp is lighted when tlic shuttcr is open 
a t  sht~ttcr  sl~cccls of 110 second or slower, and in thc 
T I M E  and RUIJ13 ~noclcs. Powcr for tllc ca1nei.a is 
o1,taincd through the oscilloscopc bezel so that no cs- 
ternal powcr cord is required. 

'Thc SINGLE-SHOT mode offers the operator additional 
features. When the S H U T T E R  pus11 button is cicpressecl, 
the shutter opens and the camera provides a reset pulse 
to arm the oscilloscope s\vccp. Ii the +GATE is con- 
nected to the camera, the shutter control circuit will 
closc 5 scconcls after tlle S I V C C ~  has occurred. l ' lle light 
then extinguishes to alert the operator that the shuttcr 
is closed. 

A new Scopeniobile@ Cart  is specifically designed to ac- 
com~nodatc 7000-Scrics Oscilloscopes. 'I'he Type 204-2 
features 9 tiltlock positions, llolcls 5 plug-ins and pro~.idcs 
a large drawer for storage. A locking mechanism on the 
Sco~cn~ob i l c  goes through the oscilloscope inainframe 
sccurely fastening the instrument to the tray. 



TROUBLESHOOTING THE SWEEP CIRCUITS 

By Charles Phillips 
Product Service Technician, Factory Service Center 

T h i s  fifth article i n  a series discusses troubleshooting 
techniques i n  the  sweep circuits of Tek t ron ix  instru- 
ments.  For copies of the  preceding four TEKSCOPE 
articles, please contact your local field engineer. 

Tektronix sweep circuits are designed to develop a linear 
sawtooth voltage over a wide range of sweep times. Linear 
sawtooth voltages ensure that the waveform passes through 
a given number of volts during each unit of time. The  satv- 
tooth rate of rise (or  fall) is set by the normally calil~rated 
TIME/DIV control. This sawtooth voltage is then proc- 
essed in the horizontal amplifier and applied to the plates 
of the CRT,  resulting in the horizontal deflection of the 
electron beam. 

As a result, the cathode-ray beam is srvept horizontally to 
the right through a given nurnber of graticule divisions dur- 
ing each unit of time--the sweep rate being controlled by 
the TIME/DIV control. I n  this manner, a baseline is pro- 
duced that is proportional to discrete amounts of time (de- 
termined by the T I M E / D I V  control). By measuring the 
distance between t ~ v o  different horizontal points on the C R T  
display a time difference reading may be easily made. 

Delaying s ~ . e e p  oscilloscopes are quite common and provide 
txvo separate complete sweep systems. T h e  first, or delaying 
sweep, provides a delayed sweep trigger just prior to the 

moment when the signal of interest' occurs. Generally, a 10- 
turn multiplier dial used ~v i th  the T I M E / D I V  control pro- 
Irides a continuously variable stveep trigger and initiates the 
delayed sveep at  the desired time. Delaying s\veep oscillo- 
scopes provide both increased measurement resolution and 
accuracy. 

Modern time-l~ase generators generally consist of five main 
circuits: a st\,eep gating multivibrator, a Miller runup (or  
rundoivn circuits (sa~vtooth generator and disconnect 
diode),  holdoff circuitry, s\veep lockout circuitry, and auto- 
matic sveep generator circuitry. I n  addition, the siveep cir- 
cuit provides the unblanking signal to the C R T  and often 
a saivtooth and/or gate output on the instrument panel. 

S\\-eel) generators make use of operational amplifier tech- 
niques to obtain their required linearity. As a result, if 
circuit problerns appear, they are sometimes difficult to 
troul~leshoot I~ecause of the feedback loops ini.olved. Usu- 
ally the feedback loop must be I~roken in order to localize 
the circuit problem. 

\\;hen troul~leshooting an oscilloscope sl\.eep circuit, examine 
the simple possibilities Ixfore proceeding \\-it11 extensive 
tso~~l~leshoot ing.  The  follo~ving list p r o ~ ~ i d e s  a logical se- 
q t~ence to follo\v ~vhile troul~lcshooting s\veep circuitry. 

1 .  Observe C R T  display characteristics. 

2. Check control settings. 

3. Isolate trouble to block. 



4. Thorough visual check. 

5. Check voltages and waveform. 

6. Check individual components. 

When troubleshooting sweep circuits, free run the sweep to 
be certain that the trigger circuitry is not inhibiting sweep 
operation. Gate and sawtooth output connectors provide a 
quick check of circuit operation and may provide a clue to 
the problem. If no outputs are observed, check to be certain 
that trigger inputs are gating the sweep gate circuits. 

Holdoff and feedback operation may be checked by monitor- 
ing the cathode of the holdoff circuit. Check to see if the 
cathode of the holdoff cathode follower follo\vs the action 
of the siveep length control. A similar check is to vary the 
stability control while monitoring the lockout multivibrator 
cathode. These ttvo blocks comprise most of the feedback 
path and if their cathode follorver action is inoperative, the 
problem is quickly localized. 

TECHNIQUES 

A Tektronix Type 575 or  Type 576 is very useful to check 
tunnel diodes in the circuit ( in most cases). If there is any 
doubt of device performance, one end may be lifted. Con- 
nect test leads directly across the T D .  Set the vertical sensi- 
tivity on the 576 to cover the sensitivity of the diode under 
test and the horizontal to .1 V/div. (Typical TD's have a 
horizontal slvitching voltage of --% volt.) The  waveform is 
not exactly like an  out-of-circuit check, but in most cases, 
it indicates whether the T D  is xvorking properly. This pro- 
cedure prevents mechanical strain or excessive heat from be- 
ing applied to the T D .  The  photos below show an  in-cir- 
cuit and out-of-circuit check being made on the same T D .  
Interaction caused between the test leads and the circuit 
~vi l l  sometimes produce a cluttered trace, but switching can 
nearly always be detected. 

resistor under test and the collector lead for the high point. 
IVith the collector sweep in "+" polarity, dial in the proper 
amount of voltage. (If  you don't know holv much voltage 
to use-turn the instrument on and check the voltage drop 
across the resistor \vith a meter first.) Next, set the horizon- 
tal and vertical switches on the 576 to display the uaveform 
on screen. Noisy resistors will show as an  intermittent or 
broken line. The  photo below shows a defective resistor that 
appeared normal with an  ohmic check. 

Often it is necessary to start the sweep gating rnultivibrator 
manually. If the sweep does not run, ground the collector 
of the sweep gating multivibrator (e.g. Q504 in a Type 453) 
and monitor the collector of the s a ~ t o o t h  sweep rundown 
circuit. This should cause the sweep to rundown and let you 
troubleshoot in a normal manner. 

Breaking the feedback loop is often helpful in large opera- 
tional amplifiers. One  technique that can be used is to pull 
the transistor from the reset emitter follower and ground the 
emitter terminal (e.g. Q543 in a Type  453). A sweep should 
occur each time the point is grounded. O r  remove the reset 
n~ultivibrator (e.g. Q585 in a Type  453) and apply an  exter- 
nal positive D C  voltage a t  the collector terminal to "brute 
force" the sweep to run. ( T h e  Type 576 is again convenient 
for this application.) Often a 10-kn minipot connected as 
sho\vn \vill ~ o r k  nicely and \\.ill plug right into the transistor 
socket. This is a convenient method since the internal volt- 
age from the collector supply may be used as the voltage 
source. 

Noisy resistors can also be checked dynamically (with power 
off on instrument under test) on a Tektronix Type 576. Con- 
nect test leads flom the sockets on the 576 to the resistor 
under test. Lse  the emitter test lead for the low point of the 

A minipot connected into a transistor socket as shown is a 
convenient way to "brute force" the sweep. 

I 
Series of waveforms illustrating the use of the Type 576 Curve Tracer as a versatile troubleshooting tool. Left: In-circuit TD 
check. Center: out-of-circuit TD check. Right: Noisy resistor. 



Another technique is useful when timing delaying sweep os- 
cilloscopes. The  horizontal display is set for A delayed by 
B ~ i t h  A sweep free running. Start with the fastest B 
s\veep \\here A can be run 100 times faster than B. This 
will make each cm equal to 0.1%. Set the delay time multi- 
plier to 8.95. This will move the 9th marker to center screen 
for 0% tolerance. 

Each cm to the left of center screen noiv equals -.I% error 
and each cm to the right equals + . I  % error. Start Lvith time 
marks of the same speed as the B srveep. If the 9th marker 
sho.ivs up on screen, the error can be read directly + or - 
from how far it is from center screen. Decrease sweep speeds 
(A and B)  by 1 s~vitch setting until each range of the delay- 
ed slvcep is checked. When t\vo niarkers show up on screen, 
it is time to switch the time-mark source to the next lo\ver 
decade to match the B-sweep TIh lE /CM setting. If the 
pulse is off-screen, use the delay time multiplier to position 
the pulse on screen and read the number of minor divisions 
that it takes. Each minor division is equal to 0.1%. 

TYPICAL SWEEP TROUBLES (TUBE) 

Siveep shortens at faster sweep speeds. 
Check: T h e  sa\vtooth output cathode follo\\w may Ix 
loading the circuit. Remove the sa~vtooth cathode fol- 
lo~vcr and note \vhether the problem disappears. If the 
trouble is not in this stage, then check the output stage 
of the horizontal amplifier. 

Sweep non-linear at  the left side of the CRT.  

Check: Faulty holdoff circuit operation may be causing 
the problem. Check holdoff cathode folloivcr for gassy 
tube or improper circuit operation. 

3. Snecp shortens on right side of the C R T  lvhen sweep is 
triggered. 

Check: An open diode in the positive trigger clipper cir- 
cuit may inhibit positive clipping of the sweep gate inpnt 
and cause premature rundown of the siveep. 

4. Sweep tends to free run at different sweep speeds when 
triggered at other speeds. 

Check: Preset stability is ~nisadjusted or lockout multi- 
vibrator circuit operation is ~veak. 

5. S\veep  ill not run by itself, but ~vill start when shock 
excited (i.e., rotating the TIME/CR4 switch). 

C%cck: Start-stop n~ultivibrator circuit failure \\.ill she\\. 
these characteristics. Check the tube and circuitry. Off- 
tolerance precision ( 1 % )  resistors in this circuit \\.ill 
sometimes cause this problem. 

6. S\veep non-linear or inaccurate at slow sveep speeds. 
( I n  extreme cases, spot may stop part way through the 

Check: Disconnect diodes should l ~ e  tested. Check for 
proper operation by starting the s~veep, and then remov- 
ing the disconnect diode and see if problem clears itself. 
The  s\vcep will run for one s\veep and stop. Replace 
diode and repeat procedure if necessary to get a better 
look. If this proccdure clears u p  the problem, the dis- 
connect diode is faulty (leaky or gassy). 

7. Slvecp non-linear at  some TIhIIE/CM settings; normal 
operation at others. 

Check: Miller sunup circuit may Ile leaky. Check for 
gassy Miller tube. 
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8. Sneep  timing off a t  several of the slo\\er s\\ eep speeds 
(below 1 ms/div) . 

Check: Suspect precision timing resistors. Many older 
oscilloscopes used b ronn  A-P resistors on  the m c e p  tim- 
ing s\\ itches. These resistors changed value M it11 age 
and should all be changed. 

9. Delayed sweep operation, normal; delaying st\ eep ope1 - 
ation, normal but cannot obtain triggered delayed s\veep 
when using both sweeps. 

Check: Suspect tveak or defective delayed slveep trigger 
amplifier. 

10. S\veep timing accuracy long in the . l ,  .2, and .5 ms/div 
range. 

Check: Unsolder one end of the small padder capacitor 
in parallel ~ v i t h  the ,001 timing capacitor located on 
the A w e e p  timing svitch and monitor timing. If 
timing is improved, remove the small capacitor. 

11. Erratic starting of sweep. 

Check: Xoisy resistor in s\veep start-stop circuit or poor 
connection of high voltage anode lead can cause this 
problem. 

12. Erratic s\veep operation, sweep start is not erratic. 

Check: Noisy or heater cathode leakage in disconnect 
diode may cause this problem. 

TYPICAL SWEEP TROUBLES (TRANSISTOR) 

T h e  operation of transistorized slveep circuitry is generally 
similar to the t u lx  type circuitry. Some additional specific 
checks that may Ix useful are:  

1. Stveep inoperative. 

Check: Check the s~veep gate transistor and the slvecp 
T D .  If these operate properly, then check the fixed divid- 
er at  the input of the s\veep reset multivibrator for proper 
value. 

2. Slveep inoperative. 

Check: If normal t ro~~bleshoot ing doesn't produce a trace 
(see techniques), check the s\veep length circuit. A diode 
failure or bad s\vitch contact in the stveep length circuit 
may cause an  inoperative srveep. 

3. Sneep  timing error a t  different s\veep speeds. 

Check: Gallium-arsenide diodes used in the sweep discon- 
nect circuit may be defective. Replace if necessary. 

4. S\veep jitter. 

Check: Gallium-arsenide diodes used in the s\veep discon- 
nect circuit may be defective. Replace if necessary. 

USED INSTRUMENTS FOR SALE 

1-Type 526, SN 1544. Price: $1295. 
Contact: Donald K. McConnell. General 
Electrodynamics Corp., 4430 Forest 
Lane, Garland, Texas 75040. Telephone: 
(214) 276-1161. 

1-Type 514D. Excellent condition. 
Price: $400. Contact: Dr. William Carr. 
Southern Methodist University, Dallas, 
Texas 75222. Telephone: (214) 363- 
561 1, extension 2221. 

1-Type 524AD/202-1, SN 7730. T \ \ o  
years old. Price: $1000. Contact: Dave 
Sanders o r  Charlie Henry. American 
Micro\vave 8: Communications. 203 
Stephenson Avenue, Iron 5fountain. 
Michigan 49801. Telephone: (906 \ 
774-2923. 

1-Type 422. Ne\v. Price: $1,250. Con- 
tact: Ells\\-orth M. Cochran. 7805 
Laurel .4ve.. Cincinnati, Ohio 45243. 

1-Type 5 l t D ,  SN 1348. Excellent con- 
dition. Price: $250. Contact: Robert 
Bartell, RD 2, P.O. Box 31, Kingston. 
Ne\v York 12401. Telephone: (914) 
331-9019. 

1-Type 545 ~v i th  D plug-in unit. 
Price: $1,100. Contact: Dr.  J. McConn, 
Cornell University, Division of Biologi- 
cal Sciences, Savage Hall, Ithaca, Ne\\ 
York 14850. Telephone: (607) 
275-4809. 

I-Type 535A. 1-Type 545.4. Several 
plug-ins for 5301540 Series. 1-Type 
515.4. 1-Type 575. Contact: Harry 
Posner, Pacific Certified Electric. Tele- 
phone: (213) 225-1584. 

I-Type 3A72, SN 4690. Price: $200. 
I-Type 53.4. Price: $35. Contact: Mr.  
Myhre, Mission En~ineering,  Inc., Hia- 
watha, Iowa 52233. Telephone: ( 3  19)  
393-2253. 

1-Type 310.4 Contact: Don Pagan, 
Varian Data Machines, Irvine, Califor- 
nia. Telephone: (714) 833-2400. 

I-Type 310A, SN 014771. Price: Best 
offer. Telephone: (415) 326-6200 
Extension 2619. 

1-Type 551.. SN 3247. Excellent con- 
dition. Price: $1350. Contact: Wayne 
Hunter, Exact Electronics, Hillsboro, 
Oregon 97123 Telephone: (503) 
648-6661, 

1-Type 551, SN 002812. 1-Type CA? 
SN 027013. ?-Type B, SN 01 1852 and 
SN 018247. Will sell as a unit for 
$700. Contact: Jim Rogers, Pacific 
.4ssemblers, 4500 Campus Dr., Suite 
524, Nexvport Beach, California 92660. 
Telephone: (714) 540-0030. 

1-Type 454 with cart. Approximately 
one year old. Perfect condition. Price: 
$2500. Contact: Robert Crawford, 124 
West 86th St., New York, New York 
10024. Telephone: (212) 787-6715. 

1-Type 321, SN 003443. Has batteries. 
Price: $400. Contact: Evans Wheeler, 
539 South Raymond Ave., Pasadena, 
California 91 101. Telephone (2  13) 
449-5650. 

1-Type 533.4, SN 4859 ui th  Type B 
Plug-In, SN 19959. Excellent condition. 
Used 100 hours. Price: $675. Contact: 
Henes Manufacturing Co., 4301 East 
Madison St., Phoenix, .Arizona 85034. 

Sampling dual-trace and time-base plug- 
ins for 560 series. 1-Type 3876. SN 
408. 1-Type 3T77, SN 437. ?-Type 
P6032. All like new condition. Purchase 
date 4/31/62. Contact: Burr-Brown Re- 
search Corp., Tucson, Arizona 85706. 
Telephone: (602) 294-1431. 
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