067-0711-99

SECTION 1} OPERATION

FEATURES :

The 067-0711-99 CROSSHATCH/RASTER GEﬁERATOR is. 'a test fixture
for adjusting and verifying geometry, focus, resolution, and asfig- “
matisﬁ of Tektronix 7000 Series oscilloscopes. Provision is'made for .

writing speed comparisions with 7000 Series storage oscilloscopes.

The displays generated by the 067-0711-99 include crosshatch,
vertical raster, and horizontal raster - each comprised of either

11 or 110 lines. - (See illustrations on page 1-2)

The output from the 067-0711-99 is available in mény different
forms. When operatiﬁg in the horizontal compartmeht of most 7000
Seties oscilloscopes, horizontal, vertical, and Z-axis signals.are
Available through internal paths, with the veftical and Z-axis
paths being switchable. When operating in any compartment; horizon-
;ai, vertical,.and Z-axis signals are available through fhe front

- panel BNC connectors.
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i

11 LINE CROSSHATCH 110 LINE CROSSHATCH

110 LINE HORIZONTAL RASTER

& *:ff 1 LINE VERTICAL RASTER 110 LINE VERTICAL RASTER
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CONTROLS AND CONNECTORS:
.MDDE: Three pushbutton switches that select the main display mode.
RASTER VERT. Displays vertical lines. o
liRASTER HORIZ. DiSplays horizontal lines.
CROSSHATCH Displays both vertical and horizontal lines.A
11 LINE. When any pushbutton in this row is solected the dlsplay
is 11 horizontal or vertlcal lines in the case of a raster dlsplay,
or 11 horizontal and vertical lines in the case of a crosshatch
display. | »
110 LINE. sameAas‘11 LINE only with 110 lines.
DUTY/LINE. Three columns of pushbuttons that select the duty»factor

. per line of the display.

Duty factor(%)*time drawingrone line X 100(%)

time for complete display ' o ‘
Duty factors available include 0.02%, 0.2%, and 2.0%. 2.0% is not
available with the 110 line display. ’
’vAUX Y. Slide switoh to turn on and off vertical signal that drives
.oscilloscope through internal path whén in the horizontal compaftment
of most 7000 Series oscilloscopes.
- AUX Z. Slide switch to tutn on and off Z-axis signal that dtives
oscilloscope through internal path. | .
VERT POS. Coarse and fine controls to position diéplay vertically;‘
, HORIZ POS. .Coarse and fine controls to_positionAdisplay'horizontally;
VERT GAIN. 4. 51turn control to set the size of the.nertical disnlay;,'
VHORIZ'GAIN. 4 5 turn oontrol to set the size of the horizontal dlsplay
VERTICAL OUTPUT. Signal output connector. Vertical output with
nominal level of 100 mV/div from internally sélectaole sourcé‘impendénce s
of 50 or 200 ohms.
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- HORlZONTAL OUTPUT. Signal‘output connector.' Horiaontal output with ;
lnominal 1evel of 100 mV/div from internally selectable source 1mpeadance
‘of 50 or 200 ohms. . - ‘ ‘

BLANKING OUTPUT‘(TTL) ’1Signal output connector Blanking output.

'with capability of driving up to 5 normalized TTL 1nputs. fositive', E

or negative phase is internally selectable

, SELECTING VERTICAL AND HORIZONTAL OUTPUT IMPEDANCE .

Selection of: the output 1mpedance (50 or 200 ohms) for the

"vertical and horizontal front panel BNC connectors is internal to
‘the 067 0711 99 and is accomplished by moving a connector from

- one’ position to. another.

Thejoutput comes:through two groups of tmo peltola connectors v
located‘tomard the rearvof'the plug—in.’ The upper group of connectorsh
4is the horizontal output, the lower group of connectors is the
» vertical output  The upper ‘connector of either group is the 50 ohm

4 output.

_SELECTING THE PHASE OF THE FRONT PANEL BLANKING OUTPUT

Selection of the phase for the blanking output front panel con-

‘“nector is internal to the 067—0711 =99, and is accompllshed by moving

a connector from one_position‘to another, The blanking output comes
V:throUgh;a grdhﬁfof tWO‘peltola connectors located‘toWard the front '
hof the circuit board. B o .

| Positive phase blanking is defined as where the output goes to
.a high state for the blanking period The connector.closest'to
',the front of the circuit board is positive phase.
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DETATLED OPERATING INSTRUCTIONS

CROSSHATCH DISPLAY

An 11-1ine crosshatch display is used to check and/or adJust ert

trace‘alignment, geometry, and orthogonality. The. 110—line cross-

hatch display 1s used to check and/or adjust trace focus and astig—

matism.:

Use the following procedure to obtain a crosshatch dlsplay

1.

Set the mainframe intensity and readout controls fully counter—.
clockwise. |

Within‘the CalibratiOn‘Fixtnre; connectlthe internal coaxial
connectors forgSO-ohmiimpedances.

lnstall the Calibration Fixture in a horizontal_compartment

of the‘mainframe.' If the mainfrane has four.plug—in compart~—
ments, set the horizontal mode to display the Callbration Fixture;
Install an amplifier unit in a vertical compartment - Set thevl A
mainframe vertical mode to display this unit. |

Set the amplifier unit for a deflection factor of 100 milli—
volts/divislon with dc input coupling.

Connectithe'VERTICAL OUTPUT connector to the.amplifier unit

with a BNC coaxial connector.

‘Set . the Calibration Fixture controls as follows

'iAVERT and HORIZ POS Midrange o
'Vertical ‘and HORIZ GAIN ‘Several turns clockw1se
AUX Y - OFF '

"AﬂXZZ: , o Up (on)
DUIY/LINE - 2. 0%/11 or 0, ZA/ll (as de81red)

Allow several minutes warmup.

1-6



667-0711-99 ,
8. Set the display intensity for'normal viewing,ihThe cross—
' hatch display can be centered with the VERT and HORIZ POS
o controls. An’ 11 line display can be set for one 11ne/div1—
sion with the GAIN controls. |
9. If it is de51red to usevthe auxiliary Y—aais (internal
vertical) path delete the amplifier unit from this proce—'

»dure and set the AUX Y switch Up (on)

RASTER DISPLAY

The raster displayiis used to check and/or adjust mainframe

‘auxiliary Y~ax1s circuits and crt resolution measurements.

| MAINFRAME7Y-AXIS.‘iThe mainframe auniliary~Y;axiS'gain~is'checked
'using‘the feature of'matched‘AUX?Y and front—panel'outnut lewels
:The mainframeiauxiliary Y-axis circult requirement is 1 milliampere/
'division, which corresponds to a front—panel VERTICAL OUTPUT of

'5100 millivolts/div1sion (behind the selected output 1mpedance)

‘To check or calibrate the malnframe auxiliary Y-axis c1rcu1t gain,

'proceed ‘ag follows

_l.faSet the mainframe intensity and readout controls fullyfcountere.

;hclochwiSe. | | | | |

;:hé.',Within thehCalibration”Fixture; connect the:coaXialiconnectors o
t‘for_Sbeohmvoutput inpedances. | | |

;3;' Installkthe;calibration fixture in a horizontal:compartnent of :

‘thexnainframe. If the mainframe has four plug?in‘compartments;”
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set the‘hofizdntai mode to display the Calibration Fixture.

"Install an amplifier unit in a vertical compartment. Set the

mainframe vertical mode to‘displéy this unit.

. Connect the VERTICAL OUTPUT cbnnector'to»the'amplifier input

with a BNC coaxial cable.

'Set~théAamp11fier unit for dc input coupling. - Set the deflec-

~ci¢n.fa¢tor at 50 miliivolts/diGision for a 50-ohm input or .

100 millivolts/division for a one-megohm input.

ASét‘thE«displéy intensity for normal viewing.
:Cénter.the amplifier unit position control,

. Set the Calibration Fixture controls as follows:

VEﬁTgéndlﬁQRIZv?OS o ) o Midrangé
'Vef;ical,éﬁdeorizbntal GAIN SeVeral»turnS‘éloékwisé‘
f‘AUXlé‘ - * oFF | |
" AUX'Z B o »I Up (on)

Mbpﬁ o o . | HORTZ RAstR o
‘vaTY/LINEi‘ | B g '2.0%/ii o

Set the Calibration Fixture Vertical GAIN control “for one line/ -

‘division.

ﬁiécénngct and remove the amplifier unit fromrthe>mainfréme;
Set thé AUX Y switch to Up (op).

Set‘thg VERT POS control to center the display.

Cﬁeck/adjust ﬁainframe disP1ay for one 1ine/divi$ion iﬁ,the"

center six divisions.
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RESOLUTION MEASUREMENTS Resolution measurements are made with a 110-

1ine raster display. Use a horizontal raster for measuring vertical :

resolution, and vice versa.

Use of the auxiliary Y-axis (internal.vertical) circuit is not recom-

‘mended  for vertical resolution measurements or adjustments due to main-

frame circuit nonlinearity.’

For a go/ne-go reSolution,test,'proceed as follows:

1.

Install the Calibration Fixture in a mainframe horizontal com-
partment. If the mainframe has four plug-in compartments, set

the horizontal mode to display the Calibration Fixture.

Install an amplifier unit in a vertical compartment. Set the

mainfraﬁe vertical'mode to display this unit

Set the amplifier unit deflection factor for 50 milllvolts/

,d1V131on for a 50 ohm 1nput or 100 milllvolts/d1v131on for a

onesmegohm input,

Determine the desired resolution (in lines/dlvision) from the

instrument or crt specification.

aDetermine‘thevdivisions of display from the formula:

110 lines »
lines/division

Divisions of Display =

For example, a desired vertical resolution of 17 1ines/division

weuld require' 110 lines = approximately 6,5
. = 17 1ines/division © divisions of d1splay.

For a horlzontal resolution test, set the Hor120nta1 GAIN for

' 'the divisions of display as calculated in step 5. Set the~Verf

,tical GAIN for a fu11~screen dlsplay vertlcally. For_a verti- -

cal resolution test, set the Vefﬁ%gal GAIN_for,the calculated
. ‘ : AN AN ,

» displaygsize and the Horizontal GAIN for a fall—screen display;

_Horizentally.'




067-0711-99

7. The raster display can be offset With the appropriate pos1t10n
| control to. check the resolution over the entlre crt graticule
l‘area.-»v - | | | N |
8. If individual 1ines in the display can be 1dent1f1ed (no overlap),'
~ the dev1ce passes the: resolution test,
To‘measure'thenresolutiqn of a given oscilloscoPe/crt,dmodify the pres
' ceding procedure as follows: S
| .'l, 1Set'thebappropriate gain control to the‘fully clockwise position;'
Set’the‘other gain control for a full—screen‘display.’ -

f2.» Slowly reduce the size of the display with the‘appropriate gain- -

control until the 1nd1vidua1 lines merge.

. 3."Measure the size of the diSplay and apply the formula

Resolution (lines/div1sion) = 110 lines :
C ' : display size (number of div151ons)”
.TWO DISPLAYS
l For comparisonvpurposes, it is desirable to have two simultaneous dis-
plays. Two simultaneous disPlays can be used to compare two mainframes

.0r two beams in a dual-beam mainframe,

Simultaneous displays can be obtained w1th a minimum number of inter-

‘ connecting cables through the use of the internal path for one display,
while'using the;front-panel outputs for theuother. 'However,.for reso-"
v:lution comparisons Where the mainframe c1rcuit nonlinearity 1s‘ob3ection-'
’ able, the VERTIGAL OUTPUT signal can be shared by us1ng a BNC T connec-

tor on the VERIICAL OUTPUT connector.

Whenicomparing,two.mainframes, select the proper phase for the BLANKING

(TTL) OUTPUI for. the other mainframe.
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CIRCUIT DESCRIPTION: ~OVERVIEW

The basic: display generated by the 067-0711-99 1s a crosshatch
"Several variations of this basic display are available ’ The basic

crosshatch display can be blanked for a spec1f1c time to provide elther A

o a horizontal or vertical raster. The display can be composed of 11 or

‘110 lines (in each. direction) with selectable duty factors of 02/ 0. 2)
vor 2.0% (with llﬂlines'only).

, The crosshatch display 1s generated by the use of stairstep'and
sawtooth waveforms that are sw1tched between the vertical and horizontal
channels -of the oscilloscope.

. The following is provided to aid 1n understanding the overall concept

-of the 067;0711-99'before ihdividual circuits are discussed in detail.




CIRCUIT BLOCKS OVERVIEW
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‘The 067 0711~ 99 can be divided up into 9 basic functional blocks.

The TIMING GENERATOR sets up a sequence of pulses that control

the sweep generator, stairstep generator, and the channel switch

The SWEEP GENERATOR develops a sawtooth voltage waveform which is.

»1nitiated by the t1ming generator. Reset is internal to- the sweep

generator,'occurring when the sweep waveform exceeds a certain voltage.
The STAIRSTEP GENERATOR develops a stairstep voltage waveform, steppingf‘
and resettlng on command from the timlng generator. | |
The UNBLANKING GENERATOR provides a signal to the mainframe AUX

(AUXILIARY) Z AXIS path : This signal is derived from both the sweep

: and t1m1ng generators to allow proper blanklng (for a. pleasing display)’
_and for mode selectlon of vertical raster horizontal raster, or. |
'Acrosshatch display . | | ”‘
AThe CONDITIONING AND ISOLATION AMPLIFIERS present a high impedance 1
'1oad to the sweep and stairstep generators, while modifying the dec

'1eve1 and amplitude excurs1on of the signal to match the dynamic

range of the channel sw1tch

_The CHANNEL SWITCH is requlred to generate the crosshatch display from
‘the raster displayﬁthat would be supplied by the stalrstep andvsweep‘
,generators,'and'interchanging the X andrY axis at theccompletion‘ofl

" .every frame.

'”_ Blanking on one, or the other, or neither phase of?the'channél~switchb'

: creates the horizontal raster,lvertical'raster,uor'croSShatch display -
krespectively. | . | | | ”
"The OUTPUT AMPLIFIERS that supply the horizontal and vertical signals 1_1

to the. front panel are arranged in a configuration that establishes T”jlit'"

Athe center stairstep at the point where the display converges

when the gain (also part of this circuit) is reduced ' Positioning
voltages are also 1ntroduced .at thlS p01nt.
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" The TNTERFACE AMPLIFTER takes the single-ended. signal supplied by
the horizontal output'amplifier and supplies a differential signal '
" of apﬁropriate amplifude to the main signal path of the mainframe

' (interface connectors All and B11)

The AUXILIARY Y AXIS AMPLIFIER supplles a signal of approprlate

'amplitude to the"AUXILIARY Y-AXIS path in the mainframe from the

signal Suppliéd(by the vertical output'amplifier.' Special care is

taken to match the gain ofvthis‘output to the front paﬁel Output.”
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1. TIMING GENERATOR o

The timing generator derives.all of its signals by dlviding down
ifrom a master oscillator consisting of Q101 Q102, and Q103 Q101 and‘
.QIOZ are-connected'as a collector-coupled muitivibrator with Q103 as
: a:buffer;~ _ B | o

The-firstfdivision factor'is»selectahie. ‘When a iiO—line7dispiay
is desired,;signals‘must come 10 times as often as for an ll—line displaYT'A
1 to keep the overall frame repetition rate high enough to avoid display

flicker The signal for the 110—11ne display is selected by bypa531ng o
i f UlOl (which is used as a divide by 10 counter). » |
| U102 is- connected as a divide by two counter with both SeCtlonSV
'used to prevent timing hazards due to device propogation delay ‘The
output drives U103 and U104 in a divide by 10 mode where the output
from these is a negative going pulse with a width equal to the period
‘of the output from U102 (See waveforms on next page. ) o

The output from U102 and U103 is AND' ed to provide a pulse one-
half of the width of the output from U103 and U104 Waveform 3,15 .
used to(cOntrolvthe sweep. The r191ng'edge corresponds'to“thevstartv-
of the sweep.k Waveform 4 is used to control the step generatOr such

':that the step is occurring for the duration of the pulse
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© WAVEFORM 3

' waveroRm 1 Ssiasilssisaassaasananacacsagl
(U102 INPUT) , N

" WAVEFORM2 H HH’ H‘“ﬂwr :
(U103 INPUT), - - . ‘ m ‘ ’ . I | I

(U104A OUTFUT)

WAVEFORM 4 : , = ,
(U1058 OUTPUT) o ‘ )
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. The control'sequence i§ step the staircase-generator,.waitfforltheA
amplifiers ‘to settle, and start the sweep.j‘

As was stated earlier, when selecting a 110-line display, the clock
'frequency is 10 times faster than that used for generating the 11 line
'display. The significant effect of this on the output of the timlng
: generator is a ten times decreasein the duration of the command to. the
" step generator;“resulting in aAstep.amplitude 10 times smaller than that of a 110 line
.display step. " Another effect is'the shorter time for the~amp11f1er5'to
.settle between the end of the step command and the initiation of the sweep
vin the 110-line position. |

The number of lines displayed is determined digitally by countlné
.';either 11 or ‘110 step-command pulses before resettlng the stairstep
-tgenerator and flipping the channel switch. U107 and part ‘of U104 and U108 are

tused:as‘a divide by-lllcounter. U106 is connected as a divide by 10 counter
"'that gives:a llOfline;display;lwhen uSed,.or”an 11-1line display when
bypassed o | ' | | '

The signal fed to the channel switch is a square wave Wlth complementary v
'outputs that switchespwith‘every‘staircase reset pulse° U110 functions as

i‘ a divide bypZ'counter”to’accomplish this.
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2. SWEEP GENERATOR '
:lhe’sveep generator develops~a sawtooth voltage wavefOrm, initiated‘by‘
’;theltiming geﬁéfatbr{ Reset isvinternal to_the sweep generatbr;’(backed‘ :;
~up by alreset:pulse:from.the‘timing generator) occurring nhen thé,Sweep.>
'waveform exceedsAa7certain vOltage.’ | o

The sawtooth voltage is generated by a.current source feedlng a
i capacitor (0122) : The current source con31sts of Ql23, R141 R145, and
AC121‘ C123 C124.v Selection of dlfferent duty factors is aCCOmpllshed by
selection of different current magnltudes.. |

.The current‘is equal to the current through the equlvalent re51stance
(combinatiOns of Rl&l—R143) in the emitter circuit of Q123 | |
'Becausethe voltage is fixed at this point (at about 8- 9 volts -as determined

A by R144 and R145),current,is changed by selecting the;appropriate'resistor.

'~yconfiguration.

Reset is accomplished with Q121 and Q122 (both prevented from
saturating at higher speeds by CR103 and CR104 respectlvely) acting as
current shunts to both the current source and the charge stored in the
_capacitor. Two transistors are used in order to prov1devfor the~back up
‘reset pulse'frOmfthe,timing generator. |
| Theisantooth voltage naveform“fromvthe capacitor is isolated through
',the conditioning and isolation ampllfiers. The'output from the isolation
"amplifier 1s used to drive an end—of -sweep comparator consisting of 0124
‘Q125 R151 R155 and CRlOS (connected in a differentlal ampllfier conflguratlon).'

The signal from the end—of sweep comparator resets the sweep multiv1brator.
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f‘:3g' STAIRSTEP GENERATOR

‘The stairstep generator provides a stairstep voitage waveform, stepping_.>
and resetting on command from the timing generator.
- The step generator consists of a gated current source that dumps a
: charge into capacitor Cl31 for each step |

. The current dumped into the capac1tor is- developed through Q132, and
is determined by the voltage across R16$. Thlsivoltage 1s»equal to the
voltage from the divider consisting of R163 and R164 plus‘one junction -
dropg | | |

‘When Q131 isrotf, the voitage acrossAR165 is essentially zero; and no

current floms. »WhenkQISi is on, the voltageﬁacross R16Siis about 6Vto 7
d;volts, thus setting up a current of about 0.6 to 0 7 mA- to be supplied
wtto the capacitor.
| 3161 and Ri62 tahe the TTL signal from the~timing generator and.'
V"A condition it to:drive Qldl; CR106'isjused to-prevent Q131 fromksaturating5d~
- thus improving speed - -

Reset is accomplished by turning Q133 on hard dra1n1ng the charge
 stored in 0131 to ground. A pulse—stretcher circuit consisting of Q134,
‘.Q135,1R166,2k167,'Riﬁd,‘and Cl133, takes the anrrow pulse suppiied’by the
4'timing,generat0r‘and stretches it in_ordervto ensure»that the‘puise

' width is,sufficient to discharge capacitor c131.
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4, | UNBLANKING GENERATOR
The unblanking generator sends a 31gnal to the AUX Z—AXIS path. This

‘signal is derived- from both the sweep and timing generators to allow proper
- blanking for a.pleasing.display,.and mode,selectlon of a vertlcalbrasterg
‘horizontel"raéter,-or croséhatch display. | .
= Unblanking isvenabled'whenever the sweep is running (as eensed b& the.-
}Vstate of the sweep multivibrator through buffer Q115 when thlS signal
is. OR'ed by U109 with the pulse from U104). | |

' This is‘OR'ed.with one, or the other, or_neither phase of the.timing'
generator channel ewitch signal to generate the horizontal fastef,' |
'.vertical raster, or crosshatch display respect1vely.
Both positive and negative phase blanking signals of TTL levels are

tavailable to feed the front—panel BLANKING (TTL) OUTPUT connector. '
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| S}"counlmioNING AND:ISOLATION AMPLIFTERS
The conditioning and isolation amplifiers present a high impedancev..»"'
Vto the sweep and staircase generators ThlS is done with a low input “
current operational amplifier connected in the voltage follower'.
. configuration. (U113 for the sweep and U111 for the staircase)

Signals from these,isolation amplifiers are then amplified by the

‘ jv conditioning amplifier connected in a variable-gain amplifier configuratlon;:

An offset'voltage is also introduced to this amplifier which 1along
- with the variable gain characteristics, alters the 51gnal to match the

» dynamic window of the channel switch

2-10.
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6. CHANNEL SWITCH .

The channel switch interchanges the stairstep'and sawtooth waveforms

between the horizontal and vertical channels to generate tje crosshatch .

o display.-

The basic building block of the channel switch consists of 6 dlodes

and three resistora connected as shown below.

 CONTROL —

'+ch : +Vee

Ving - Vin,

CR3 - CR4

CONTROL

CR2

-Vcc

A cohtrol states (0.4V for low state and 2.4V for high state).

The opetation of‘the left side of the switch is such that when the eohtrol, :
voltage 1s in the highjstate, CR1 is forwatd biased and CR2 is reverse biased;
The voltage.et”thexanodes.of‘CRl,'CR2, and_CR3 15 then edual'to Vihl plus'one 3 o
junction drop. o , | | o |
On the right side of the switch the control voltage (CONTROL) is at the »
‘low state. ‘So,’ the voltage at the anodes of CR4, CR5, and CR6 is equal to the.

control voltage (CONTROL) plus one junction drop. Because of the w1ndow -

' ~defined for the input signal this voltage is also lower than at the p01nt

V 'common tO'CRl- CR2 and CR3.f In this state; CR3~1s forward-blased'and ‘CR4

reverse biased 8o the output is brought down a Junctlon drop from the voltage

»at the anodes of CRl CRZ and CR3.
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lThis makes the.output voltage equal to the~input’voltage;pand‘tendsltoj
- compensate for the diodes temperature coeff1c1ent.v E

) Reversing the state of the control voltages switches which V1n 1s‘
lpresent at Vout. o | |
7. OUTPUT AMPLIFIERS
B The output amplifiers take the signal from the channel switch (whlch
.'has previously been shifted in level and amplitude to fit into the range
of the channelvswitch) and recenters it.- This is done by adJusting the dc .

-offset of the cOnditioning and‘isolation amplifiers such that (for‘the.

'A' vertical channel) the voltage drop across R193 (due to the current supplled 4

"by long tail resistor R194) brings the center stairstep to 0 volts at TP1
~;so the display will collapse around the center stairstep when the gain is
~l reduted The horizontal channel is adjusted with R198 to match the dc level
5pof the vertical channel | |

| The‘gain is controlled with a 10K-ohm potentlometer connected as a
variable voltage divider (R301 vertical R201 horizontal)

The signal from the gain pots is applied to an inverting ampllfier '
with a voltage gain of three (consisting of R202, R203, and Ull5 in the
case of the horizontal channel and R302, R303 and U116 in the vertical
-channel) »

The positioning voltage is also applied at this stage.»IThe:voltagev A
",is determined by R204 R205 R206 and R207. for - the horlzontal and R304 |
:7R305 R306 and R307 for the vertical. '

: The front panel output of the plug—ln is isolated from the output of
,_.tthe amplifier through either a 49 9 or 200 ohm resistor (to select the B
ioutput impedance) |

Resistor R209 is used to offset the dc current reouirements of the
interface amplifier allowing the output at U115 to swing more volts before
l:device,current 1imiting~occurs. - |
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‘8. THE INTERFACE AMéL];FIER
o The interface'amplifier"takes the signal from the‘hOrizontal outputv.d‘f
amplifier and;conditions it sohit meets the requirements of thevmainframe.
.The'nominal signal 1evel from the horizontal output‘amplifierlis‘ |
100mV/division centered around 0 volts. The signal reduired by the
1,mainframe is a differential voltage of 50mV/div1sion into 50 ohms

Theﬁcircuitry consisting of R209 R211, R221—R228, Q141,‘Q142, VR131,
_R132 and U117 accomplish this change’ through the use of a differential
mplifier involving Ql4l and Q142 The center screen deflection voltage
is 0 volts, so in order to keep several volts across. the transistors,
the. center voltage from the output amplifier (also 0 volts) is shifted
up 5.1 volts by the use of zener diode VR131. .

-The asymmetrical amplifier'configuration requires the'base of Q142Vto
;'be at a higher voltage than that»of Q141 for a balanced current condition.
U117, R227 R228, and VR132 determine this voltage A current of 8;3 nA'is
hsupplied by R227 which sets up a voltage across R228 (dependent upon the
‘setting of R228). .Zener diode VR132 (which is of the same type as VR131)
is used for'another 5.1 volt drop. Use of thisvsecond zener'diode for
. most of the voltage difference”required tends to.compensate for anyA

,temperature coefficient that may be encountered. | o
‘R223 1s used to achieve thermal balance. Pulldowu current for the
"amplifier is supplied by R221 and R224 (7.5 mA at. center screen)

: Overvoltage protection for the mainframe is prov1ded by CR133 and CR134 o
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9. AUXIL;AR& Y-AXIS AMPLIFIER

The aux1liary y-axis amplifler takes the slgnal from the vertlcal
output amplifier and condltions it so it meets the requlrements of thel:
' mainframe.‘ The nominal s1gnal level from the vertical output amplifier
is 100 mV/division (centered about 0 V). The signal requlred.by the main-
- ﬂframe is current of 1 mA/division (centered about 0 mA) w1th a source 1me '

':pedance of greater than 1 thousand ohms.

The circuitry»consisting of;Q143, Ql44, and R321-R328 is a'feedbackﬁ
'.t voltage'amplifler (to the emitteraof Ql44) with.a voltage gain of 0.996“
_ when'R32l'is.proper1y,adjusted; The voltage swing ofv100~mV/diuision is
.v;them 99 6 mV at this point, and when applied across the parallel equlva-'
‘ lent of R392 R326 and R327 (99.6 ohms) this becomes 1 mA/d1v131on ~output
"ﬁswlng through Ql44 Pulldown current for the amplifler is- supplied by R325
'(7.5,mA at center screen). Overvoltage protectlon‘for_the malnframe is pro-

‘vided by CRial'and'cR142. |

The gain of the aux1liary y-axis circuit was set up to match that of
the front panel output. (That is, 1 d1v131on deflectlon out the front
panel at’ 100 mV/div131on equals one div181on deflectlon through the aux1l-

iary Y-Axis path).

The tolerances are set up such that regardless of where R321 (aux y
gain) is set the galn would match within the 1OA mainframe tolerance. This

bllfis useful only-for malnframes that have anAadJustable AUX Y galn..

~Io check mainframe aux y deflection factors where the mainframe gain'
can‘t be adjusted‘ proviSions are madevto match the plugéin aux y'gain"to
‘~the front panel output through the use of R321 (as outllned 1n the callbra-'

tion procedure)
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© CALIBRATION:
TEST EQUIPMENT REQUIRED
AI. IAmplifier plug-in unit for use with Tektronix- /OOO-serles osc1l-

1oscopes.— Bandwidth, 1 MHz or greater, deflection factor, 1 volt =~

- to 5 millivolts/division, 1 megohm input resistance Tektrenix_'
‘.7A16;used in these checks. ‘ ‘

U - N U R S VR )
. . ° ° e. -

Oscilloscope.- Any 7000-series oscilloscope.
Plug-in extender. Tektronix part 067—0589-00.
1X ﬁrobeQ ‘Tektronix P6011 used for'these.checks.
.i,BNC—to—probe tip adapter. Tektronix part 01250092-00.‘
. Screwdriver. Three—inch shaft, 3/32 inch bit. ,‘
‘Clin”leads (two). |
-‘PROCEDURE

The following procedure is arranged so the 067~ 0711 99 can be
'1calibrated with the least interaction of adJustments‘and.reconneetion
of equipment; "The edntrol settings'continue from the preceding etep(s)
,unless otherﬁiée noted The instrument should be calibrated at an

'ambient temperature of 25 +5 C.

PRELIMINARY .CONTROL SETTINGS
067-0711-99 (HORLZONTAL COMPARTMENT VIA PLUG-IN EXTENDER)
ALL INTERNAL CONTROLS MUST BE CENTERED FOR CALIBRATION.

- MODE o ) VERTICAL RASTER
- VERTICAL POSITION (COARSE & FINE) Midrange
.~ HORIZONTAL POSITION (COARSE & FINE) Midrange
VERTICAL GAIN. ';' . 5 turns CW.*
.HORIZONTAL GAIN : o .5 turns CCW.*:
AUXY . . - OFF
AXZ .. .. - on.
DUTY/LINE T o 2. 0//11

. TEST AMPLIFIER (LEFT VERTICAL PLUG-IN COMPARTMENT .

Position '“,_. S ©  Midrange

Polarity o o +UP
 Bandwidth - . L 20 MHz

Volts/Div -~ .~ - 200 mV

- Coupling -~ . L B - D.C.

o *Nete. Mechanical rotation of the gain control is not 11m1ted
' to the 4.5 turn 11mit of the pot
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TEST OSCILLOSCOPE

" Intensity = . - : AT A USABLE LEVEL

. 1.‘

a. Connect 7A16 to test p01nt 1 through IX probe.ur

. ‘Vertical Mode ' . LEFT
A'Readont . : o ' OFF
‘INTERNAL SETUP OF 067~ 0711 99

Connect clip lead between test points 3 and 4

,‘Tdrn‘osc1lloscope power on. ‘Allowkseveral‘minutes warm np before

| proceeding‘With‘calibration. Advance the Intensity'eontrol‘until

a spot is observed

ADJUST STAIRCASE DC BALANCE AND GAIN

A b,i Set the 1nput selector of the test- amp11f1er to ground and

center the spot vertlcally with. the position control on the -
test ampllfier. Set the amplifier for de- input coupling.

L C;"Adjust R171 so there are 5 div131ons between the first and

the’ eleventh (last) dot. Use R184 for position control
o do not use’ position control on: test amplifier.

a. AdJust R184 so that the center ‘dot of the 11 dot display

is at the ‘vertical center of the screen.

ADJUST SAWTOOTH D c. BALANCE AND GAIN

':a. Set mode sw1tch to CROSSHATCH. (Vertical 1ine should appear

superimposed on the dots. )

“ b. Set the DUTY/LINE switch to 2. 0/ at 11 LINES

cl"AdJust R175 until the 1ine is 7 d1v1sions long “-Use R183 "~

for position control - do not use position eontrol ‘on test
amplifler.

d. -AdJust R183 unt11 the line is centered around the dots.‘lf

.’ADJUST CHANNEL SWITCH BALANCE

a. Set MODE switch to HORIZ RASTER. -
Set DUTY/LINE sw1tch to 2.0% at 11 LINES ‘

- b Connect probe to test point 2.



C.

Ca,

' 067-0711-99

Adjust’RlQB so that the center dot of the display lines up
with the center line of the graticule vertically.-o‘ P

7ADJUST HORIZONTAL AMPLIFIER D.C. BALANCE & COMMON MODE

_Set test amplifier to 5 mV/div Using BNC to probe tip
adapter, connect probe to front panel horlzontal output.
;'Remove cliplead from 067- 0711 99 (test point 3 & 4)
c. Set test oscilloscope BEAMFINDER to lock.
~d. Adjust front panel coarse‘and fine horizontal-position
" controls until the dot is centered vertically.
~e. Connect probe to test'point 3. Adjust R228 to position
the dot at the center of the screen vertically
' f. Connect probe to test point 4. AdJUSt R226 to p031t10n the '
dot at the center of the screen vertically. :
Unlock test oscilloscope BEAMFINDER and repeat steps e and f
CHECK HORIZONTAL FRONT PANEL OUTPUT NOISE (<1 mV/Line tangentlally
measured) : : . o
a. Using BNC to probe—tip—adapter, connéct probe to front—panel
: horizontal output. v - .
b.. Set horizontal GAIN 5 turns CCW.
C. Using HORIX POS, set the dot to center scrren vertically.
d. Set horizontal GAIN for a dot/2 div dlsplay vertlcally
A (10 mV/line)
e. Set DUTY/LINE to .2% at 110 LINES.
f. Check that each dot can be,distinguished. |

' CHECK HORIZONTAL -INTERFACE OUTPUT NOISE

(<1 mV/Line/side tangentially measured)

C o a.

b.

Connect probe to test p01nt 3.

'Set DUTY/LINE to 2/ at 11 LINES.
: Set horizontal GAIN for a dot/2 div display vertlcally 10 mV/11ne)

. Set DUTY LINE to 2/ at 110 LINES.-

Check>that each dot can be distinguished.'
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Mbve probe to Test Point 4.

Check that each vertical dot can be distinguished

h 9, 'CHECK VERTICAL FRONT PANEL OUTPUT NOISE
o (<1 mV/Llne tangentially measured)

g;

!

Connect probe to front panel VERTICAL OUTPUT through -BNC to
probe tip adapter. . ;

V'Set vertical GAIN 5 turns CCW.

~ Set MODE switch to VERT RASTER. ,

Set DUTY/LINE to 2/ at 11 LINES

Set VERT POS S0 that the horizontal div 1ine is centered
vertically.

Adjust vertical GAIN for a dot/2 div display vertically

‘(10 mV/line)

Check that each horizontal line can be distinguished

100 ADJUST AUX Y PATH GAIN

a.

b.

Set HORIZ GAIN at least 57turns‘CW.

) Move AUX Y harmonica from operate position (P603) to the .

test position (r803).

Connect _test amplifier probe to: front: panel VERTICAL OUTPUT

through BNC to probe tip adapter

Set test ampllfier VOLTS/DIV to 50 mV/div.

' AdJust the VERTICAL GAIN control of the 067- 0711-99 for a’

line/2 div display vertically.

Switch AUX Y on.

‘Connect probe to test point 5.-
. AdJust R321 until- the display is 1 line/div.

“ Move AUX Y harmonica from test position to the operate position.

Complete calibration by removing the probe and BNC—to-probe tip adapter

f and putting side covers on the 067f0711—99.
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