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Settion I ;
Figure t~1 and Table 1-1
} i

Model 1410A

Figure I-1. Model 1410A Sampling Vertical Amplifier ‘ : v
’Ti‘lbl(‘ 1-1. Specifieations

MODE OF OPERATION; '""'' '

L. Chinnel A only,
2. Channel B anly, ;
3. Channel A and Channel B.

5. Channel A vs. Channet B. .

POI.ARITY: Either channel may be dlsplayc;‘deither
positive or negative up in any mode,

RISE TIMlE: Less than 350 ps. o %!
BANDWIDTH: DNCtu 1 GHz.
OVERSHOOT: Less than 5%, | )

SENSITIVITY: Calibrated ranges from 1 v/em
to 200 mv/cm in a 1, 2, 5 scquence.  Vernier
control provides 'continuous tndjustment between
rianges and increiases maximum sensitivity to
greater than 0.4 mv/cm. . :

ISOLATION BETWEEN CHANNELS: G;e’.l.tcr‘tlum
40 db to 1 GHz. , o : :

1

INPUT IMPEDANCE:

Probes: 100k ohins shunted by 2 pf,  nominal.
GR Typie 874 Inputs: 50 chms +2°¢ with 60ns in-
, ternal delay lines for viewiny leading edge of
fast H:;e signals. Reflection from input con-
nector is approx. 10%, using a 150 ps TDR
system. :

i

4. Channel A and Channel B addeciulgebraically,

ATTENUATOR ACCURACY: 3%, +5% SMOOTHED

NOISE: (With sampling effeciency set to 1007, re-
cord amplitude set for 100 mv/cm, sweep set to
10 psec/em and input terminated in 50 ohms))
Less than 8 mv amplitude from Y recorder out-
putas measured ona true RMS Meter, from 5 my/
emto200 mv/em, (Correspondsto approxtmately
I mv observed noise on) CRT excluding 10% of

“random dots. Nolse dacreases. on automatically
smoothed ranges 2and 1 mv/cm. ' Smoothed posi-
tion of smoothing switeh reduces noise and jitter
approximately4: 1, Vesnier control provides con-
tinvous adjustment ‘between the norna! and

smoothed modes, N \
14 B

DYNAMIC: RANGE: +2v pk-pk. \ .
! ]

DRIFT:  Less than 3 mv/hr after warm-up,

MAXIMUM SAFE INPUT: |

i ]

Probes: ‘ t50 volts,
50 ohm Inputs: . 5 volts, |

TRIGGERING: Internal or external when using
£0 ohmy inputs. - ' ,
* Intermaltriggering selectable from Channel A or B.
External triggering necessary when using probes,

TIME DIFFERENCE BETWEEN CHANNELS tfor |-
probes or. 50 ohm inpuls): Less than 100ps.|

'RECORDER OUTPUTS: Front panel outputs provide
0.1 v/em from a 500 ohm source. Gain adjustable
from approximately 0.05 v/em 10 0. 2 v'eni. DC
level nd|jusmblc- from apprex. -1.5 vto +0,5 v,

WEIGHT: Net 10 Ibs (4,5 kg). Shipping 15 Ibs
+ (6, 8 kp).

1.0 - ,
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A ¢ Paragraphs 1-1to 1-11

- i ‘ P |

! . K : i . ]',i . ‘ i
¢ | | SECTION | T L
' GENERAL INFORMATION . . o

) ‘ . b B | . I‘ ' )
0 1, - | = i i .

- e to 200 my ‘eminn 1,'2, and5sequenee, A vernier
contrn] provides continuous adjustment between pianges
- undinerenses maximum sensitivity to greater than 0. 4
. omv/em. A normal-smoothed switeh reduces noise

1-1. SCOPE OF MANUAL.

1-2,- This manual provides information for operating .
and servicing the hp Model 1410A Sampling Vertical
. 5 nyanual s 5 atie : )

A e OaeTlloscnpa manunts, | i it o1 the sharal (i spicathed pasition) by ahout

For information on other plugin units, refer to the = - 7 e sipnal is autumarically smaothed on the

TR Y and 2 MILLIVOLTS/CM ruage.

spanual for that particular unit. Specifications for ) 1 ‘
.+ the Model 1410A are listed in Table 1-1.: s 1-6. Front panel recorder outputs with both ampli-
t ‘ tude and de level controls wre provided, - Rise time
. 1-3. DESCRIPTION. ' (TR) and sampling cffeciency (SMOOTHING) controls

’ y ‘ 0 >y ' l - v Y -
‘ 1-4, The Model 1410A Sampling Vertical Amplifier 't:;fwl:,t;:t:;:s ';':}]:“;[r :;:,l.l,[::::‘lg(lnro'q::l();::::;:L‘Um“m“mh’ﬂ
 {Figure 1-1) isatwochannel vertical plug-in designed - se thpe,; DYershuah = B

1

I for use with the Model 140 Series Oscilloseapeand a . 1-7, [mcrn:\l'lr.'plny Hnes provide convenient internal
sampling time base plug-in. The Mudel 14104 utilizes ripgering when using the 50 ol inputs, Triggering
the,‘snmpling technique; thatis, the amplilier samples : is selectable from either channel Aor ehannel n.
the 'amplitude of the input signal at various tmes n- _ LT ; o
,stead of continuously monitoring the signal as fn con- -, 1-8. HORITONTAL I‘PLUG-IN

T . 'ventional amplifiers. The Model 1410A permits , COMPATIB!EITY .
Y observation of: two signals simultancously, the alge- § \ ¥ ') o , .
braic sum or difference of two signmhls or an X-¥ 1-9. The Model L410A can be used only with a
: ) - sumpling time base plug-in. At present, two herlzontal
axis preseatation, Each channel has bandwidth of nits are availible: the by Model 1424A and Model
- . appreximately 1 GHz and a rise time of less than 350 VA5 ailabler the _‘ '
' picoscconds. 1‘ ‘ S o ‘l Vo
. ! . ' Y ! “. } ’ i ! i I\
. . 1-5. Either channel may be displayed as positive or 1-10. FQR,le-HED. ACCESSORIES.
) negative-up' in any mode. Elght calibraiqd ranges of . 1-11, The accessoriesfurnishedwiththe Model 1410A
.. ) vertical sensitivity are proviied, runging]h'om Imv/ [ urc describedbrieflyin Tuble 1-2, These ieeessories ' h
’ ) [ : b ' . . v : R
cab Table 1-2, Furdished Accesories, 01410-64501 Accessory Kil
hp Model No. Name ‘1 Quantity - *. Purpose
10214A . 10:1 Divider ' 2 1| Decreases input sensitivity of Madel 187C by 2 ]
L ' . .1 |- factor of ten, [Minimum sehsitivity with divider
' X 1 0 b is20volspkepk) P
: 102164 ’ Isolator | 2 - | Reducesvertical shiftof trace base line when probe: ' .
| : ! 1 is'moved to test polnt of different impedance,
10217A - Blocking o2 Permits connection of Model 187C Probe tode volt-
Capacltor i ) aye levelsof + 100: volts without damage to probe.
: 10218A . BNC Adapter © | 2 Permits connection of probe to female BNC
J ' b ~ comnector,. .
10219A GR Adapter R U Permits connection of probe to Type 874 Cuaxial
. ‘ Connector (munufactured by General Radio Co. ).
"10220A Microdot ' 2 " permits connection of probe to Microdot cannector
Adapter ’ {manufactured by Microdot Inc. ).
10221A 50 ohm ' 1 Permits monitoring of signals in 50 ohii transmission
, T Connector ; R lines without terminating the line or disturbing the
. . , signal, ‘
10213-62102 Ground Clip 6 Attaches to probe for grounding purposes.
5020-0457 Probe Tip 6 - Spare probe tips.
‘ 5020-0503 . . Probe Adj Tool 1 ~ Used to optimize overshoot and rise time of the hp
‘ : ‘ ' : Model 10214A 10:1 Divider. ’ '
9211-1013 Accessory Box 1 Provides storage space forall furnished accessories.
-02596-2 ; ‘ . 1-1
’ ) — — : e ——
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séetion 1.0 ' | . | ' | Model 1410A
Pariraphsi1-12 to 1-15 & Figure 2-1. ‘
e .

inerease the test compatl bilities of the Sampling Model 1410A probe, Contact your nearest hp Sales’
Vcrlicnl Amplifier. A more complele desceription of Service Office for further information on these -
ihe furnishéd accessories is given in Paragraphs 3-37 uceessories, :

through 3-417.. For informition on other aceessorics - '
for ube with the Model 1410A refer toa Hewlett-Packard 1-14. MANUAL IDENTIFICATION
Company Gatalog or contaet the nearest Hewlett- " AND CHANGES. :
ey oo by \ v fenp PO A , oo} ‘ .
p.lck;'lldF'I(IdOffiLL(bE(.'lL-II. of nunil for pddresses), 1-16. Information in the manual applies directly to

‘ L Model 1410A instruments with serlal prefixes 743-.
| Ry _ The serial prefix is the first three digits of the eight
, o H : digit serial number {000-00000) used to identily each
'1-12. AVAILABLE ACCESSORIES. ~hp instrument,  1f the serial prefix is not 743-, a
h ! ' change sheet supplied with the manual will define the
ii-lﬂ. Other aceessories avallable for the Madel 1410A difference between the Model 1410A and the one des-
are the Model 10203A 100:1 Divider and Mudel KO1- eribed in the manual, Corrections to a manual due
10203A Divider Adapter. The 100:1 Divider may be o errors that existed when it wits printed are called
used to reduce signal levelsas high as 200 volts down Errata and wilt appear only on a change sheet (if any}.
to'the -2 volts Jynamie range of the Model 1410A. For information pertaining to change sheets, contact
"The Divider Adapter ndapts the 100:1 Divider to the your nearest Hewlett - Parckard Siles /Service Office.
o - ' 1 A o |
. :‘)
PR ' : SAMPLING TIME BASE
i ! . |
I ll . !
] ¥ ! A
; {

i
| ) |

'

|

i

SAMPLING VERTICAL AMPLIFIER NPT IFTY .

Fipure 2-1. Procedure for locking plug-ins together

ot

. 1-2/2-0 | | . 02596-2




Moadel 1410A

Section I
Pasagrrphs 2-1 0 2-11

SECTION Il
INSTALLATION

2-1. INITIAL INSPECTION.

5.2, MECHANICAL CHECK. ° Inspeel the Model

1430A upon receipt for any damage which miy have

oceurred in transit, Check for extermit] dumnage sueh
as broken knobs, bent or broken connectors, inddents
or seratehes on the paned surfuce,  If damie is found,
refer to Paragraph 2-7 for recommended elaim pro-
cedure. Retain packing material for possible fulure
use. :

2.3. ELECTRICAL CHECK.  Check the electrical
performance of the Model 1410A as svon ns possible
after receipt: see Paragraph 6-3 for recommended

performance checks.  These cheeks, when performoed,

yerify that the Model 1H10A §s dperitting within its

speckfications lsted in Table 1-1. The performance
checks are good test procedures for incoming quality-
control inspection,  Initial performance and heearacy
of the instrument are certified ag stated on the inside
front cover of this niual, I the Model 1410A does
not operate as speeified. refer to Paragraph 2-7 for
claim procedure.

2-4. PREPARATION FOR USE.

2.5, The Moddd 1410A Sampling Vertical Amplilier
must first be locked to the sampling time base unit.
To [asten the two units together plice the time hase
unit above the Mode! 1410A and with it slipght twisting
aclon fasten fhe two rear interlocks together (see
Figure 2-1, item 1), Press the timebase down, being
careful to properly alipn the jack and plug (item 2).
The two guide pins at the front of the Model 14104
{item 3} should mate withthelr respective puide holes
in the time base (tem 4) und snap together,

2-6. TFo inetall the horizontal/vertical combinationin

the oscilloscope, [irst remove the dividing shield be-
tween the upper and lower compartments by pulling it
stra‘ght vut.  Next, pull the lecking lever outwards
(item 5). andslide the combination into the oseilloscope.
Pressing the locking lever inwards will now secure

the two units to the oscilloseope,

Noie

The deflection plate sensitivity of CRTs
will Wliffer slightly from one oscilloscope
to another. For this reason, when the
Model 1410A is installed in an oscilloscope
for the first time. or when changed [rom
one oscilloscope to another, the VERT
CAL adjustment MUST be performed. This
calibrates the amplifier piin to the deflee-
tion sensitivity of that particular oscillo-
seope. (Sce Figure 3-5 for procedure.)

i

2-7. CLAIMS.

2.8, The warranty statementapplicable toall Hewlett -
Packard Company instruments and products is pro-

vided insidethe fronteover of this manual, I physical
damape s found or if operation s not as specified
when the instrument §s first received, notify theearrier
and the nearest Hewlett - Packurd Bales MService Qifice

immeditely (cee st b back of manual for addresses).
The Sales. Service Office wilk arrange for repalr or
replacement without waiting for settlement of the

claim with the earrler, )

2.9. REPACKAGING FOR SHIPMENT.

2-10. If the Model 1410A is Lo be shippedto Hewlett-
Packard Sales Service Office for service or repair,
attaeh a g showing owner {(withaddress), instrument
model number. full serial number of the instrument
{all eipght digits) and description of the service or

ropair required.

2.11. The original shipping carton and packaging

material. withthe exceptionof iccordion-pleatedpads,
nuy be reusable. i undamaped. The Sales ‘Service
Office will provide information rad recommendations
on materials to be used §f the original packaging ma-

“terin), is not available.  Materinls used for shipping

an instrument should include the following:

a. A double-walled eirton, see Table 2-1 for test
strenpth required. : ' '

Table 2-1. Shipping Carton Test Strenpths

Gross Weight (Ibs) Carton Strength (test 1bs)

up to 10 200
10 to 30 215
30 to 120 350
120 to 140 500
140 to t60 600

b, Heavy paper or sheets of cardboard to protect
All instrument surfaces: use it nonabrasive matertal

;such as pquurcllmnc or cushioned paper such as
“Kimpak around all projecting parts, :

c. At least 4 Inches of tightly-packed.  industry
approved shock-absorbing materfal suchas extrafirm
polyurethane foim.

. Heavy-duly bhipping tape for sccuring outside
of carton.







Section II ‘ ' . _ Model 1410A

Figure 3-1
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base [rom signal source, ‘ trigger the time basc plug-in.

‘1. Adjusts AMPLITUDE of Xand Y RECORD outpuls. 10, Adjusts over-all samplingefficiency of Channel A.
£. ."djusts DC LEVELof X and Y RECORD outputs, 11. Aéijusts rise time to compensite for ambient
temperature extremes.
3. BNC connector for X and Y RECORD outputs,
' ) E 12. Secures the horizontal/vertieal combination to
4. Changes vertical deflection factor in calibrated the oscilloscape.
ranges of MILLIVOLTS/CM. ‘
5. Changes deflection factor between calibrated 13. Zf[f::ifnzggglo?j?:::;mhm response to reduce -
ranges. Detent position (CAL) provides cali- ‘ ’
brated display, ' 14. Adjusts vertical positionof signal or baseline.
6. Adjusts gain of Channel A.
7. Channel A probe cable. 15’. Invert ; polarity of signal presentation.
8. Channel A probe receplacle, used whentripggerving 16. Selects one of five modes of presentation,
the time base plug-in from signal source. Also ,
provides convenient storage for probe when nol 17. Calibrates gain of main vertical amplifier to
in use. deflection plate sensitivity of CRT.
9. Signal INPUT connector, when triggering time 18. Selects the trigger source (A or B} used to

3-0

Figure 3-1. Controls and Connectors
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Model 1410A

SECTION il . aE

' : Section I
Pavagraphs 3-1 v 3-20

OPERATION

b

3-1. INTRODUCTION.

3.2, This section includes explanation of instrument
controls, front panel adjustments, available modes of
operation, operating considerations regarding smooth-
ing and rise time and step-by-step operating instrue-
tions. Since the Model 1410A and sampling time base

are closely interdependentupon each other to achieve
high~-Irequency sampling, the instructions presented
in this section are supplementedby those givenin the

sampling time base manual,

3-3. FRONT PANEL FAMILIARIIATION'.

3-4, The controls of the Model 1410A are described
by function in Figure 3-1, Only Channel A controls
and controls conmon to both channels are described,
Channel B controls perform the same function as the
corresponding controls in Channel A, Additional in-
formation on some of the controls is given in Para-

. graphs 3-5 through 3-17.

3-5, NORM-SMOOTHED. Normal response is used
when viewlng detailed waveforms andfast rise pulses.

. SMOOTHED response provides filtering of the input

'3-7. VERT POS.

signal, thus reducingnoise and jitter on the observed
waveform. In the two highest vertical sensitivity

ranges (i and 2 mv/em), response is automatically
smoothed. When using these two highest ranges, the
NORM-SMOOTHED switched should be in NORM posi-
tion. ! ‘

3.6, SMOOTHING ADJUST — Tp CAL. The

SMOOTHING control adjusts the over-all sampling
elficiency by cantrolling gain of the sampling loop.
TR CAL adjusts rise time of the instrument to com-

pensate for extreme ambient temperature changes.

Proper setting of these two controls is necessary to
obtain accurpte displays, Paragraphs 3-22 through
3.30 explain the procedures for making these adjust-
ments.

This control changesthe vertical
position of the base line on the CRT graticule.

3-8, +UP, ~UP. When this switch is in the +UP;
positive-going signals are presented in a positive-up
direction onthe CRT. In -UP position, negative-going
signals are presented in a positive-up direction.

3-9. MODE SELECTOR. Thepositionof this switch
delermines which channel or combination of channels
is displayed on the CRT. Fivedisplays are available:
A, A+B, A&B, Band A vs B. Refer to Paragraph

3-34 for- detailed application of each of these modes.

3.10. VERT CAL. This adjustment calibrates ver-
tical sensitivity of the main vertical amplifier stage,
common to both A and B channels.. This adjustment

should be checked when the Model 1410A is installed
in the osciiloscope for the first time or when the in-
strument ischanged fromone oscilloscope toanother.

02596-2

3-11, TRIGGER A-B.  This switch selectsthe signal
source (Aor B) used to trigger the horizontal plug-
in {(when using 50 € input only). ‘

3.12, INPUT. A GR type connector, used for sig-
nal inputs when kiternal triggering of the time base
plug-in is desired. Input impedance is 50 ohms and
the input connector s a General Radio type 874, Do
nat apply signals of more than 5 volts to this input.

.13, A PROBE RECEPTACLE. The50ohm INPUT
routes the incoming signal through a 60 nanosecond
delay line, then sends the signal to the A PROBE
receptacle, Here it is sampled by the Channel A

probe. This time delay is necessary to compensate
for an inherent time delay in the sampling system.

3-14. MILLIVOLTS/CM,  This control selects the
desired deflection factor. Smoothed response isauto-
matically Inserted on the two highest ranges (1or2
MILLIVOLTS/CM).
continuous ndjustment between ranges, With the
VERNIER set fully clockwise and sensitivity set tol
MILLIVOLT/CM, the deflection factor is extended to
at least 0,4 millivoltsfem. Detent position (CAL}
gives a calibrated display.

3-15. RECORD AMPLITUDE, These controls ad-
just output amplitude of the X and Y recorder outpuls,

3-16. DC LEVEL. These controlsadjustthe delevel
of the X und Y recorder outputs.

3-17, CAL ADJ.
Channels A and B,

3-18. INPUT PROBES.

3-19, Inprd signals are appliedto each channel through
a small diameter probe permanently attached to the
instrument by @ cable. The probes have a colored

identification Yand around their body. Channel A has
a red band and Channel B probe has a blue band.  Sig-
nals up to 2 vpk-pkeanbe applied without overloading
the probes, regardless of MILLIVOLTS/CM setting.

3-20, An especizlly useful characteristic of the sam-
pling system is that itdoes not suffer thelarge signal
overload problen- that is characteristic of conventlonal
oscilloscopes. Asaresult, the sampling oscilloscope
can display smatl-amplitude phenomena existingalong
the top or bottom of large signals, as illustrated in
Figure 3-2. Here the uppertrace showsa pulse dis-

These adjustments control gain of

i

. played by one channel of the instrument using minimum

sensitivity (200 mv/cm).  The lower trace shows the
delall on the top of the same pulse, displayed by the
second channel,using 20 timesas much sensitivity (10
mv/em),  Ringing and overshoot on the large pulse
can thusbe examined in detail, As longas the nolse,
ete., at the top of the pulse does not exceed the 22

volt dynamie range of the sampling gate, the presen-
tation is valid. [fa probe is overloaded, a10 micro-
second delay s required prior to application of the
waveform to be viewed, Without the 10 microsecond

" 3-1

The VERNIER control provides . '
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Paragraphs 3-21 to 3-33
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Figure 3-2. Non-overload Characteristics

delay, an overloaded probe will causedistortion of the
incoming signal,

3-21, Interference to trace positioning and instrument
response, and interaction between channels can result
if bothprobe tips are connected tothe same test point,
To avoid these undesirable effects and to provide suf-
ficient .solation between channels use the hp Model
10218A Isolator, ‘

3-22. SAMPLING EFFICIENCY.

3.23. DEFINITION.

3-24, Sampling efficlency {response) of the Modcl 1410A
is a measure of its ability tofollow any chanpe of input
signal level from sample to sample. Response is op-
timum when (within the rise time limitations of the
instrument) the vertical position of each sample corre-
sponds exactly to the amplitude of the fnput signal at
the timeof the sample. If responseis low, more than
one sample i5 required to respondto a.change. If re-
sponse is (oo high, there will be sample-to-sample
overshoot and ringing, o

3-25. Sampling efficiency i{s dependent upon three fac-
tors: 1), the RC time constantof the sampling capa-
citance, and the signal source and sampling diode
impedances; 2), length of time the sampling pgate is
"on' and 3), lvop gain of the sampler/stretcher loop.
The sampling time and RC time constant are [ixed.
However, since signal source impedance will vary as
the probe is moved from one test point to another, the
sampling efficiency willalso vary. By making the loup
gain variable (SMOOTHING ADJUST), the sampling
efficiency can be quickly and conveniently optimized at
any time. Figure 3-3 shows the procedure [or optimiz-
ing the response, ‘

3-26, The Model 1410A provides two types of response
(sampling efficiency), normal and smoothed. Either
type can be selected by the front panel NORM-

SMOOTHED switch. Normal response is intended for .

use when viewing detafledwaveformsand fast rise pul-
ses. Smoothed response provides filtering of the input
signal and reduces the elfects of noise and jitter by
about 4:1 compared to the effects seen on normal re-
sponse, Use smoothed response when noise and jitter

3-2

Model 14 10A

present in.a signal are not desired In the observed
wavelorm,

3-27. In addition to the smoothed operation seleeted
by the szitch, the input signal Is nutomatically smooth-
od wheir the MILLIVOLTS/CM switch is set to either
of its two highest sensitivity ranges (1 or 2 mv/em).
The nutomatic smoothing is progressive, heing greater
on the I mv/em range,

Note

When using the 2 or 1 MILLIVOLTS/CM
ranges, the NORM-SMOOQTHED switch
should always be in the NORM position,

3.28. OPTIMIZING SAMPLING EFFICIENCY,
3-29, Rise time ('I‘R CAL)of the Model 1410A 15 origi-

nally set for less than 350 psee at an iumblent temper-
alureof 25°C {77° F) and under normal cirecumstinces
should not require readjustment. However, iltheam-
bient temperature exceeds 407 C (104" F), sampling
efficiency decreases und rise time becomes faster,
If the ambient temperature [alls helow 157 C (59 F).
sampling efficiency increases and rise time heecomes
slower, I the system s gperated at either tempera-
ture extreme, rise time and sampling efficiency should
be reset as outlined tn Paragraph 3-30. '

3-30, To reset rise time and sumpling elficiency to
correet for temperature extremes, proceedis follows:

a. Turp system "on' andallow at least one hour for
instruments Lo reach.ambient temperature, :

b. Using a fast rise time pulse generator such as
the hp Model 1105A71106A anda Model 10221A 50 ohm
tee, adjust T,, CAL for a rige time of 22320 psec
{probe only). To prevent random ripgering, it mity
be necessary to isolate  the probe [rom the pulse
generator with an air line (approximitely 40 em),

Note

If the pulse generator signal is connected to
the INPUT connector uud routed through the
delay line, rise time will be somewhat slower
{350 psee). Alr line isolation is notnecessary,

c. Resct sampling efficiency withthe SMOOTHING
ADJUST (see Figure 3-3). :

3-31. TRIGGERING FROM SIGNAL
SOURCE.

3-32, A time delay exists between the time that the

syne cireuit in the horizontal plug-inis triggered, and

the time that the sample is takenwith the Model 1410A.,
Therefore, when triggering the time base from the

signal source, connect the signalto the A orB INPUT
connector and insert the probe into the receptucle.
This allows the incoming sipgnal to be amplified and

sent direclly to the time base for tripgeringpurposes
but delayed 60 nanoseconds hefore being sampled by
the probe. This delay action permits observation of
the leading edge of the "first" pulse,

3-33. The delay lines and syne amplifiersare complete-
1y independent of the Channel Aand Bamplifier cireuits,
therefore, the sipnal canbe connectedto the B INPUT
and observed with the Channel A probe oy vice-versa
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Sectinn HI
Paragraphs 3-34 to 3-37

1. Select channel to be adjusted.

2, Connectappropriateprobe tosignal testpoint,
Signal should produce 2 level difference of ap-
proximately 5:cm between beginning and end of
display on any range except 2 or 1 my/em.

3. Adjust horizontial plug-in toobtain presenta-
tion Adjust SCAN DENSITY for. minimum
density. ‘ ,

4. Adjust MILLIVOLTS/CM for display 5 to 6
cm high. :

5. Set SMOOTHING switch to NORM,

6. Adjust SMOOTHING ADJUST s0 that second
sample is part of waveform as shown in wave-
forma. Waveform bindicates responseadjusted
toohigh; wavelormc indicales response adjusted
too low,

SAMPLE - g: '

SFAlgng'—""""l!.o naonnlan.;{‘uo'
{a) OPTIMUM RESPONSE ,
!
skag{e——t—- : _ . "n (WY T}
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SAMPLE™ .- PN SR GRUVIID (RN U SN GWEUTY JUR -
(b} HIGH RESPONSE
[ "
LAST' . t .. .."L saad
SAMPLE . E ,
. PR "i‘"‘”‘;Efl'f'f lad ingsa] tHhET RS
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SAMPLE 1 d ! -
[} i t '
b ssorperr el
S §

LAST ™ b "'l, XX,

Y e i naddnadsas a2 st LaTAI LIRS LR AS)

&

T I e T Ta e rx e 2% (AN LTS STARY SRAAd Llas

31
Palrveafannaferssilias?

{c) LOW RESPONSE
. 1410A~B=5

Figure 3-3. Optimizing ftesponse

if s0 desired. Set the TRIGGER seclector swiltch to
correspond to the appropriate delay line being used.
Set the mode selector switch to correspond tu the ap-
propriate probe being used,

3-34. MODES OF OPERATION.

3.35. DUAL TRACE OPERATION, Dualtriace oper-
ation permits time andamplitude comparisons between
Channel A and Channel Bsignals. Bothchannels sam-
ple at the same time and the two channels are aller-
nately displayedon the CRT, Since the two channels
are independent, they can be operated at different
sensitivities without loss of calibration and thus, large
signals canbe compared to smzll ones, withinthe cross-
talk specifications of the instrument,” Dual trace op-
eration is selected with the mode selector switeh in
the A & B position. ‘The polarity switch makes possi-
ble a (A & (1B, {-)A & {-)B. {+)A & (-)Bor{-)A &
(+)B display

02596-2

3-36. ALGERBRAIC ADDITION AND DIFFERENTIAL
OPERATION, Inthe A+B Position, Channel A and
Channel B signals are algebraically added. 1f both
polarity switches are in the same relative position
{hoth +UP orboth-UP). the displayed signalwill rep-
resent the algebrate sum of the two inputs [e. iz (+)A

v (B or (-)A + (-)B] I the polarity switches are in
dissimilar positions (one -UP and one +UP), the dis-
played signal will represent the algebraie sum of the
two inputs [e. g {+)A+(-)Bor (-)A + (+)B]. resulting
in differentinl operation.

3.37. X-Y OPERATION., The Avs Bmode provides
an X-Ydisplay. Channel A signals ave amplified and
sentto the vertical deflection plates in the usual man-
ner as o Y-axisdisplay. Channel Bslgnals, however,
are amplified, then routed to the horizontal amplifier
in the time base plug-in and presented on the CRT as
an X-axis display. Since both polarity switches re-
“majnoperative in this mode, ‘jt is possible to preisent

3.3

Model 1410A

Section IV
Paragraphs 4-29 to 4-32




Section III
Paragraphs 3-30 to 3-50

a {-}X vs (+)Y, (=)X va ()Y, (+)Xvs{-)Yora (+)X v
(+)Y display. \

3-38, SINGLE CHANNEL OPERATION, By selecting
either A or B position of the mode selectar switeh,
single channel operation is obtained, The respective
polarity switches enuable the signnl to be observed as

a(+)A, (~)A, (+)Bor (-)B.

3- 39. USE OF ACCESSORIES.

3-40. MODEL 102144, 10:1 DIVIDER. 'The 10:1
Divider decreases the input sensitivity of the Model
1410A by a factorof 10, thuspermitting measurement
of signals as great as 20 volts peak-to-peak, Input
impedance of the probe-divider combination is 1 meg-
ohm shunted by 2. 5 picofarads,

1

3-41, MODEL 1v216A ISOLATOR. The Isolator
effectively eliminates vertical changes in sampling
efficfency, caused by source impedance chinges as
the probe-isolator combination is moved [rom one test
point to another, When the isolator is used, the rise
time of the Model 1410A is increased toapproximately

, 0. 7 nsec and input capacitance increases by no more

than 3 picofarads.

3-42, MODEL 10217A BLOCKING CAPACITOR, The

" Blocking Capacitor allows measurement of signals

.that are +50v from ground, Capacitance is . 001 uf,
The blocking capacitor contributes only 1B sagtoa l
isec pulse when used with the probe alone. Saz to
a 1 pusec pulse is5 0. 1% when the 10:t Divider is used.
The blocking capacitor may also be used with the
probe-isolator combination, increasing input capaci-
tance by no more than 3. 5 picofarads,

3-4
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Muodel 1410A

3-43. MODEL 10218A RNC ADAPTER. ‘This adapter
allows conneetion of the probe to a male BNC comnec-
tor,

3-44, MODEL 10219A GR ADAPTER. This adapter
permits connection of the probe to a GR Type 874
Coaxinl Connector { manufactured by Genernl Radio
Company).

3-45. MODEL 10220A MICRODOT SCREW-ON ADAD-
TER and 10223A MICRODOT SLIDE-ON ADAPTER,
These ndapters allow casy connection of the coaxial
connectorsundalso provide a solid-ground reference,

3-46. MODEL 10221A 50 OHM T CONNECTOR. The
T connector permits monitoring of signals in 50 chm
transmlission lines without terminating the Hne or dis-
turbing the signal,

3-47. PROBE ADJ TOOL, This tool is used for ad-
justing overshootand risetime of the hp Model 10214A
10: 1 Divider {see Section V for adj procedure).

3-48. OPERATING PROCEDURES.

3-49. Front panel adjustment procedure is given in
Figure 3-4. Normally, when changing the plug-in from
one oseilloscopetoanother, or when installing for the
first time, only the VERT CAL check ghould have to
be made.

3-50. Common operating setups and slcp by-step pro-
cedures for control setting are given in Figure 3-5
and 3-6. Each figure includes a front panel illustra-
tion of the Model 140A, the Model 14 10A and the Model
1425A Time Baseand Delay Generator. Where a con-
trol or connector is used in a procedural step of the
instruction, the step number is'called out from its
corresponding control.
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Section IlI
Figure 3-4

e

4!

i)

S

CAL ADJ AND VERT CAL

Set mode selector to A and B, !
Set both MILLIVOLTS/CM Lo 100 and both VERNIERS to

"CAL.

Mechanically center VERT CAL adjustment.
Set hoth NORM -SMOOTHED switches to NORM.

Set TIME/CM to 1001 SEC/CM and sweep mode to FREE
RUN, .

Connect both Channel A and B probes to the lv CALIBRA-
TOR oulput on the Model 140A frontpanel,  Use of an alli-
gator clip or banana jack may be helpfui. -

Adjust necessary channel CALAIM to make both channels
have equal amplitude.

Adjust VERT CAL [or exactly 10 cm of deflection.
l\fote

If encugh range of VERT CAL cannot bee
obtajned for 10 cm of deflection, the two
CAL ADVJ canbe increased or decreased
accordingly to provide necessary range.

FaT e e
*y, ;‘ ﬁ gy%ké
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Figure 3-4. Cal Adj. & Vert Cal
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Figure 3-6.

Maodel 1410A
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SINGLE TRACE

1. Set mode sclector to A or Bas desired,

2. Connect appropriate probe to signal test point, I
signal is greater than 2v pk-pk, use an external
attenuator, If it is desired to trigger the time
base internally, connect stgnal to appropriate 50
ohm INPUT connector and insert probe into its
receptacle. Set TRIGGER A-D to correspond to
selected channel,

DO NOT CONNECT SIGNALS GREATER THAN
+50 VOLTS TO PROBE, OR MORE THAN b
VOLTS TO THE 50 OHM INPUT OR DAMAGE
TO THE INSTRUMENT MAY RESULT.

3. Set MILLIVOLTS/CM and VERNIER as required.

4. Set time base controls as outlined in the time lmso
. gperating and service manual,

6. Optimize responsc as shown in Figure 3-3.

6. Reduction of noise and jitter may be obtained by
setting NORM-SMOOTHED to SMOOTHED,

Note
If the Tpy CAL and/or SMOOTHING and/or

VERT P(S controls of the unused channel are
maladjusted, the Model 1410A may have spur-
. lous oscillations that will deprade the operation
of the channel being used,

¢

B.

C.

D.

DUAL TRACE
!
Set mude selector to A & B. ':[
Connect probes to sipgnal testpoints or connect
sipgnals to the 50 chm INPUTs if interpal tripger-
ing is desired. Observe maximum input voltage
limits, .

[ .
Set MILLIVOLTS/CM and VERNIER controls as
required,

Set horizonlal controls as required to obtaindis-
ay,

Optimize response as shown in Figure 3-3 for
both channels,

Two completely independent displays will bo pre-
seoted, enabling amplitude and thu? comparisons
to be made.

Figure 3-5, Single Trace and Dual Trace
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ALGEBRAIC ADDITION

*DIFFERENTIAL OPERATION

1. Set mode selector to' A' & B. A. Perform steps 1 thru 6 of algebrale addition pro-
2. Connect probes to signal testpoints or 50 ohm cedure,

INPUTs as outlined in Figure 3-6. B. Set one polarity switch to +UP and the other chan-
3. Adjust both VERT POS controls to pmlf!on hase- nel polarity switch to -UP. ‘

lines on sereen. ' C. The resultant signal will represent the nlgebrale

difference between channel A and channel B sig-

4. Change _‘n:mde selector toA: B ! nals. [e.g. (+)A + (<)Bor (=)A + (+)B]
5. For a meaningful display, set both MILLIVOLTS/ : ’

CM and VERNIER controls to the same settings.
6. Optimize response for cach channel as shown in

Fipure 3-3.
7. Set both polarity switches to the same position

{both +UP or both -UP).
8. The resultant signal represents the algebraic sum

of channel A and B signals [e.g. (+)A + (+)Bor

{(-)A +(-)B] .

Figure 3-6. Algebraic Addition & Differential Operation
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Section IV .
Figures 4-1 thru 4-4 '

Model 1410A
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Section IV
Paragraphs 4-1 to 4-14

SECTION IV,
PRINCIPLES OF OPERATION

4-1. INTRODUCTION.

4-2, This section provides circuit theory analysls of
tl.e Model 1410A Sampling Vertical Amplifier. Before
covering the specific theory of the Model 1410A how-
ever, an explanation of sampling theory in general
will be presented.

4-3. GENERAL SAMPLING THEORY.

4-4, Sampling oscilloscopes differ from "conventional"
oscilloscopes Inthat instead of continuously monitoring
the signal ynder test, the .umpling device "samples"
the signal amplitude at regulated intervals and in this
manner synthetically reproduces the sampled signal.
These samples are presented on the CRT s a scries
of dots (see Figure 4-1),

4-5. Changingthe Scan Density control of the sampling
time base plug-in enables one to see 2 minimum of

approximately 50 samples in 10 em to a maxiinum of

more ihan 1000 samples (dots) in 10 em. When Sean

Density is at or near maximum setling, the serles of
dots will appear as a continuous line. '

4-6, VERTICAL SAMPLING.

4-7. A hasic samplingeircuitis shownin Figure 4-2,
It consists of a sampling switch, a sertes resistor,
and a shunt capacitor to ground. At the instant that
the switch is closed, the capacitor begins to charge,
However, since the switch is closed for such a brief
period, the capacitor will charge to only n small per-
c%r;tage of the actunl signal amplitude (approximately
5%). . '

4-8, Figure 4-3 showsasampler circuit with a ver-
tical amplifier and feedback circuit added. Sampling
is accomplished by momentarily closing the sampling
switch. Some voltage determinedby the RC time con-
stant of the input resistance and capacitance, s
transferred to the input capacitor Cm. This voltage

is amplified and sent to the stretcher. The stretcher
gate is on at the snine time that the sampling gate is
on but remains on for n much longer period of time.
As a result, the stretcher capacitor has time to charge
to the full vollage output of the ac amplifiers. This
voltage is applied to the vertical amplifier where it

is amplifiedsuiliciently to drive the vertical deflection
plates of the CRT, This new level is also led back
through a feedback attenuator, represented as R[b,

to the fnput capacitnr, Gain of the ac amplifier, and
feedback are desipned so that the voltege fed back to
the tnput capacitor will represent 100%of the sampled
signal level, Thus, when the next sample is taken,
only changes from the previous level will be detected.

4.9, HORIZONTAL SAMPLING,

4-10. The horizontal circuitry of a sampling oscillo-
scope differs greatly from thatof a conventional oscil-
loscope. The primary function of the sampling time
base is to generate a sampling command trigger for
the vertical circuils and, to move the dots across the
screen inuniform increments of time. Tigure 4-4
shows an entire sampling system.

4-11, The horizontal scanner circuits consist of a
sync circuil, timebase, and horfzontalamplilier. The
syne circuit determines the sampling rate and estab-
lishes a reference point from which the sampling
command trigger is given. The function of the time
base circult is to relay the sample commind to the
sampler andstretcher gates and "step' the dots across
the CRT, The horizontal amplifier amplifiesthehori-
zontal deflection signal to sufficient amplitude to drive
the horizontal deflection plates.

4-12. A conventional time base produces alinear saw-
tooth Sweep, to continuously move the beam horizon-
tally across the CRT. ‘The sampling time base also
moves the beam across Lthe sereen, but not as a con-
tinuous movement. It positions the beam horizontally
when a sample 1s taken and holds the Bream at this
location until the next sample is taken. The beam s
then repostitioned to 1 point slightly later in time on
the CRT and remans heré until the next sample.

4-13. Figure4-5b showe tie. horizontal deflection signals
for both a conventional and soppling oscilloscope.
The staircase ramp advances one 'step after each
sample is taken.

4-14. When the slaircase reaches 2 large enough level,
to deflect the beam full sereen, it Is automatically

) YOLTS

TIME ——
CONVENTIONAL HORIZONTAL RAMP

VOLTS

TIME —— .
"SAMPLING" STAIRCASE RAMP

S ISCA~B=2
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Figure 4-5. Horizo_nml Deflection Signais
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reset (by discharging the staircasc voliage) to start
the next sweep. The net result of sampling a high-
frequency signal and plotting it vertically ngainst a
horizontal staircase ramp, resulls in 2 synthetic
reproduction of the original signal.

A-15. FIELD-EFFECT TRANSISTORS.

4-16, A relatively new component, the field-cflfect
transistor (FET) is used in the Model 1410A. Basic
characteristics of this device are described in the
following paragraphs.

4-17, The FET combines some of the best properties
of the vacuum tube with those of the transistor, Like
a vacuum tube, It is a voltage controlied device with
a high input impedance. Like thetransistor, ithas no
filaments or microphonics, can operale at relatively
low voltage and canbe constructed from ejther N or P
iype material.

)

4-18. In its simplest form, the operation of an FET
can be compared to a hand squeezing o garden hose.
The FET is constructed (see Figure 4-6) by taking 2
bar {the hose) of silicon, dopingit N{or P} andadding
ohmic contacts, Next, 2 layer of P (or N) nnierial
(the hand) §s bullt into the middle of the bar. When
reverse-bias is applied between the sectionof P(or N)
type material (called the gate) andthe bar, movement
of the carriers in the bar can be controlled.

$RL
:
$4—o0 E OUT
. DRAIN 4
P TYPE T
T SOURCE !
_ 1
10 Ch-A -}

Figure 4-6. FET Construction

4-19, Figure 4-7 shows the symbolsfor the two main
types of field-effect transistors. The gate e~n becom-
pared to the base of a transistor or control grid of a
vacuum tube. The source is equivalent to an emitter
or cathode and the drain is similar to a collector or

DRAIN DRAIN

GATE

SOURCE SOURCE
N CHANNEL P CHANNEL
(LI RN T g

Figure 4-7. FET Symbols i
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plate. Primary current flow s from source todrain,
or vice versa, depending upon type of materinl used,
By controlling the potentixl placed on the pate, the
current through the device can be varied,

4-20, When the FET is used as an amplifier (signal
applied to gate, output from drain), 2 180° phase in-
version occurs, Whenusedasit sourcefollower (same
as cathode or emitter follower}), no phase inversion
results.

4-21. MODEL 1410A OVER-ALL
DESCRIPTION.

4-22. The primary function of the Model 1410A ts to
sample the signalunder test and amplify the sample
to sufficient amplitude to drive the vertical deflection
plates of the CRT. Figure 4-8 shows the basfe ejr-

cuits and their relatimships.,

4-23. The sammling cycle is initiated when the pulse
renerator receives the sampling trigger from the
horizontal plug-in. The pulse generator, when trig-
gered, produces the sampling command trigger, sent
to both Channel A and’B samplers; the stretcher pulse
sent to Channel A and B sampling loop; and the stabr -
case trigger, sent to the horizontal plug-in.

4-24. Contained within the sampler are the sampling
diodes, acting as a pgate. When the sampler recelves
the eampling command trigger from the pulse generator, !
the diodes itre biased "on" andthe sumpler “samples"
the signal level, This voltage level ts sent to the
sampling loop circuitry where it s amplified andeon-
verted to o differential signal.

4-25, The differentinl vertical signal from Channel A,
B or both is sent tothe niain vertical amplifier. Here
the signal(s) is amplified tosufficient leveltodrive the
vertical deflection plates of the CRT. In the Avs B
mode, Channel B sipals are routed to the horizontal
amplifier in the horizontal plug-in and presented as
an X-axis display.

]

4-26, When the signal under test is also used to trig-
ger the horizontal plug-in, the signal is appliedto the
INPUT jack on the front panel, and the appropriate
channel probe is inserted into its corresponding PROBE
socket, The incoming signal is amplified and sent to
the horizontal plug-in as the syne trigger pulse, and
also senl to a delay line where it is delayed approxi-
mately 60 nanoscconds, The delayed signal is then

sent to the PROBE socket to be sampled by the probe.

Beeause of the delay in the horizontal eircultry, the

vertical signal must be delayeda cor responding amount,
otherwise the leading cdge of high [requency signals
could not be observed.

4-27. BLOCK DIAGRAM DESCRIPTION.

4-28. Refer to Figure 8-1, detailed block diagram, for
the following explanation. This diagram can be un-
folded and thus referred to whi. reading the applicable
text. Sincethisexplanation will pertain unly toChannel
A, only Channet A blocks andblocks common to both
channels, are shown inthe diagram. Channel B theory
of operation is identical to Channel A. Blocks common
to both channels are the sampling pulse generator and
switching multivibrator. The basic function of each
is described in the following paragraphs.
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Figure 4-8, Over-all Block Diagram

4.20. The pulse generator circuit of the Model 14104,
upon receipt of the sampling trigger from the hori-
zontal plug-in, generates three simals, First, the
teigger is amplified and shaped, then sent to the
sampling probe to pate "an” the sampling diodes,
Second, thetripger is amplifiedand senttothe Channel
A and B stretcher gate amplifier as the stretcher pulse.
This stretcher pulseisalsosent to the switchingmul-
tivibrator {more on this later), Third, the pulse gen-
erator, provides the stalrcase generator trigger, used
tn the horizontal plug-in.

4-30, The switching multivibrator controls the input
to the main vertical amplilier stage (common to both

_AmdB channels). This is accomplished by applying

bias to the switching diodes in Aand B channels, With
the mode selector switch in A position, the diodes in
A channel are biasedon" and the diodes in B channel
are biased "off”. This allows Channel A signals to
pass to the output stage and be presented in the CRT,
With the mode selector switch lo position B, the
Channel A diodes are "off” and Channel B diodes are
"on", resulting in a display of Channel B signals, In
the A+B mode, both Channel Aand B switching diodes
are biased "on"” simultaneously, resultinginthe sun-
mation of signals (algebraice addition), Inthe A& B
mode, the diodes of Channel A and B are alternately

02596-2

binsed “on” and “off”’, resulting ina dual-trace dis-
play, Finally, inthe Avs B mode, Channel Adiodes
are blased "on" and Channel Bdiodesare blased "off",
Thus, Channel A signals are sent to the output ampli-
fier and the vertical deflection plates, Chinnel B sig-
nals are sent to the horizontal amplifier in the
horlzontal plug=in, resulting in an X-Y axis display,

4-31. The sampling probe is the device that actually
performs the sampling, Contalined within the probe
are the sampling diodes, functioningas aswitch. When
the pulse generator gates the diodes "an"”, the fnput
sipnal level is sampled. This sampled voltage is

stored on the sampling capacitor and probe cable
capacitance, Since the samplingperiodis quite short,

the sampling capacitor will charge to only a small
gg;centn se of the actual signal level {approxtmately

L), :

4-32, The voltage across the probe capacitor is ampli-
fied by n preamplifier and then coupled through afor-
ward attenuator to the ac amplifiers, Since the
amplifiers areac coupled, only changes insignal level
wiil be detected andcoupled to the amplifiers. The

E":).v::_ amplifier autput is the same polnrity as the inpul

4-3
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" signal and is npplicdilo the emitter rotlowers and
stretcher pate cireuits.

4.33. At the sume time that sampling oceurs, e
stretcher pulseisuppliedtothe stretcher gate nmpli-
fier. Qutput of the strelcher gate nmplifier is a pulse
that turns on the streteher gate; however, thestretcher
gate §s held on for a much longer period of time, This
time interval is longenoughior the voltage neross the
stretcher capacitor to charge to the full amount of the
signal from the ne amptifier.

4-34, When the streteher pate turns off, the streteher
capacitor has no disechargepath, undthe voltage neross
the capacitor remains essentintly constant,  Thus the
sample 15 stretcheduntilthe next sampling eyele.  The
output of the Madel 1410A then remains at this new
level for the rull interval between samples.

4-35, The potential placed on the streteher capacilor .

now acts as the input tothe de amplifiers. Quiput from
the de amplifiers is sent three places. First, feed-
back is sent back to the emitter follower stage to charpe
the ac amplifier coupling capacitor (not shown) to the
new level. Second, feedback is coupled through a
feedback attenuator tothe input preampiifier. Gain of
the stages and feedback attenuation s such that this
feedback siymal will charge the sampling eapacitor to
100% of the sampled signal level prior to the next
sample.

4-38, The owtput signal from the de amplifier is also
sent to the differential preamplifier, where the single-
ended tnput Is convertedton differential signal, This
differgntial signal is then sent tothe switching diodes,
Depending on the selected mode of operation, Channel
A signals, Channel B signals or various combinations
of both will be coupled to the main verlical amplifier
circuils.

4-37. The mainvertical amplifier amplifics the differ-

ential signal to sufficient amplitude to drive the ver-
tical deflection plates. A portionofthe signalis also

coupled to the recérd differentinl amplifier circuitry

to provide a Y-axis output for driver recorders, cte.,

ete,

4-38. CIRCUIT DETAILS.
4-39. SAMPLER,

4-40, The sampler consists basieally of four diodes
arranged as shown in Figure 4-9 and abiasing circuft
for the diodes. Thefoursampler diodes arenormally
biased in the reverse direction by voltage from the
biasing eircuit, When the sampler pulses from the
pulse generator overcome the reverse bins on the
diodes, the sampler gates "on" und the input sipnal
starts to charge the probe capacitance which consists
of the sampler capagitance, C112, and the capacitance
of the cable. Whenthe sampler pulses /'end, the sample
gates "off(". .

4-41, Transformer T101 provides a low-impedance
path for the sampler pulses, which have opposite po-
larity, and tends to cancel any unbalance between the
pulses, However, Ti01, is a high impedance to the
input signal which is in-phase at the two-windings of
T101; thus the input signai is confined tothe sampler..

1-4
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Figure 4-9, Chunnel A Blas Cireult

4-42, The biasingcircudt applies nbout 4 volts reverse
bias Lo the sampler diodes, The sampling pulses are
approximately 4 volts inamplitude, bence, the pulses
gvercome the reverse bias, turning the diodes 'on”

and allowing sampling tooceur, Shouldthe sipnal level
shift, the signalfeedback level will also shift, andthe
bias network output willulsoshift, {Sce Figure 4-10,)

4BV

Re+4v

R qv-

141G4= =7

Figure 4-10. Signal Level vs Bias Voltage

4-43, Since the bins voltages will shilt to keep the
sampler output voltages centered between them, the
foput signal will turh on one of the sampler diodes §f

02596~2




Model 1410A !

the signal varles more than nboul 12 volts (rom the
level of the veltage on the probe eapacity, This fnctor
limits the dynamic range of (he Model 1410A to nhout
2vpk-pk. This 2 volt range is not necessarily een-
tered nbout zero, Any signal or portion of n sipnal
which can be positioned on the CRT is valid provided
the input signal does not turn on the sampler diades
less than 10 see before n sample or 1 psec wter n
sample. ‘

4-44, PULSE GENERATOR.

4-45, The pulse generator (p/o Figure 8-5) provides

" the sampling pulses for the sampling diodes. Input lo

the pulse generator is u posilive trigger from the
horizontal plug-in. The signal is amplified and
inverted by Q110 and its negative colleetor signal is
coupled to the base of Q108, Q108 is normally off, but
when the negative pulse is appliedtoits base it begins
to conduct, causing its collector to go in a posltive
direction. 'This positive-going signal, is felt on the
mase of Q109, causing it lo start conducting also.
Q109's negative-going collector, In turn is felt on the
base of Q108, causing il toconduct even harder, The
net result of this regencrative (bootstrap) nction is
that Q108 lurns on rapidly, with ils collector voltage
rising from -27 volis to approximately 0 volts,  This
fast rising positive pulse is coupled from the junction
of C123 and K131 to the base of pulse amplifier Q1Lil,
Here it is amplified and inverted. The resultingneg-
tive collector signal (stretcher pulse) is sent to the
Channcl A and B stretcher gate cireuits, and to the
switching multivibrator, It is also sent through C129
lo the horizontal plug-in as the stalrcase generator
trigger signal.

. 4-46. The positive pulse from Q108 is also felt on the

cathode of step-recovery diode CR110, Prior to the
pulse, CR110 is forward-binsed andconducting. When
the positive pulse is applied, it reverse-biases the
diode, causing reverse current to flow. The reverse

. current is supplied by the carriers stored during’ the

forward-bias condition, Thus, the diode dovs not stop
conducting immediately, and the voltage across it
remains low as reverse current builds up. When the
carriers at the junction are depleted, the diode stops
conducting very suddenly, Asa resull, a very fast-
rising positive pulse appears al the junetion of CR110
and C121. ‘This pulse, in passing through a balun
transformer {T102), generates anopposite-poingsignal
in the other winding. Theseposilive und negative-
going sampling pulsesare appliedthrough transformer
T101 tothe sampling diodes, CR105 thru CR108, Diode
bias ndjust R166, part of CR110 current supply clr-
cuit,is ndjustedfor maximum sampling pulse amplitude,

4-47. The over-anll sampiing efficiency of the Model
1410A depends upon three factors: 1) the RC time
constant of the sampling capacitors and the signal
source impedance; 2} the length of time the sampling
gate is open;and 3) the loop gainof the amplifier, Since
the source impedance will change as the probe is ap-
plied todifferent eircults, the front pianel SMOOTHING
"control isprovidedtoassure 100% sampling efficiency
regardless of impedancechanges. SMOOTHING adjusts
the loop gain of the amplifier and should be checked
each time that the probe is applied to a circult,
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4-48, Adjusting TR CAL changes the amount of bins

applied to the sampling diodes, ‘This in turn (sce
Figure 4-11) changes the sampling time, Deercasing
the sampling time has the effeet of increasing band-
widih {improving rise time) however, the response
will be smoothed since sampling cfficiency hits heen
roduced. Under normal conditions, 'I‘“ CAL should

be set for <320 ps rise time. Rise timeof the probe
and delay line will be sliphtly greater (<350 ps)
Bins centeringadjust, R131, centers the de bias level
on the diodes and is normally set for minimum noise
out of the probe Lip. Frequency adjust R129 is sel to
allow maximum range of the TR CAL adjustment. Sec

Section V for adjustment procedures on these and other

. ndjustments.
RS+ 6V
RS 4V
}
A |
1 R —6Y :
I ' r‘-“l
SAMPLING
TIME SAMPLING
TIME
" rAIOA-R=R

Figure 4-11, Sampling Time vs Bias Level

4.49, INPUT PREAMPLIFIER.

4-60. The tnput preamplifier stage is eomposed of o
ficld-effect transistor Q106 and ac amplifier Q107.

The sampled voltage, stored on capscitor Q112 and

cable capacitance, s coupled directly to the gate of
Q106. Q106 offers a highinput impedance so that the
sampled charge onthe capacitor will not leak off. The
inverted signal on the drain is sent to amplifier Q107
where it {5 again amplified andinverted. Gain of this
stage is approximately 30. The collector signal of
Q106 is ac coupled to the forward attenuator, Here

' the signal is attenuated on all ranges except the §, 2,

and 5 MILLIVOLT/CM ranges. The signal is then
applied to ac amplifiers Q115 and Q116.

4-51. AC AMPLIFIER,

4-52. Gain of this stage is variable between 6 and 60.
The exact amount of gain is controlled by the [ront
panel SMOOTHING adjustment, The sampled signal
change is again nmplified and inverted by both Q116
and Q116 znd the output is ac coupled through emitter
followers Q117 and Q118 to the source of stretcher
pate Q119.

4.53. STRETCHER GATE.

4-54. The stretcher gate Q119, normally off, is turned
on by the stretcher pulse, The negative streteher pulse
from the pulse generator, amplified and inverted by
Q125, results in o positive pulse being applied tothe
gate of Q119, This positive pulse turns on Q119 and
the stretcher capacitor C139 starts to charge to the

45
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incoming signal level,: Since the streteher pate s
held on for n relatively long period of time (approxi-
mutely 260 nanoscconds), thestreteher capacitor has
time to charge to the full amount of the input level.

4-55, When the streteher pulse ends, QL18 turnsoff,
Since both Q116 and Q120 are FET's, offering a high
impedance, the stretcher capacitor has po discharge
path'and the potential placed wpon it will remain con~
stant, 'This voltage, storedon the stretcher eapacitor,
now ncts as the input to the de amplifiers,

4-56. DC AMPLIFIER. .

4-57. DC amplifiers Q120 and Q121 penerate the out-
put of the sampling loop, Because of feedback from
Q121 collector through R195 to Q120 source, pain of
this stage is unity, Hence, the same voltape stored
on the streteher eapacitor willappear on the collector

of Q121 This voltage represents the output of the

sampling loop and s sent to three places, Stretcher
balance and gain adjusbents are set so that display
does not shift or change size whenchanging sensitivity
ranges. |

4-58. SIGNAL FEEDBACK,

4-59, Feedback from QI21 colleetor s fed back to
emitter followers QLT und Q118 to charpe thene amp-

Hfier coupling capacitor C137 to the new sipnal level.
Feedbick is also coupled through p/o S101 [eedback
attenuator to the sampling capacitor to charge it to
100% of the sampled signal level. except when using
the 1 or 2 MILLIVOLTS-CM ranges. Inthese ranges,
the signal is automatically smoothed iand the feedback
will represent less' than 100 sampling elficiency.

This feedback, before reaching the diodes, s sent
through the diode bias eircultry. Here it will shift
the de bias level (if necessary) as deseribed in Para-

graph 4-42, )

4.60. DIFFERENTIAL AMPLIFIER.

4-61, The sipgnal at Q121 collector Is ulso coupled
through $103 to differential amplifier Q123 and Q124.
The polarity switeh determines whether the signal
will bepresentedas i positive-up or negative -up signal
on the CRT. At this stage the single-ended stpnal is
converted to a differential stgnal.  Gain is controlled
by the sensitivity VERNIER andthe CAL ADJ settings.
Preamp balance adjust R205, s provided to balanee
the amplificr,

4.62. SWITCHING MULTIVIBRATOR,

4683, The amplificd differentinl signal from Q123 and
Q124 collectors Is sent to switehing diodes CR501

through CR504. The switching multivibrator controls
bias on diodes CR501 through CRE04. By forward-
biasing or reverse-biasing these diodex, Channel A,

B, or combinations of both may be passed tothe thput
current isolators Q501 and Q502, With the mode

selector switchset for Channel Apresentation, diodes
CR506 and CR507 are forward-biased, inturn reverse-
biastng CR505 and CRS50B, thus blocking Channel B

signals, In thesime maner Channel A diodes CRR502
and CR503 are reverse-blased. keeping CR501 and
CR604 forward-biased and allowing Channel A signals
to pass to the input current isolitors. When the made
selector {5 in B position, the above binsing conditions
are reversed permitting Channel B sipnals to be dis-
played.

4-6
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4-G4, In the A+B mode, diodes CR602, CRB03, CR506

and CREOT are nll reverse-binsed In turn Keeping

CR501, CR504, CR605, and CRG608 forward-blased.
This nllows signals from both ehinnels to he algebraje-
ally ndded and the displayed signal will represent the

aglebrate sum of both A and B signals. In the A & D
mode the negative stretcher pulse Is applied to the

hase of trigger amplifier Q516. The positive collector
signal of Q515 is used to trigger the switehing multi-

bibrator, alternately changing biasing conditions so

that Channel A signals are displayedfor one sampling
eycle, and Channel Bsignals are displuayed on the pext

sumpling eyele, Inthe A vs B mode, the Channel A

diodes are biased "on™ and Channel B signals ave

routed through $501 to the horizontal amplifier in the

horizontal plug-in for an X-Y display.

4.65, INPUT CURRENT ISOLATORS.

4-G6, Depending on what mode of presentation Is
scleeted, the approprinte signal or combination of
signals is applied lo the emitters of input current
isolators Q501 and Q502, Since the preceding stages
of both Channel A and B differential amplifiers cach
draw appreximately | ma of current from this stage,
in order to keep current through Q501 and Q302 con-
stant when in the A+B mode (both chapnels are con-
neeted) an additional current source s provided

"(#12. 6 v Lo junction of R60L and R502),

4-67, The signals at Q501/Q502 colleetors areapplied
to the bases of emitter followérs Q503/Q504.

4.68, EMITTER FOLLOWERS.

4-69, Emitter followers Q503/Q504 couple the signal
o differential amplifiers Q505/Q508.  Differential
signal amplitude is greatly reduced by depressing the
BEAM FINDER switeh. This causes relay amplifier
Q509 to conduct, enerpizing K501, WhenK601 energi-
zes, it places R505 in parallel with the resistive
divider network R507 thiough R512. Thisgreatly re-
duces the voltages applicd to Q503/Q504 ses. The
difference in deflection plate voltages will now be small
enough to locate the trace regardless of signal ampli-
tude or the setting of the POSITION cuntrol,

4.70. OUTPUT CASCODE AMPLIFLER,

4-71, The emitler follower vutputs are sent to differ-
entixl amplifier @505,/Q506. The amptifiedandinverted
stenal 18 coupled to the output current  fsolutors
Q507 'Q508. Galinof this ttagebs ealibrated with R524,
VERT CAL., C504, frequency adjust, isusedtoadjust
high frequency gain,

4.72. Y RECORD OUTPUT.

4-73. The signal voltage developed across resistive

network R50. through R512 is applicd to the bases of
record differentin] amplifier Q310/Q511, Gatn Is
controlled by front panel Y AMPLITUDE adjustment,
The single-cnded vutput from Q510 collector is rent

through emitter follower Q512 to the front panel Y

RECORD juck. R573. Y DC LEVEL. adjusts delevel
of the output signal,

4:-74. SYNC AMPLIFIER AND COMPENSATOR.
4-75, When suitable triggers are not available for
teipgering the horizontal plug-in. the vertieal signal

can be used, However, because of an fnherent time
delay in the sampling system, the vertical sipnal must
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also be delayed if the leadingedge of the sipnal is to
be observed. This is the main purpose of the syne
amplifier and compensator circuitry (see Figure 8-18,
The incoming signal, connected to J101, is sent two
places, One portion s applied toanplifiers Q101 and
Q102 where it ts nmplified. It i then coupledthrough
S1, TRIGGER selectop switeh, then routed through
P3 to the horizontal plug-in to initiate tripgering.

4-76. The signal is also sent through DL101 where it
is delayed G0 panoscconds. Because of stgnaldecay
in the delay line, a RL compensatingnetwork consist-
ing of L101, R101, and 102 |5 provided to sharpen
rise timeagain. The sipgnal is then applied to J102
where it will be sampled by the probe.

4.77. +12.6 VY POWER SUPPLY.

4-78, All required operating voltages arc provided by
the oscilloscope exeept for the +12.6 v supply, shown
in Figure 8-16. Hercn 6,3 vac input is. stepped up,
rectified, filtered and regulated. Sensor amplifier
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Q578 will sense any variation of outpul voltnge and
apply an ervor kignal throu.h 576 to the base of series
regulutor Q576 to lnr ease or decrense corrent,
compensating for the voltage change, Assume that
the output voltage increases, The potentiat on Q578
base will go in o positive direction, causing its col-
lector to go negative, Thisnegative voltnpe, coupled
thru control transistor Q575 to the base of (5786, causes
it to conduet less. The voltage drop across series
regulator Q575 will now increase by an amount equal
lo the original voltnge increase, keeping the output
amplitude constant,

4-79. Current limiter Q577 is normilly biased offl.
If a short occurs neross the output, the base of Q577
poes positive, thus turning it on. The negiative-poing
collector voltage, coupled through Q575 to thebase of
the series regulator Q578 biases it off. The current
that will flow throughthe externaleircuitisnow limited
to the current required to keep Q577 on. Additional
overload protection is provided by fuse F6756. 680
adjusts the output for exactly +12,6 v.
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Table 5-1. Required Test Equipment

Model 1410A

Recommended Instrument

Required Characteristics Ref, Par. Required for
Type Model
DC Voltmeter hp 412A Voltage Range 0 - 100 vde 6-21 +12,6 v Supply Adj.
Fast Rise Time hp 1105A/1106A <90 psce rise time §-22 Streteher Gain and
Pulse Generator or : i Balance Adj.
hp 213B <5% overshoot 523 - Stretcher Gale Width
Adj.
5-24 Sampling Bias Adj,
5-14 Rise Time Check
5-15 Qvershoot Cheek
5-18 Time Diffcrence
5-25 'l‘R CAL Range Adj,
High Frequency hp 180A/ Bandwidth 20 MH2z 5-26 Probe Noise Adj
Oscilloscope 1801A/ . bH-12 Recorder Output
o 1821A ' Check
* UHF Signal hp 612A 1 GHiz 5-13 Triggering Check
Generator 0.1v 1% .
Vvariable Pulse hp 222A ' 2v nmplitudef H-10 Dynamic Range Cheek
Generalor oo varinble pulse width | h-11 Isolation between
¥ . Channels Cheek:
v 5-12 Recorder Qutputs
R - Check
: ., 6-16 Vernier Check
Variable Power .} hp Harrison o- 2]\'« de 1% 5-9 Attenuator Accuracy
Supply 1 6111A - ' : 5-28 Sensitivity Calibration
BNC Adapter | |- hp 102184 Adapt probe to BNC 3-26 Probe Noise Adj.
Isolator G hp 10216A Provide a constant Z 5-27 Isolator Balance Adj,
. , for probe,
50 ohm Tee - hp 10211A. "GR/ GR/prolLe connection 5-12 Recorder Quiputs
o . | . o Check
4 ' ' 5-14 Rise Time and
' Polarity Check
R 5-25 TR CAL Range Adj,
. o .
50 ohm 'Load GR874-wW50 ‘| 50 ohm load with GR 5-12 Recorder Qutputs
I 'l connector 5-14 Rise Time and
0 ' !‘ Polarity Cheek
b ' 5-26 Th CAL Runge Adj
- O : 5-30 Internal DC Balance
4‘0"cr‘nl'Air Line "GR8T4 ! 50 ohm type with GR 5-14 Rise Time and
R i connectors Polarity Check
S I ! ' 5-25 T, CAL Range Adj,
& Lo o | | ‘
hp 3400A i ‘

- Ft;’ue RMS meter
'l 1

i
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Seetion V
Pasupraphs 6-1 to 5-10

| SECTION V.
i PERFORMANCE CHECK AND ADJUSTMENTS

5-1. INTRODUCTION.

§-2. ‘This sectiontpeludes adjustmentproeeduresand
a performance check,  The performance check miy
he wsed as incoming Inspection or lter repadrs or
adjustments have been made to yerify that the ingtru-
ment meets the spenifications listed in Table 1-1,
When the initial perforinance cheek is made, the read-
ings should be recorded on the enclosed Performance
Test Record so tiat readings taiken at a Liter dale ean
be compared, (o the oy fpinal readings,  If ndjustment
is required. refer to' P.u.u,l.1ph5 19, ¢

5.3, PERFORMANCE CHECK.
5-4, TEST EQUIPMENT REQUIRED.

5-5. Test spipmoent recommended for the perfor-
mance cheek and adjustments Is listed in Table 5-1.
Stmitar insivuments having the listed characteristics
nty be substituted,

5.6. PROCEDURE. ,

6-7. Install the Model 1410A in the osellloscope and
allow at least ten minutes for warn - up.  Thelollowing
checks should be gerformed in the same sequence as
they arelistedsince control settings arveall referenced
Lo prior setlings.,

5.8. MODES OF OPERATION,

A Set smmpling Time Base controts as follows:
(I an hp Mudel 1425A ¢ used, settings will apply Lo
MAIN BWEED)

SYNC PULSE: + » -+ sos o e v ON
TIME CM- » -+ - A 1 pSEC 'CM
VERNIER: » - » » o v v me e e o CAL
MAGNIFIER -« v r v s e v v e s R 4 |
SCANNING + - » + v v e v e e s NORMAL
Trigger LEVEL » » = » = > v 0 v v e s AUTO
Trigger MODE - - -+ e ke *ONBIN CW
Tripgper SLOPE + « » > =+ » o o v v v v v v
Trigper Source srr s s v oo INT
Triseer Svnsitivily ------ r»+r + « SENS

b. Set Model 1410A controls as follows:

Channel A and B MILLIVOLTS 'CM » - -+ 50
Channel A and B Polarity - -« - » =« « P
Maode Selector - -+« v v = s e s A

¢, Rotale Channel A VERT POS.
move vertically.

Trace should

d. Change Made Selector to AyB,  Both Channel A
amd B VERT POS controls should move the trace
verticadily.

. SetModeselector to A & B, Two traces should
.l|l|w.ll . Chiannel A VERT POS should move one trace
and Channel B VERT POS should move the other trace.

f. Chanpe Mode Selector tv B, Channel B VERT

POS should move trace vertically.
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p. Set Mode Selector 1o A vs B, Clannel A VERT
POS should move dot vertically and Channel B VERT
PGS should move dot horizontally,

5.9. ATTENUATOR ACCURACY.

a, Perform the CAL ADJ and VERT CAL adjust-
ments s shown ip o jgure 3«4 and 3-5 prior to this
cheek.

. Connect the Channel A probe to lho vitriable
power supply output,

e, Sel MILLIVOLTS/CM and power supply output
as indicated in Table 5-2 w2l eheek ench range for
indicated deflection.

d. Repeat steps a, b, and ¢ for Chamnel B,

Table 5-2. © Attenurtor Accuracy

MILLIVOLTS ‘CM. p‘g‘:;l'msl“*""y Deflection

200 2v 10 cm £33 mm

100 ly 10em 3 mm

50 0.6 v 10em 3 mm

20 0.2 v 10 em 3 mm

10 0.1v 10em t3mm

5 05 v 10 em «3 mm

2 02 v 10 em 5 mm

1 Lot v 10cem 5 mm

5-10. DYNAMIC RANGE.

i, Connect a variable amplitude Pulse Generator
{(hp Model 2224) to the Channel A INPUT connector,
DO NOT EXCEED 5 VOLTS AMPLITUDE, Set pulse
‘witith to approximately 2 wsec at & rop rate of 5 kiz,
Adjust for a 1 volt positive pulse,

b. Connect Channel A probe to its holder and set
TRIGGER to A,

. Set Time Base controls as follows:

Trigger Suurce » » » v v v v v s o s » = INT
Trigger Sensitivity » » » > >+ » » »» « SENS
Tr[gg(}rSLOPE..............'- s
$::§ﬁ:‘: II\JIE(‘)\I’)E,L + « Adjust for stable display

d. Increaseamplitude of Pulse Generator toat least
2 volts. Displayed wiveform should not become dis-
torted.

¢. Change Pulse Generator polirity to negative and
again observe waveform as amplitude ts increased.
Waveform should not hocnmo distorted until output
exceeds 2 volts, :

f. Change TRIGGER to B, connect Pulse Generator
to B INPUT and repeat steps « and ¢ for Channel B.
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Section V
Paragraphs 5-11 to 5-15

5.11, ISOLATION BETWEEN CHANNELS.

i Conneet the Model 222A outputto A INPUT con-
nector, Adjust for a +1 voll pulse. PlaceAand B
probes in their respective sockets, Set TRIGGER toA.

b. Set Mode Selector to B, Set Channel B MILLI-
VOLTS/CM to 6.

¢. Switch Channel A VERT PQOS through its entire
ranpe and observedeflections on Channel B, Deflection
shiall be less than 10 my.

d. Connect signal to B, set TRIGGER to B, sel
Mode Selector to A nnd observe deflection on Channel
A. Dellection shall be less than 10 mv,

5.12, RECORDER QUTPUTS. :

a. Connect varfable Pulse Generator to Channel A
probe, terminated in 60 ohms, Adjust amplitede for
1 voll cutput.

b, Connect trigger output from Pulse Generator to
the exterpal trigger input of Time Base. Set trigger

source to EXT, SLOPE to -, and adjust LEVEL and
MODE for stable display.

¢. Connect monitor oscilloscope to X RECORD
output. ‘

d. Note signzl AMPLITUDE is adjustable from ap-
proximately, 05 volts/cmto 0, 2 volts/em. DC LEV-
EL can be adjusted between -1.5 vto +0.5 v,

e. Connect monitor oscilloscope to Y RECORD
output.

f. ‘Note signal AMPLITURE is adjustable from ap-
proximately . 05 volts/emto0, 5 volts/em,' DC LEVEL
can be adjusted between approximately 1.5 v100.5v,

5.13. TRIGGERING.
a. Set Time Dase Controls as [ollows:

TIME/CM: «+ =+ »+++++ 10pSEC/CM
Triggcr Sourge > * v > oo os b e w vy INT
Trigger Sensitivity -+~ + =~ » »»» -+ SENS
TrlggerSLopE...........-...- S

b. Set Mode Selector to A, TRIGGER to A, and in-
sert Channel A probe into its receptacle.

d. Connect UHF Generitor to A INPUT cobnector,
Adjust for 500 MHz at 100 mv pk-pk., Adjust LEVEL
te obtain proper syne.

d. Increase frequency to 1 GHz at 100 mv pk-~pk.

o. Adjust LEVEL and observe that time base will
syne.

f. Connect UHF Generator to B INPUT and switch
TRIGGER to B.

g. Repeat steps e, 'd, and e for Channel B.
5-14, RISE TIME AND POLARITY.

a. Connect a fast rise time Pulsc Gener..or (hp
Model 1105A/1106A or hp Model 213B) to Channel A
as shown in Figure5-1. Sel Pulse Generutor TRIGGER
to + and OUTPUT to +.

b. Sct Time Base controls as follows:

TIME/CM + + +++++++ .. 10nSEC/CM
MAGNIFIER: » « » » » >+ >+ » =+ + =+ X100

5-2

Mudel 14100

MODE: + » » + + + + » Adjust for stable display
LEVEL"""""'"""'AUTO

¢. Set Mudel 1410A controls ns follows:

hlndesclector R S T T |
NORM-SMOOTHING + » » » » » + » + + NORM
SMOOTHING » » » » » » » »» » » » +Iptimized
SYNCPULSE N N O R S 6.

(P TR [ — TRIGGER INPUT

TINE
BASE
—_
141011_-[ /—smc OUTPUT TO

¥ ¢
PROBE N 2138

5on—/ 2500 <AIR LINE
TERMINATION TEE {R: 40 CM)

OR
] TIME [l
BASE
_
S— SYNC QUTPUT TO
[410A TRIGGER INPUT
40A @1

[[1¢L7.3

504 \5on AIR LINE A\
106
TERMINATION TEE {Az40 CM) "%A%'E’?‘

Ok =A=104

Figure 6-1. Setting Rise Time

d. Conneet syne pulse output of the Time Baseto
trigger input of Pulse Generator andadjust sensitivity
for pulse oulput,

¢, Observe pulse rise time of <320 psee.

{. Change polarity switch and obscrve thal pulse
is inverted.

¢, Repeal steps a through [ for Channel B,

5-15. OVERSHOOCT,

n. Connect a fast rise time Pulse Generator to the
Channel A INPUT, Place probe in receptacle.

b. Set TIME/CM to 100 nSEC/CM.

c. Adjust MILLIVOLTS/CM and VERNIER for a
10 em pulse.

d. Switch MILLIVOLTS/CMtob. Adjust VERT POS
to center top of pulse on CRT.

e, Observed overshoot should be less than & em.

f. Repeat steps a through e for Channel B.
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5-16., VERNIER,

a, Connect a variable Pulge Generalor (hp Model
222A) to A INPUT and adjust for 1 em pulse,

b. Rotate VERNIER fully clockwise. Pulse height
should increase to at least 2.6 cem.

c. Repeat steps o and b for Channel B.
5.17. NOISE.

a. Disconnect signal from INPUT and insert probes
in receptacles.

b, Set controls ns follows:

CTIME/CM» » » » » v v+ » » +» 10 uSEC/CM
MODE:»+»»+»+» v+ v+ » FREE RUN
TRIGGER HOLD-OFF + + . » » + + NORMAL
YRECORD AMPLITUDE » Adjust for 100 mv/cm
SMOOTHING »»» v » » » v v r v » NORM
SCANNING *»»» »+ v v o+ » MANUAL
SCAN DENSITY* * * * * Scl dot for midsereen
MILLIVOLTS/CM(hoth) » » » + » + v+ » + o B
Channel Selector » >+ » v v v v v s v s 00 0 A

¢. Connectatrue RMS meter suchnasthe hp Model
3400A to the Y RECORD Quiput, Set meter range to
0. 01 volts,

d. Indicated noise shall be less than B my on the
meter. (This corresponds to npgroxlmalely 1 mv ol
noise on the CRT, exclusing 10% of random dots,)

e. Change Channel Selector to B and repeat stop
d for Channel B,

5.18. TIME DIFFERENCE,

a. Connectnfastrise time Pulse Generator to the
center terminal of a BNC Tee. Set Mode Sclector to
A and B. Using BNC adapters (hp 1021BA) councct
both probes to the ends of the Tee.

b, Using the VERT POS controls, set bottom of
hoth pulses on screen.

c. Set horizontal TIME/CM to 1 nSEC/CM and
MAGNIFIER to X10,

d. Switch both MILLIVOLTS/CM to 5.

e. Adjust triggering for a stable displiyand ob-
serve horizontal distance Letween leading edges of
pulses, Distance ghould be less than 1 em.

5-19. ADJUSTMENTS.

5-20. F. ocedures for adjusting the Model 1410A are
described In Paragraphs 6-21 through 65-32, The
adjustments can be made only after removing the
bottom cover of the oseilloscope, For optimum re-
sulte, checkandadjust if necessary, the power supply
voltages of the oscilloscope. Equipment required to
perform the adjustments is listed in Table 5-1. Lo-
cation of adjusiments is shown in Figure 8-2,

5-21. +12.6 YDC SUPPLY. '

}
a. ' Connect a voltmeter to the positive lead of the
47 pf electrolytic capacitor {C577) on the main ver-
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Seetion V
Paragraphs 5-16 to 5-25

tical nmplifier board. (Shown on Page 8-12, Fig-
ure B-14,)
b, Adjust R6BO for exactly +12. 6 vde,

5.22, STRETCHER GATE WIDTH.

. Set Time Base to FREE-RUN, Time/em to
10 nsee/em and observe waveform at Q125 collector,
Adjust Streleher Gate Width (R183) for 300 nsee pulse
width,

b, Observe waveform at Q325 collector. Adjust
Channel B Stretcher Gate Width (1t383) for 300 nsee
pulse width.

5.23. STRETCHER BALANCE.

a. Connect a st rise time Pulse Generator (hp
Model 1105A/1106A or hp 213B8) to Channel A INPUT,
Insert probe into receptacle.

b, Set controls as follows:

MILLIVOLTS/CM +» » r v v v v v v s v v v §
Channel Selector » » » > v 2 v s v v s v s s v A
Polarity » = » = o = v o e 4 UP
TR{GGER--r’»--c»vhhhnnp-...A

¢, Freec-run the pulse generintor and adjust time
base coptrols for a stable display, Useintermal trig-
gering ot 10 nsec/em, ‘

d. Optimize sampling cfficiency.  Alternately
switch NORM-SMOOTHED switch hetween positions
andadjust Chamnel A Stretcher Balance Adj (RI80) so
that display does not shift vertically while switching,

5.24. STRETCHER GAIN,

n. Continue to switch NORM-SMOOTHED switch
hetween positions and ndjust Stretcher Gain Adp (R154)
for minimum amplitude shift.

b, Some interaction may occur between this and
the previous adjustment; repeat both gain and balance
adjustments for minimam vertical shift and amplitude
chanye,

¢, Comnect’ pulse generator to Chamnel B INPUT,
change both channel and trigger selectors for Channel
B operation and repeat Paragraphs 6-23 and 5-24 for
Channel B, adjusting R389 and R394,

5-25. Tp CAL RANGE,

n. Connect the fast rise Pulse Generator through
A 40 em air line to & 50 ohm Tee, terminated Into 50
ohms (see Figure 5-1). Insertprobe intoTee, Free-
run the time ase and use the SYNC PULSE output to
trigger the pulse pencrator,

b, Set Tp CAL to midrange,

¢. Observerisctime. AdjustR129 for a rise time
of approximately 300 psee,

d. Adjustfront panel Ty CAL foran observed rise
time of 320 psec with less than 5% uvershoot.

e. Repeat steps a thru d for Channel B, adjusting
R320 and Channel B Tr CAL.
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Section V o
Paragraphs 65-26 to 5-33

5.26, PROBE NOISE, '
a. Disconneet equipment, |

L. Connect Clannel A probe directly Lo a monitor
ozcllloscope using the hp Model 10218A Adaptor.

< Free-run the time ase and center the trace
on-sereenwith VERT POS, Observe spikes on moni-
tor srape and adjust Centering Bias Adj(R131) for
minimum spike amplitude. Keep trace centered on
the test scope while making adjustment,

d. Repeat steps a thru ¢ for Channel B.

e. Recheck rise time, since some Interaction
exists betwecn this ndjustiment and Ty CAL.

5.27. 1SOLATOR BALANCE,

a. Connect hp Model 10216A Isolator to Channel A
probe and alternately open and short tip of isolator to
isolator ground. ‘

b. Observe baseline shift, andrdjust green wires
inprobe cartridge(C110and C111) for a shift less than
b mw.

Note

To adjust capacity, move green wires
onentatime away from ground, When
the wire has been found which reduces
the shift, trim or bend it for minimum
shiftandadjust the other wire to obtain
less than 5 mv shift, The probe cover
will need to be removed to ndjust the
wires and replaced to check bascline
shift.

c. Repeat steps a and b for Channel B probe, ad-
justing C310 and C311.

5-28. SENSITIVITY CALIBRATION.

a. Performthe CAL ADJand VERT CALns shown
in Figure 3-4,

b. Setvariable power supply for, 01 volts and con-
nect to Channel A probe.

G4

Model 1410A

¢, Set MILLIVOLTS/CM to 1 and nlternately con-
nect and disconnect the power supply. Adjust the Stret-
cher Gain 194 for exactly 10 em of deflection.

d. Repeat stips 2 through ¢ until no interaction
occurs between this cdjustment and the CAL ADJ,

e, Repeat steps b through d for Channel B,
5.29. AMPLIFIER PEAKING,

a, Disconncct power supply.

b. Sect Mode Selector to A & B and bath MILLI-
VOLTS/CM switeh to 100,

¢, Position both traces on sereen B em apart and
set SCAN DENSITY fully counterclockwise{minimum).

d. Adjustamplificr peakingadj (C604) for best ap-
pearing dots {minimum tatls),

5.30. INTERNAL DC BALANCE.

a, Connect o 50 ohm load to the GR type INPUT,
Free-runthe time base to obtainn baseline, Set verti-
cal sensitivity to 2 mv/em,

b, Switch polarity between +UP and -UP, Slowly
adjust VERT POS and locate point where no trace
shift exists while changing switch positions. Adjust
Pre-amp Bal Adj (R205) to re-position baseline to
cepter screen,

e, Repeat steps o and b for Channel B (R405),
5.31. CALIBRATING THE 10:1 DIVIDER.

5-32, To calibrate the hp Model 10214A Divider, ob-
gerve & 76 kHz square wave using the divider, Ob-
taina t0cm display, and optimize response. Qbserved
overshoot should be 3%, If the overshoot isnat 35,
usingthe probe ndj tool, adjust for ¥% overghoot. To
do this, it is necessary to remove, adjust, replace,
check, remove, ete., ele,, the divider. De surelo
keep the response optimized while making the ndjust-
ment. :

5-33, It the 10; L division ratiois incorrect, the divider
is defoctive and should be replaced.
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PERFORMANCE CHECK RECORD

Insteument Serint Number

Performance Check Record

Paragraph Cheek Limit
5-8 I MODES OF OPERATION
A R
A+D —
ALB —_—
B —
Avs B ——
chimnel A channel B
6-0 - ATTENUATOR ACCURACY Min Mix Min Max
200 8.7 em— 10,3 cm 9. 7cm om0 hdem
100 3.7cem —0 10.3 cm 9.7 cm — 10.3 cim
50 9.7em —— 10,3 em 0,7em — 0.3 em
20 2.7¢e e 10.3em | 0.7Tem —— 10.3 em
10 . 7em ——0 103 em 9.7¢cm — 0.3 em
f 9.7cm —— 10.3 em 9,7cm e 10.3cm
P n5em ——— 10.5cm B.6cn — 10.5em
1 9.5cem - 10.6cem 8.6em — 10.6cm
6-10 DYNAMIC RANGE 22V — 2y
‘ 2y 42V
5-1%, ISOLATION BETWEEN CHANNELS <10 mw — <10mv
5-12 RECORDER QUTPUTS
AMPLITUDE 05 v/iem 05 v/em —
_— 2 v/em — 2v/em
DC LEVEL LBV —— “LBY -
— 0.8 v —— 0.5V
5-13 TRIGGERING —_— —_—
5-14 RISE TIME AND POLARITY
TR —_— <350 s _— 350 ps
POLARITY —_— e
5-15 OVERSHOOT —_— <Hmm . <5 mm
5-16 VERNIER 2.5em o 2.5em
5-17 NOISE —_— <lmv — <lmvy
5-1B TIME DIFFERENCE —_ <lecm —_ <lcm
I
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® ( " SECTION VI 3

'

8ection Vi
Parngmphs 6-1to 6-6

o REPLACEABLE PARTS

6-1. INTRODUCTION.

. 6-2, Thissectioncontains the information necessary
' for ordering replaceable parts. 'I‘nble §-2 provides
' the followlng information:

y " hp Part Number.
i
. b. Total Quantity (TQ) used in the lnstrunmnl'
o glven only the first {ixe a part number is listed.
\, 3 ¢, Description of pprt; see Table 6-1 for a list of
i ‘ thrz reference designators and ahbrevinuans used.
S 6- 3 Miscellaneous p:u-ls are llsted at the end of
W Tablg 6-2. )

Y -4.\\OR ERING INFORMATiON.

R To order replacement parl(s). dlrecl the order
’,‘ orinquirytothcnearestliewlett -PackardSales/Service

a. hp Part Number of ltcm(b)

b, Model number und eight- digll serial number of
instrument.

c. Quantity of part(s) desired.
6-6. To order a part not listed or identifiable in the
table, provide the following information:

a. Model number and eight-digit serial number of
instrument,

b, Part description, including function and Joea~
tion. .
Note

Upon request, information will be sup-
plied to allow ordering of applicable
parts from manufacturers other than

v ’ Offlce (see list at back of this manual).. Provide the Hlewlett-Packard. Contact the hp Sales/
. \ followlng informntlon. . v Service Office for delails,
- 1 . . !
: b : " = "y
T i ‘ ' Table 6-1. List of Referenc¢ Designators and Abbreviations
S Gy e X
! I 3 o , [ [ [
. . 0 R . - REFERENCE DESIGNATORS
. T 1 : 1 : ; .
! A ‘! + assembkly b < huse, MP = hakdeal pan T < st paint
1 ! B s AR F[. = blter " C plus v ©ovaeuus blas, e
' C ), = capacitur } J +jwehk Q -+ Eransistor | talb, punteell, ete,
OB, e coupling \ K o relay it resistor Vit ©wultape pgalor
CR O Poe e [ m-imlur : nr - lhermistar {1}
: DL = delay hne : LS . 5 = swltch W ©ovalife
! Ds Ue o device shprating (Lo AT . , T transformery X Mkt
o E 7omise eleckeone pan MC Comle e uit’, TH, ©termingl board ¥ erynhal
. \ ! o ) \
’ : | ' . : . - ABBREVIATIONS
: \ ' .
g A = umperes i1 Loplass CMTG - iy Hig b dropieney
L AMPL » dmpliher usth - prvumied) MY “niyfar” i
i . _ . : " Sl shuw - bl
" R Y a . B || < hepriea . N oo () SCR MW
- : np e bandpans (11} L Onerury v NC CLosonemally vlosed SE selenatprn
i . : " i : HR . - hourls) " NE T SECT 0 mectionfed
- : N CAR a, carbun by s Hewlett=Packard N/ o onrmally open SEMICON  memptonubue 1o
CCW - = u»unteplnckwm } ot L hiL{) CONERANYE positi e ey L3 albpron
CER | = cermic Iy - ntermediade treg. ' (1) tengw rature s Y TN §
V] COEF & coelficivnt : LG wgrepiali ‘ crelljeieng) N S W
o] COM e common : INCTY " incamtescent CONSY unk reparately SPL spee bl
* COMP »  composition : INCL tisclade{n) co foplaceable
CONN t conctor | ) INK tnnslationfed) 1 : . TA [RETRIOT
CHRT - caihm.h--r.‘ly tula . INT ©ternal ‘ol toonder by ddesenptin ™ St Ly
cw . cluckwiae : : . Ox T . TGl oyl
) \ K B TUTI [ ro : . M} Hbirm
PEPC = e pmolgml varbon : : e . Pt et Tl Tole panes
Lo ' . LIs ©hinear tagwer | L phn!.nr.l-ts " LTI trumine g
ELECT = electrofylic . - Lexs Iograpithinge tapes . R TRLY Lirails X
ENCAP = cncapsul ited ) LPF D puass il mv V peak B ERe Lk W mers "
= EXT 2 external : ) Loy A St
! oM BT H TR 1)) FOLY ) finlyshy pegne ! VAR . vanble
F = farads . . "OMFEG S g - ok Copone Cpmrelaws : VNN e werrkane yolts
FET + fleld effect | S METFLM - metal hibm P persatiept st
- trinsistor . MET OX - pwetald gapde Iy Coprte Ryt W T
FXD s fived 7 hTa T Mg e PR-PK © penshed fpuak W ©waltw
; : ; o MINAT (RN Y v . ', Ww w.otewount
GE 5 RErmanium MOA WonwnLiey (X0 S R T Uy W v et
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Section VI

Model 1410A

Table 6-2
Table 6-2, Replacenble Parts
Ref ) . . Description

Deslg hp Part No. 9  (5ee Table 6+1,)
Al01 01410-66507 1 | A: Compensator board assy (ehitn A}
Al02 01410-66502 1 | A; Syne take-off wmp (chan A)
Al103 00187-66503 2 | A: Probe Sampler board nssy {chan A)
Al04 01410-66504 1 | A Input umplifier and pulke peneritor assy
Al105 01410-66505 1 | A: Streteher board nssy
Al 01410-66501 1 | A: Compensator board assy (chan D)
A302 01410- 66503 1 | A: Sync take-off amp {chan B)
A303 00187~66503 A: Probe Sampler board nssy (chan B)
A501 01410-665006 1 | A: Main Vertical Amplilier Assy
ABS03 01410-63401 2 | A: nltenuator switch {A)
A504 01410-63401 Az attenuator switeh (B)
101 0180-0228 6 | C:fxd ta 22 uf 105 15vdew
C102 0160-0297 4 | C: 1xd my 1200 pf 10’7 200vdew
Clo3 0150-0116 2 | C: fxd cer 47 pf 10+ 500vdew
C104 0180-0228 C; fxd ta 22 uf 10% 15vdew
cl105 0180-0228 C: fxd ta 22.p0 107 15vdew
cl0é 0160-0207 C: Ixd my 1200 pf 10" 200vdew

1
c108 0170-0040 4 | c:ixd my , 047 pf 10" 200vdew
Cl109 0170-0040 C: Ixd my . 047 pf 107 200vdew
. )
cli2 " NSR: p/o A103
cin 0150-0050 4 | C: Ixd cer 1000 pf 600vdew
Cll4 0150-0050 C: Ixd cer 1000 pf 600vdew
Cl15 0160-0161 9 | C: fxd my . 01 pf 10
cus 0160-0153 8 | C: fxd my 1000 pf 10%
c119 0160-0153 C: fxd my 1000 pf 10
C120 0169-0181 C: {xd my . 01 pf 10O%
Cci21 0160-0214 2 | C: fxd cer 10 pf 500vdew
ciz2 0140-019¢ 3| C:fxd mica 39 pf 5 J00vdew
c123 0140-0204 C: fxd mica 47 pf 5'v 300vdew
Cl124 0140-0178 1| C; rxd mica 560 pf 2': 300vdew
Ci25 0140-0176 3 | c: txd mica 1060 pt 2'% 300vdew
Cl1286 0160-0161 C: Ixd my . OF puf 10
ci2 0160-0161 C: Ixd my . 01 pf 0%
ci2s 0140-0176 C: {xd miea 100 pf 2’ 300vdew
c129 0140-0176 C: Ixd mica 100 pf 2% 300vdew
C130 0180-0155 B | C:ixdta2 2t 207 20vdew
C131 0180-0155 C: fxd ta 2.2 pf 207 20vdew
Cl3z 0180-0155 C: Ixd ta 2, 2 pf 207 20vdew

¥
Cl133 0160-0161 C: Ixd my , 01 puf 107
Cl134 0180-1735 3| ©:rxda 0,22 puf 10 ASvdew
C135 0160-0153 ' ¢: fxd my 1000 pf 10%
C137 0160-0407 2 | C:Ixdcer 1000 pt 10° 500vdew
C138 10180-0155 C: fxd ta 2,2 pf 207 20vdew
Cct39 0140-0200 4| C:fxd mica 390 pf 57 300vdew
6-2 02596-2




Model 1410A

Seetion VI

Tuble §-2
Table 6-2, Replacenhie Parts (Cont'd)
Rel . ! Deseription
. Desip hp Jart No. TQ {Sce "fuble 6-1,)
Cl4l 0140-02G0 Cr fxd miea 390 pf 67 J00vdew
Ci0!l 0180-0228 Ce Ixd b 22 4ol 10 15vdew
c3oz2 0160-0287 C: fxd my 1200 pl 107 200vdew
c303 0150-0118 C: Ixd cor 47 pf 107 300vdew
€304 0180-0228 C: fxd ta 22 uf 10'7 15vdew '
C305 0180-0228 C: fxdd ta 22 pf 10'% 15vdew
Cc308 0160-0207 C: Ixd my 1200 pf 107 200vdew
- C308 0170-0040 C; Ixd my . 047 pf 10° 200vdew
C309 0170-0040 C: ixd my , G47 2f 10°7 200vdew
calz NSR: p/u A303
canl 0150-0050 C: Ixd cer 1000 pf 600vdew
cild 0150-0050 C: Ixd cer 1000 pf 600vdew
C3156 0160-0161 C: Ixd cer . 01 uf 600vdew
Cc31e 0160-0153 C: [xd my 1000 pf 10°:
C31p 0160-0153 € Ixd my 1000 pf 10T
Cc320 0160-0161 O Ixd cor . 01 juf B00vdew
c3z1 0150-0214 C: Ixd cer 10 pf 500vdew
C322 0140-0190 C: xd micn 39 pf 57 300vdew
. ca3t 0180-0155 C: fxd ta 2.2 pf 20%: 20vdew
€332 0180-0155 C: Ixd ta 2,2 pf 20% 20vdew
C333 ' 0160-0161 C: Ixd my . 01 uf 10'5 200vdew
C334 0180-1735 C: I[xd ta, 22 .l 10 35vdew
Ca35 - 0160-0153 C: Ixd my 1000 pf 10'7
Cc337 0160-0407 C: Ixd cor 1000 pf 107 500vdew
C338 01B0-0155 C: Ixd ta 2,2 puf 207 20vdew
339 0140-0200 C: xd mica 390 pf 67 300vdew
TC34l 0140-0200 C: fxd mica 300 pf 5'7 300vdew
C501 0140-0194 9 | C:Ixd mica 110 pf §'v 300vdew
CH02 0140-0194 C: Ixd mica 110 pf 57 300vdew
C503 0140-0199 1 | C:Ixd mica 240 pf 57 300vdew
Ch04 6130-0016 1| C:vircer 525 I
C506 0150-1735 C: xdd L 22 puf 10% 35vdew
C507 0140-0103 2 | ©:Ixd mica 82 pf 6'F 300vdew
caog 0140-G193 C: Ixd miea B2 pf 5 300vdew
C509 ¢140-0191 1 | C:iIxd micn 56 pt 5'F 300vdew
C510 01B0-0155 C:Ixd 1 2,2 ui 207 20vdew
i
’ 1
/ C575 0180-1783 1 | C:ixdelect 1000 pf 35vdew
C576 0160-0161 C: ixd my , 01 ;i 10% 200vdew
C377 0180-0097 1 | C:ixdclect 47 pf 10°¢ 35vdew
C580 0150-0052 C: Ixed cor 0,05 pif 20% 400vdew
02596-2 6-3




Scetion VI Muodel 1410A
Table G-2
Table 6-2, Replaceable Parts (Cont'd)
Rof . , Deseription

Dosge | NP PRrL R TQ ‘ (See Table G- 1, )
CRI105 1901-0340 B|Ccn sl
CRI106 1601-0340 CIt: si
CRI107 1901-0340 CH: sl
CR108 1901-0340 CR: si
CR110 1901-0182 1 { CR: slep recovery
CRI111 1901-0040 22) CRi s

. CRI132 1901-Q040 CR: sl
CRril1d 1801-0040 CR: Bl
CR116 1901-0040 CI: sl
cnruis 1001-0040 CR: st
CR119 1901-0040 Cht si
CRI120 1901~0040 CR: sl
CR305 1901-0340 CIt: sl
CR206 1901-0340 CH: sl
CR307 10010340 Ch: si
CR308 1901-0340 CR: sl
CR316 1801-0040 CR: si ;
CR318 1901-0040 CR: si
CR319 1901-0040 CR: si
CR320 1001-0040 CR: sl
CR501 1901-0040 CR: si
CR502 1901-0040 CIt: s}
CR503 1901-0040 CIt: si
CR504 1801-0040 CRt: s}
CR505 - 1901-0040 CR sl '
CR506 1801-0040 CR: si
CR507 1901-0040 Clt: 83
CR508 1001-0040 CHR: si

i
CR510 1001-0040 CH: si
CR511 1901-0040 CR; si
CR512 1901-0033 1| CR: si
crs71s | 1901-0026 4] cr: s
CR576 1801-0026 Clt: sl
CRS77 1801-0026 CR: sl
CR578 1801-00268 Cit: st
CR579 [201-0040 CR: st
DL10L 0141061603 1 QL: delay line assy matchedpalr {includesJ101 &.J301)
DL301 ‘
F575 2110-0001 1] F:1amp
I
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Madel 1410A

Table 6=2, Iteplacealle Parts (Cont'd)

Section VI
Tuble -2

Rel ] . . Description
Desip | 1P Part Mo, Q {See Table 6-1,)
J101 NSR: p/uo DL01
J102 Includes:

01410-21201 2 | Braeket: compensator mount
01410-2760F 2 | Body: BNC adapter
01410-48301 2 | Probe guide
J301 NSt p/o DL3IOL
1302 Includes:
01410-21201 Bracket: compensalor mount
01410-27608 Body: BNC adapter
01410-48303 Probe puide
l
J501 1250-0118 2 | J: BNC
J502 1250-0118 J: BNC
K601 Includes:
0400-0189 1 | Relay reed
0490-0181 I | Relay coil
L101 0100-2254 12 | Liixd.38 uh
L103 0140-0029 4 | L: fxd 100 ph
L104 D140-0120 2 | Lifxd, 1 ph
L1053 9140-0020 L: fxd 100 jth
L108 8140-0146 2 | Lt Ixed 10 pth
Laol 9100-2254 L:fxd . 39 pth
L3031 81400029 L: fxd 100 uh
L304 21470120 Lefxd .1 ph
L305 9140-0029 L: fxd 100 ph
L308 0140-0146 L Ixd 10 ;th
Pl 1251-00535 1 | P panel plug, 24 contact
P3 1251-1285 1 | P: panel plug, 12 contact, 5 couxial !
’ 1
Q101 1854-0269 2 Q:sinpn
Qio2 1853-0061 2 [ Q:slpup
Q106 1855-0020 2 |Q: st FET N chanmd
Q107 1853-0020 11]Q: sl pnp
Q108 1853-0010 5 §1Q: st pnp
Q109 1854-0035 1 1 Q: sinpn
- Q110 1854-0019 3 [Qestopn
Q11 1854~0071 13 [ Q: sl npn
QLG 1853-0020 Q: si pup
Qli6 1854-0071 Q: si npn
Q117 1853-0010 Q: sl pnp i
Q118 1854-0019 Q: st npn i
Q119 1855-0022 4 [ Q: sl FET N channel
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Section VI Model 1410A
Table 6-2

Table 6-2, Replaceable Parts {Cont'd)

Rel ’ . Neseription
Desly hp Pitrt No, TQ {See Table 6-1,)
Q120 1855-0022 Q: st FET N channel
Qi21 1853-0020 Q; sl pp
Q23 1854-0071 Q: sl npn
Q124 1854-~-0071 Q: si npn
Q125 ; 1853-0020 Q: si pnp
Q01 1854-0269 Q: sl npn
Q302 1863-0061 Q: st pnp
Q308 1055-0020 Q: sl FET N channel
Q107 1853-0020 Q: i pnp
Q315 1853-0020 Q: si pnp
Q316 1854-0071 Q: s npn
Q317 1853-0010 Q: sl pnp
Q318 1854-0019 Q: sl npn
Q319 1855-0022 Q: 6i FET N channel
Q320 1855-0022 Q: sl FET N channel
Qi2l 1853-0020 Q: sl pnp
Q323 1854-0071 Q: sl npn
Q324 1854-0071 Q: 8l ppn |
Q326 1853.0020 Q: si pnp
1
Q501 1854-0071 Q: si npn
Q502 1854-0071 Q: sl npn
Q503 1854-0022 Q: si npn
Q504 1854-0022 Q: sl npn
Q505 1854-0022 3 |Q: sinpn
Q506 1854-0022 Q: sl npn
Q507 1854-0232 2 |Q:sinpn
Q508 1854-0232 Q: s npn
Q509 1854-0071 Q: si npn
Q510 1853-0020 Q: sl pnp
Q511 1853-0020 Q: si pnp
Q512 1854-0022 Q: si npn
Q513 1853-0010 Q: sl pnp
Q514 1853-0010 Q: si pnp
Q516 1853-0020 Q: sl pnp
Q575 1854-0039 2 1Q: si 2N3053
Q576 1854-0084 1 [Q: st npn 2N3232
Q577 1854-0039 Q: =i 2N3053
Q578" 1854-0071 Q: sl npn
R1 2100-1717 2 IR: var carbon comp 50k ohms, 20%
R2 2100-2064 2 |R: var carbon comp 20k ohms 105 1/2w
il
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Model 1410A Section VI
Table 62
Tuble -2, Replaceable Parts {Cont'd)
Rel ’ Deseription
Desig hp Part No, T (See Table 6-1,)
R101 0757-0705 9 ' Ixd metilm 75 ohms 1'% 1/2w
R102 0767-0284 4 | n: fxd metflm 160 ohms 1k 1/8w
R104 0757-0409 2 | n:ixd metflm 274 chms 1% 1/8w
R105 0757-0401 4 | m:fxd petfim 100 chms 1'% 1 /8w
R106 0757-0301 2 | R:Ixd medlm 39,2 ohms 15 1/Bw
R110 0757-0324 7 | R fxd metflm 51,1 ohms 1 1/8w
RI11 07570274 2 | R fxd metflm 1, 23k ohms 15 1/Bw
R1I13 0767-0158 2 | R xd metflm 619 ohms 1% 1/2w
R120 NSR: p/o Al103
R121 0757-0420 10] R: fxd metflm 1, 82k ohms 1'% 1/8w
RI122 0767-0394 R: fxd metilm 51, 1 ohms 1% 1/8w
R123 0767-0394 R: fxd metflm 51, 1 ohms 1% 1/8w
R124 0757-0429 R: fxd metflm 1, 82k obms 1D 1/8w
R125 0757-0433 5 | R:Ixd metflm 3,32k ohms 1% 1/8w
R126 2100-1710 2 | R: var carban comp 650k ohms 207 {Includes R210, k)
R128 0757-0454 6 | R:ixd metilm 33,2k chms 15 1/8w
R120 2100-0364 ‘3 | R:var ww 20k ochms 5% 1/10w X
R130 0757-0420 R: fxd met{lm 1, 82k ochins 16 1/8w
RI131 2100-1429 3 | R: var ww 2k ohims 6% 1/10w
R132 0757-0429 R: Ixd metflm 1, 82k chms ‘b 1/8w
R133 ' 0767-0420 R: fxd metflm 1,82k chms 1% 1/8w
R134 0757~-0454 R: fxd metflm 33, 2k ohms 15 1/8w
RI35 07658-0017 4 | R: fxd metflm 1. 5k ohms 5% 1/2w
R136 0768-0017 R fxd metflm 1. 5k ohms §% 1/2w
R137 0767-0448 3 | R:fxd metflm 20k ohms 1% 1/8w
b
R138 0757-0443 2 | R fxd metflm 11k chms 1% 1/8w
RI139 0757-0422 . 5 | R:fxd metflm 609 ohms 1D 1/8w
R142 0757-0407 R: fxd met{lm 200 ohms 1% 1/8w
R143 0757-0763 4 | R Ixd metflm 27. 4k ohms 1D 1/4w
R145 0757-0761 4 | R:Ixd metflm 22, 1k ohms 1'5 1/dw
R146 0757-0288 2 R: Ixd met{lm 0, 09k chms 1% 1/8w
" RI147 0757-0044 R: fxd metflm 33, 2k ohms 1% 1/4w
R148 07587-0761 R: fxd metflm 22, 1k chms 1% 1 /4w
R150 0757-1100 2 | R: Ixd metflm 600 chms 1'% 1/8w
R151 0757-1108 4 | R fxd met{lm 300 chms 1'% 1/8w
R152 0757-1102 2 | R:fxd metflm 180 ohms 1% 1/8w
R153 0757-1104 2 | R:fxd metflm 60 ohms 1'c 1/8w
R154 0757-1107 8 | R: fxd metflm 30 ohms 1% 1/8w
- R165 0767-1107 R: Ixd metlim 30 chms 1% 1/Bw
R156 0757-0458 4 | R:fxd melflm 51, 1k ohms 1% 1/8w
R157 2100-0820 2 | R: var ww 50% chms 3% 2w
R158 0683-0475 1 | R:fxd metflm 4.7 ohms 1'% 1/4w
R159 0757-0449 4 | R:fxd metflm 20k ohms 1t 1/8w
R161 0757-0401 R: fxd metflra 100 ohms 1% 1/8w
R162 0757-0280 11] R: fxd meiflm 1k ohms 1% 1/8w
! -
b
]
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Section VI Model 1410A
Table 6-2 !

) Table 6-2. Repluceable Parts {Cont'd)
Rel Deseription
Desig hp Part No, TQ {S5ce Table 6-1,)

R163 0757-0416 19| R fxd medim 511 ohims 1% 1/8w
R164 0767-0394 R: fxd metflm 51, 1 ohms 1% 1/8w
R185 0757-0843 2| R:xd metfIm 16k ohms 1% 1/2w
R166 0757-0442 8| R:Ixd metfin 10X ohms 1% 1/8w
R187 0767-0283 R; fxd metllm 2k ohms 1'% 1/8w
R168 0757-0280 R: fxd motllm 1k ohms 1% 1/8w
R169 0767-0843 R: fxd metflm 15k ohms 15 1/6w
R170 07570410 5| R:fxd metilm 301 chms 1% 1/8w
R1T1 0757-0410 Rt fxd met{lm 301 ohms 1% 1/8w
R172 0757-0430 2 | R:fxd metflm 2,21k obms 1'% 1/8w
R173 0757-0451 2 | R:ixd metflm 24, 3k ohms 1% 1/8w
RI74 07570280 ‘| R:xd metfim 1k ohm 1'% 1/gw
R175 0757-0410 2 | R:xd metflm 681 ohms 1% 1/8w
R176 0757-0428 2| R:fxd metfim 1, 62k ohms 1% 1/8w
RI78 0767-0416 21 R:fxd metfilm 475 chms 10 1/Bw
RI1T9 0757-0417 2| R:ixd metttm 662 ohms 1% 1/8w
R180 0757-0283 R: fxd metflm 2k chms 17 1/8w
R181 0757-0442 R: fxd met{lm 10k ohms 1% 1/8w
R182 0757-0442 R: fxd metflm 10k ohms 1°E 1/8w
R183 2100-0755 2| R:var ww 1k ochm 5%
R184 0757-0422 R: fxd metflm 909 ohms 1'% 1/8w
R185 0757-0280 R: fxd metflm 1k ohm 1% 1/8w
R186 0757-0435 2 | e txd metfun 3. 02k ohms 1% 1/8w
R188 0757-0341 2| R:fxd metfim 30. 1k ohms 1'5 1/4w
R1B89 2100-0944 4| R:var metflm 200k ohms 6%
R190 0757-0178 2 | R:Ixd metflm 100 ochms 1% 1/8w
1
R193 0757-0442 R: Ixd metfim 10k ochms 1% 1/8w
R194 2100-0944 R: var metfllm 200k ochms 5% :
R195 076%7-0280 R: Ixd metim 1k ohm 1% 1/8w
R197 0757-0190 2| R fxd metflm 20k ohms 1% 1/2w
R198 0767-0416 R: fxd met{lm 511 ohms 175 1/8w
R199 07570416 R; fxd metflm 511 chms 1% 1/5w% '
R200 0757-0416 R: Ixd metilm 511 ohms 1% 1/8w
R201 0757-0442 2| refxd metflm 10k ohms 1% 1/8w
{factory sclected value, 10k is typical)
R202 1 2100-2115 21 R:var carbon comp 5k ohms 1/2w  w/switch
R203 2100-17156 "2 R:var comp 2k ohms 20% 1/2w
R204 - 0757-0484 6| R:Ixd metflm 80, 9k ohms 1% /8w
R205 21001777 1| R:var ww 20k ohms lO"t'a /2w
R208 0767~-0464 R: fxd metfIm 90, 9k ohms 1% 1/8w
R209 0757-0405 21 R fxd metllm 162 ohms 1% 1/8w
R210 NSR: p/o R128
R211 0767-0438 3| R fxd metilm 5. 11k chms 1% t/Bw
R212 0757-1094 2| R:ixd metflm 1. 47k ohms 1% I/Bw
* R213 0757-1107 R: fxd metflm 30 ohms 1% 1/Bw
R214 0757-1095 21 R:Ixd metflm 1. 49% ohms 1% 1/8w
R216 0757-1107 R: [xd metflm 30 ohms 1% 1/Bw
R218 -0767-1036 21 R:Ixd metflm 1,38k ohms 1% 1/8w
R.IT 0757-1103 21 R:fxd metflm 90 obms 1% 1/8w
R218 Q757-1097 . 2] R:Ixd metfim 1,2k ohms 1% 1/8w
R219 - 0757-0284 R; Ixd metflm 150 ochms 1'% 1/8w
R220 0757-1098 2] R:fxd metlim 045 chms 1% 1/Bw
R221 0757-1108 R: fxd metfIm 300 ohms 1% 1/8w
R222 0757-1101 2| R:{xd metflm 360 chms 1'% 1/8w
R223 0757-1099 2} R:1xd metflm 900 chms 1% 1/8w
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Model 1410A

Section V1

Table 6-2
Table 6-2, Replaceable Parts {Cont'd)

Ref I Céseription
Desig hp Past No. TQ {See Tuble 6-1,)
R224 0767-0427 3| R:ixd metflm 1,6k ohms 1% 1/Bw
R225 0757-0426 1 R: Ixd metflm 1. 5% ohms 1% 1/8w
R226 0757-1093 2 R: Ixd metlm 3k ohms 1% 1/8w
R3ol . | 0757-0795% R: fxd metfim 75 ohms 1% 1/2w
R302 0757-0284 R: fxd metflm 150 ohms 1% 1/8w
n304 0757-0409 R: Ixd metflm 274 chms 1% 1/8w
R305 0757-0401 R: [xd metflm 100 chms 1% 1/6w
R306 0757-0391 R: [xd metflm 39,2 ohms 1% 1/8w
R310 0757-0394 R: fxd metfIm 51, 1 ohms 17 1 /8w
R311 0757-0274 R: fxd metflm 1, 21k ohms 1D 1/8w
R313 0757-0158 R: [xd metflm 619 obms 1% 1/2w
R320 NSR: p/o A303
R321 0767-0429 R: fxd metflp: 1, 82k ohms 15 1/8w
R322 07657-0304 R: fxd metflm 51, 1 chms 17 1/8w
R323 0757-0394 R: fxd metfim 61, 1 ohms 1% 1/8w
R24 0767-0428 R: fxd met{lm 1, 82k ohms 1T 1/8w
RI26 0757-0433 R: Ixd metllm 3, 32k ohms 1% 1/8w
R326 2100-1710 R: var carbon comp 60k chms 20% (includes R410, 5k)
R3i28 - 0757-04564 It; fxd metflm 33, 2k’ ohms 1% 1/8w
R329 2100-0364 Ii; var ww 20k ohms 5% 1w
R330 0757-0429 It: Ixd metflm 1. 82k chms 1% 1/8w
R331 2100-1429 It: var ww 2k ohms 5'%% 1w
R332 0767-0428 R: fxd metflm 1, 82k ohms 1% 1/8w
R333 0767~0429 R: Ixd meltﬂm 1. 82k ohme 1D 1/8w
R334 0757~0454 R: fxd metflm 33, 2k chms 1% 1/8w
R335 0768-G017 R: fxd metflm 1.5k ohms 5% 1/2w
R336 0758-0017 R: Ixd metfIm 1.5k chms 6% 1/2w
R337 0757-0449 It: fxd metllm 20k ohms 1% 1/8w

? . .
R338 0757-0443 R: fxd metflm 11k chms 1% 1/8w
R330 0757-0422 R: fxd metflm 909 ohms 1% 1/8w
R342 0757-0407 R: fxd metflm 200 ohms 1'% 1/8w
R343 0757-0763 R: fxd melIm 27, 4k ohms 1% 1/4w
R345 0757-0761 R: fxd metflm 22, 1k ohms 1% 1/4w
R346 0757-0288 R: fxd metflm 9, 09k ohms 1'% 1/Bw
R347 0757-0044 R: fxd metflm 33. 2k ohms 1'b 1/4w
R348 0767-0761 R: fxd metflm 22, 1k chms 1% 1/4w
R350 0757-1100 R: {xd met{Im 600 chms 1‘c 1/8w
R351 0757-1108 R: {xd metflm 300 ohms 1'D 1/8w
R352 0757-1102 R: Ixd metilm 180 ohms 1'% 1/8w
R353 0757-1104 R: fxd metflm 60 ohms 1% 1/Bw
R354 0757-1107 R: Ixd metflm 30 chms 1% 1/Bw
R355 0757-1107 R: fxd melflm 30 ohms 1% 1/8w
R356 0757-0458 R: fxd metflm 51, 1k chms 1% 1/8w
R357 2100-0820 R: var ww 50k ohms 3% 2w
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Seetlon VI

Model 1410A
Table 6-2
Table 6-2. Heplaceak!s Parts (Cont'd)
, .
Ref | ] . !)oscrlﬁuml
Desiy hp Part No. T™Q {Sce Tuble 6-1,) .
R370 0767-0410 R: fxd'metfim 301 ochims l'@ 1/8w
RAT1 0767-0410 I {xd metflm 301 ohms 1% 1/8w
R372 0767-0430 R Ixd metfhn 2. 21k ohms 1'% 1/8w
R373 0757-0451 R: fxd metflm 24, 3k chms 1% 1/8w
R374 0757-0280 R: fxd metim 1k ohm 1% 1/8w
R375 0757-0418 R: fxd metllm 681 ohms 1% 1/6w
R376 0757-0428 R: fxd metfim 1, 62k ohms 17 1/Bw
R378 0767-0415 R: [xd metflm 475 obms 19 1/8w
R379 0757-0417 1t fxd metflm 562 ohms 15 1/8w
R380 0757-0283 R fxd metflm 2k ohms 1% 1/Bw
R381 0757-0442 R: fxd metflm 10k ohms 1% 1/Bw
R362 0757-0442 R: Ixd metflm 10k ohms 15 1/8w
R383 2100-0755 R: var ww 1% ohm 5'G
R3B4 0757-0422 R: fxd metflm 809 ohms 1'% 1/8w
R386 0757-0435 R fxd metfim 3,92k ohms 1'D 1/8w
R388 - 0767-0341 R: Ixd metfln 30, 1k ohms 1% 1/9w
R389 2100-0944 R: var metitm 200k ohms 200
R300 0767-0178 R: Ixd metfim 100 ohms 1'% 1/8w
R393 - 0757-0442 R: fxd metfim 10k obms 10 1/8w
R394 2100-0944 R: var metfln 200k ohms 20% ]
R395 0757-0280 R: fxd metftm 1k ohm, 1% 1/8Bw
R396 0757-0283 R: fx¢ metfim 2k ohms 1% 1/8w
RI97 07657-0100 R: fxd metflm 20k ohms 17 1/2w
R308 0767-0416 R: fxd metflm 511 ohms 15 1/8w
R399 0757-0416 R: [xd metflm 511 ohms 1% 1/8w
R400 0757-0416 R: Ixd metflm 511 ohms 1% 1/8w
R401 0757-044 R: fxd metilm 10k ohms 10 1/8w
{factory selected value, 10k Is typleal
R402 2100-2116 R; var carbon comp bk chms 1/2w w/switch
R403 2100-1715 R: var comp 2k ohms 207 1/2w
R404 0757-0464 R: Ixd metflm 80, 9k ohms 1% 1/8w
R405 2100-0364 R: var ww 20k ohms 5% 1w
R406 0757-0464 R: £xd metflm 90, 0k chms 1% 1/8w
R409 0767-0405 R: fxd metflm 162 chms 1% 1/8w
R410 NSR: p/o RI26
R4ll 0757-0438 Jt: fxd metilm 5. L1k ohms 19 1/8w
R412 0757-1094 R: fxd metilm 1, 47k ohms 1% 1/8w
R413 0757-1107 R: fxd mettlm 30 ohms 1'% 1/8w .
1R414 0757-1095 R: fxd metflm 1. 44k ohms 1% 1/Bw
R416 0757-1107 R: [xd met{lm 30 ohms 1% 1/8w
R418 0757-1096 R: fxd metflm 1. 36k chms 1D 1/Bw
R417 0757-1103 R: fxd metlim 90 chms 15 1/8w
R418 0757-1097 R:/ixd metfim 1. 2k chms 1'D 1/8w
" R419 0757-0284 R: fxd metflm 150 ohms 10 1/8w
R420 0757-1098 R: Ixd melllm 945 ohms 1'% 1/8w '
Rd21 0757-1108 R: fxd met{Im 300 ohms 1% 1/8w
R422 0457-1101 R: fxd metflm 380 ohms 170 1/8w
R423 0757-1099 R: fxd metfim 900 ohms 1% 1/8w
R424 0757-0427 I: Ixd metflm 1. 5k chms 1'% 1/8w
R425 0757-0427 R: fxd metflm 1, 5k chms 1'v 1/Bw
R426 0757-1093 R: [xd metfim 3k ohms 1% 1/8w
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Model 1410A , : Section VI

' Table §-2
Tale 6-2, Replaceable Parts {Cont'd)
Re! At N Description .
. Desig hp Part No, TQ (See Table 6+1,) Mifr Part No,
- R501 0767-0440 3 | R:txd metfim 7, 5k ohms 15 1/8w
1502 0767-0440 n: fxd metflm 7, 6k chms 1% 1/8w
R503 0757-0421 1 It Ixd mucflm 825 ohms 1% 1/8w
R504 0757-0280 R: fxd metflm 1k ohm 1% 1/Bw .
R505 0767-0438 R txd metiim 5, 11k ohms 15 1/8w
R506 0767-0410 R: fxd metflm 301 vhins 17 178w
R507 0757-0762 2 | R:ixd metflm 24, 3k ohris 1% 1/4w
/' R508 0767-0446 2 | R:ixd metfim 13k ohms 1 1/8w
R509 0767-0433 R fxd melflm 3, 32k ohms l'@ 1/8w
R510 0757-0433 R: Ixd metflm 3, 32k ohms 1'% 1/8w ' ,
R511 0757-0445 R: Ixd metllm 13k chims 1% 1/8w
R612 0767-0762 R fxd metfim 24, 3k ohms 1% 1/4w
513 0757-0444 2 | Rr:fxd metflm 12, 1k ochms 19 1/Bw
RH14 0757-0444 R: Ixd ne tflm 12, 1k chms 1% 1/8w
! ) |
R517 0757-0740 4| R: fxd metfim 6, 19k ohms 1'% 1/4w <
R518 0767-0749 I fxd metflm 6, 19k ohms 1% 1/4w
R510 075670433 I Ixd metfln: 3, 32k ohms 1% 1/Bw ,
R520 0757-0749 R: fxd met{lm 6, 10k chms 1% 1/4w
R521 0757-0749 R: [xd met{lm G, 19k ohms 1% 1/4w
R522 0757-0416 R; xd metfim 511 ohms 1% 1/8w -
523 0757-0280 R fxd metflm 1k ohm 1% 1/Bw
1524 2100-1716 1 | R:var ww 6k ohms 6% 1-1/2w
R525 0757-0410 R: fxd metlim 511 chms 1'% 1/8w
;
q R528 0757-0845 2 1 R ixd metfim 18, 2k ohms 15 1/2w
R520 0767-0845 R: fxd metflm 18,2k ohms 1% 1/2w
. R531 0757-0461 1| R:fxd metflm 68, 1k ohms 1% 1/8w
R532 0767-0479 1| n:txd metflm 392k ohms 15 1/8w
R533 0757-0464 R: fxd metflm 90, 0k ohms 1% 1/8w
R534 0767-0442 R: Ixd metflm 10k ohms 15 1/8w
R535 2100-1734 R: var carbon comyp 20k chms 10° 1/2w
536 0757-0464 Rt Ixd metflm 50, 9k ohms 1% 1/8w !
R537 2100-1717 R: var comp 50k ohms 200 1/2w
R538 0757-0466 3 | m:fxd mettim 100k chms 15 1/8w
R539 0757-0440 R: fxd metllm T, 5k ohms 15 1/8w
RS540 0757-0159 1| R:fxd metflm 1k ohm % 1/2w
R541 0757-0416 i [xd metflin 511 ohms 1% 1/8w
R545 0767-0422 R: Ixd metflm 909 ohms 1% 1/8w
R546 0757-0281 5 | Rr: fxd metfim 2. 74k ohms 15 1/8w
R547 0757-0454 R: fxd metflm 33, 2k chms 1% 1/8w
: R348 | 0757-0280 R: Ixd metfim 1k ohm 1'% 1/Bw
‘ K549 07567-0280 R: fxd metfim 1k ohm 1% 1/8w
R550 0757-0454 R: [xd metllm’ 33, 2k ohms 15 1/8w
R551 0757-0281 R: txd met{lm 2, T4k ohms 1% 1/8w
'R552 0757-0458 R: fxd metflm 51, 1k ohms 1% 1/8w
R553 0757-0458 : R: [xd metfim 51, 1k ohms 1% 1/8w
R555 0757-0281 R: fxd metflm 2. 74k ohms 1'% 1/8w
R556 0757-0281 R: [xd metflm 2, T4k chms 1% 1/8w
R557 0757-0281 R: [xd metflm 2, T4k obms 1% 1/8w
o | |
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Section VI

Maodel 1410A

Table §-2
Table 6-2, Repliceable Parts (Cont'd)
Rel | . Deseription
Doy | PP Pust Ko TQ (Sec Table 6-1,)

R575 0811-0929 1 | r:1xd ww 0. 51 ohms 6% 2w
R576 0757-0401 R: fxd metflm 100 ohms 1'% 1/8w
R577 0157-0465 R {xd metllm 100k ohms 1'r 1/Bw
R578 0757-0480 1] e Ixd metfim 432k ohms 175 1/8w
R578 0757-0447 1| 1 fxd metflm 16, 2k ochms 1'7 1/8w
RG80 2100-1429 R: var ww 2k ohms 57 1w
R581 0757-0465 R Ixd metflm 100k ohms e 1/By
R582 0757-0449 R: [xd metflm 20k ohms 17 1/8w
51 01410-66508 5| S: slide, trigpger selector
5101 NSH: p/o AS03
5102 3101-0109 §: slide norm, seng
5103 3101-0189 5: slide slope

1

1
5301 NSR: p/o ASQ4
5302 3101-0199 S: slide, norm, sens
5303 3101-0189 5: slide, slope
5501 01410-61001 1! 8: mode selector
T101 NSR: p/o ALQ3
T102 01410-86002 2| 'T: balun
]
T301 ‘ NSR: p/o A303
T302 01410~ 86002 T: balun
T575 28100-0111 1| T:power
VR103 1902-0578 1| VR: avalanche 27 v 1'%
VRIO0S 1802-0590 2] Vit nvnl:ulu:hc 4.42 v 1w 6%
VRI106 1902-0036 2| v avalanche 6. 19 v 400 mw 10%
\ ‘
VR305 1002-0590 VR: avalanche 4,42 v lw 5%
VR308 19802-0036 VR: avalinche 6. 12 v 400 mw 10"
VYR501 1502-0159 . 2| VR: avalanche 10 v
VR502 1902-0199 VR: avalanche 10 v
VR503 1802-3356 1} VR: avalanche 56,2 v 10%
1
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Model 1410A

Table 6-2, Rupln’cmhlc Parts (Cont'd)

Scetion VI
Tabl? 6-2

Ref

Pescription

Pesig | P PRet N ™ {Seo Table 6-1,)
MISCELLANEQUS
037¢-0099 2 [ Knoh, millivalts/em
0370-0134 2 | Knob, vernler
0370-0308 1 | Knob, made gelector
0370-0309 2 | Knob, smoothing
0370-0310 2 | Knob, vertpos
0510-0054 2 | Gelp ring
00187-62101 2 | Probe housing assy
01410-00101 1 | Deek
01410-00201 1 | Panel, front
01410-00202 1 | Panel, sub
01410-00203 1 { Panel, rear
01410-04101 1 | Cover, delay lines
~01410-23701 2 | Rod, lower support
01410-23702 1 { Rail, upper right
01410-23703 1 | Rail, upper left
01410-24701 2 | pips, guide and locking
01410-61601 1 | Cable assy, main
01410-61612 2 | Cable nssy, probe
01410-64901 1 | Handle assy
ACCESSORIES .
10214A 2 | 10:% Divider
10216A 2 | Isolator
10217A 2 | Blocking Capacitor
10218A 2 | BNC Adapter
10218A 1| GR Adapter
10220A 2 | Micradot Adapter
10221A 11 50 ohm T Conneclor
10213-82102 6 | Ground Cilp
5020-0457 G| Probe Tip,
5029-0503 i | Probe Adj Tool
9220-1263 1 | Tray, upper
0220-1264 1} Tray, lower _
0211-1013 t | Accessory Box, (includes trays)
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Section V11 Model 1410A

Figures 7-1 and 7-2

o ' 13
‘ 2(R313)

.o . 200
VR205 ' . AAR
4042V @ & -[ WA

)1 | RIIG
' 3 ’I {R314} } ZERO
CR3I9 . 5003 BAL ADJ
1410A = A =21 X 1410A~A-22
Figure 7-1 ' Figure 7-2
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Model 1410A

Section VI
Parapraphs 7-1 to 7-10

SECTION VI
MANUAL CHANGES AND OPTIONS

7-1. MANUAL CHANGES.

7-2. This manual applies directly to the standard
Model 1410A Sampling Vertical Amplifier having a
serialprefix743-. The following paragraphs provide
instructions for modifying this manual to zover older
or newer instruments, Refer to the separate "Manual
Changes” sheet supplied with this manual for Errata.

~ 7-3. OLDER INSTRUMENTS.

7-4, Table 7-1 contains information on chinges re-

" quired to adapt this manual to an older instrument

(lower serial prefix rumber). Check Table 7-1 for
your instrument -serial prefix and make the changes
indicated. Note that these changes adapt the manual
tocover a particular instrument as manufactured and
therefore do not apply to an instrument subsequently
modified in the field.

Table 7-1. Manual Changes

Serials Prelixed Make Changes
730- - land2
728- 1thru 3
715- ‘ 1, 3and 4
703- "1, 3,'4andb
619- 1, 3, 4, 6, andb

t

7-5. NEWER INSTRUMENTS.

7-6.. Aschangesare made in the Model 1410A, newer
Instruments may have serial prefixes higher than 743-.
The manual for these newer instruments will be sup-
plied with a "Manual Changes” sheet which contains
ali necessaryupdating information. If the serial pre-
fix of your particular instrument is higher than the
one listed dt the front of this manual and no "Manual
Changes' sheet has beenprovided, contact your near-
est Hewlett-Packard Sales/Service Office.

7-7. OPTIONS.

' 7.8, Optionsforanhp instrumentare standard modi-

fications installedat the [aclory. Al the present time,
no options are offered for the Model 1410A.

7-9. SPECIAL INSTRUMENTS.

7-10. Modified versions {per customer's specifica-

' tions) of any hp instrument are available on special

order. The manual{or these special instruments (hav-
ing electrical modifications) will include a separate
insert sheet that describes the modification and any
special manual changes in addition to the "Manual

' Changes” sheet (if applicable). Contact the nearest

hp Sales/Service Office if either of these sheets is
missing fromthe manual of a special instrument. Be
suretorefertothe instruraent by its full specification
name and number,

02596-2

CHANGEI1

Section VI, Replaccable Parts,
R396: Delete,
Papge 8-11, Figure 8-13,
R396: Deleteand interchange diodes to he as shown
in Figure 7-1,

CHANGE 2

Section V1, Replaccable Parts,
R178, R378: Change to hp Part No. 0757-0419;
R: {xd metflm 681 ohms 1 1': 178w,
179, R379; Change to hp Part No. 0757-0411
R: fxd metfln 332 chins t1'n 1/8w,
Page 8-7, Figure B-8,
R178: Change value to 681 ohnis.
R179: Change wvitlue to 332 ohms.
Page 8-11, Figure 8-13,
R378: Change value to 681 ochms,
1379: Change value to 332 ohms.

CHANGE 3

Section VI, Replaceable Parts,

Add: VRI101, VR102, VRIO01, and VR302; llp Part
No. 1902-0174: VR avalanche 82, 5v, +10¢, mir
hp; TQA.

Page B-5, Figure 8-5, ‘
Add: VR101, 82.5v in parallel with C108,
Add: VR102, 82.5v in paratlel with C109,
Page 8-9, Figure 8-11,
Add; YR301, 82.5v in parallel with C308.
* Add: CR302, 82, 5v in parallel with C309.

CHANGE 4

Section VI, Replaceable Parts,
Q503 and Q504: Change to hp Part No. 1854-0022,

CHANGE S

Section V, Adjustment Procedure,
Insert the [vllowing adjustment procedure between
the Stretcher Gain and Balance Adjustinent and
the TR Cal Range Adjustiment,

Sampling Bias Adj.

a. Set Time Base SCAN DENSITY fully
cew,

b, Connectafast rise time Pulse Gener-
ator to Channel A GR type INPUT,. Insert
probe intoreceptacle, Adjust Diode Bias
Adj (R160} for maximum separation of
first two dots on left side of display,
Keep response optimized with SMOOTHING
ADJUST.

7-1




Section VII
- Manual Chanpes (Cont'd. )

Section V1, Replaceable Parts,

C123: Change descriptiontohp PartNo, G140-0190;
C: fxd mica 39 pf 5% 300vdew.

R135, R136, R335 and R336: Change descriptionto
hp PartNo. 0758-0033; R: [xd metflm 2k vhms 5%
1/2w,

R147 and R34’ Change description to hp Part No.
0757-0763; R: fxd metfim 27. 4k ohms 1% 1/4w,

R159; Changedescriptiontohp Part No, 0757-0283;
R: fxd metflm 2000 chms 1'% 1/8w.

Add: R160; hp Part No. 2100-0303; R: var ww 10k
chms 5% 1/10w.

Page 8-5, Figure 8-5,

C123: Change value to 39 pl.

1135 and R136: Change value to 2000 ohms.

R147: Chapge value to 27, 4k ohms.

R159: Change value to 2000 chms,

Add: R160: variable 10k pot in series between R159
and the -12.6v supply. Connect wiper to top
end of pot. Lnbel the pot Diede Bias Adj.

Page 8-9, Figure 8-11,
R335 and R336: Change value to 2000 ohms.
R34T: Change value to 27, 4k ohms.

CHANGE 6

Section V, Adjustment Procedure,
Add the following paragraphs:

"

Model 1410A

Trigger Balince Adjustment,
This adjustment controls the de level of the
signal being sent tothe time xse for internal
triggering and should not normally require
readjustment. However, il components are
replaced, readjustment may be necessary for
that channel. Adjust as follows:
a. Connect a de voltmeter to Q102 col-
lector.
b. Adjust R114 for Ovde with no input,
¢. Change mode selector to B and con-
nect voltmeter to Q302 collector,
d. Adjust R314 for Ovde with no input,
Scction VI, Replaceable Parts,
C580: Delete.
Add: R112, RI114, R312 and R3i4; hp Part No.
0757-0273; R: fxd metflm 3. 01k ohms 1% 1/8w,
R113 and R313; Change description to hp Part No,
0757-0407; R: fxd metflm 200 ohms 1% 1/8w.
Page 8-10, Figure 8-12,
C580; Delete.
Page 8-16, Figure 8-18,
Add: R112andR312and make connections us shown
in Figure 7-2.
R113 and R313; Change value to 200 chms.
Make corresponding circuit connections to B chan-
nel.
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H 1

scummcs

8- INTRODUCTION. .

© B-2, This section contains schematic diagrams, in-

formation regarding repair abd replacement, compo-

nent identiftcation, andtroubleshootibg tips, Toble8-}
provides general schematic IlUlDb, delining e syn.-
- bols and conventions used in the schematies, '

' 8-3.. COMPONENT IDENTIFICAIION‘.

8-4, Components located onsetehed eireuit-boards are
identified kn photos adjacent to the applicable schematie
., exeept for Channel B preamplifier amd streteher com-
ponents. These components are identified inthe snme
- figure as their corresponding Channel A components.
o Components located on the chassis are identified in
R Figures 8-9 and 8-10. “Adjustment locations are shown
in Figure 8-2,

' 8-5. REPAIR AND REPLACEMENT.

8-6. Most all clectrical companents are accesstble
a " lorreplacement fromthe componant side of the etched
* clreuit board. Secticn VI provides a detailed parts
list toallow orderingol replacement parts, Mechani-

- caland miscellapeous parts are listed at the end of the
table, If satisfactory repair or operation cannot he
accomplished, contact the nearest Howlett-Packard

Sales/Service Office (addresses at rear of this manual). ‘

Iishipment for repair is' recommended, seeSectionll
. for recommended repackaging information,

e 8.7. SERVICING ETCHED CIRCUJT BOARDS.

ol 8-8. The Model 1410A has etehed cireuit boards which
EA are plated- lh rough type, When servicing this type ol
., board, conipcnents may be removed or replaced from
: elther side of the board, When replacing large com-
{ _ponents, suchas potentiometers, rotatethe soldering

lhe part to Mt it fr'om the board, HP Service Note
-20D contains additionalinformationonthe repair of
bhed circuit boards, however, the important consid-

- era.tion:-, are as follows.

»{ IR
- - "n. Do not upply excessive heal, '
‘1 U
: \‘ ‘b, ‘Apply heat to component lead and remove
! ?-\aad with a straight pull from the board,

! \UI‘

'un d, bo 'npt fo"ce leads of replacement component
a to holcs h

. u"f B4 9. I qmplnted mehl surface (conductor)lifts from

J ’ihe hoard,/ it may he cemented back with aquick-drying
o ) acelate bdﬁe camcnt {use sparingly) having good in-
L golating properties, Analternate method of repair s
R ‘to soldcr a good cdhdhcunb wire along !he damaged
ot area. e :

u: r:.. ) .: ,'ﬁr 5 ‘.' : .-'._““f'!.;- '\- " l: |'I i

T : 02596-1 ‘ﬁ?ﬂ R R R

' RIS K I I‘g Co Jll ;

- ;1 “iron tip from lead to lend while applying pressure to -

c. ﬂ':,eutoothnic :orwooden splinter to clean holes,

’ _ Section VIII
: ' Paragraphs 8-1 to §-15

SECTION VIII o
AND TROUBLESHOOTING

B-IO.'REPLACING REED RELAY.

B-11, The reed relay consists of two separately re-
placeable parts, the coll and the reed. Tn replice
the reed:

n, Unsolder hoth reed leads from the cirenit bosrd,

h. Bend one end of one lead so it ean be removed
from the opposite end of the coil,

Hold the lead of the reed with long-

nosed pliers when bending the lead,

Bend dnly the flexible lead to nveid |
cracking glaas cnpsule.

¢. Remove the reed.
d. Insert the new reed through coil,

e, Usinpg Wng-nosedplicrs, bend the reed leads to
fit imo the circuit holes,

f. Solder reed leads Into place,
8-12, To replace a coll:

a. Remove the reed according to the above pro-
aedure,

b, Unsolder and remove the coll,
¢, Replace and resolder the coil,
. Replace the reod,

8-13. TROUBLESHOOTING.
B~ 14 The first and mnst important prevequisite fm

suecesslul troubleshooting is i anderstanding ofhow
the instrument is designed to operatie and correctusapoe
of front panel controls, Oftentimes, suspected mal-
functions are simply caused by improper controrsettings
orcireuit hook-ups suchas: low intensity, malidjusted
horizontal trigpcr level or mode, mode selector iy’
wrong position, ete, Scetion LI ({Operation), including
explanation of controls and connectors and peneral
operntinl.. consideration, und Section’'1V (Principles
of Operation) which explains cireuit theory, ave in-
tended lo satisfy this information requirement. i

8-15. The following paragraphs outline procedures for
locating nnd clearing problems in the Model 14104,
DC Voltapes 'are indicated on the schematics for most
active components {transistors, FET's, ete). Typical
waveform test points (57 with a number enclosed) are

. also placedonthe schemalies at various points along

main signal paths. The numbers instde the test point
symbols are keyed toncorresponding waveform ad-
jacent to the schematie. These voltages and wave-
forms provide an invaluable aidwhen troubleshoating
the instrument. Appliécations include: checking gain
ofaparticularstoage, loeating a differentialamplifier

unbalance, or pin pointing 2 faulty transistor, ete,

1
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Section VIO
Puragraphs B-16 tn B-26

When using these voltages and/or waveforms for
troubleshooting, always refertothespeelfic conditions
outlined for the measurements, also listed ndjacent
to the schematics.

1-16, If trouble is suspected, first perform a visual
inspectionof the instrument, Look [or loose orburned
compenents that might supggest a source of trouble.
If noobvious troubleis found, check the power supply
voltages in the oscilloscape maln chassis, Refer to
the oscllloscope manual for specific voltages nnd tol-
erances. Also check the £62,6 volt and +12.6 volt
supplies in the Model 1410A. Ifall voltages are cor-
rect, then refer to the following parn;,rnphs for your
indicated trouble.

8-17, PROBE TROUBLE. Paoorrisetime, excessive
nolse, signalbreakup, distortion or trace shifting (in
one channel) is ugually caused by a fauity probe nssem-
bly. To locate the trouble, first nscertain that the
alternate channel is operating properly by observing
a known signal, If the presentation is valid, then re-
place the suspected probe board with the good probe
board from the alternate channel, Obscrve n known
signal on the faulty channel, I the problem is cor-
rected, replace the appropriate probe borrd assembly.
If the problem persists, check the probe cable for
shorts, opens, etc. If the cable checks pood, trouble
is most likelyintheac amplﬂier or stretcher circuitry
for that channel. :

8~18. The diodes onthe probe assembly areseparately
replacenble, This is a delicate operation, but can be
accomplished withasmall, low voltage soldering iron
and extreme caution. Be sureto use a heat sink when
removing and replacing the diodes. If it is not desir-
able to replace the diode(s} in the ficld, the entire
board asscmbly can he ordered,

8-18, If the trouble exists inboth channels, check the
sampling dicde bins ndjustments (Frequency Adj,
and Bias Centering Adj), and the pulse pgenerator eir-
cuits,

8-20, NO VERTICAL DISPLAY, EITHER CHANNEL,
Trouble of this nature {5 most likely caused by some
function that'is common to both channels; such as the
pulse generator, switching multivibmtoror main ver-
tical amplifier. Firs: check to sec that the positive
sampling triggerirom the horizontal plug-inis present
at the base of Q110. This pulse initintes the entire
vertical sampling, process and if the time base has
malfunctioned, the vertical system may nlso be in-
operative. If this pulse is present, procced to check
the pulse generator, etc., usingthetypical waveforms
ard dec voltages.

Moadel 1410A

8-21, NO DISPLAY, ONE CHANNEL, Firstdetermine
that the probenssembly is good (see Paragraph B-17),
Next apply a square wave from a pulse generator, s
outlined in the Conditions for Typical Waveforms, to
the defective channel, and monitor signal thra each
successive stage until the malfunction is found, Also
check the switching multivibeator and switehing diodes,

8-22, LOW AMPLIFIER GAIN,  Whenever over-nll
nmplifier gain is too low to be properly adjusted with
the CAL ADJ or VERT CAL controls, the typical

waveforms can be used to trace the problem, By

checking the relative galn of each stage, the faully
stape can usually be found, Also check for a [aulty
attenuntor switch,

823, TRACE OFF SCREEN. Change mode switch
and connect inputsignal tothe opposite channel, I the
problem still exists, then the trouble is most likely
an unbalanced condition inthe malnvertieal amplifier,
The stage that is unbalanced can be identificd by
shorting together like elements in both halves of a
stage {emitter-to-emitter, cte,). The stage that
causes the trnce to return on-sereen, when common
elements are shorted, is the one with the faulty com-
ponent, DC voltapes and/or resistanee readings cin
be used now to positively idontify the foulty part.

8~24. MODE SWITCHING, If the proper mode of
operation cannot be obtained, first check the switching
diodes CR601 through CR508 and CR510 throuph CR512,
If these diodes are pood, then cheek the switching
multivibrator Q513 and Q514 andnssaciated elreuitry,
If the problem arises only in the A & B mode, check
trigger amplifier Q516 and its input, the streicher
pulse frem QILEL,

8-25. TROUBLESHOOTING THE STRETCHER LOOP,
Problems such ns low gnin, distortion, ete,, will
usually be caused Ly either the sampler assembly or
the stretcher circuitry, I the stretcher circult is
suspected, first check to see that the streteher pulse
at Q125 (Q3256 for channel B) collector is present.
Pulse should be spproximately 0.3 nsec wide,

8-26, Oblaininz meaningful waveforms inthe stretcher
circuitry i3 extremely difficult, To effectively trouble-
shoot the stretcher, set up the de voltage conditions
as outlined in Fi;,um B-8 and check voltnges as in-
dicated on the schematic, Voltages are not listed on
the channel B schematics, hawever, conditions and
voltages are the same s shown for channel A, DC
voltages may vary' slightly from ane instrument to
arother and variations of up to 18% are permissible.
All voltages are referenced to ground,

t
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Model 1410A

Table B-1, "Symbols.

Tal

Section VIII
ble 8-1 and Figure 8-1

—

.

Refer to MIL-STD-16-1 oy schematie symbols not listed in this table,

Unless otherwise indicated:
capacitance in picofarads
fnductance in microhenries
resistance in ohms

i

n

I
1
¥
T

Etehed clireuit hoard
‘Frnnt panel marking
Rear panel marking
Front panel control
Screwdriver Adjustment

]

Clockwise end of vari-
able resistor

Primary signal path

Feedback piith

Y
<
@
@

n

W:wel’orin test powt
{with number)

Fielda Effect Transistor
{N channel)
Avalanche (zener)diode

Tunnel diode
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3 - Omnge
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P/Q

5

- Green
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7
9

- Violet
g -
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- Wh}te

Piart of

Optimum value selected
at factory, avernge
value shown; part may
have been omitted.
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. : Section VIII ‘ . Model 1410A
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& wetion VII

~ Model 1410A
raore B=6

| 02596-2

DC VOLTAGE MEASUREMENT CONDITIONS | ‘ 5 _ -
n, Set Model 1410A controls as follows: - hoard  (refer to Figures 8-7 and 8-8), [)Jnsolder th)c ‘ : ‘
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Figure 8-7.  Component Identification, Stretcher and Amplifier (A105)
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Seetion VIO , 1 Model 1410A
Figure 8-12 ‘ ‘
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Model 1410A

Refer to Channel A Stretcher schematic (Figure 8-8) for de
voltages and waveforms,

Conditions for measurements are given ndjacent to Figure 8-5,

Channel B Stretcher and Amplj(ier components are identified
in Figure 8-17,
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Section VIII
Figure 8-14

Model 1410A
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Figure 8-14, Component Identification, Main Vertical Amplifier (A501)
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Section VIII Model 1410A
Figure 8-18

Refer to Figure 8-14 for
component identification,
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@MANUAL CHANGES

MODEL 1410A

| SAMPLING VERTICAL AMPLIFIER

r :: ,'t Manual Serials Prefixed: 743~
. Manual Printed; MAY IQBB

Make all changes IIsted below as Errata, Check the following table for your instrument serlal prefix and/or serial number

% and make listed change(s) to the manual:
. Serfal Prefix or Number Make Changes Serial Prefix or Number Make Changes
904~ 1
. 1210A 1,2 -
i i I

Throughout this manual, measurements and ediustments are often made to derive indications

ERRATA ‘ Ve ,
' of value per centimeter of display, When this unit is used with an oscilloscope where the

divisions on the CRT are in other than centimeters, selections are per CRT division, '
In certain places throughout this manual, 3 10- centimeter vertical display [s specified for some

‘ : " adjustments, When using this plug-in with oscilloscopes having CRT grid heights less than 10
divisions, select a reduced vertical sensitivity to derive the full disp!ev specified, _

r o Table 6-2,
C123: Change to HP Part No, 0160-0182; 1; C' fxd mica 47 pf 6% 300 vdcw.
Add: L7109: HP Part No, 9170-0016; 1; L.: head ; i

!
!
A !

. " e T Table 7-1, L
: Change Serials Prefixed 619~ to 616—, '

' .Page 8-5, FigureBE R o Vo

Add L109 In series between Cl23 and lhe [unctiqn of L108 and CR!IO

Page B-15, Figure 818,
" Delete connection from C104 to R1 ]3 (shorts R1 11 as drawn).
Delete connection from C304 to R313 (shorts R311 as drawn),

o . *‘ | : . JI) e K
CHANGE 1 Table 8- 2 B T
,R202, R402 Change to HP Part No, 2100 2823 R: var 60k chms 10cc log wldetent.

! R203 R403; Change to HP Part No. 2100 2488; R: var comp 10k chms 120%

Delete R201, R401,. S .
Y main HP Part No 01410-61601; changeto HP Part

J

' M!SCELLANEOUS Cab!e ass
!'; 'No, 01410-61616.
FigureBBand813 .»,‘ ; B
Change schematlc See Figure 1 SR
-F. . .
I'J ' it !

Jl. w' : i : I |
Probe housing assy, HP Part No, 00187-62101; Change to HP Part No

i Table 6:2, Page 6-13,

A’ CHANGE 2 ‘
. Sy "’ MISCELLANEQUS:
- o L 00187-62102. L
o N )f:- MISCELLANEQUS:  Cable assy; probe, HP Part No. 01410-61612; Change to HP Part No. 01410-61617
b l}j ‘ . . IFI ’ . . .
| ‘ ;' D) ' K } i '
. . ) ‘J::I“.,'-i‘ l‘;! _I‘::. ‘ ) a‘ if , ; .

. vy "_‘. !..“; . ' , . ] . '_J‘ . :
Chet i : . ! ST - . Supplement A for
13June 1972 , N y o 0141090902 -

A =Latest additionsto thischange sheet, Do ‘ 'y | o :
{crthis manual S
o }

s Thischanée sheet supersedesalt priarchange sheets .
N A0 " S _‘. Do ) ; o . ! '!1 ] .|' S : o
i - . T . C : : ' . ¥ S e
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