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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the
time of shipment from the factory. Hewlett-Packard further certifies that its calibration
measurements are traceable to the United States National Bureau of Standards, to the extent
allowed by the Bureau’s calibration facility, and to the calibration facilities of other Interna-
tional Standards Organization members.

WARRANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a
period of one year from date of shipment. During the warranty period, Hewlett-Packard
Company will, at its option, either repair or replace products which prove to be defective.

HP warrants that its software and firmware designated by HP for use with an instrument
will execute its programming instructions when properly installed on that instrument,
HP does not warrant that the operation of the instrument, or software, or firmware will
be uninterrupted or error free,

For products returned to HP for warranty service, Buyer shall prepay shipping charges to HP
and HP shall pay shipping charges to return the product to Buyer. However, Buyer shall pay
all shipping charges, duties, and taxes for products returned to HP from another country.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate
maintenance by Buyer, Buyer-supplied sof tware or interfacing, unauthorized modification

or misuse, operation outside of the environmental specifications for the product, or improper
site preparation or maintenance.

NO OTHER WARRANTY 1S EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTI-
CULAR PURPQSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES.
HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY
OTHER LEGAL THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for
Hewilett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
Addresses are provided at the back of this manual.
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Figure 1—1. 214B and supplied Accessories {Option 001 fitted)
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Figure 1—2, Available Rack Mounting Accessories
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General Information

SECTION |
GENERAL INFORMATION

1-1 INTRODUCTION

1-2 This Operating and Service Manual contains informa-
tion required to install, operate, test, adjust and service the
Hewlett-Packard Mode! 214B. Figure 1—1 shows the main-
frame and accessories supplied. This section covers in-
strument identification, description, accessories, specifica-
tions, and other basic information.

1-3 A microfiche version of this manual is available on
4 x 6 inch microfilm transparencies (order number on title
page). Each microfilm contains up to 60 photo-duplicates of
the manual pages. The microfiche package also includes the
latest Manual Changes supplement as well as all pertinent
Service Notes.

1-4 SPECIFICATIONS

1-5 Instrument specifications are listed in Table 1-2.
These specifications are the performance standards or limits
against which the instrument is tested.

1-6 SAFETY CONSIDERATIONS

1—-7 The Model 2148 is a Safety Class 1 instrument (it
has an exposed metal chassis that is directly connected to
earth via the power supply cable).

1-8 This operating and service manual contains informa-
tion, cautions, and warnings which must be followed by the
user to ensure safe operation and to maintain the instrument
in a safe condition,

1-9 INSTRUMENTS COVERED BY MANUAL
1-10 Attached to the rear of this instrument is a serial
number plate (Figure 1-3). The first four digits of the serial
number only change when there is a significant change to the
instrument, The last five digits are assigned to instruments
sequentially, The contents of this manual apply directly to the
instrument serial number quoted on the title page. For instru-

as possible, Hewlett-Packard recommends that you periodically
request the latest Manual Change supplement. The supplement
for this manual is identified with this manual‘s print date and
part number, both of which appear on this manual’s title page.
Complimentary copies of the supplement are available from
Hewlett-Packard. ’

HEWLETT- PACKARD GmbH

1536G 00062

BOBLINGEN .

Figure 1-3, Serial Number Plate

1—11 DESCRIPTION

1—12 The Model 214B is a high power pulse generator
delivering 200 watts pulse power at up to 4 MHz repetition -
rate and 15ns or less transition times. With reduced power,
the repetition rate can be increased to 10 MHz.

1—13 Variable pulse parameters of the 2148 include repeti-
tion rate, width, delay /advance, and duty cycle. In addition,
the 2148B constant Duty Cycle Mode ensures that duty cycle
remains constant with a frequency range, thus main-

taining a constant pulse energy at the output.

1—14 User orientated features of the 2148 include push-
button selection for parameter ranges, calibrated verniers
for continuous setting within these ranges, and LED indica-
tions of timing error and output amplifier overload.

1-15 For a complete description of controls and modes of

operation, refer to Section 111,

1-16 OPTIONS

1—-17 214B-Option 001: This allows a preselected number

of pulses to be generated on receipt of a trigger signal. (Not
retrofittable).

ments with lower serial numbers, refer to the backdating infor-
mation in Section 7 of this manual. For instruments with higher
serial numbers, refer to the Manual Change sheets at the end of
this manual. In addition to change information, the Manual
Change sheets may contain information for correcting errors

in the manual. To keep this manual as up-to-date and accurate

1-18 214B-Options 907, 908 and 909: Provides means
of rack mounting the 214B. Further details are given in
Figure 1-2.




General information Model 2148
Table 1—1. Recommended Test Equipment
aTty INSTRUMENT TYPE RECOMMENDED MODEL { REQUIRED REQUIRED
CHARACTERISTICS FOR
[
1 Digital Multimeter 3465A/8B 10—1000VDC, AC; OHM { AT
Floating Input ;
! 1 Sampling Oscilloscope i 180C Mainframe i ;
f i P !
! ! 1810A Sampling Plug in | 1 GHz Bandwidth P AT
i i
5 .
1 Oscilloscope 1740A ! 100 MHz Bandwidth 'PAT
! . § . | .
; i |
i 1 Counter/Timer 53008 50 MHz ;
| 1 5308A Start-Stop Mode PoAT
1
1 Test Oscillator 651 8 10 MHz Sinewave P . T
i
1 20 dB Attenuator 8491A 20 dB Coax Attenuator P A T
1 20 dB Attenuator 50 W Narda 765-20 20 dB Coax Attenuator 50W P . AT
1 Pulse Generator 80128 10 ns Pulse Width P ; T
7 ;
1 Variac 1solating Transformer AT
H :
"

NOTE: P =Performance Check
A = Adjustment
T = Troubleshooting
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Table 1—2. Specifications
OUTPUT CHARACTERISTICS EXTERNALLY CONTROLLED OPERATION
Pulse Amplitude External Trigger Mode : An output pulse s generated for each
0.3V to 100V into 50 ohm. S ranges with calibrated vemier input pulse.
providing continuous adjustment within ranges. Gate Mode

Vernier Accuracy: t 10% of setting.

Source Impedance
Fixed 50 ohm nominal on ranges up to 10V. Selectable SO ohm
nominal or high impedance on 10-30V and 30— 100V ranges.
(Note: with 50 ochm source and load impedance, 10~30V and
30-100V ranges reduce to 5~ 15V and 1550V respectively).
Polarity: Positive or negative, switch selectable.
- Preshoot, Overshoot and Ringing: < : 5% of pulse amplitude.
Pulse Top Perturbations: < ¢ S% of pulse amplitude.

Transition Times: < 15ns for leading and trailing edges.

TIMING

Repetition Rate
10 Hz to 10 MHz in 6 decade ranges. In 30V —100V amplitude
range, maximum repetition rate is 4 MHz. Calibrated vernier
provides continuous adjustment within ranges.
Vernier Accuracy: * (10% of setting + 1% of full scale).
Period Jitter: < 0.1% + 300ps.

Pulse Position
Pulse Delay
Pulse can be delayed with respect to the Trigger Qutput from
+10ns [+ fixed delay | to +10ms. |[Fixed delay is 50 ns + 10ns).
Pulse Advance
Pulse can be delayed with respect to the Trigger Qutput from
+10ns | - fixed delay | to +10ms. {Fixed delay is 50 ns * 10ns}.
Controls
5 decade ranges with calibrated vernier providing continuous adjust-
ment within ranges.
Vemier Accuracy: * (10% of setting + 1% of full scale) + fixed delay.

Maxi Pulse P Duty Cycle: > 50%.
Position Jitter: < 0.1% + S00ps.
Pulse Width

25ns to 10ms in 6 decade ranges. Calibrated vernier provides
continuous adjustment within ranges.
Vernier Accurnacy: ¢ (10% of setting + 1% of full scale + Sns).
Width Jitter: <0.1% + 500ps.
Maximum Duty Cycle
2 10% for 30— 100V amplitude range.
# 50% for all other ranges. (max. 10 ms width)
Constant Duty Cycle Mode (Dissbled in External Trigger Mode)
Duty cycle of output pulse (hence output power) remains constant
when the pulse period is changed. In this mode the duty cycle limits are:
Typically 8% fixed for 10M — 1| MHz {requency range (max. frequency
4 Mliz without loss of amplitude)
2.5% to 10% for 1| M — .1 MHz frequency range
.25% to 10% for .1 MHz ~ 10 kHz frequency range
0.1% 1o 10% for all other frequency ranges

Calibrated vernier provides continuous adjustment within duty cycle ranges.

Vemnier Accuracy: ¢ (15% of setting + 1% of full scale).

Double Pulse
5 MHz maximum in all ranges except 30V - 100V range. In 30V - 100V
range, the maximum frequency is 2 MHz. Minimum separation
is 100ns.

Trigger Output
Amplitude: > + 5V (from 50 ohm into open circuit).
Pulse Width: 10ns typical.
Source Impedance: 50 ohm nominal.

Gating signal turns on repetition rate generator. First pulse occurs after
start of gate signal. and last pulse is always completed even if gate ends
during generation of last pulse.

Burst Mode (Optional)
Preselected number of pulses generated on recept of tnigger signal.
Number of Pulses: | to 9999.
Minimum Spacing between Bursts: 200ns.
External Input
Repetition Rate - DC to 10 MHz.
Sensivitiy: 500mV peak to peak, dc coupled.
Slope:  Positive or negative.
Trigger Level: Continuously adjustable from -5V to +5V.
Maximum Input Level: * 100V,
Trigger Pulse Width: > 10ns.
Input Impedance: 10k ohm nominal.
Manual
Pushbutton can be used for:
— triggering single pulses (EXT TRIGGER Mode)
— generating gate signals (GATE Mode)
- triggering pulse bursts (BURST Mode)
GENERAL
Environmental : Instrument operates within 0°C to 55°C.
Power Requirements
100V, 120V, 220V or 240V, +5%, - 10%. 48 Hz to 66 Hz. 360VA max.
Weight : Net 13.6 kg (30.1 Ib), shipping 15.6 kg (34.3 1b).

Dimensions
133mm high, 426mm wide, 422mm deep (5.2 x 16.8 x 16.6 inches).

NOTES L 2
1. Dimensions are for general information only.

If dimensions are required for building spe-

cial enclosures, contact your HP field engi-

neer.

2. Dimensions are in millimetres and (inches).

TR T
— =

OPTIONS

Option 001
Burst. Preselected number of pulses generated on receipt of trigger
signal. Number of Pulses: 1 10 9999.

Option 907

Front Handle Kit, part number 5061 —0089.
Option 908

Rack Mounting Kit, part number 5061 -0079
Option 909

Combined Front Handie and Rack Mounting Kit,
part number 5061-0083.
Option 910
Additional Operating and Service Manual
Data subject to change

EURIR IRV THE T TS TIV RORPRIRINUEIEN N EY I Ll VLULELE CREPOEE




Model 214B Installation

SECTION 1l
INSTALLATION

2-1 INTRODUCTION

2-2 This section provides installation instructions for the
instrument and its accessories. It also includes information
about initial inspection and damage claims, preparation for use,
and packaging, storage and shipment.

2—3 INITIAL INSPECTION

2—-4  Inspect the shipping container for damage. if the con-
tainer or cushioning material is damaged, it should be kept
until the contents of the shipment have been checked for com-
pleteness and the instrument has been checked mechanicaily
and electrically, The contents of the shipment should be as
shown in Figure 1—1 plus any accessories that were ordered
with the instrument. Procedures for checking the electrical
operation are given in Section 4. If the contents are incomplete,
if there is mechanical damage or defect, or if the instrument
does not bass the operator’s checks, notify the nearest Hewlett-
Packard office. Keep the shipping materiais for carrier’s inspec-
tion. The HP office will arrange for repair or replacement with-
out waiting for settlement,

2-5 PREPARATION FOR USE
2—-6 Power Requirements

2-7 The instrument requires a power source of 100V, 120V,
220V or 240V {+5%, —10%) at a frequency of 48 to 66 Hz
single phase. The maximum power -consumption is 380V A.

2—8 Line Voltage Selection

CAUTION

BEFORE SWITCHING ON THIS INSTRUMENT make sure
that the instrument is set to the local line voltage.

2—9  Figure 2—1 provides information for line voltage and
fuse selection:

4 AMP FUSE
f 1
100 v 120 v 220 v 40 v

SE
< <

Figure 2—1. Switch Settings for the various Nominal Power-
line Voltages

2 AMP FUSE

2—10 Power Cable

WARNING I

To avoid the possibility of injury or death, the following pre-
cautions must be followed before the instrument is switched
on:

a. If this instrument is to be energized via an autotransfor-
mer for voltage reduction, make sure that the common
terminal is connected to the grounded pole of the power
source.

b. The power cable plug shall only be inserted into a socket
outlet provided with a protective ground contact. The pro-
tective action must not be negated by the use of an extension
cord without a protective conductor.

c. Before switching on the instrument, the protective
ground terminal of the instrument must be connected 0 a
protective conductor of the power cable. This is verified by
checking that the resistance between the instrument chassis
and the front panels of all modules in the instrument and the
ground pin of the power cable plug is zero ohms.

2-11 Inaccordance with international safety standards, this
instrument is equipped with a three-wire power cable. When
connected to an appropriate ac power receptacle, this cable
grounds the instrument cabinet. The type of power cable
shipped with each instrument depends on the country of des-
tination, Refer to Figure 2—2 for the part number of the power
cords available.

2—12 If the plug on the cable supplied does not fit your
power outlet, then cut the cable at the plug end and connect a
suitable plug. The plug should meet local safety requirements
and include the following features:

Minimum current rating of 4A
Ground connection
Cable clamp.

The colour coding used in the cable will depend on the cable
supplied (see Figure 2—-2).

2-1
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Installation

NEMA TYPE ANSI73.H
HP Part No. 8120-1348

SCHUKO TYPE CEE ?
HP Part No. B120--1689

LINE = BLACK
NEUTRAL = WHITE
GROUND = YELLOW/GREEN

LINE = BROWN
NEUTRAL = BLUE
GROUND = YELLOW.GREEN

B.5.1363
HP Part No. 81201351

ASC 112
HP Part No. 8120~1369

LINE = BROWN
NEUTRAL = BLUE
GROUND = YELLOW. GREEN

LINE = BROWN
NEUTRAL = BLUE
GROUND = YELLOW GREEN

Figure 2—2. Power Cables Available: Plug ldentification

2—13 Operating Environment

2—-14 The instrument will operate within specifications when
the ambient temperature is between 0°C and 55°C.

2—-15 FRONT HANDLE/RACK MOUNTING

2-16 Figure 1-2 shows the possible handle/rack-mounting
configurations, If handles are fitted and subsequently need to
be removed, the plastic trim must first be taken off as shown in
Figure 2-3.

LM 8 corner Of the DIASIK 16 woh 3 Crewlriver
a1 Gve 2 HHD 140 1 the Our 610N OF the dreom

Figure 2—3. Removing Plastic Trim

Model 214B

2—-17 CLAIMS AND REPACKAGING
2—-18 Claims for Damage

2-19 |f physical damage is evident or if the instrument does
not meet specification when received, notify the carrier and the
nearest Hewlett-Packard Sales/Service Office. The Sales/Service
Office will arrange for repair or reptacement of the unit with-
out waiting for settlement of the claim against the carrier.”

2—20 STORAGE AND SHIPMENT

2-21 Theinstrument can be stored or shipped at temperatures
between —40°C and 759C. The instrument should be protected
from temperature extremes which cause condensation within
the ingtrument.

2-22 If the instrument is to be shipped to a Hewlett-Packard
Sales/Service Office, attach a tag showing owner, return address,
model number and fult serial number and the type of service
required. The original shipping carton and packaging material
may be re-usable but the Hewlett-Packard Sales/Service office
will also provide information and recommendations on materials
to be used if the original packing is not available or re-usable.
General instructions for re-packing are as follows: ’

1. Wrap instrument in heavy paper or plastic.

2. Use strong shipping container. A double wali carton
made of 350-pound test material is adequate.

3. Use enough shock-absorbing material {3 to 4-inch layer)
around ali sides of instrument to provide firm cushion and
prevent movement inside container. Protect control panel
with cardboard.

4. Seal shipping container securely,

5. Mark shipping container FRAGILE to encourage care-
ful handling.

6. In any correspondence, refer to instrument by model
number and serial number.
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NORM. Pushbutton for selecting internal repeti-
tion rate.

EXT TRIG. Pushbutton for selecting external
trigger source. In this mode an output pulse is
generated for every transition (slope selectable at
€D ) at the EXT INPUT connector, or for each
momentary operation of the MAN pushbutton @

GATE. Pushbutton for selecting gating mode of
operation. In this mode, output pulses are generated
for the duration of a signal applied to the EXT
INPUT connector, or for as long as the MAN push-
button @ remains pressed.

BURST. (Option 001). Pushbutton for selecting
burst mode of operation. In this mode a preselected
number of pulses are output on receipt of a

signal at the EXT INPUT connector, or by
momentary operation of MAN pushbutton @

NUMBER OF PULSES {(Option 001}, Thumb-
wheel switch for presetting the number of output
pulses in burst mode.

8 % FXD LED. Provides visual indication that
duty cycle is fixed at 8 % and will remain constant
should frequency vernier @ be adjusted. Width
pushbuttons ) and vernier @) are disabled
when this LED is illuminated.

2.5—10 % LED. Provides visua! indication that duty
cycle can be varied within the limits 2.5—10 %, and
that once set, will remain constant should fre-
quency vernier €9 be adjusted.

e
i R S e s SR S

SR

o

® 6 8 O o6

Model 2148

SLOPE. Slide switch for selecting trigger slope of
external signal or for selecting manual command
operation.

MAN. Pushbutton for providing a manual trigger

in EXT TRIG mode, or gate signal in GATE mode.
When Option 001 is fitted, this switch also provides
a trigger signal for a pulse output burst.

SINGLE PULSE (Option 001). Pushbutton for
providing a single pulse output in BURST mode.

LINE OFF/ON. Switch for applying primary ac
power to the instrument.

LINE LED. Indicates when primary ac power is
applied to the instrument. ~

EXT INPUT LEVEL. Control for adjusting trigger
level of external input signal.

FUSE. Accepts standard fuses to provide instru-
ment protection in case of current overload. A 2A
slow-blow fuse must be used when operating from
240V/220V power source. A 4A fuse is used when
operating from 100V/120V power source.

VOLTAGE SELECTOR. These switches connect
the internal power transformer to accept the
primary power source voltage. BOTH SWITCHES
must be set to the position marked for the power
source being used.

LINE. A three-pronged receptacle to provide
chassis ground through the power cable for
operator protection.
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SECTION 11I
OPERATION

3-1 INTRODUCTION

3—2 This operating section explains the functions of the
controls and indicators of the Model 2148 Pulse Generator.
Front and rear panel controls and connectors are identified
and briefly described in Figure 3—1. A more detailed des-
cription of the control and connector functions is given in
the following paragraphs.

3-3 SPECIAL OPERATING CONSIDERATIONS

3—4 Prior to operating the Model 2148, the operator
should familiarise himself with the controls and connectors
by reading this section in its entirety.

WARNING l

When operating in the 30-100V amplitude range, the
output voltage is dangerous to life. Care should there-
fore be taken when connecting the 2148 to external
instruments.

3-5 The following steps should be taken before applying
power to the 214B.

a) Read the safety summary at the front of this manual.

b} Be sure the power selector switches are set properly
for the power source being used to avoid instrument
damage.

CAUTION

Do not change the LINE SELECTOR switch setting
with the instrument on or with power connected to
the rear panel.

c) When connecting the 214B to an external device,

ensure that the device cannot be overloaded by the
2148 output.

3—-6 OPERATING MODE

3-7 The 214B operating mode is selected by pressing one
of three pushbuttons.

— NORM when rate is determined by the internal
generator.

— EXT TRIG when an external trigger source is connected.
— GATE when the internal repetition rate generator needs
to be switched on only for the duration of an external

gating signal.

3-8 A more complete description of these three operating
modes is given in the following paragraphs.

3-9 NORM MODE

3—-10 With this mode selected, the frequency is set via

the RATE pushbutton row and the calibrated RATE vernier.
For each pushbutton selection of rate range, a correspond-
ing period range is shown to simplify adjustment of pulse
position and pulse width, i.e. correct timing is assured when
the pulse position and pulse width settings are less than the
selected period.

3-11 EXT TRIGGER MODE

3—-12 With external trigger mode selected, a 214B output
pulse is generated either by applying an external trigger
signal to the EXT INPUT connector or by operation of the
MAN pushbutton.

3-13 When operating from an external trigger source, the
trigger signal can be from dc to 1T0MHz, with minimum
amplitude 0.5V centred on the trigger level, and minimum
pulse width 10ns. The trigger slope is then selectable via the
SLOPE slide switch, and trigger level adjustable between
—5V and +5V via the EXT INPUT LEVEL control.

NOTE:

To avoid incompatible timing settings, the pulse position
and pulise width settings should each be less than the
period of the external trigger signal.

3-14 When using the MAN pushbutton to generate an out-
put pulse, the SLOPE slide switch must be set to MAN, and
then a single pulse is generated every time the MAN push-
button is pressed. Other front panel controls are set to
obtain the desired puise characteristics e.g. pulse position,
pulse width, amplitude.

3-1
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3-15 GATE MODE

3—16 With gate mode selected, the internal repetition rate
generator is turned on either by applying an external signal
to the EXT INPUT connector or by operation of the MAN
pushbutton.

3—17 If an external signal is applied, then pulses occur at
the 214B output when:

a) with positive slope selected, the external signal is
more positive than the selected trigger level {selected
by EXT INPUT LEVEL control). See figure 3—2.

b) with negative slope selected, the external signal is
more negative than the selected trigger level. See
figure 3-2.

SELECTED TRIGGER LEVEL

GATE SIGAAL

iy GUTRLT

FOIS STOIPE o el ' l ' l ' l ’ l , l I l , l ‘ l
LYk U TROT

SEU SLOPE ety teede __—_rLI_Lruj—_I_LrL
Figure 3—2 2148 Outputs in Gate Mode

In either case, the effective period of the gate signal should
be greater than the period selected at the RATE/PERIOD
controls. Also, as in NORM trigger mode, pulse position
and pulse width settings should be less then PERIOD
setting to avoid timing errors.

3—-18 When using the MAN pushbutton to generate output
pulses, the SLOPE slide switch must be set to MAN, then
214B output pulses occur for as long as the MAN push-
button remains pressed. Other front panel controls are set
to obtain the desired pulse characteristics e.g. frequency,
delay, width etc.

3—19 PULSE POSITION

3—20 The output pulse of the 214B can be delayed or
advanced with respect to the trigger output, according to
the setting of DELAY/ADVANCE slide switch. in either
case, the range is selected via the PULSE POSITION push-
button row, and exact setting accomplished via the PULSE
POSITION calibrated vernier.

3—21 In the event of the selected delay/advance being
greater than the selected period, the TIMING ERROR LED
will be illuminated and remain illuminated as long as this
error relationship exists. (Note: the TIMING ERRQOR LED
functions only in NORM mode).

3-22 For DOUBLE PULSE operation, the PULSE POSI-
TION controls are used to set the delay between the start of

3-2

Model 2148

the first pulse and start of the second pulse. In this mode,
the folfowing timing conditions should be observed for a
true output:

a) the pulse position setting less than the selected
period. {Note: in this mode, range 10n—.1u is not
specified)

b} the minimum separation between the first and second
pulse {see figure 3—3) is the minimum setting of the
selected pulse position range e.g. in Tm—10m pulse
position range, minimum separation is 1ms.

vestt- SEPARATION - Bowmy
t

-
1
]
)
[,

e

. PULSE !
- eosiTion ™ i

'._‘,—_,__..___.___ PERIOD —-————.-4

Figure 3—3. Timing parameters in Double Pulse Mode.

3-23 DUTY CYCLE

3—-24 Duty cycle is defined as the percentage ratio of pulse
width to pulse period. With the 214B, a DUTY CYCLE
pushbutton is provided, whereby:

— if released, the WIDTH pushbutton row is operational,
and the vernier provides continuous width adjust-
ment within the selected range. In this case, the width
remains constant when the period is changed, hence
duty cycle varies with frequency.

— if pressed, then only the DUTY CYCLE range push-
buttons are operational, and the vernier provides
continuous adjustment of duty cycle within the
selected range. Once set, the duty cycle remains
constant in the event of a frequency change. This
feature is referred to as Constant Duty Cycle Mode
of operation.

3—-25 When the DUTY CYCLE pushbutton is released, the
pulse width is set via the WIDTH pushbutton row and related
vernier, the duty cycle then being operator — calculated by
relating this time to the output pulse period. The maximum
duty cycle in this case {whether internal or external trigger)
is:

— at least 10 % for the 30—100 V amplitude range

— at least 50 % for all other amplitude ranges {(up

to a max. pulse width 10 ms)

If the maximum allowed duty cycle is exceeded, the 2148
output will be automatically disabled and thus safequarded
from overload.

The disabled condition is generally indicated by the
OVERLOAD LED. At rates above 4 MHz, however, the

wecadtbabibucin me 0w
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LED may not operate. Consequently, the user should verity
width/period settings and not rely on the LED when
operating at higher rates.

The output is automaticatly re-enabled when the width/
period relationship is adjusted for a duty cycle at or below
the allowed maximum.

3—-26 CONSTANT DUTY CYCLE MODE

3-27 The constant duty cycle mode is selected by pressing
the DUTY CYCLE pushbutton, and only functions when the
internal trigger is in operation i.e. NORM mode, GATE
mode, and BURST mode if option 001 is fitted.

3—28 When operating in constant duty cycle mode, diffe-
rent duty cycle limits exist according to the rate setting.
These are:

typically 8 % fixed in the 1IMHz—10MHz rate range
— 2.5-10% in the .1MHz—-1MHz rate range.

— .25-10% in the 10 kHz — .1 MHz rate range.

— 0.1-10 % for all other frequency ranges.

For the two highest rate ranges, the duty cycle limits are
indicated by an illuminated LED. In those rate ranges where
the constant duty cycle can be adjusted {1MHz and lower},
the duty cycle is set via the DUTY CYCLE range push-
buttons and duty cycle ve; nier.

Whereas the settings on this vernier correspond to width
times, when the DUTY CYCLE pushbutton is released,
they are now used to set percentage duty cycle.

3—29 AMPLITUDE

3—-30 The Model 2148 output amplitude is determined
primarily by the AMPLITUDE pushbutton row and

Operation

AMPLITUDE vernier. Also affecting the output amplitude
are the 214B source impedance and the foad impedance.

In the .3—1-3—10V amplitude ranges, the source impe-
dance is a fixed 50 ohm, and the amplitude indicated by
the pushbutton range and vernier setting is true when
operating with a 50 ohm load.

With a high load impedance in these ranges, the front panel
amplitude indication is one-half of the actual amplitude.
On the 10—30-100V amplitude ranges, the source
impedance is selectable via the INT LOAD pushbutton.
When this pushbutton is in the released position, a high
source impedance exists, and when depressed, a 50 ohm
source impedance is switched in. The lower amplitude scale
{10—30—100) applies when either the load or the source
impedance is high {(NOTE: one 50 ohm termination must
remain). The upper scale {5—-15-50) applies when both
source and load impedances are 50 ohm. When the source
impedance is high, the HiZs LED is illuminated.

3—-31 POLARITY

3—32 The polarity slide switch is used to set the polarity
of the selected amplitude with respect to 0V. e.g. with
amplitude set to 36V and polarity set to NEG, then the
output pulse transitions between 0V and —36V.
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Performance Tests

SECTION IV
PERFORMANCE TESTS

4-1 INTRODUCTION

4-2 The procedures in this section test the electri-
cal performance of the pulse generator using the specifi-
cations of Table 1—2 as performance standards. All tests
can be performed without access to the interior of the
instrument.

4-3 EQUIPMENT REQUIRED

4-4 Equipment required for the performance tests
is listed in Table 1—-1, Recommended Test Equipment. Any
equipment that satisfies the critical specifications given

in the table may be substituted for the recommended
model(s).

4-5 TEST RECORD

4-6 Results of the performance tests may be tabu-
lated on the Test Record at the end of the test procedures.
The Test Record lists all of the tested specifications and
their acceptable limits. Test results recorded at incoming
inspection can be used for comparison in periodic main-
tenance, troubleshooting, and after repairs or adjustments.

4-7 PERFORMANCE TESTS

4-8 The performance tests given in this section
are suitable for incoming inspection, troubieshooting, or
preventive maintenance. During any performance test, all
shields and connecting hardware must be in place. The
tests are designed to verify the published instrument
specifications, perform the tests in the order given and
record the data on the test card and/or in the data spaces
provided at the end of each procedure.

4-9 Each test is arranged so that the specification
is written as it appears in Table 1—2. Next, a description
of the test and any special instructions or problem areas
are included. Each test that requires test equipment has
a setup drawing and a list of the required equipment.
The inital steps of each procedure give control settings
required for that particular test.

AR A S R O T L e
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PERFORMANCE TESTS

4-10 REPETITION RATE; VERNIER ACCURACY

SPECIFICATION:

Repetition Rate 10 Hz to 10 MHz in six decade ranges.

In 30V — 100V amplitude range, maximum repetition rate is 4 MHz.
Calibrated vernier provides continuous adjustment within ranges.
Vernier Accuracy: X (10% of setting + 1% of full scale).

EQUIPMENT:
Counter/Timer
50 {2 Feedthrough

2148
| s § CIL 0T 3 COUNTER TIMER
of—JO O 0 O Y nm—)
[e} o 0 o ? 9]
TG ouT mSOilFEEDTHROUGH
Figure 4—1.

1. Connect equipment as shown in Figure 4—1 and set 214B controls as follows:
MODE ... . e e NORM
PERIOD Range . ... ...t A — 1
PERIOD Vernier ... ... . ... it iiiinnnnn.. 10
POSITIONRange. . . . ... .. ittt i i e 10n - .1u
POSITION Vunier ... . . i i 1
DUTY CYCLE % ..ottt it et eee e -

DUTY CYCLE Range .........c.ooiiiuinn.. - (
DUTY CYCLE Vernier ............ciivn.. - ’
WIDTH RANGE ... ... ... it .

AMPLITUDE Range ............. ... ... 3-10

AMPUITUDE Vernier .. ... ... 3

INT LOAD ... e e .

SLOPE . e .

DEL/ADV/D.P. . .

POLARITY . e e e *

»

= don’t care

2. Set counter to Period or Period AVG to get the best resolution.

st Bl it e i
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Performance Tests

3.  Set PERIOD VERNIER exactly to 10.
Switch from range to range and check that
Counter/Timer reading is within the listed results.

4, Set PERIOD VERNIER exactly to 1.
Switch from range to range and check that
Counter/Timer reading is within the listed results.

5. For checking dial tracking set PERIOD VERNIER
exactly to the listed settings and check results.

PERIOD RANGE | VERNIER | RESULT
SETTING
Au— 1y 10 890ns — 1110ns
1u—10u 10 8900ns — 11100ns
10u— .1Tm 10 89us — 111us
Am — 1m 10 890us — 1110us
im — 10m 10 8900 s — 11100us
10m — .1 10 89ms — 111ms
PERIOD RANGE VERNIER | RESULT
SETTING
10m — 1 1 8000us — 12000 us
Im — 10m 1 800us — 1200us
Am - 1m 1 80us — 120us
MWu—-.1m 1 8000ns — 12000ns
Tu —10u 1 800ns — 1200ns
Ay — 1y 1 80ns — 120ns
PERIOD RANGE VERNIER | RESULT
SETTING
1u —1u 2 170ns — 230ns
1u -1y 3 260ns — 340ns
Tu —-1u 4 350ns — 450ns
Tu—-1yu 5 440ns — 560ns
Tu—-1u 6 530ns —670ns
Tu—-1u 7 620ns — 780ns
Tu—-1u 8 710ns — 890ns
Tu-1u 9 800ns — 1000ns
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4-11

PULSE POSITION: DELAY; ADVANCE; VERNIER ACCURACY

SPECIFICATION:

DELAY: Pulse can be delayed with respect to the Trigger Output from +10ns (+ fxd delay)

to *10ms in 5 decade ranges. | Fixed delay is 50 ns *+ 10 ns i
ADVANCE: Pulse can be advanced with respect to the Trigger Qutput from +10 ns (—fxd delay)
to +10 msin 5 decade ranges. | Fixed delay is 50 ns £ 10 ns |

VERNIER: Accuracy £ (10% of setting + 1% of fuil scale) + fixed delay .
Fixed delay is 50 ns £ 10 ns.

EQUIPMENT:

Sampling Oscilloscope

2 x 20dB Coax Attenuator
2 x 50 Q Feedthrough
Counter / Timer

CAUTION: Do not overload Attenuators and Oscilloscope Inputs.

1.

SAMPLING
OSCit LOSCOPE

2148
| m—§ C OO
°oCJO 0 0 O A B
o ?¢0°
TRIG 2048
ourt COAX ATTEN
CABLES EQUAL LENGTH

Figure 4-2.

Connect equipment as shown in Figure 4—2 and set 214B controls as follows:

MODE .. e NORM
PERIOD Range .. .. ... ittt A — 1u
PERIOD Vernier ... ... . ittt it i e 10
POSITIONRANGe. . . . . o i i ittt et e e e e 10n - .1u
POSITION Vernier. . .« « c v vt et e et e e e et e aeee e et 10

DUTY CYCLE % ... ... it Depressed
DUTY CYCLE Range ... ... ... ... .

DUTY CYCLE Vernier ... ... ... . . ... . iuii.-. .
AMPLITUDE Range . ......... ... 'iiueiuue... 1-3
AMPULITUDE Vernier . ... .. ... .. ... .. as required
INT LOAD .. e e .

SLOPE . e .
DEL/ADV /D.P. . . . e e DELAY
OUTPUT POLARITY ... i i POS

* = don't care
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PERFORMANCE TESTS

2.  Trigger Sampling Oscilloscope to Channel A and set Timebase to 20ns/DIV.,

3. Ensure that POSITION VERNIER is set exactly to 10, and measure time between
TRIG OUTPUT and OUTPUT signal. RESULT: 129 ns — 171 ns.

4, Set VERNIER exactly to 1 and check that delay is 48 ns — 72 ns.
5.  Switch 214B to ADVANCED and with VERNIER set to 1 delay should be 28 ns — 52 ns.

6.  Set Vernier exactly to 10 and measure time between OUTPUT and TRIG OUTPUT signal.
RESULT: 29 nsto 71 ns.

8.  Change test setup to that shown in Figure 4—3 to check DELAY RANGES. .1y —1uto Tm—10m.

2148

— [ [ cvmsae J e B s COUNTER TIVER

o—J0 0 0 O o
[e) > 0 0 O 0

§0L: FEEDTHROUGH

CABLES EQUAL LENGTHL

Figure 4-3.

9. Set 214B controls as follows:

MODE ... . e e NORM
PERIOD Range ........ ... . ... iinnnann. 10m — .1
PERIOD Vernier .. ... ... ...ttt 10
POSITIONRange ............. . ... A — 1
POSITION Vernier. . . ... ... .. .. . ... 10

DUTY CYCLE . ... . i e e ieeie Depressed
DUTY CYCLE Range .. ...... ... .coiiviniann. .

DUTY CYCLE Vernier . ... ... .. ... .ieeiunnmn. .
AMPLITUDE Range ..............c.tiennon.. 1-3
AMPLITUDE Vernier . ... ..... ...t eeueennnn as required
INT LOAD .. e e e e e .

SLOPE . e e .
DEL/ADV/D.P. .. . e DEL
OUTPUT POLARITY . e iea POS

* = don’t care
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10.

11.

Measure time between positive going edge of Trigger and positive going edge of Output signal for

specifications. First with POSITION VERNIER set exactly to 10 and then with POSITION
VERNIER exactly set to 1.

POSITION VERNIER RESULT VERNIER | RESULT

RANGE SETTING SETTING
A — 1 10 93 us — 1.170 us 1 120 ns — 180 ns
Ty —10pu 10 8.94 us ~ 11.16 us i B840 us — 1.26 us
0yg—.1m 10 89.04 us — 111.06 us 1 8.04 us — 12.06 us
Am— 1m 10 890 us — 1110 us 1 80 us — 120 ps
Tm — 10m 10 8900 us — 11100 us 1 800 us — 1200 us

For checking dial tracking set POSITION VERNIER exactly to the listed settings

and check results.

POSITION VERNIER RESULT

RANGE SETTING

Tm-10m 2 1700 s — 2300 Hs
3 2600 ys — 3400 us
4 3500 ys — 4500 us
5 4400 ys — 5600 us
6 5300 ys — 6700 us
7 6200 us — 7800 us
8 7100 ys — 8900 us
9 8000 ys — 10000 us
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4-12 PULSE WIDTH; VERNIER ACCURACY; MAX. DUTY CYCLE

SPECIFICATION:
WIDTH 25ns to 10ms in 6 decade ranges continuously adjustable by vernier.
VERNIER ACCURACY - {10% of setting + 1% of full scale)
+{10% of setting + 1% of full scale + 5ns).
DUTY CYCLE = 10% for 30— 100V amplitude range
2 50% for all other ranges
EQUIPMENT:
Sampling Oscilloscope
20dB Attenuator
20dB Attenuator 50W
Tee

CAUTION: Do not overload Attenuators and Oscilloscopes Inputs.

SLAPL G
OSCILLOSCOPE

2148

| souweian § CCoOCOCc o T3

°@OOOO

Figure 4—4.

1. Connect equipment as shown in Figure 4—4 and set 2148 controls as follows:

MODE .. . . . . e NORM
PERIOD Range . ... ... .. . . ... e, T — 10u
PERIOD Vernier . .. . ... . .. . ... 10
POSITION Range. . . . .. .. ... ... ... 10n — .1
POSITION Vernier. . . . .. ... .. .. . e 10
DUTYCYCLE % . ...... ... . .. i, Released
WIDTH Range ... ....... .. .. . . .. . ..ciiee... 25n — 1u
WIDTH Vernier .. ... ... .. . ... . . .. 2.5
AMPLITUDE Range . ......... ... . ... 10-30
AMPLITUDE Vernier ........ ... ... .. . .0ciueun. 3 (30V)
INT LOAD . ... e Depressed
SLOPE .. e .
DEL/ADV/D.P. .. e e DEL
OUTPUT POLARITY i PCS

* = don‘t care

2. Measure pulse width at 50% of amplitude with WIDTH VERNIER set exactly to 2.5.
RESULT: 21.5 — 33.5ns.

RN
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9.

Set WIDTH VERNIER exactly to 10. Pulse Width should be 89 — 116ns.

Select .12 — 14 WIDTH range and check pulse width with WIDTH VERNIER set to 10;
RESULT:.890u — 1.115us.

With VERNIER setto 1; RESULT: 80 ns — 125 ns.

Select .1 — 1u PERIOD range and set PERIOD vernier to 3 and adjust the Sampling

Oscilloscope so that one period is displayed.

Increase WIDTH {duty cycle). RESULT: Maximum Duty Cycle must be 2> 50% before signal
disappears and 2148 OVERLOAD LED is illuminated.

Select 25 n — .1 u WIDTH range and set OUTPUT AMPLITUDE to 100V {50V).

Increase WIDTH and check that Duty Cycle is 2 10% before 214B QUTPUT is switched off
and OVERLOAD LED is on. Switch 214B to 1—-3 V AMPLITUDE range.

2148
— o O cC— T—3 COUNTER TIMER
oCJO0 O 0O of 1
[eX¢] D ) ? O
5012
Figure 4—5.

Change Test setup as shown in Figure 4—5 to measure Pulse Width in the 4 highest
ranges. Set 214B controls as follows:

MODE .. ... . . e e NORM
PERIOD Range .. ......... it 10m — .1
PERIOD Vernier . . .. ... ... ittt 3
POSITIONRange. . . .. ... ...t *
POSITION Vernier. . . ... ... ...t o

DUTY CYCLE % ... .. i it Released
WIDTH Range .. ... ... it u — 10u
WIDTH Vernier . ... ... . ... .0t iiennnnnn 1
AMPLITUDERange ...............ciuuriun.. 1-3
AMPLITUDE Vernier . ... ....... ... ... 3 (3v}
INT LOAD ... . e .
SLOPE . e -
DEL/ADV/D.P. ... . . e DEL
OUTPUT POLARITY ... ... . i PQOS

* = don't care
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10. Trigger Counter/Timer Channel A to __//-and Channel! B to M\_ and check Pulse Width

11.

for specifications,

Check Vernier Accuracy for specifications as listed.

WIDTH RANGE {VERNIER|RESULT VERNIER RESULT
SETTING SETTING
n — 10u 1 .Bus —1.205us 10 8.90us — 11.10Ms
10u— .1m 1 8.00us —12.00us |10 89.0us — 111.0Ms
Am - 1m 1 80 us — 120 us 10 890us — 1110us
Im — 10m 1 800 us — 1200 us |10 8900us — 1110045
WIDTH RANGE | VERNIER | RESULT
SETTING
1m — 10m 9 8000us — 10 000 us
1m — 10m 8 7100 us — 8900Us
1m — 10m 7 6200 us — 7800us
1m — 10m 6 5300us — 6700us
1m — 10m 5 4400 us — 5600us
1Im — 10m 4 3500 us ~ 4500us
1m — 10m 3 2600us — 3400us
1Im— 10m 2 1700us — 2300us
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4-13 CONSTANT DUTY CYLCE; VERNIER ACCURACY

SPECIFICATION :
Duty cycle of output pulse remains constant when pulse period is changed.
Typically 8% fixed for 10—1 MHz frequency range
2.5% to 10% for 1 — .1 MHz frequency range
.25% to 10% for .1 MHz — 10 KHz
1% to 10% for all other frequency ranges
Vernier Accuracy * {(15% of setting + 1% of full scale)

EQUIPMENT:
Sampling Oscilloscope
Counter/Timer
50€2 Feedthrough
Tee
20dB Attenuator

CAUTION: Do not overload Attenuators and inputs SAMPLING
OSCILLOSCOPE
2148
COUNTER, TIMER — CCOCDOCS &2
o[ o 1
o0 ? [<] OTRIGO o o o] ?
L]
t]so:zresomnouqu { I;o‘,e .
] '
______________________________ 4
Figure 4—6
1. Connect equipment as shown in Figure 4—6 and set 214B controls as follows:
MODE ... .. . . . e e e NORM
PERIOD Range . ..........cc.i'iimmunennnn.. g — 1u
PERIOD Vernier . ... ... .. ..o iiiinennnnn. 10
POSITIONRange. . . ..... .. iiieeiinannn 0n — .1u
POSITION Vernier . . ... . ...ttt 1
DUTY CYCLE % .... ... @ ittt Depressed
DUTY CYCLE Vernier ... ........... . ..... .
DUTY CYCLERange .............0cuiuuuenn. .
AMPLITUDE Range . ........... .. cevunn 1-3
AMPLITUDE Vernier . . ... ... ............... 3 (3V)
INT LOAD . .. . ... i e ee e .
SLOPE e e e .
DEL/ADV/D.P. . e e e DEL
OUTPUT POLARITY .. it e e e POS

* = don't care
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Adjust 2148 PERIOD VERNIER for exactly 1000ns reading on counter and measure output
pulse width. RESULT: typically 80ns. (8%). Fixed duty cycle is indicated by LED.

3. Select 1us — 10us PERIOD range and adjust PERIOD for 10 000ns. (2.5—10% duty cycle
range is indicated by LED}.
4.  Set DUTY CYCLE VERNIER (WIDTH VERNIER) to 2.5 and measure pulse width.
RESULT: 202.5 — 297.5ns.
5. With VERNIER set to 10 width should be 840 — 1160ns.
NOTE: Trigger Sampling Oscilloscope EXT after adjusting PERIOD with Counter/Timer,
{
2148
[ e ) oo T COUNTER/TIMER
of JO OO0 O of .
00 D o O ? 9
TEE
5012
Figure 4—7
6.  Change Test Setup as shown in Figure 4—7 and set 214B controls as follows:
MODE ... .. . it i et ininaneenn NORM
PERIOD Range . ........tvvieneeennnnn 10m - .1
PERIOD Vernier ... ...ttt ennnnns 10
POSITIONRange. . . ...t iiniennn, 10n - 1p
POSITION Vernier. . .. ... .ot eninnnnnn 10
DUTY CYCLE % . ... .ttt i iaiinnanannn Depressed
DUTY CYCLE Range  .........civeunnnnnn d -1
DUTY CYCLE Vernier . ........ucieieunnnn. 1
AMPLITUDE Range . .......citieiieencnnns 1-3
AMPLITUDE Vernier . ......ueeeeeteneneennn 3 (3V)
INT LOAD ... . ittt e it e ieieennn *
SLOPE .. e et et .
DEL/ADV/D.P. ... it i i DEL
OUTPUT POLARITY . ittt it et iieeeannn POS

* = don’t care

Trigger Counter/Timer channel A to ./ and channel B to "\.. Switch to PERIOD and
adjust 214B PERIOD for exactly 100.0ms.

Set 214B DUTY CYCLE VERNIER exactly to 1 (.1%) and switch Counter/Timer to Time
Interv. A to B . RESULT: 75 — 125us.

Set DUTY CYCLE VERNIER exactly to 10 (1%) and measure pulse width . RESULT: 840 —
1160us.

Pt
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10.

1.

Select 1 — 10% DUTY CYCLE range on the 2148 and check DUTY CYCLE vernier accuracy

with PERIOD set exactly to 100.0ms.

PERIOD VERNIER

SETTING
100.0ms 10 8.4ms — 11.6ms
100.0ms 9 7.55ms — 10.45ms
100.0ms 8 6.70ms — 9.30ms
100.0ms 7 5.85ms — 8.15ms
100.0ms 6 5.00ms — 7.00ms
100.0ms 5 4.15ms — 5.85ms
100.0ms 4 3.30ms — 4.70ms
100.0ms 3 2.45ms — 3.55ms
100.0ms 2 1.60ms — 2.40ms
100.0ms 1 .75ms — 1.25ms

Adjust PERIOD to exactly 10ms and check that with DUTY CYCLE vernier set to 1 width is

75us — 125us.




Model 2148

PERFORMANCE TESTS

Performance Tests

4-14

PULSE AMPLITUDE; VERNIER ACCURACY; SOURCE IMPEDANCE

SPECIFICATION:

EQUIPMENT:

0.3V to 100V into 50£2 . 5 Ranges with calibrated vernier providing continuous

adjustment within ranges.
Vernier Accuracy: * 10% of setting.

Sampling Oscilloscope
20dB Attenuator
20dB Attenuator 50W

CAUTION: Do not overload Attenuators and Inputs.

1. Connect equipment as shown in Figure 4—8 and set 214B controls as follows:

MODE .........
PERIOD Range .
PERIOD Vernier .
POSITION Range. . .
POSITION Vernier . .
DUTY CYCLE% .
WIDTH Range . . ...
WIDTH Vernier
AMPLITUDE Range
AMPLITUDE Vernier
INTLOAD .......
SLOPE .........
DEL/ADV/D.P. .
OUTPUT POLARITY

* = don't care

SAMPLING
OSCILLOSCOPE

2148

=1

°o o o o A TRIG
0Q Q @ O Q@

Figure 4-8

Adpu—-1upu
as required
Released
25— 1u
S 1
............. 30-100
........... 3 (30v)
Released

T SR I o A R
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2. Measure pulse amplitude with INT. LOAD pushbutton released and then depressed in 30—100
and 10—30V AMPLITUDE ranges for specifications listed below.

NOTE: High source impedance is indicated by LED.

AMPLITUDE VERNIER RESULT RESULT

RANGE SETTING INT. LOAD OFF INT. LOAD ON

30-100 3 27V - 33V 13.5V - 16.5V
10 oV - 110V 45V — 55V

10-30 3 27V - 33V 13.5V — 16.5V DARK
1 v - 11v 4.5V — 55V SCALE

3. Switch 2148 AMPLITUDE range to .3 — 1 and remove one 20dB attenuator.

4, Check AMPLITUDE ranges with VERNIER settings as listed.

AMPLITUDE VERNIER RESULT

RANGE SETTING

3V -1 3 .27V — 33V

3V -1 10 Qv -1.1v
V-3 3 2.7V - 3.3V DARK
V-3 1 9V -1.1v SCALE

5.  Select 3—10V AMPLITUDE range and measure Vernier Accuracy.

AMPLITUDE VERNIER RESULT
RANGE SETTING

3-10 3 2.7v — 3.3V
3-10 4 3.6V -4.4V
3-10 5 4.5V - 55V
3-10 6 5.4V - 6.6V
3-10 7 6.3V -17.7V
3-10 8 7.2v - 88V
3-10 9 8.1v — 9.9V
3-10 10 9V — 11V

NI VTR TNV I IR




Model 214B

PERFORMANCE TESTS

Performance Tests

4-15

TRANSITION TIMES; PRESHOOT; OVERSHOOT; RINGING; PULSE POLARITY

SPECIFICATION:

EQUIPMENT:

Transition times < 15ns for leading and trailing edges. Preshoot, overshoot and
Ringing < * 5 % of pulse amplitude. Polarity: Positive or negative, switch selectable.

Sampling Oscilloscope
20dB Attenuator
20dB Attenuator S0W

CAUTION: Do not overload Attenuators and Inputs

SAMPLING
OSCILLOSCOPE
2148
—2 | onevene f enmits § st I cmm— ]
o JO O O O A TRIG
[o] Q (? o Q

Figure 4—9

1. Connect equipment as shown in Figure 4—9 and set 214B controls as follows:
MODE ........ ... ... . ... .. ... NORM
PERIOD Range .................. M0u —-1m
PERIOD Vernier ................ 1
POSITIONRange. . ............... Au—1u
POSITION Vernier . . . ... ........c... as required
DUTYCYCLE% ................ Released
WIDTH Range  ................ 25n — . 1u
WIDTH Vernier .................. 10
AMPLITUDE Range .............. 10 — 30
AMPLITUDE Vernier .............. 1 {10V}
INTLOAD. ...... ... ... ... Released
SLOPE .. ... ... it i .
DEL/ADV/D.P. ... . .. .. ... ..., DEL
OUTPUT POLARITY ... ............ as required

* = don’t care
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2, Measure transition time of leading and trailing edge from 10% to 90% of pulse amplitude
for positive and negative going pulse.

-90% - -~ 90%

-100%
AMPLITUDE

AMPLITUDE

-90%.--% = e 90%

|
|
n
|
f
|
|
|
!
I
&
<

3. Measure Preshoot, Overshoot and Ringing of Pasitive and Negative pulse.

5% + 59
OVERSHOOT RiNGING

B |

PRESHOOT

100%
AMPLITUDE

AMPL

+ 5% DROOP

oversHooT RINGING

4-16
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4—-16 TRIGGER OUTPUT; DOUBLE PULSE
SPECIFICATION:
Trigger Output: Minimum Amplitude +5V
(from 50 ohm into open circuit). Pulse Width: 10ns typical.
Double Pulse: 5 MHz in all ranges except 30V — 100V range.
In 30V—100V range, the maximum frequency is 2 MHz. Minimum
separation between double pulse is 100ns.
EQUIPMENT:
Sampling Oscilloscope
20dB Attenuator
20dB Attenuator 50W
SAMPLING
OSCILLOSCOPE
2148
=3 oo/
sC3J0 0 0 O
0 Q o Q (o3 )
TRIG. OUT
20a8
Figure 4—10.
1. Connect equipment as shown in Figure 4—10 and set 214B controls as follows:
MODE  ....... .. ... .. NORM
PERIODRange  ................... w—1u
PERIOD Vernier . .. ........... ...... 2
POSITIONRange. . . ...........vo.... 10n — .1u
POSITION Vernier. . . ................ 1
DUTYCYCLE% .. ... ... . ... .
DUTY CYCLE /WIDTHRange .......... ;.
AMPLITUDERange ................ 3-10
AMPLITUDE Vernier . ............... 3(3v)
INTLOAD . ... . i i .
SLOPE . ..... .. . i e *
DEL/ADV/D.P. ... i .
OUTPUT POLARITY ................ .

* = don't care

2. Measure amplitude and width of trigger signal.
RESULT: Amplitude 2 2.5V (from 5052 into 50€2}
Width 10ns typical.

LCebieladbiedbi ot el
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SAMPLING
OSCHLLOSCOPE
2148
[~ ] CoOCoD e
o130 0 0 O
o ? o}

20a8 l l?OdB

3. Change Test Setup as shown in Figure 4—11 to check Double Pulse Mode. Set 214B
" controls as follows:

Figure 4—11

CAUTION: Do not overload Attenuators and tnputs.

MODE ............ . ..., NORM
PERIOD Range ................... I FTRE T
PERIOD Vernier . . . .........cvu.... 5 (2 MHz)
POSITIONRange ................. du— 1
POSITION Vernier. . . .. ............. 2
DUTYCYCLE%  ............ ... Released
WIDTHRange ................... 25ns — .1u
WIDTH Vernier .. ................. 2
AMPLITUDE Range ............... 30-100
AMPLITUDE Vernier .. ............. 5 (50V)
INT LOAD ... ... . i iiiiia Released
SLOPE .. ..... .. . . i .
DEL/ADV/DP. ... ... . ... DOUBLE PULSE
OUTPUT POLARITY .. ............. POS

* = don't care

4 Adjust Sampling Oscilloscope so that both pulses are displayed.

5. Turn POSITION Vernier slowly CCW and check that both pulses are still
displayed when minimum separation (100ns) is reached.

6.  Set 214B PERIOD Vernier to 2 (5 MHz) and switch to 10—-30 V AMPLITUDE range.

7. Check that DOUBLE PULSE mode is operating at .2us PERIOD setting.

500ns PERIOD

MIN.
SEPARATION
100ns

————3—
_———— X

30V-100V RANGE H

nuﬁﬁalf
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4-17 EXTERNAL MODES; TRIGGER; GATE; BURST

SPECIFICATION:

Ext. Trigger Mode. An output pulse

is generated for each input pulse.

Gate Mode. Gating signal turns on repetition rate generator. First pulse occurs after
start of gate signal, and last pulse is always completed even if gate ends during

generation of last pulse.

Burst Mode. Preselected number of pulses generated on receipt of trigger signal.
Number of pulses: 1 to 9999. Minimum Spacing between Bursts: 200ns.

EQUIPMENT:
Pulse Generator
Oscilloscope
2 x 50 2 Feedthrough
Tee

CAUTION: Do not overload Attenuators and (nputs.

OSCILLOSCOPE
PULSE GENERATOR 2148
| e | Do/ e/ o TRIG
TRIG  OUT o—JO O O O, A BJ|IN
Q INQ OOUT g mrl. onext. L9
1
Figure 4—12
1. Connect equipment as shown in Figure 4—12 and set 214B controls as follows:
MODE  ........ .. . ... EXT TRIG
PERIOD Range ...........cc.n. A -1
PERIOD Vernier . . . ............. 1
POSITIONRange. . .. ............ 10n — 1
POSITION Vernier. . . .. .......... 1
DUTYCYCLE% .............. Released
WIDTH Range ................ 25n — 1u
WIDTH Vernier ................ 3
AMPLITUDE Range ............ 1-3
AMPLITUDE Vernier ............ as required
INT.LOAD .................. .
SLOPE ......... .. ... ... .. ... as required
DEL.ADV.D.P. ......... . . .... DEL
OUTPUT POLARITY ............ POS

* = don't care
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2. Set Pulse Generator to 10ns pulse width, amplitude to 0.5V peak to peak min. and adjust
PERICD for 100ns.

3. Trigger 214B with EXT INPUT LEVEL Control and check that for each ext. trigger pulse one

214B output pulse is generated with SLOPE set to NEG and then one pulse with SLOPE set to POS.

100ns
TGns il'l
—_— ﬂ'\ }l-l ﬂ ﬂ EXT TRIGGER
1
+ SLOPE _I_l \T—l J——] : l_-l ’ 2148 QUTPUT
1 1
_stopre | | 'L [

f
1 1 2148 OUTPUT

i APPROX. X

{ 110ns INT.

—»' DELAY PLUS  pe—
DELAY SETTING

uf

NOTE: it might be necessary to readjust INPUT LEVEL Control when changing SLOPE.
4.  Select BURST MODE and set Pulse Generator to the next PERICD range down the scale.

5. Set NUMBER OF PULSES from 0001 up to 0009 and check that the selected number of
pulses corresponds to the displayed signal.

6.  Switch 214B to GATE MODE and increase external pulse width (GATE SIGNAL).
7. When increasing GATE SIGNAL number of pulses should increase step by step.

8. Check GATE MODE with SLOPE set to — .

INT. DEL + |e
DEL. SETT.

GATE SIGNAL _J l

214B QUTPUT SLOPE + —1 J_l J_‘ ]——l J——l

2148 OUTPUT SLOPE —__| I r—l J——l ]_'l
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4-18 VARIABLE TRIGGER LEVEL; SENSITIVITY

SPECIFICATION:
Trigger Level: Continuously variable from ~5V to +5V.
Sensitivity: 500mV peak to peak.

EQUIPMENT:
Oscilloscope
Sinewave Generator
Tee

CAUTION: Do not overload Oscilloscope Inputs.

QSCILLOSCOPE
SINEWAVE GENERATOR
2148
sCJ0 0 O O o_0O
INQ OTRIG OUT _OUTQ® @ 0 O a3
| IR |
Figure 4—13
1. Connect equipment as shown in Figure 4—13 and set 214B controls as follows:

MODE . ... .. e EXT TRIG
PERIOD Range ................... .
PERIOD Vernier ................. .
POSITIONRange. . .. ............... 10n — u
POSITION Vernier. . . ............... 1
DUTYCYCLE% ................. Released
WIDTH Range ................... A — 1u
WIDTH Vernier ................... 10
AMPLITUDE Range . .............. 3-10V
AMPLITUDE Vernier ............... as required
INT LOAD . ... . .
SLOPE . ... . . e .
DEL/ADV/DP. .. ... .. .. .. DEL
OUTPUT POLARITY ............... POS
EXT INPUT LEVEL .. ... ........ as required

2. Set Sinewave Generator to 100 KHz and 11V amplitude peak to peak.
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5V

— -sv

3.  Set Oscilloscope controls to get a display as shown in Figure 4—14.
4. Vary EXT. INPUT LEVEL control from CCW to CW and check that trigger level is
adjustable within +5V and —5V (Figure 4—14).
5. Repeat step 4 with SLOPE set to — and check trigger level variation as shown in
Figure 4—15.
-
— — | - +5V
— — -5V
VN

Figure 4—14

Figure 4-15
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Table 4—1. Performance Test Record
Hewlett-Packard Company
Model 214B/214B Option 001 Tested By
Pulse Generator
Serial No. Date
Para. No. Test Description Result
Min. Max. Actual
4-10 REPETITION RATE; VERNIER ACCURACY
PERIOD RANGE VERNIER SETTING
Apu—1pu 10 890 ns 1110 ns
1u—-10u 10 8900 ns [11100 ns
MVu—-.1m 10 89 us 111 us
Am-1m 10 890 us 1110 ps
Tm—-10m 10 8900 us {11100 us
10m-.1 10 89 ms 111 ms
10m - .1 1 8000 us 12000 us
I1m-10m 1 800 us 1200 us
Am—-1m 1 80 us 120 us
10u —.1m 1 8000 ns |12000 ns
1u — 10pu 1 800 ns 1200 ns
Au—-1u 1 80 ns 120 ns
Adu-1u 2 170 ns 230 ns
3 260 ns 340 ns
4 350 ns 450 ns
5 440 ns 560 ns
6 530 ns 670 ns
7 620 ns 780 ns
8 710 ns 890 ns
9 800 ns 1000 ns

4-23
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Para No. Test Description Result

Min. Max. Actual.

4-1 PULSE POSITION: DELAY; ADVANCE;
VERNIER ACCURACY

Time between TRIGGER OUTPUT and OUTPUT

DELAY: with VERNIER set to 10 129 ns 171 ns
DELAY: with VERNIER set to 1 48 ns 72 ns
ADVANCE: with POSITION VERNIER set to 1 28 ns 52 ns

Time between QUTPUT and TRIGGER OQUTPUT

ADVANCED: with POSITION VERNIER set to 10 29 ns 71 ns
DELAY RANGE VERNIER SETTING
Au—1u 10 930 us 1.170 us
1u—10u 10 8.94 us 1116 us
10 py—.1m 10 89.04 us [111.06 us
dAm—-1m 10 890 us 1110 us
Tm—-10m 10 8900 us ({11100 us
Au—-1u 1 120 ns 180 ns
Tu—-10pu 1 840 us 1.26 us
Ou—-.1m 1 8.04 us 12.06 us
Am—-—1m 1 80 us 120 us
Tm—-—10m 1 800 us 1200u s
Im-10m 2 1700 us 2300 us
Tm—-10m 3 2600 us | 3400 us
Tm-10m 4 3500 us | 4500 us
Tm-10m 5 4400 us | 5600 us
Tm-10m 6 5300 us | 6700 us
Tm-10m 7 6200 us | 7800 us
Tm—-10m 8 7100 us | 8900 us
Tm-10m 9 8000 us [10000 us
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Result
Para No. Test Description
Min. Max. Actual
4-12 PULSE WIDTH; VERNIER ACCURACY
MAX. DUTY CYCLE
Pulse width WIDTH VERNIER set to 2.5 215ns 33.5ns
Pulse width WITH VERNIER set to 10 89 ns 116 ns
.1 —1 Range WIDTH VERNIER set to 10 .890 us 1.115 us
.1 —1 Range WIDTH VERNIER setto 1 80 ns 125 ns
Maximum Duty Cycle =50 %
Maximum Duty Cycle {100 V amplitude) 210%
WIDTH RANGE VERNIER SETTING
1pu-10pu 1 80us 1.205 us
MOpu—-—.1m 1 8.00 us 12.00 us
dm—1m 1 80.0 us 120.0 us
Tm—10m 1 800.0 us 1200 us
ITm—-10m 10 8900 us | 11100us
Am—1m 10 830 us 1110 us s
1M0u—.1m 10 89.0 us 111.0 us
Tu—10u 10 8.90u s 11.10 us
Tm-10m 9 8000 us (10000 us
Tm—10m 8 7100 us | 8900 us
I1m—-10m 7 6200 us | 7800 us
Tm—-10m 6 5300 us 6700 us
ITm-10m 5 4400 us 5600 us
Tm-—10m 4 3500 us | 4500 us
Tm—-10m 3 2600 us 3400 us
Tm-10m 2 1700 us | 2300 us
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Para. No. Test Description Result
Min. Max. Actual
4-13 CONSTANT DUTY CYCLE; VERNIER
ACCURACY
Constant Duty Cycle at 1000 ns Period 80 ns typ.
Constant Duty Cycle with Vernier set to 2.5 2025ns | 297.5ns
Constant Duty Cycle with Vernier set to 10 840 ns 1160 ns
Constant Duty Cycle at 100 ms PERIOD
with Vernier setto 1 75 us 125 us
with Vernier set to 10 840 us 1160 us
PERIOD VERNIER SETTING
100.0 ms 10 8.4 ms 11.6 ms
100.0 ms 9 7.55 ms 10.45 ms
100.0 ms 8 6.70 ms 9.30 ms
100.0 ms 7 5.85 ms 8.15ms
100.0 ms 6 5.00 ms 7.00 ms
100.0 ms 5 4.15ms 5.85 ms
100.0 ms 4 3.30ms 4.70 ms
100.0 ms 3 245 ms 3.55ms
100.0 ms 2 1.60 ms 240 ms
100.0 ms 1 .75 ms 1.25 ms
10 ms 1 75 us 125 us
4-14 PULSE AMPLITUDE; VERNIER ACCURACY
SOURCE IMPEDANCE
AMPLITUDE RANGE VERNIER SETTING
INTERNAL LOAD OFF
30 — 100 3 27V 33V
10 90 Vv 110V
10 — 30 3 DARK 27V 33V
1 SCALE gV 1MV
INTERNAL LOAD ON
30 - 100 3 135V 16.5V
10 45V 55V
10 — 30 3 DARK 13.5V 16.5V
1 SCALE 45V 55V




Performance Tests

Model 2148
PERFORMANCE TESTS
Para. No. Test Description Result
Min. Max. Actual
AMPLITUDE RANGE VERNIER SETTING
3Vv-1 3 27V 33V
3V-1 10 gvVv 1.1V
1v-3 3 DARK 27V 33V
v-3 1 SCALE gV 1.1V
3v-10V 3 27V 3.3V
3v-10V 4 36V 44V
3v-10V 5 45V 5.5V
3v-10V 6 54V 6.6 V
3v-10V 7 6.3V 7.7V
3v-10V 8 7.2V 88V
3v-10V 9 81V 9.9V
3v-10V 10 AY) nyv
4-15 TRANSITION TIMES; PRESHOOT; OVERSHOOT;
RINGING; PULSE POLARITY
Positive Pulse
Transition Time Leading edge < 165ns
Transition Time Trailing edge < 15ns
Overshoot £*5%
Ringing <t5%
Preshoot <*56%
Negative Pulse
Transition Time Leading edge < 15ns
Transition Time Trailing edge < 15ns
Overshoot <+5%
Ringing <+5%
Preshoot <t5%
4-16 TRIGGER OUTPUT; DOUBLE PULSE
Trigger Amplitude {(from 50 2 into 50 £2) =225V
Width 10 ns typ.
Minimum Separation <100 ns
DOUBLE PULSE 5 MHz 10-30 V Range

4-27
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Para. No.

Test Description

Result

Min.

Max. Actual

EXTERNAL MODES; TRIGGER; GATE;
BURST

Trigger Output for each Pulse
positive Slope
negative Slope

Number of Bursts

Increasing number pulses in GATE MODE

VARIABLE TRIGGER LEVEL; SENSIVITY

Trigger Level positive slope
Trigger Level negative slope

Trigger Sensivity

—-5Vto+5V
—-5Vto+bV

< 500 mVpp
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Adjustments

SECTION V
ADJUSTMENTS

5-1 INTRODUCTION

5—2 This section describes the adjustments which wiil
return the instrument to peak operating condition after
repairs are completed.

5-3 SAFETY CONSIDERATIONS

5—4 Although this instrument has been designed in
accordance with international safety standards, this manual
contains information, cautions, and warnings which must
be followed to ensure safe operation and to retain the
instrument in safe condition {see Sections Il and I{).
Service and adjustments should be performed only by
qualified service personnel.

WARNING I

Any interruption of the protective (grounding)
conductor finside or outside the instrument or
disconnection of the protective earth terminal
is likely to make the instrument dangerous.
Intentional interruption is prohibited.

5—5 Any adjustment, maintenance, and repair of the
opened instrument with voltage applied should be avoided
as much as possible and, when inevitable, should be carried
out only by a skilled person who is aware of the hazard
involved,

5—6 Capacitors inside the instrument may still be
charged even if the instrument has been disconnected from
its source of supply.

5—7 Make sure that only fuses with the required rated
current and of the specified type {normal blow, time delay,
etc.) are used for replacement. The use of repaired fuses
and the shortcircuiting of fuseholders must be avoided.

5—8 Whenever it is likely that the protection offered by
fuses has been impaired, the instrument must be made
inoperative and secured against any unintended operation.

WARNING I

Adjustments described herein are performed

with power supglied to the instrument while
protective covers are removed. Energy available

at many points may, if contacted, result in personal
injury or death,

5-9 EQUIPMENT REQUIRED

5—10 The test equipment required for the adjustment
procedures is listed in Table 1—1, Recommended Test
Equipment. The critical specifications of substitute test
instruments must meet or exceed the standards listed in

the table if the instrument is to meet the standards set forth
in Table 1-2, Specifications. :

Lriniadel e
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5-11 POWER SUPPLY
EQUIPMENT:

Digital Multimeter 10—1000V DC

WARNING l

High Voltage dangerous to life.

PROCEDURE:

Set 2148 controls as follows:

MODE ....

PERIODRange ..................
PERIOD Vernier .. ................
POSITIONRange ................
POSITION Vernier ... .............
DUTYCYCLE% .. ... ...,
DUTYCYCLERange ..............
DUTY CYCLE Vernier . . ............
WIDTHRANGE ..................

AMPLITUDE
AMPLITUDE
INT LOAD

SLOPE ....

Range................
Vernier . .............

DEL/ADV/D.P. .. ... ... .. ...

POLARITY

* = don't care

NOTE: All voltages are measured with reference ground (TP7 =)

1. Measure voltage on TP1 {(approx. 155 V) and TPS (approx. 133 V) and adjust

A4RG04 so that the voltage difference between TP1 and TPS is 22 V £ 220 mV.

2. Switch to 30—100 V AMPLITUDE Range and check that voltages increase to approx. 263 V

(TP1) and 241 V (TPS).

AV = 22V.

3. Check that power supply voltages are within limits as listed:

VOLTAGE TEST POINT RESULT

-5.2 MARKED ON PC-BOARD 494V —-546V
+15 MARKED ON PC-BOARD | 14.25V - 1575V
-15 MARKED ON PC-BOARD { 1425V - 1575V
+5 MARKED ON PC-BOARD 475V -526V

4, Check that the Q602 collector voltage is approximately half the Q601 collector voltage.

o e L G R DR o
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ADJUSTMENTS
5-12 PERIOD ADJUST
EQUIPMENT:
Counter/Timer Note: if potentiometer R107 has been replaced,
50 Q Feedthrough set the new potentiometer so that its resistance is
200 2. Next, fit the dial so that the "1’ on the light
WARNING I grey scale is exactly beneath the arrow. (It may be
necessary to slightly readjust the dial when
High voltage dangerous to life. specifications cannot be reached).
2148
— O et COUNTER TIMER
°o—JO O O O ] —
oQ Q 0 0o 9 o
@ 5012
Figure 51
PROCEDURE:
1. Connect equipment as shown in Figure 5—1 and set 214B controls as foltows:
MODE .......... ..o, NORM
PERIOD Range . .................. im—1m
PERIOD Vernier . ........... 10
POSITION Range ............ 1u — 10u
POSITION Vernier ............ 1
DUTYCYCLE% ............ released
WIDTH Vernier .............. 1
WIDTH Range .............. 1 — 10u
AMPLITUDE Range .......... 3-10
AMPLITUDE Vernier .......... *
INTLOAD........civn... *
SLOPE ... ... . ... *
DEL/ADV/DP. .............. DEL

OUTPUT POLARITY ..........

* = don't care

2. Ensure that Period Vernier is exactly set to 10 (1 ms) and if necessary adjust
A1R69 (on Output Amplifier Board) for a counter reading of 1000 p.

Note: Due to the influence of A1R69 on the width circuit, width and duty cycle
must be readjusted by any adjustment of A1R69.

3. Set 214B Period Vernier exactly to 1 {.1 ms) and adjust A2R46 for 100 us. (< 1 %).

4, Repeat step 2 and step 3 and readjust if necessary.

B IR 7 s
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5.

Check Vernier tracking for specifications as listed below.

PERIOD RANGE VERNIER SETTING RESULT
dm — 1m 1 80us — 120us
Am =~ 1m 2 170us — 230us
dm—1m 3 260us — 340us
Am—1m 4 350us — 450us
dm—1m 5 440us — 560us
dm—1m 6 530us — 670us
Am -~ 1m 7 620us — 780us
Am - 1m 8 710us — 890us
Am~-1m 9 800us — 1000us
dm - 1m 10 890us — 1110us

Set Pulse Position to 10 ns and press Duty Cycle pushbutton. Select .1 u — 1u

Period Range and turn Period Vernier fully ccw.

Using the counter, adjust A2R126 for 12.5 MHz. Check that the frequency is in
specification with dial set to 1 (8.9 MHz — 11.1 MHz) and dial set to 10 (0.8 MHz

— 1.2 MHz).

Re-adjust A2R126 if specifications cannot be reached.

1
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5-13 POSITION ADJUST

EQUIPMENT: Counter/Timer
2 x 50 Q2 Feedthrough

WARNING '

High voltage dangerous to life. Note: If position potentiometer R158 has been replaced,
set the new potentiometer so that its resistance is 300 2.

CAUTION Next, fit the dial so that the ‘1’ on the light grey scalt.e is
exactly beneath the arrow. (It may be necessary to slightly

Do not overload feedthroughs and inputs. readjust if specifications cannot be reached).

2148

=2 CO oo o COUNTER TIMER

sCJO 0 0 0| [

0 Q o099
50:! FEEDTHROUGH
CABLES EQUAL LENGTH
Figure 5—-2
PROCEDURE:
1. Connect equipment as shown in Figure 5—2 and set 2148 controls as follows:

MODE . ... ettt iiaaeanns NORM
PERIOD Range . .....cuovveeeeruennan 1Im — 10m
PERIOD Vernier .......ccouvconnn. 10
POSITION Range . .......ecuvveennn Am — 1m
POSITION Vernier . ... ... 10
DUTYCYCLE % ......oveiinn released
WIDTH Vernier .. ... ...coiveennn... 10
WIDTHRange .........cccovuennn g — 10u
AMPLITUDE Range ................ 3-10
AMPLITUDE Vernier .........ccoon as required
INT LOAD. .. . i e e e ees *
SLOPE ... .. e *
DEL/ADV/D.P. ... i DEL
OUTPUT POLARITY . ... n. POS

* = don't care
2. Set Counter/Timer to TIME INTERV. A to B, trigger both channels to _/_ slope
and measure time between trigger and output signal.
3. Adjust A2R45 for 1000us delay + 10us. (POSITION. Vernier exactly set to 10).

4, Set Position Vernier exactly to 1 and adjust A2R119 for 100us * 1us.

TIPS TR PR LI e
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5.

6.

Repeat step 3 and step 4 and readjust if necessary.

Check Vernier Accuracy for specifications as listed below.

POSITION RANGE VERNIER RESULT
SETTING
dm — 1m 2 170us — 230us
dm—1m 3 260us — 340us
Am—1m 4 350us — 450us
dm—1m 5 440ys — 560us
dm—-1m 6 6530us — 670us
dm— 1m 7 620ys — 780us
dm — 1m 8 710us — 890us
dm—1m 9 800us — 1000us

b Gt s Gtia s D28
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ADJUSTMENTS
5-14 CONSTANT DUTY CYCLE AND WIDTH
EQUIPMENT: Counter/Timer
50 2 Feedthrough
WARNING I
High voltage dangerous to life. Note: If width potentiometer R222 has been replaced,
set the new potentiometer so that its resistance is 200 2.
CAUTION Next, fit the dial so that the "1’ on the light grey scale
is exactly beneath the arrow. (It may be necessary to
Do not overload feedthrough or counter inputs. slightly readjust if specifications cannot be reached).
2148
— OO e COUNTER.TIMER
°CJO OO0 O o
| o0 D o 0 9 2
Figure 5-3 59 ”g
PROCEDURE:
1. Connect equipment as shown in Figure 5-3 and set 214B controls as follows:
MODE ....................... NORM
PERIODRange ................. 1ms — 10ms
PERIOD Vernier . .. .............. 10
POSITION Range ............... 01y — 1u
POSITION Vernier ............... 1
DUTYCYCLE% ............... depressed
OUTY CYCLERange ............. 1% — 10%
DUTY CYCLE Vernier .. ......... 10
WIDTHRANGE . ................ -
AMPLITUDE Range ............. 1-3V
AMPLITUDE Vernier .. ........... as required
INTLOAD . ...... .. ... ... ... *
SLOPE . ... ...... ... . . . ... *
DEL/ADV/O.P. .. ... ... . .. DEL
POLARITY .. ... ... ... .. .. .... POS

* = don’t care

NOTE: Period settings must be done by using the counter.

2. Set 2148 period to 10 000us.

3. Measure time between positive and negative transition of 214B output pulse and
adjust A2R51 for 1000us. {10% duty cycle).
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ADJUSTMENTS

4,  Set 2148 period to 1000us (without changing the range) and measure time between
positive and negative transition. Adjust A2R217 for 100us.

5. Set 2148 period to 10 000us and release DUTY CYCLE pushbutton.

6. Select .1m — 1m WIDTH Range, set Width Vernier exactly to 10 and adjust
A2R216 for 1000us width.

7. Set Width Vernier exactly to 1 and adjust A2R128 for 100us width.
8. Repeat steps 1 to 7 and readjust if necessary.

9. Check Vernier Accuracy for 1—10% DUTY CYCLE range and .1m — 1m WIDTH Range. ‘

DUTY CYCLE RANGE VERNIER RESULT
SETTING
1-10% 1 75us — 125us
Period 10 00Qus 2 160us — 240us
3 245us — 355us
4 330us — 470pus
5 415us — 585us
6 500us — 700us
7 585us — 815us
8 670us — 930us
9 755us — 1045us
10 840us — 1160us

WIDTH RANGE VERNIER RESULT
SETTING
Im — 1m 1 80us — 120us
PERIOD 10 00Qus 2 170us — 230us
3 260us — 340us
4 350us — 450us
5 440us — 560us
6 530us — 670us
7 620us — 780us
8 710us — 890us
9 800us — 1000us
10 890us — 1110us

s estabibeodiiiiianGe
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ADJUSTMENTS
5-15 PULSE AMPLITUDE
EQUIPMENT: Oscilloscope
20dB Attenuator
20dB  Attenuator 50W Note: |f the amplitude potentiometer R460 has been
replaced, set the new potentiometer so that the resistance
WARNING I between the white/red/grey wire and the white/violet wire
. . is 70 €2. Next, fit the dial so that the ‘3’ on the light grey
High voltage dangerous to life. scale is exactly beneath the arrow. {!t may be necessary to
slightly readjust the dial when specifications cannot be
CAUTION reached).
Do not overload Attenuator or Oscilloscope inputs.
OSCULOSCOPE
2148
| o § COoOCCDODO D oo
o310 00 O A B
‘ ) @ | 5082 9 0l9
l 2008 I Izoca
Figure 5—4
PROCEDURE:
1. Connect equipment as shown in Figure 5—4 and set 214B controls as follows:
MODE ....................... NORM
PERIOD Range ................. 10m — 1
PERIOD Vernier .. ............... 10
POSITION Range ............... 10n — . 1u
POSITION Vernier ............... 1
DUTYCYCLE% ............... depressed
DUTY CYCLE Range  ........... 1-10%
DUTY CYCLE Vernier . . ........... 5
AMPLITUDE Range ............. 30-100V
AMPLITUDE Vernier ............. 3
INTLOAD .. ................... OFF
SLOPE .. .. ... ... *
DEL/ADV/DP. ... ... ... ........ DEL
OUTPUT POLARITY .. ........... POS

* = don’t care

2. Set oscilloscope so that one pulse with approx. 5 DIV. width is displayed on screen.

3. Turn A1R462 CW and adjust AT1R457 for 29 V output amplitude.
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ADJUSTMENTS

4. Set Amplitude Vernier exactly to 10 and adjust A1R462 for 105 V amplitude.

5. Recheck 29 V and 105 V adjustment and readjust if necessary.

6. Select the 10 V — 30 V range, set vernier to 1 and check that 10 V setting is
within £ 10 %. With vernier fully CCW the amplitude must be < 10 V.

Readjust R457 if necessary.

7.  Select 3V — 10 V range and check that the amplitude is > 10 V with vernier set
to CW. Readjust R462 if necessary.

8. Check Amplitude vernier accuracy in the 30 — 100 V and 10 — 30 V ranges as

listed below.
AMPLITUDE RANGE VERNIER RESULT
SETTING
30vV-100V 10 90vV-110V
30vV-100V 9 81v— 99v
30vV-100V 8 72v—- 88V
30vV-100v 7 63v—- 77V
30v-100v 6 54V—- 66V
30v-100V 5 45V — 55V
30vV-100V 4 36V— 44V
30vV-100V 3 27V- 33V
AMPLITUDE RANGE VERNIER RESULT
SETTING
(DARK SCALE)
10-30V 1 gsvV-1v
10-30V 2 18V -22V
10-30V 3 27V-33V
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ADJUSTMENTS
5—-16 MINIMUM WIDTH; OVERSHOOT; RISETIME; INT. LOAD;
FIXED DUTY CYCLE
EQUIPMENT:  Sampling Oscilloscope
20dB Attenuator
20dB Attenuator 50W
WARNING l
High voltage dangerous to life.
CAUTION
Do not overload Attenuators or Oscilloscope inputs.
SAMPLING
OSCILLOSCOPE
2148
=3 COrCDOrTy D
°sEJO O O O
o ® 0@
2048 2008
50W
Figure 5-5
PROCEDURE:
1. Connect equipment as shown in Figure 5~5 and set 214B controls as follows:
MODE .. ... ... . NORM
PERIODRange .................. 1u — 10u
PERIOD Vernier . ............... 10
POSITION Range ................ 10n — u
POSITION Vernier . .. ............. 1
DUTYCYCLE% ................ released
WIDTHRange .................. 25n — u
WIDTH Vernier .. .............. 25
AMPLITUDE Range .............. 10-30V
AMPLITUDE Vernier .. ............ 3 (DARK SCALE)
INTLOAD . ............. .. .... OFF
SLOPE . ... .. "
DEL/ADV/D.P. ... ... ..o DEL
OUTPUT POLARITY ... ........... POS

* = don’t care

2. Adjust ATR480 (MIN. PULSE WIDTH] for 25ns WIDTH.

PFOUIRIM I AN Dl el L et



Adjustments Model 2148

ADJUSTMENTS

3. Select .1 u — 1 u WIDTH range and set vernier to 2 {200 ns}. Set Amplitude to
100 V with internal load switched off.

4. Adjust A1R436 and A1R408 for fastest risetime.
5. Adjust A1R419 for minimum overshoot before amplitude decreases.

6. Check that risetime is < 15 ns and overshoot and ringing is < 5 %. If necessary
readjust A1R419, A1R436 and A1R408.

7. .Select 10 — 30 V amplitude range, switch internal foad on, and set amplitude to 30 V.
8. Adjust A1C501 for overshoot = ringing.

9. Adjust A1R487 and A1R421 for flat pulse top.

10. Adjust R506 for minimum ringing.

11.  Adjust A1C504 for overshoot = ringing.

12. Check risetime, overshoot and ringing for specifications and, if necessary, optimize
pulse via C501, C504, R421 and R487.

13.  Switch internal load off, check pulse specifications, and optimize adjustment
if necessary.

14. Recheck risetime, overshoot and ringing at 100 V amplitude with and without
internal load.

15. Select .3 — 1 V amplitude range, set amplitude for 1 V and adjust A2C514 for
minimum ringing.

16. Select the .1 4 — 1 u period range and press DUTY CYCLE pushbutton.
17. Set the Sampling Oscilloscope so that exactly one period is displayed.

18. Adjust A2R197 for 8 % duty cycle at 50 % of amplitude.

ot insdetn N in i e i




Model 2148

Adjustments

ADJUSTMENTS
5-17 TRIGGER LEVEL SENSITIVITY
EQUIPMENT:
" Oscilloscope
Sinewave Generator
Tee
CAUTION: Do not overload Oscilloscope Inputs.
OSCILLOSCOPE
SINEWAVE GENERATOR
2(:) COoOrCDOCcC3 T2y E@ D
o o O
gmug)uroomg 9 9 (o] O = Q
— .
Figure 5—6
1. Connect equipment as shown in Figure 5—6 and set 214B controls as follows:
MODE  ...... . i i EXT TRIG
PERIOD Range ................... .
PERIOD Vernier ................. .
POSITIONRange. . .. ... ... ..., 10n — .1u
POSITION Vernier. .. ............... 1
DUTYCYCLE% ................. Released
WIDTHRange ................... Au — 1u
WIDTH Vernier .. ................. 10
AMPLITUDE Range . .............. 3—-10vVv
AMPLITUDE Vernier ............... as required
INT LOAD ... i .
SLOPE .. ... .. . i i .
DEL/ADV/D.P. ..t DEL
OUTPUT POLARITY . .............. POS
EXT INPUT LEVEL  ............. as required

2. Set Sinewave Generator to 100 KHz and 300 mV amplitude peak to peak.
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3.  Set EXT. INPUT LEVEL vernier to mid-range.
4, Adjust A2R 19 so that output pulses appear.
5. Switch to NEG. SLOPE and readjust A2R19 to obtain output pules.

6. Optimize adjustment with A2R19 until output pulses appear with SLOPE
switch set to NEG or to POS.

Note: It might be necessary to set the LEVEL vernier slightly off center position
to get triggering on NEG and POS SLOPE. The arrow of the knob should stay
within £ 1 mm of center position.

7. When R15 has been replaced, proceed as follows: Measure the voltage at the
junction of A2R14 and R15 (wht/brn/org wire) and set LEVEL vernier R15
for 0 V. Then perform adjustment as described above and tighten the kob
until the arrow points to mid-range.
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ADJUSTMENTS
Para No. ADJUSTMENT adjust RANGE
5—-11 POWER SUPPLY | A4R604 | AV =22V £220 mV (TP1/TP5) 3v-10v
5—12 PERIOD A1R69 1000 us + 1 % Adm—-1m
A2R46 us+t1% Adm—1m
A2R126 | = 12.56 MHz with VERNIER CCW du—-1pu
5-13 POSITION A2R45 1000 us + 1% Am—1m
A2R119 100us+1% Adm—1m
5-14 C.DUTY CYCLE | A2R51 1000us* 1% 1%—10%
A2R217 100us1% 1%-10%
5-14 WIDTH A2R216 | 1000 us 1% Adm—-1m
A2R128 100 us 1% Am—-1m
5-15 AMPLITUDE A1R457 29V 30V-100V
A1R462 | 105V 30v-100Vv
5-16 MIN. WIDTH A1R480 | 25 ns 25n—1yus
5-16 PULSE A1R436 | max. risetime 30vVv-100V
PARAMETERS A1R408 | max. risetime 30vV-100V
A1R419 | max. amplitude; min, overshoot 30V-100V
A3C501 | overshoot = ringing v-30V
A1R487 | flat pulse top M0MVvV-30V
A1R421 | flat pulse top M0MV-30V
A2R506 | min. ringing ovV-30V
A3C504 | opt. risetime and ringing 10V-30V
A2C514 | min. ringing 3V-1V
5-16 FIXED D.C. A2R197 { 8 % duty cycle A u— 1 uPeriod
5-17 SLOPE A2R19 output with NEG/POS SLOPE
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Model 214B

Service

SECTION VI
SERVICE

8-1 INTRODUCTION

8-2 This section contains the information to
service the HP Model 214B. The information includes
theory of operation, troubleshooting, schematics,
component layouts and block diagram.

8-3. The schematics and component layouts are
organized as ‘Service Sheets’ which are identified by a
large number within a square in the lower coraers. A
tabie refating these Service Sheets to board assemblies
is given in Table 8—1. Schematic diagram symbols are
given in Table 8-3.

Table 8~1. Index to Assemblies

Assembly Service Sheet
A1 Output Board 5

A2 Timing Board {Standard) 3.4

A2 Timing Board (Option) Al—-1, A1-2
A3 Load Board 6

A4 Power Supply Board 2

A6 Burst Board {Option) A1-3

84 SAFETY CONSIDERATIONS

8-5 This section contains warnings and cautions
that must be followed for your protection and to avoid
damage to the equipment:

WARNING

Dangerous voltages, capable of causing death are
present in this instrument. HV-power supply and
output amplifier excepted, all other servicing can
be accomplished without the need for a high
voltage supply. Before carrying out such servicing,
therefore, avoid danger to life and possible
instrument damage by disconnecting the white-red-
violet wire (with power cord removed) from the
A4 power supply board. Isolate the crimp connec-
tor on the disconnected wire.

When servicing is complete, the After Service
Safety Check must be performed.

8-6 AFTER SERVICE SAFETY CHECK

8-7 Execute the following checks when servicing
is completed.

8-8 Disconnect power cord from line. Visually
inspect interior of instrument for any sign of abnormal
internaily generated heat, such as discoiored printed circuit
boards or components, damaged insulation, or evidence

of arcing. Determine cause and remedy.

8-9 Check cabinet/ground pin continuity in
accordance with IEC/VDE. Flex the power cord while
making the measurement to detect any intermittent
discontinuity. Check internal ground connections on
boards and frame. Also check resistance of any front
or rear panel ground terminals marked —J_—

8-10 Check cabinet/line isolation in accordance
with IEC/VDE. Replace any component which results in
a failure or refer to production Memo or Service Note
issued by product division for alternate action.

8-1 Check line fuse to verify that the proper
value is installed.

8-12 Check that safety covers are instalied.

8-13 Check that all coaxial and flat cables inside
are properly connected. Check that all boards and the

heatsink on the chassis are properly connected. Verify
that the board clamp is fitted.

8—-14 Inform Hewlett-Packard (internally, the
responsible product division} of any repeated failures
in the above tests or any other safety features.

8-15 SERVICE BLOCKS (THEORY/
TROUBLESHOOTING)

8-16 The theory of operation and troubleshooting
is divided into Service Blocks, each Service Block corres-
ponding to a complete function within the 2148.
Service Block 1 deals with overall instrument
troubleshooting, including a detailed block diagram of all
HP 214B functions. The purpose of the general instrument
troubleshooting is to provide a fast means of isolating

a fault down to a function. The Serviceman should then
proceed to the Service Block providing detailed theory
of operation and troubleshooting hints for that function.
A table relating function to Service Block is given in
Table 8—2.

calrlrisly
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Table 8—2. index to Service Blocks 8-17 Tables and Figures within each Service Block
are given three-digit codes e.g. Figure 8—3—1. The first
Service Block Function digit refers to the Manual Section (8), the second digit
1 Troubleshooting Tree to the Service Block and the third to the Figure number,
e.g. Figure 8—3—1 means Section 8, Service Block 3,
2 Power Supply Figure 1.
3 Timing
4 Output
A1-1 Burst
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Table 8—3. Schematic Diagram Notes (1 of 2)

Service

The following symbols conform, as far as possible, with

ANSI Y 32.2, IEEE No. 315 and ANS!I Y32.14 (for the
logic symbols). These standards should be consuited
when further informations is required.

xV

Signat
aumbder

——-<]-—|—lll—\?9?l

/

e[\ﬂ-——+—-~—o—-//

General
Umts Resistance values are in chmu, capacitance values in
mucroferads and inductance values in microhenries unless
otherwise noted !
P/O Part of
* Asterisk denotes a factory selected value. The value
shown 13 the nomins! velue,
C ] Encl front panel nomencisture.
- : - 3 E roar panel cl.
Heavy line indicates signal path,
e Heavy dashed line indicates primary fesdback path.
947 Wire colour code. Same as resistor colour code. First

number 15 wire body colour.

Wire or plug used as Iink.

Test point in a circuit, Point may/may not be identifed
on P.C. boerd.

Used with trimmer e s o itors to

iver

Direct connection to eerth.

Ground connection 10 instrument chassit or frame,

Used when » ber of ture

a2 31 the 3ame potentisi. It there is more than one
wch system in the 53me Circuil, numbers are written
wn the trangies 10 that all connections with the same
potential have the same number.

Specific potential difference with respect 10 a potential
reference level, og.

+0 v

Schematic Referencing

Schematic
numbet

Schmnc
number

3 6

/

These references on ¢ signel
isaving a schematic dugrem
indicate the tgnal destinstion
The circle contains the signa!
Dumber end the IQUere contens
the number of the schemetic

10 which that sgnal goes.

These refecences on e signat
entering a schematic diagrem
indicate the ngnal origin.

The circle conteins the signal
number and the square contesins
the number of the schematic

10 which that sgnal originates.

Components

Normaily open toggie switch. Circles (O} are used for
the 0 @ a ng type ewitch,

Sering return, 2-position lumfov switch. Trisngie (a— )
are used for the to a ki
type switch,

2-poution, 2-pole slide switch,

A cored inductor.

Au cored transformer. Thc dot (#) is u-d when
Y. 10 nds Y-

tron core

Fercite core

Ferrite bead

Varector diods

Multi-junction diode

Diode

Zener Giode

Schottky diode

Light Emitting Diode (LED}

Photodrode

Neon

Flament lamgp
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Table 8—3. Schematic Diagram Notes (2 of 2)

>N
]-UG
7

Terminals and Connectors Logic Symbols

Postive 109:C s uted unlets OIherwite wpecied

Soldered connection. ' )
21 U8 2.aput NAND gate :°>—

open collector

Exampie of tined male and temale CONNEBCTOrS with
plug and socket and contact desgnators, eg. P.C.
board edge connector and socket.

example of buikhead mounted coax:dl 1ocket with
free coaxial plug and cable.

1 .
it

) 11 4.nput NOR gate
3
3]

| UG Inverter
Three-state device.

! Outputl u high-smpedance

- - ¢ when EN s talse, wrespec-
2 b tve of nput. Normai
0 sQ operation when EN 3 true.
Flip ftop
—
example of coaxidl cable with termination soldered 10 ? 3 [
P.C. bowmd. R G

Co » tuncrons Control tunction Control functions:

Dependency Ggete, Cclock
€N-Jstte, Rcoset (Q lowl
Control block Seat (Q hghl. 1 (1} count up (cown)
—G —shift > edge-triggerad.
G Logic funcuon | Logec funcions:
REG vegister, SEL salector N
L] CNTR counter, {OEIMUX-(del multiplexer
Oata brock

]
2
AEG
‘/
A Qa1 Outputl depe: on A and G

Analog Symbols

8 as2 Output on B and G2

Operational amplitier

o)

B - Schmitt trgger

[
o

Voltage tource

Wired ANO connection

Current source Wired OR connection
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SERVICE BLOCK 1
TROUBLESHOOTING TREE

The purpose of the following troubleshooting tree is to provide a fast means of isolating a fault
down to a function. For detailed theory of operation on a specific function, the serviceman
should proceed to the associated Service Block e.g. Service Block 3 for Timing.

MEASURE POWER SUPPLY
ALTPS » ~133 V
AMTPY~ 155V 3 22V

REMOVE WIRE 827

FROM A4 POWER SUPPLY
BOARD

USING EXTENDER BOARD

»

I SHORT AR4T8

0

AITP8

DEPENDING ON AMPLITUDE
VERNIER SETTING

S VTOo+6V

SIS ITT TSV VAL R FERC ]

z

A1TPS
oK ?

Santelratiiviinee e o b o
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SERVICE BLOCK 4
OUTPUT BOARD At

THEORY OF OPERATION

The output board A1 can be divided into 4 main functional blocks:

— input Schmitt trigger

— duty cycle detect/overload detect

— amplitude vernier and overload switch
— output amplifier

Each of these blocks is described in the following paragraphs.

Input Schmitt Trigger

The input Schmitt trigger comprises:

— transformer T401, which isolates potentials of the output amplifier from the timing board,
and also differentiates the timing circuit output pulse.

— emitter follower Q400, which isolates the transformer T401 from the following Schmitt trigger.
— Schmitt trigger Q401/Q402.

A positive pulse at the base of Q401 causes Q401 to cut off, and Q402 conducts. This stable conditions
exists until the next negative pulse arrives from Q400 which switches Q401 on and Q402 off.

The duty cycle detect signal is derived from the Q401 collector and routed to the overload detection
circuit. To ensure that integrator charge-up {in the overload detect circuit) is determined only by the
duty cycle of the detect signal {and not amplitude}, the amplitude is clamped to approx. 3.5 V by CR400
and VR400.

Overload Detection/Overioad Switch/Amplitude Vernier

Theduty cycle detect signal derived from Q401 collector is inverted by Q421 and limited by CR424.
Pulses at the collector of Q421 are then integrated by R447 and C416. With increasing duty cycle at

the base of Q421, the voltage across C416 decreases (switching Q421 on causes C416 to discharge).
Should the C416 voltage decrease to a point where it is lower than the reference voltage at U401a/pin 2,
the output voltage of comparator U401a is switched to a minimum. (The threshold voltage at comparator
U401 changes according to amplitude range due to the varying duty cycle limits i.e. 10% in30-100v

range: 50 % in all other ranges.'n the 30—100 V amplitude range, K403 switches the Q425 base to —155 V,

thus turning Q425 off. U401a threshold is then determined by R448/R449. In all other amplitude ranges,
Q425 is turned on, resistors R450/R451 then being connected in paraliel with R449, thus lowering the
U401a threshold).

With U401a output switched to minimum, C419 is discharged via CR427, which in turn switches U401b/
pin 7 to maximum output (OVERLOAD LED on}. Q426 switches on (via CR428, R464) and transistors
Q427/Q428 switch off, causing approximately —155 V to be applied to the grids of tubes V401, V402.
This negative voltage at Q428 collector is also applied to the bases of Q406/Q407 (Q416/Q417) via
R413/R414 (R428/R427). Transistor Q407 (Q41.7) turns off and Q406 (Q416) turns on, switching —155 V
to the gates of FET's Q408/Q418. With negative voltages at the tube grids and FET gates, the output
amplifier is disabled (i.e. no output current).

Service

8-29
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POWER ON
2148 SETTINGS: PERIOD 10 us
POSITION 2,5 DEL
WIOTH 3us
AMPLITUDE 3V - 10V
MEASURE POWER SUPPLY OUTPUT
A4TPS « 133 V POLARITY NEG
A4TPI~ 1S5y 3 22V
~52V: +5V
+5V; .15V
: CHECK FET <
VG0O602 = 1/2 V601 — oaoarousa 3
AITP3 AITP4
+6 V10 +16 V
DISCONNECT 2148
N FROM LINE POWER
AND REMOVE A1 S— REPAIR POWER SUPPLY
OQUTPUT AMPLIFIER (see Troubleshooting Hints) “5V
BOARD
Y AITPY arrez V32V
N a3V CHECK FET DRIVERS
ISV —0 a— A40S; 0406; Q407;
REMOVE WIRE 927 +56V Q415; Q416; Q417
FROM A4 POWER SUPPLY +2v
BOARD Y
USING EXTENDER BOARD
00214—66580 CONNECT A1
BOARD
A I REMOVE POWER CORD
A2TPS
-5V
REMOVE SHORT FROM
18V A1RET8
MEASURE RESISTANCE ACROSS
A2TP3 A27Pe AlR420 = 95 n
+38 Vv sV AIR432+ 850
N ’ - MEASURE SCREEN GRID RES,
——— Em— DEL. ADV. D.P. CIRCUIT A1R486 ¢ 560
—22v AIR490 « 560 0
+1.3v
\4
USING AN OHMMETER, CHECK AND
CHANGE RESISTOR REPLACE IF NECESSARY:
RESISTORS
Aol —P AND CORRESPONDING —P ATVRA10; AICR411; AICR412; AIVRAOL:
SHOAT A1R478 Tuse AICR408; AICR409; AICR418; AICRA1Y;
A1TPS ArTP? A1VR430
¢—— H—
v ~16 VDC -3voc
AITPS
DEPENDING ON AMPLITUDE
CONSECT WIRE 927
venutnea‘senmc TO THE POWER SoppLY
BvIo eV BOARD AND APPLY
LINE POWER
A1TPY A1TP2 A1TPS
32V
93V R
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Model 2148 Service

SERVICE BLOCK 2
HIGH VOLTAGE SUPPLY A4 |2

THEORY OF OPERATION

General

The 214B high voltage supply comprises a regulated —155 V supply, which in turn is used as reference potential
for a +22 volt supply. A functional diagram of these two supplies is given in Figure 8—2—1.

T601

-133v-238v)

=155V (-260V) ' -

ov

GNO WITH NEG.OUTPUT PULSE
FLOATING WITH POS. OUTPUT PULSE

=155V (-260V)

Figure 8—2—1. Functional diagram of high voltage supply.

In Figure 8—2—1, the voltages indicated in brackets, i.e. —260 V, —238 V are generated when 30 V — 100 V
amplitude is selected. When negative output pulse is selected, the —165 V (—260 V} and —133 V (—238 V)
are referenced to chassis ground. With positive output selected, this ground becomes floating.

22 V Supply

The +22 V supply is referenced to the —155 V (—260 V) supply, and is the power source on the output amplifier board
for the input Schmitt trigger, overload detection circuit, amplitude vernier and the FET drive circuits. This supply
must be adjusted to 22 volt, although the absolute value of the reference potential (—155 V/—260 V), may vary slightly.

Adjustment is achieved via the adjustable voltage divider R604, R605 and R606, which sets the reference voltage for the
3-terminal positive voltage requlator U606.

Two other points for mention in the +22 V regulator circuit are C627 used to bypass the input, and C628 which improves
transient response.
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Service Model 2148

High Voltage Supply (—155 V/-260 V)

A functional diagram of the high voltage supply circuit is given in Figure 8—2—2. Basically, this circuit comprises
two cascaded series regulators {Q601 and Q602) and a sense amplifier Q607. Series regulator Q601 in conjunction with
Q603, Q605 forms a Darlington amplifier; similarly regulator Q602 together with Q604 and Q606.

L= — =
R i
|
|
|
R607 !
|
CR606

¥ '
|

-

C635= []R622 "TT LOAD
| ' []naw
\ ' l
——— REN J— |
F |
! |
c832= :
FROM U606 :
|
|
- ,—_J
N
Figure 8—2-2,

To ensure that secondary breakdown of the series regulators does not occur, the collector/emitter voltage drop across
Q601 and Q602 is equalized via voltage divider R610/R614.

CR606, R611 and C632 form a current source. {C632 is charged to the positive potential; should this potential then
drop, CR606 becomes reversed biased and C632 is discharged via R611). Part of this current is routed to the base

of Q606 thus switching regulator Q602 on; the rest of the current is routed via R616, Q607 and VR601 to the negative
potential. If the load at the Q602 emitter increases, the voltage at the junction R618/R621 decreases, which in turn is
sensed by Q607. The current flowing to the negative potential is thus reduced, and more current fed to the Q606 base.
This causes the series regulators to conduct more, thus regulating the output voltage.

Due to the large load changes which occur, for example, by 100 V output amplitude, the bias current for VR601 is
supplied by U606, thus making the zener voltage indpendent of load.

R622 ensures correct operation of the regulator circuit when no load exists, while L601 and C634 are used to damp
oscillations.

When 30—100 V amplitude range is seiected, the regulator output voltage is increased from —155 V to
approximately —260 V. This is achieved via relay K601 which switches the secondary voltage of T601, and
changes the potential at the voltage tap-off from divider R618, R621, R620 by shorting R620.

8-10
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Model 2148 Service

TROUBLESHOOTING HINTS A4 POWER SUPPLY BOARD
1. Voltages at U601; U602; U603; U604; U606 and TP6.
must be measured with wire 927 removed {no high voltage)}.

Note: Voltage Regulators have internal current limiting.

2. T601 secondary voltages measured without load.

WIRE VOLT RMS
967 to 967 99V
926 to 926 384V
924 to 924 29V

94 to 94 6.9V
923 to 923 26.2V
934 to 935 1150V
935 to 927 173.0V

3. For troubleshooting the High Voltage Power Supply remove the A1 Output Amplifier Board
and W602. (214B input current is approx. 200 mA at 220 V AC (400 mA at 110 V AC) ).
Check voltages as shown below with DVM Common connected to TP1.

PIN 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

J602 | +230 +192| +191 ] +191] +190 | +190 +167 | +155] +155 +155
Q607 Collector +109 V Note: Voltages may vary slightly
VR601 Cathode 9V
TP4 495V
CR606 Cathode +228 V
TP2 +155 V

Check Q601; Q602; Q603 and Q604 for short or open {Heatsink).
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A2 TIMING BOARD o0o021.-66559
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Model 2148

REF GRID REF GRID REF GRID REF GRID REF GRID REF GRID
DESIG LOC DESIG LOC DESIG LOC DESIG LOC DESIG LOC DESIG LOC

Cc1 A-5 C512 0-6 Q38 E-6 R46 F4 R155 G-5 R243 L-7
Cc2 A-3 C514 N-7 Q39 F-6 R48 H-4 R156 G-5 R244 K-7
c3 A-4 C516 P-5 Q40 F-6 RS51 J-6 R157 H-5 R245 K-7
c4 A-3 C517 0-8 Q41 G-7 R53 D-7 R159 H-5 R246 L-7
c5 A-3 C518 M-7 Q42 H-4 R57 D-6 R160 1-6 R247 L-7
c6 F-4 C519 M-3 Q43 H4 R63 D-7 R161 -5 R248 L-7
c? B-2 C520 N-3 Q44 H-6 R64 D-7 R162 1-5 R250 L-3
cs 8-3 CR1 A4 Q45 15 RE5 cs8 R163 I-6 R251 M4
co c-4 CR2 A4 Q46 1-5 R67 Cc-7 R164 H-5 R252 M-3
c10 B-5 CR3 B8-4 Q47 I-5 R85 8-7 R165 1-5 R253 M-3
c11 -5 CR4 B-4 Q48 -5 R86 8-7 R166 14 R254 M-5
Cc12 -4 CRS B-4 Q49 H-5 R87 A-6 R167 14 R255 1-2
ci4 D6 CR6 B8-4 Q50 H-5 R88 A-6 R168 H-6 R257 1-2
ci1s M-4 CR7 B-4 Q52 G-3 R89 B-7 R169 K-3 R259 J-5
c18 c-8 CR8 A4 Qs3 H-7 R90 B-7 R170 K-3 R260 L4
Cc25 F-4 CR9 A-3 Q54 H-7 RA A-6 R172 H-6 R270 8-3
c26 A-2 CR10 B-2 Qss 1-7 R92 B-6 R173 H-5 R271 B-3
c27 €-3 CRN B-3 Qs6 -7 R93 B-7 R174 H-7 R273 B8-3
c28 £-4 CR12 F-4 Q57 J-7 R94 B-7 R175 H-7 R506 0-3
c29 £-3 CR14 D-4 Qss 1-2 R95 B8-6 R176 1-7 R508 0-4
Cc30 €3 CR15 C-5 Q59 1-2 R96 B-6 R177 -7 R511 P-5
c31 A-1 CR16 E-S Q60 D-8 R97 Cc-7 R178 J-7 RS512 PS5
c32 K-2 CR17 E-S Q61 L4 R98 c-7 R179 H-7 R513 P-6
Cc33 E-4 CR18 H-4 Q62 L-4 R99 B-6 R180 H-7 R514 P-6
c34 H-4 CR19 1-5 Q63 K-6 R100 C-6 R181 -7 R515 P6
Cc35 E-5 CR20 1-6 Q64 L-5 R101 08 R182 -7 R516 P6
c36 E-5 CR21 L4 Q6s L-6 R102 D8 R183 J-7 R517 0-7
Cc37 E-5 CR22 L-5 Q66 L-5 R105 E-7 R184 1-5 R518 0-7
c38 E-6 CR23 H-3 Q67 L-5 R106 E-7 R185 -4 R519 0-6
C39 F-6 CR24 H-3 Q68 K-5 R108 F-3 R186 K-3 R520 0-6
C40 F-6 CR25 G-5 Q69 K-5 R109 F4 R187 J-3 R521 0-6
c41 F-6 CR505 P-8 Q72 K-7 R110 F-3 R189 K4 R522 N-7
ca2 K-2 Ds1 H-8 Q73 K-7 R111 F-3 R191 K-3 R523 N-7
ca4 A-1 DS2 E-8 Q74 L-7 R112 E-3 R194 K-3 R524 N-7
cas G-6 DS3 E-8 Q75 L-7 R113 E-3 R195 K4 R528 P-7
ca7 H-5 DS401 N-8 Q76 M-7 R114 E4 R196 J-3 S1 A-8
ca8 H-6 DS501 P8 Q77 M4 R115 F-5 R197 J-4 S2 F-8
Cc49 H-6 J505 N-3 Q78 M-3 R116 E-4 R198 15 s3 1-8
c50 1-6 K503 N-5 Q79 M-3 R117 E-3 R199 J-2 [ K-8
C51 -6 K504 0-5 Q83 B-3 R118 E-3 R200 K-4 $S501 0-8
cs2 6 L1 85 R1 AS R119 H-4 R202  K-2 Ts01  P-3
c53 18 L2 H-4 R3 A4 R120 E-3 R203 J-2 u1 J4
c54 8-4 L3 D5 R4 B-4 R121 E-5 R204 K-2 u2 K-3
c55 J6 L4 E-4 RS B-4 R122 E-S5 R205 K-4 U3 K-4
c56 L4 LS H-S R6 B8-4 R123 F-5 R206 J-2 u4 J-3
c57 L-3 L6 H-6 R7 A4 R124 F-5 R207 K-2 us J-2
cs8 K-3 L7 I-6 R8 A-3 R125 F-5 R210 L-3 (S]] K-2
cs9 K-6 L8 K-5 R9 A-3 R126 D-5 R211 L-3 u? 8-3
Cc60 K-6 L9 K-6 R10 A-3 R127 F-4 R212 L-3 us L4
c61 K-6 L10 L-6 R11 A-3 R128 K-5 R213 L-3 u10 K-2
c62 K-6 Qi1 A-4 R12 A4 R129 L-3 R214 L4 u12 F-4
c63 L-6 Q2 84 R13 A4 R130 F-5 R215 J-6 u13 E-4
cée4 L-6 Q3 B4 R14 A4 R131 F4 R216 J-7 ul4 H-5
c68 L-3 Q4 A-3 R16 A-4 R132 E-§ R217  J5 u1s D5
c69 A-2 Qs A-2 R17 A-2 R133 E-6 R218 J-6 u16 K-5
c70 L5 Qé B4 R18 A-2 R134 E-7 R219 K-5 u17 1-4
c71 K-4 Qs B-5 R19 8-3 R135 E-7 R220 K-5 u20 B-6
c72 J-3 Q9 8-5 R20 B-2 R136 F-7 R221 K-5 VR1 B-5
c73 1-2 Q1o 8-5 R21 B-3 R137 F-7 R223 L-6 VR2 c-7
c74 H-4 an B-5 R22 B-3 R138  F7 R224 M5 VR3 I
c75 A-2 Q16 D-7 R23 B4 R139 E-7 R225 L-5 VR4 L5
c76 A-2 Q20 D-8 R24 B4 R140 E-7 R226 L-5 VRS D-7
c77 H-7 Q22 A-6 R25 84 R141  F7 R227 M5 VRS F4
Cc78 L-5 Q23 A-6 R26 B-5 R142 F-7 R228 L5 Wi B8/C-1
c79 D-5 Q24 B-6 R27 B-5 R143 F-7 R229 L4 wa 0-7
c80 D-7 Q25 8-6 R28 A-5 R144 H-4 R230 L-5 W501 04
Cc504 0-3 Q29 F-3 R30 B-5 R146 J-4 R231 L-5

C505 N-6 Q30 £-4 R31 B-5 R147 G-4 R232 K-5

C506 P-6 Q31 £-4 R33 C-5 R148 H-4 R233 L5

Cc507 P-6 Q32 E-4 R34 C5 R149 1-6 R237 K-6 )
cs08  P-7 Q33 F-4 R35 c-4 R150  G-3 R239  K-7 A
C509 M-7 Q34 F-5 R36 B-5 R151 G-3 R240 K-7

c511 N4 Q37 E-6 R45 G4 R154 G5 R242 L7
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Model 2148 Service

SERVICE BLOCK 3
TIMING BOARD A2

THEORY OF OPERATION
Rate Generator

As can be seen from Figure 8—3—1, the rate generator is essentially a voltage-controlled oscillator,
comprising the following functional blocks:

— adjustable constant voltage source U12a

— constant current source U12b/Q29

— constant current sources U13a/Q30 (negative} and
U13b/Q31 (positive}

— ramp capacitors C36/C37/C38/C39/C40/C41/C45

— transistor switch Q32/Q33

— Schmitt trigger Q34/Q36

POSITIVE CURRENT

CONTROL POSITIVE CURRENT
SOURCE

1/?\

L

lasz fass
L1 0347036
m /%/' 21 Yy
L WA
—3 -
A4
RATE VERNIER I
an EXTERNAL TRIGGER
’\ SWITCH FOR
TE DISABLING
SCHMITT TRIGGER
NEGATIVE CURRENT o
SOURCE
NEGATIVE CURRENT

CONTROL

Figure 8—3—1. Functional diagram of rate generator

Voltage control is achieved via RATE VERNIER R107 which adjusts the constant voltage source U12a.
In accordance with the output voltage at U12a/pin 7, the current through Q29 is varied and generates
changing voltages across resistors R118/R113 (Note: an equal voltage drop across each resistor). These
voltages then control current sources U13a/Q30 and U13b/Q31.

The positive current source is switched on and off the ramp node {Q34 base) via Q32/Q33 wired as a
current switch. With the positive source delivering a current 21, a current | charges the ramp capacitors
(switched in by pushbutton selection at S2a) and a current | flows into the negative source. {The 2:1
ratio of positive to negative current is determined by resistors R120 and R117). When the voltage at the
ramp node reaches the Schmitt trigger threshold voltage, the Schmitt trigger changes state and switches
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Service

the current switch (Q32/Q33) off. (Q34 is now conducting which turns Q33 on and routes the positive
current to ground). The ramp capacitors now discharge into the negative current source with a current |,
When the ramp capacitor voltage drops to the lower Schmitt trigger threshold, the Schmitt trigger changes
state again and switches the current switch on, thus repeating the whole cycle.

in External Trigger, Gate or Burst modes, the VCO is disabled during rest periods by raising the Schmitt
trigger threshold — at the same time clamping the ramp side of the Schmitt trigger to 0 V via diode CR17.
The Schmitt trigger threshold is raised via the action of transistor switch Q10/Q11, which switches
approximately +4 V through to the VR8/CR12 junction and thereby raises the Q36 base potential

to +0.7 V.

A 2148B output pulse in External Trigger mode occurs for each pulse at the EXT TRIG input. This is
achieved by momentarily switching Q11 off, which allows the Schmitt trigger to toggle once (the
ramp capacitors therefore have no incluence on the output frequency).

In Gate mode, the internal VCO runs for the duration of the gate signal at the EXT input. This signal
switches Q11 off, thus lowering the Schmitt trigger threshold and allowing it to toggle in response to
the ramp capacitor charge/discharge process.

In Burst mode, the Schmitt trigger is enabled for the duration of the preselected number of pulses, a
‘BURST COMPLETE' signal disabling the Schmitt trigger upon completion of the last pulse.

Delay Generator

The delay generator comprises the following functional blocks:

— adjustable constant voltage source U14a/R45

— adjustable constant current source U14b/Q49/vernier R158
— ramp capacitors C47—C52

~ current switch Q50

— pre-amplifier /Schmitt trigger Q44, Q45/Q46, Q47

Model 2148

B e L+ L& |

Q47 COLLECTOR l l l ’

044 BASE /l /1
( DELAY )

Q66 COLLECTOR I l I I

063 BASE /] /]_
(WIOTH)

Figure 8—-3-2. Timing diagram
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As can be seen from the timing diagram, Figure 8—3—2, the delay generator is similar in function to the
rep. rate generator, the delay being determined by the time taken to charge the ramp capacitors to the
Schmitt trigger threshold. The capacitors are charged via adjustable current source Q49/Vernier R158,
and discharged via current switch Q50, which switches on at the end of the selected delay time.

The delay generation cycle begins on the positive edge of the signal at Q36 collector (rep. rate Schmitt
trigger). Transistors Q52/Q43 turn on, the resulting positive-going voltage at Q45 base switching
Q45/Q47 on and Q44/Q46 off. (The negative edge on the Q47 collector signal is now used to generate
the TRIGGER OUT - see later description for ‘Pulse Position’).

This positive-going voltage at the Q45 base is also routed to transistor switch Q50, which turns off,

and allows the ramp capacitors (selected via DELAY pushbutton row) to charge from adjustable current
source Q49/vernier R158. By adjusting R158, the charging current, and hence time to reach the Schmitt
trigger threshold, can be varied.

Upon reaching the threshold, Q46 turns on, Q47 turns off, and the voltage drop at the Q45 base switches
on Q50 to cause a fast discharge of the ramp capacitors. The delay generation cycle is now complete,
the positive edge now on the Q47 collector being the start signal for the width generator.

Width Generator
The width generator comprises the following functional blocks:

— adjustable constant voltage source U16a

— adjustable constant current source U16b/Q68/vernier R222
— ramp capacitors C59—C64

— current switch Q69

— pre-amplifier/Schmitt trigger Q63, Q64/Q65, Q66

The width generator is identical in function to the delay generator, the width being determined by the time
taken to charge the ramp capacitors to the Schmitt trigger threshold. The capacitors are charged via
adjustable current source Q68/vernier R222, and discharged via current switch Q69 which switches on

at the end of the selected width time.

The width generation cycle begins on the positive edge of the signal at Q47 collector (delay Schmitt trigger).
Via U1B, U2A and U3A, Q61 turns on, the resulting positive-going voltage at Q64 base switching

Q64/Q66 on and Q63/Q65 off. This positive transition at Q64 base is also routed to transistor switch Q69,
which turns off, and allows the ramp capacitors (selected via WIDTH pushbutton row) to charge from
adjustable current source Q68/vernier R222. By adjusting R222, the charging current and hence time to
reach the Schmitt trigger threshold, can be varied.

Upon reaching the threshold, Q65 turns on, Q66 turns off, and the voltage drop at the Q64 base switches
on Q69 to cause a fast discharge of the ramp capacitors.

Pulse Position

There are 3 settings of the Pulse Position switch, the effect of each setting on the associated logic
circuits being described in the following paragraphs. A simplified functional diagram of these
logic circuits is given in Figure 8—3-3.
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Figure 8—3—3. Simplified functional diagram of pulse position logic

Delay

With delay selected, the TRIGGER OUT is generated by the negative edge on the signal at Q47
collector (TP4). The prevailing conditions in this setting are:

— a high on U3B/pin 7 thus disabling gate 3B.
— a low on U3B/pin 9 (due to internal pull-down resistor)

A negative-going edge at U1B/pin 7 therefore causes U1B/pin 10 to go low and U1B/pin 11 to
go high. While the U1B/pin 10 output is routed directly to OR-gate U2D, the U1B/pin 11

output is delayed via U1C and U2C, thus generating a 4 ns output pulse at U2D/pin 9. This pulse
is inverted by U3C before amplification by trigger amplifier Q16/Q20.

Double Pulse
With double pulse selected, the width generation circuit is triggered on both the negative and
positive edge of the signal at TP4 — thus generating two width cycles per clock period. The
prevailing conditions in this setting are:
— alow on U3B/pin 7 (due to internal pull-down resistor)
thus enabling gate U3B

— a low on U1B/pin 9 (due to internal pull-down resistor)

As in the delay setting, a 4 ns pulse is generated at U2D/pin 9 due to the negitive edge on the TP4

signal, this now being routed via gates U3B and U3A to trigger t'ie width generator. On the positive

edge of the signal at TP4, a 4 ns output pulse is generated at U2A/pin 2 (the 4 ns being determined

by the delay action of gates UTA and U2B), this being routed via U3A to trigger the width generator

for the second time within one clock period. A timing diagram illustrating the double pulse logic
sequence is given in Figure 8—3—4.
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Figure 8—3—4. Timing diagram in double pulse mode

Advanced

With advance selected, the TRIGGER QUT signal is generated by the positive edge on the signal
at TP4, the width ‘start’ signal then being generated by the negative edge. The prevailing conditions
in this setting are:

— a highon U1B/pin 9
— a high on U3B/pin 7 thus disabling gate U3B.

Because U1B/pin 9 is high, the output stages of U1B are reverse of those in DELAY mode.for the
same TP4 signal. As a result, the negative-going edge on the TP4 signal generates the 4 ns width
‘start’ pulse {the 4 ns being determined by the delay action of UTA and U2B). After a time
determined by the DELAY setting, the TP4 signal goes positive, causing the TRIGGER OUT
pulse to be generated via U1C, U2C, U3C and trigger amplifier Q16/Q20. A timing diagram
indicating the logic sequence in advance mode is given in Figure 8—3—5.
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Figure 8—3-5. Timing diagram in advance mode

Constant Duty Cycle Mode

When Constant Duty Cycle Mode is selected, the control voltage for the rep. rate generator’s negative
current source {U13a/Q30) is also routed to the width generator — thus changing the pulse width in
proportion to any frequency change. This is achieved by tapping the junction voltage at R112/R113
and routing it via U15, S4a/pins 8, 9, R215 and R51 to U16a/pin 2, which drives the positive current
source U16b/Q68 of the width generator.

The duty cycle limits vary according to which frequency range is selected, an individual description
for each range being given in the following.

In the 10 MHz — 1 MHz frequency range, the duty cycle is fixed at approximately 8 %. This is achieved
by re-routing the supply voltage (from S2a/pin 3) via R198/R197 to the width current source —
instead of via the width vernier R222. The width range switches are disabled and the width is solely
dependent on the frequency setting.

In the 1 MHz — .1 MHz frequency range, the duty cycle can be selected from 2.5 % to 10 %. The supply
voltage for the width current source is routed via S2a/pins 1,2 to the width vernier R222. All width
range switches are disabled, and the width {duty cycle) is determined by a combination of the fixed
width ramp capacitor C59, the width vernier setting and the voltage derived from U15/pin 6.

In the frequency ranges . 1 MHz to 10 kHz, 10 kHz to 1 kHz, and 1 kHz to 10 Hz, only the width
range switches S4b and S4c are enabled. Transistors Q72 to Q75 and the associated ramp capacitors
C60 to C64 are switched in by the rate range switches S2c/d/e/f.
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Double Pulse Timing Error

With Double Pulse Mode selected, the width generator is started twice within a single clock period.
The first ‘start’ pulse occurs after the negative-going edge on the TP4 signal (i.e. delay generator start),
and the second start pulse after the positive-going edge (i.e. at the end of the selected delay period).
As both pulses must be generated within one period, the following formula determines valid operation
of the 214B:

delay + (2 x width} + pulse separation < pulse period

Service

TRq DELAY
uiom WIDTH
U10/10

ues/9 RATE

Figure 8—3—6. Timing diagram for error detect in double pulse mode

Figure 8—3—6 provides a timing diagram for the error detect circuits in double pulse. The negative-
going edge on the TP4 signal generates a negative spike at U3/pin 2 to start the width generator.

The TP5 signal, then goes low, and returns high after a time determined by the width-setting. This
low-high transition clocks U10b via U3D and U4C, causing the Q output to go high. At the end of the
second width cycle a low-high transition at TP5 again clocks U10b {(via U3/U4) and the Q output
returns low. With this condition (low) now prevailing at the D-input of U6b, there is no change at

the UBb output on the next clock pulse from the rate generator — hence no timing error is indicated.

Should the UBb clock pulse from the rate generator arrive while the U10b/Q output is still high, the
UBb/Q goes low and switches Q58 on {via US}. DSI then illuminates to indicate timing error.

Delay Error

Delay timing error is indicated when the pulse delay is equal to or greater than the pulse period. An
erroneous delay setting is detected by U6a which compares the ‘period’ signal from U4/pin 2 with the
‘delay signal from U4/pin 6. With an incorrect delay setting, the delay ramp capacitors are still being
charged when the delay 'start’ signal arrives from the rep. rate Schmitt trigger (Q34/Q36). The TP4
signal is therefore still low, which in turn puts a high on the D-input of U6a. This high is clocked through
by the ‘period’ signal from U4/pin 2 and the timing error LED DSI is illuminated. A simplified diagram
of the timing error logic circuit for detecting incompatible delay settings is given in Figure 8—3-7,
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Figure 8—3-7. Functional diagram for error detect

Width Error

Width timing error is indicated when the pulse width is greater than or equal to the pulse period.

An erroneous width setting is detected by U10a which compares the width ‘start’ signal from U2/pin 2

with the width ‘duty cycle’ signal from TP5, Width an incorrect width setting, the width ramp capacitors
are still being charged when the width ‘start’ signal arrives from the delay Schmitt trigger. The TP5

signal is therefore still low, which in turn puts a high on the D-input of U10a. This high is clocked through
by the width ‘start’ signal from U2/pin 2, and the timing error LED DSl is illuminated. A simplified
diagram of the timing error logic circuit for detecting incompatible width settings is given in Figure 8—3-8.

\
WIDTH ERROR \
WI0TH
A
)—e TP
u3o ' UsC >
[_—-> U10a
FROM _ [1]
U2a S2v L 2 . g
WIDTH START

Figure 8—3—-8. Functional diagram for error detect in width settings

EXTERNAL INPUT CIRCUITS

Transistors Q2/Q3 and constant current sources Q4/Q5 form a differential amplifier with a current
mode at the CR5/CR6 anode junction. By switching current on and off this node, Schmitt trigger
Q8/Q9 can be switched via base-stage Q6. FET Q1b is used to set the offset level which is adjustable
via R15 (TRIGGER LEVEL), and Q1a ensures a high input impedance for the external trigger and
gate signals. The external signal applied to the Q1a gate is clamped to +5.7 V and —-5.9 V.,

8-22
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The action of the MAN/NEG/POS switch can best be explained by considering the current node at
CR5/CR6 anode. With NEG selected, diodes CR4 and CR5 are reverse biased and the following
equations relate the different transistor currents:

(i) lg=1a+13 (where 14 = Q4 current; 15 = Q2 current; |13 = Q3 current)

(ii) Ig=lgtig (where 15 = Q5 current; |g = Q6 current; |3 = Q3 current)

Substituting (i) in (ii) the following equation results:

(iii) |5= |6 + |4 - '2

Since Ig and 14 are constant currents then:

(iv} dig =dl,

So any change in the transistor Q2 current causes a corresponding change in the Q6 current. As a result,
when Q1a gate voltage is high, TP1 is also high (Q2 and Q6 are conducting maximum current), therefore
the rate Schmitt trigger is disabled by the CR14 cathode voltage (Q9 is switched off; Q10 switched off;
and Q11 is switched on). When the signal applied to the Q1a gate goes negative, a negative-going edge is
generated at TP1, which removes the disable voltage at CR 14 cathode {Q9 is switched on; Q10 is
switched on; and Q11 is switched off) and allows the rate Schmitt trigger to switch.With POS selected
at the MAN/NEG/POS switch, CR3 and CR6 are reverse biased, and the following equations relate

the different transistor currents:

(vl Ig=12+13 (where |4 = Q4 current; |5 = Q2 current; i3 = Q3 current)

(vi) Ig=1y+1g {where lg = Q5 current; 15 = Q2 current; lg = Q6 current)
From equation {vi}, it can be deduced that ...
d|2 = —dls

... because |g is constant. An increase, therefore, in Q2 current is followed by a decrease in Q6 current.
In voltage terms, a positive-going voltage at Q1a gate generates a negative-going edge at TP1, which in
turn removes the rate Schmitt trigger disable voltage at CR14 cathode.

Normal Mode

In NORMAL mode, the timing error circuit is enabled via U20E and Q60. {n addition, current
source Q22 is enabled (via U20A) which in turn cuts off Q10. With Q10 disabled, any external
trigger signal is prevented from reaching the internal rate circuit. Current source Q25 is also
disabled and CR14 reverse biased.

External Trigger Mode

With EXT TRIG mode selected:
— current sources Q22 and Q24 are disabled
— current source Q25 is switched on

rate Schmitt trigger Q34/Q36 is disabled via Q11 and CR14
(approx. +4 V at CR14 cathode)

current source Q23 is switched on, L1 acting as an inductive load for Q9.
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When Schmitt trigger Q8/Q9 is switched by an external trigger signal, positive and negative spikes

are generated by L1, the negative spike switching Q10 on, Transistor Q11 cuts off and the rate Schmitt
trigger {Q34/Q36) toggles once, the disable voltage at CR14 cathode being removed for the duration
of the spike.

Also in EXT TRIG mode, the rate selector switches S2D to S2f are disabled by removing +5 V at
S1b/pin 17 (signal 23).

Gate Mode

With GATE mode selected:
— current sources Q22 and Q23 are disabled
— current source Q25 is switched on
— rate Schmitt trigger Q34/Q36 is disabled via Q11 and CR14

— current source Q24 is switched on.

When the gate signal is present at the EXT TRIG connector, the TP1 signal goes low. Q10 collector
follows with a low and switches Q10 on. The disable signal at CR14 cathode for the rate Schmitt
trigger is removed and pulses are generated for the duration of the gate signal (becauses Q9
collector remains low during this time).

Manual Trigger

When MAN is selected at the MAN/NEG/POS switch, CR11 is forward biased with the effect that
increased current is delivered from Q5 to current node CR7/CR8. The TP1 signal is therefore held

at a high level, turning Q8 and Q11 on and disabling the rate Schmitt trigger Q34/Q36 via the voltage
at CR14 cathode.

Pressing the MAN pushbutton then generates a single pulse at U7/pin 7 (the duration of which
depends on how long the pushbutton is pressed) which turns Q83 on and reverse biases CR11. With
less current now being delivered to the CR5/CR6 node, the voltage at TP1 drops, turning Q8 off and
Q9 on. Depending on whether GATE mode or EXT TRIG mode is selected, determines whether a
negative-going spike or a negative-going pui!se (of the same duration as the MAN pushbutton is

pressed) is generated. |f GATE is selected, a negative pulse is generated which functions as a gate signal
for the rate Schmitt trigger i.e. the disable voltage at CR14 cathode is removed for the duration of

this pulse. If EXT TRIG is selected, a negative spike causes the disable signal to be removed
momentarily allowing the rate Schmitt trigger to switch once.

Burst Mode (Schematic A1-2)

With BURST mode selected, only current source Q24 is switched on. The rate Schmitt trigger is disabled
by a high level derived from A6Q304, which is turned on by flip-flop A6U319 (cleared when burst
counters have count down).

The burst can be started either by pressing the MAN pushbutton (with MAN selected at the MAN/NEG/
POS switch) or by applying the appropriate signal to the EXT TRIG connector. In either case, a
negative-going edge is generated at TP1 which causes the A2Q8 collector to go high. This resets AGU319
via A6Q305 causing A6Q304 to be switched off. The disable signal is thus removed from the rate
Schmitt trigger which now switches continuously until the ‘end of burst’ has been detected. Flip-flop
ABU319 is then cleared again and the rate Schmitt trigger disabled.
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SERVICE BLOCK 4
OUTPUT BOARD At

THEORY OF OPERATION

The output board A1 can be divided into 4 main functional blocks:

— input Schmitt trigger

— duty cycle detect/overioad detect

— amplitude vernier and overload switch
— output amplifier

Each of these blocks is described in the following paragraphs.

Input Schmitt Trigger

The input Schmitt trigger comprises:

— transformer T401, which isolates potentials of the output amplifier from the timing board,
and also differentiates the timing circuit output pulse.

— emitter follower Q400, which isolates the transformer T401 from the following Schmitt trigger.
— Schmitt trigger Q401/Q402.

A positive pulse at the base of Q401 causes Q401 to cut off, and Q402 conducts. This stable conditions
exists until the next negative pulse arrives from Q400 which switches Q401 on and Q402 off.

The duty cycle detect signal is derived from the Q401 collector and routed to the overload detection
circuit. To ensure that integrator charge-up (in the overload detect circuit) is determined only by the
duty cycle of the detect signal (and not amplitude), the amplitude is clamped to approx. 3.5 V by CR400
and VR400.

Overload Detection/Overload Switch/Amplitude Vernier

The duty cycle detect signal derived from Q401 collector is inverted by Q421 and limited by CR424.

Pulses at the coliector of Q421 are then integrated by R447 and C416. With increasing duty cycle at

the base of Q421, the voltage across C416 decreases (switching Q421 on causes C416 to discharge).

Should the C416 voltage decrease to a point where it is lower than the reference voltage at U401a/pin 2,

the output voltage of comparator U401a is switched to a minimum. (The threshold voltage at comparator
U401 changes according to amplitude range due to the varying duty cycle limits i.e. 10 % in 30—-100 V
range: 50 % in all cther ranges. In the 30—100 V amplitude range, K403 switches the Q425 base to —155 V,
thus turning Q425 off. U401a threshold is then determined by R448/R449. In all other amplitude ranges,
Q425 is turned on, resistors R450/R451 then being connected in parallel with R449, thus lowering the
U401a threshold).

With U401a output switched to minimum, C419 is discharged via CR427, which in turn switches U401b/
pin 7 to maximum output (OVERLOAD LED on). Q426 switches on (via CR428, R464) and transistors
Q427/Q428 switch off, causing approximately —155 V to be applied to the grids of tubes V401, V402.
This negative voltage at Q428 collector is also applied to the bases of Q406/Q407 (Q416/Q417) via
R413/R414 (R428/R427). Transistor Q407 (Q417) turns off and Q406 (Q416) turns on, switching —155V
to the gates of FET’s Q408/Q418. With negative voltages at the tube grids and FET gates, the output
amplifier is disabled (i.e. no output current).

Service
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In normal operation (OVERLOAD LED off), the voltage at C416 is higher than the reference voltage

at U401a/pin 2 (duty cycle at the base of Q421 is now lower, thus C416 cannot sufficiently discharge).
The output of U401a goes to maximum and cuts off CR427, allowing C419 to be charged via R452 to
the Zener voltage of VR428. If the C419 voltage is greater than the reference voltage at U401b/pin 5,
the output at pin 7 is switched to minimum which turns Q426 off. The voltage at TP8 is then adjustable
between ~ 8 V and ~ 20 V via the AMPLITUDE VERNIER R460.

Screen grid protection

A second function of the overload detect circuit is to provide screen grid protection. Should tubes
V401/V402 be operated without load, the entire cathode current would flow into the screen grid (G2)

and cause damage. To avoid this, the anode voltage is sensed. With no load, the anode voltage drops to
approximately —155 V, this voltage drop being routed to monostable Q432/Q433/C432/R473/R478 causing
it to change state. Transistor Q433 conducts and the voltage drop across R475 turns Q434 on. The threshold
of U401a is thus shifted to approximately —133 V, and the comparator switches off the output stage

(as already described).

Note: the monostable is employed as pulse-stretcher to ensure a pulse width adequate for the U401a
response time, and thus secure switch-off of the output stage.

Output Amplifier

The output amplifier comprises two identical stages working in parallel (anodes of tubes V401/V402 are
connected together). For this reason, only one stage need be described in detail.

The signal from the timing board is routed via the input Schmitt trigger and push-pull stage Q403/Q404
to the base of Q405. Transistor Q405 then functions in a saturated Schottky configuration, whereby
diode CR404 is used to reduce the storage time of the saturated Q4065.

With Q405 turned on, Q407 is switched off and Q406 is conducting. A potential —155 V is then applied
to the gate of FET Q408, which cuts off Q408 and interrupts the current through tube V401.

With Q405 turned off, the voltage at the gate of Q408 is approximately equal to that applied to the
collector of Q428. (Note: this voltage depends on the R460 AMPLITUDE VERNIER setting). The
amplifier output current is then determined by the difference between the gate and gate-source

voltages of Q408 together with the Q408 source resistors 1oyt =. VG — VGS .
RS

In the 30—100 V amplitude range K401 shorts R425, thus changing the output current by a factor 1:3.
Additionally supply voltages —155 V and —133 V are changed to —260 V and —238 V respectively,
via relay K501,

Power-on Circuit

The output tubes require about 30 seconds warm-up time after power switch-on. During this time, no
current flows. At power-on, Q431 is turned on and holds the Q432 base at approximately —155 V.
The monostable Q402/Q403 is then in the unstable state (as when the output amplifier is operated
without load). Approximately —155 V is then applied to the grids at V401/V402, and to the gates

of FETs Q408/Q418, thus switching off the amplifier. After 1 minute, capacitor C430 is charged via
R467 such that Q431 turns off. The monostable Q432/Q433 is released and returns to the stable state,
thus enabling the output amplifier.

8-30
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Appendix

APPENDIX
OPTION 001, BURST CAPABILITY

A1-1 INTRODUCTION

A1-2 This appendix contains the extra operating
and service information required when the Model 2148
is equipped with option 001. Figure 3—1 indicates which
controls are additional should option 001 be fitted.

A1-3 The 214B Option 001 enables the instrument
to generate a preselected number of pulses on receipt of a
trigger pulse or manual trigger. The number of pulses (be-
tween 1 and 9999) is set on a 4-digit thumbwheel switch
on the front panel. An additional single pulse can be
generated manually. Specifications are identical to the
standard version except:

Burst Mode — preselected number of pulses
(1 to 9999) generated on receipt of a trigger
signal.

Trigger Source — external signal applied to
EXT INPUT connector or manual trigger
(see External Input specifications in Table
1-2 for complete specifications of external
signal).

Minimum Burst Recycle Time — 200ns.

Single Pulse — single pulse generated on
manual command irrespective of selected
number of pulses.

A2-1 OPERATING INSTRUCTIONS

A2-2 The BURST mode is similar to the NORM
mode in that the pulse parameters (rate, width, etc.) are
set on the front panel controls, however, the required
NUMBER OF PULSES is set on the front panel thumb-
wheel switch. The burst is then started by either applying
a signal to the EXT INPUT connector or pressing the
MAN pushbutton.

At the end of the burst, pulses can be added individually
by pressing the SINGLE PULSE pushbutton.

A2-3 BURST can be selected in conjunction with
DOUBLE PULSE, in which case, twice the preset number
of pulses will be generated.

Al1-1
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A3-1

BURST PERFORMANCE TEST

SPECIFICATION:

EQUIPMENT:

Preselected number of pulses is generated on receipt of trigger signal.
Number of pulses: 1 to 9999.
Minimum spacing between bursts: 200ns.

Counter/Timer
5082 Feedthrough

CAUTION: Do not overload Feedthrough.

2148
fmmee) CoD D eD o COUNTER TIMER
o JO OO0 O o 1]
[eX¢) Q o o 9 0
! ’lboilFEEDTHROL"GH
Figure A3—1
1. Connect equipment as shown in Figure A3—1 and set 214B controls as follows:
MODE .. ... .. BURST
PERIOD Range ................... A — lu
PERIOD Vernier . . . ................ 1
DELAY Range ................... 10n —
DELAY Vernier .. ................. 1
DUTYCYCLE% ................. Released
WIDTH Range ................... 15n — . 1u
WIDTH Vernier ...... ............ 2
AMPLITUDE Range ............... 1-3
AMPLITUDE Vernier ............... 3 (3V)
INTLOAD. . ... . it -
SLOPE ... ... MAN
DEL/ADV/D.P. .. ... .. DEL
OUTPUT POLARITY  ............. POS
NUMBER OF PULSES ............. 0001

Set Counter/Timer to START, TIME BASE to .1us and press RESET pushbutton.

3. Press MAN pushbutton on the 214B. Counter should display 1.

4, Reset Counter. Set NUMBER OF PULSES to 0002 and start BURST by pressing MAN

pushbutton. RESULT: Counter should display 2.

5. Repeat step 4 up to setting 0009 then reset to 0000.

6. Repeat step 4 for settings 0010 through 0090. (i.e. the 9 settings of the 101 switch)
checking each time that the counter display corresponds to the NUMBER OF PULSES

setting.

7. Check thumbwheel switch settings from 1 to 9 for each of the 102 and 103 decade
switches, checking each time that the counter display corresponds to the NUMBER OF

PULSES setting.

A1-2
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REF GRID REF GRID REF GRID REF GRID  REF GRID REF GRID REF GRID
DESIG LOC DESIG LOC DESIG LOC DESIG LOC DESIG LOC DESIG LOC DESIG LOC

c1 A5 cs1 N-4 Q33 F4 R27 B-5 R143  F.7 R229 L4 u3 K-4
c2 A-3 C512 N-5 Q34 F-5 R28 A5 R144  H-4 R230 LS u4 4-3
c3 A4 c513 0-6 Q36 F5 R30 B-5 R146 J4 R231 L5 us J-2
ca A3 cs14 N-7 Q37 E-6 R31 8-5 R147 G4 R232 K5 U6 K-2
cs A-3 c516 P-5 Q38 E-6 R33 (oK R148 H4 R233 L5 u7 B-3
C6 F4 cs17 08 Q39 F-6 R34 cs R149 IS5 R237 K6 us L4
c7 B-2 cs518 M-7 Q40 F-6 R35 c-4 R150 G-3 R239 K7 10 K-2
c8 8-3 Cc519 M-3 (oL} G-7 R36 85 R151 G-3 R240  K-7 u12 F4
c9 c4 C520 N-3 Q42 H4 R44 H-4 R153  H-3 R241 L7 u13 E4
c10 B-5 CR1 A4 Q43 H-4 R4S G4 R154 G5 R242  L-7 ul4 H-5
c1t 15 CR2 A4 Qa4 H-6 R46 F4 R155 G5 R243 L7 u1s 05
c12 -4 CR3 B-4 Qa5 -5 R48 H-4 R156 G5 R244 K7 u16 K-5
cl4 D6 CR4 B-4 Q46 1-5 R]S1 16 R157  H-5 R245  K-7 u1? -4
c15 M4 CRS B-4 Q47 1-5 RS53 D-7 R159 H5 R246  L-7 u20 B-6
c18 c8 CR6 84 Q48 1-5 R57 D6 R160 i6 R247 L-7 U326 D-3
C25 F4 CR7 B4 Q49 H-5 R63 D-7 R161 -5 R248 L-7 VR1  BS
C26 A2 CR8 A4 Q50 H-5 R64 D-7 R162 |5 R250 L3 VR2 c-7
c27 E-3 CR9 A3 Qs2 G-3 RE5 c8 R163 15 R251 M4 VR3 1-5
c28 F4 CR10 B2 Q53 H-7 R67 c-7 R164 H-5 R252 M-3 VR4 L5
c29 F-3 CR11 B-3 Qs4 H-7 R85 8-7 R165 15 R253 M-3 VRS D-7
C30 €3 CR12 F4 Qss 17 R86 B-7 R166 14 R254 M§ VR8 F4
c31 A1 CR14 D4 Qs6 -7 R87 A6 R167 |4 R255  1-2 w1 8/C
c32 K-2 CR15 C5 Q57 J-7 R88 A-6 R168 H-6 R257  1-2 wa 0-7
C33 E4 CR16 E- Q58 1-2 RS89 B8-7 R169 K-3 R259 5 w501 04
c34 H4 CR17 ES Qs9 1-2 R90 B-7 R170 K-3 R260 L4 w302 D3
C35 E-5 CR18 H4 Q60 D8 R91 A-6 R172 H-6 R270 B-3 o -
C36 E-5 CR19 -5 Q61 L4 R92 B-6 R173 H-5 R271 B-3 ol

c37 ES CR20 15 Q62 L-4 R93 8-7 R174  H-7 R273 B3 al

c38 E6 CR21 L-4 Q63 K-6 R94 8-7 R175  H-7 R328 85 R

C39 F6 CR22 L-5 Q64 L-5 RY95 B-6 R176 -7 R329 C-3

ca0 F6 CR23 H-3 Q65 L-6 RO6 B-6 R177 17 R330 C-3

cal F-6 CR24 H-3 Q66 L-5 R97 C-7 R178 J-7 R331 C-2

ca2 K-2 CR25 G5 Q67 L5 R98 c-7 R179  H-7 R332 C-3

C44 A-1 CR316 C-3 Q68 K-5 R99 B-6 R180 H-7 R333 G-3

Cc4a5 G-6 CR317 0D-4 Q69 K-5 R100 C-6 R181 1-7 R334 D-2

ca7 H-5 CR505 P8 Q72 K-7 R101 D-8 R182 1-7 R335 D-2

ca8 H-6 DSt H-8 Q73 K-7 R102 D8 R183 47 R336 D-3

ca9 H6 DS?2 ES Q74 L-7 R105 E-7 R184 15 R337 E-2

C50 1-6 DS3 E-8 Q75 L-7 R106 E-7 R185 i4 R341 C-5

C51 -6 DS401 N-8 Q76 M-7 R108 F-3 R186 K-3 R342 C-6

C52 46 DS501 P-8 Q77 M-4 R109 F-4 R187 J-3 R343 C-5

Cs3 J-8 Js05 N-3 Q78 M-3 R110 F-3 R189 K-4 R344 D-3

Cc54 B4 K503 N-5 Q79 M-3 R111 F-3 R191 K-3 R346 c-6

C55 J-6 K504 0-5 Q83 B-3 R112 E-3 R194 K-3 R347 C-6

C56 L4 L1 B-5 Q311 D-2 R113 E-3 R195 K4 R348 D-3

Cs57 L-3 L2 H-4 Q312 €-2 R114 E-4 R196 J-3 ©  R349 D-3

C58 K-3 L3 D5 Q313 c-5 R115 F-5 R197 J-4 R350 D-4

C59 K6 L4 E4 Q314 c-6 R116 E4 R198 -5 R351 D-4

C60 K-6 LS H-5 Q315 D4 R117 E-3 R198  J-2 R352 G-3

c61 K-6 L6 H-6 Q316 H-3 R118 E-3 R200 K-4 R506 0-3

C62 K6 L7 1-6 R1 A-5 R119 H-4 R202 K-2 R508 0-4

C63 L6 L8 K-5 R3 A-4 R120 E-3 R203  J-2 R511 P5

Ce4 L-6 L9 K-6 R4 B-4 R121 ES R204  K-2 R§12 P56

Cc68 L-3 L10 L-6 RS 84 R122 E-S R205 K4 R513 P-6

C69 A-2 a1 A4 R6 B4 R123 F-5 R206 J-2 R514 P-6

C70 L-S Q2 B4 R7 A-4 R124 F-5 R207 K-2 R515 P-6

C71 K-4 Q3 B4 RS A-3 R125 F-5 R210 L-3 R516 P-6

Cc72 J-3 Q4 A-3 R9 A-3 R126 DS R211 L-3 R517 0-7

C73 -2 Qs A-2 R10 A-3 R127 F4 R212 L-3 R518 07

c74 H-4 Q6 B-4 R11 A-3 R128 K-5 R213 L-3 R519 0-6

C75 A-2 Qs B-5 R12 A-4 R129 L3 R214 L4 R520 0-6

C76 A-2 Q9 B5 R13 A-4 R130 F5 R215 16 R521 06

c77 H-7 Q10 B85 R14 A4 R131 F5 R216 47 R522 N7

c78 L5 Q11 8.5 R15 A4 R132 E-5 R217 % R523  N-7

C79 D-5 Q16 D7 R17 A2 R133 E-6 R218 57 R524 N7

C80 0-7 Q20 D-8 Ri3 A2 R134 E-7 RI1G =3 R28 p-7

C317 G-3 Q22 A6 R19 g3 R135 E-7 R220 - I S1 A8

C504 0-3 Q23 A-6 R20 E2 R13G  F-7 K221 .5 82 F 8

C505 N6 Q24 B-6 R21 6.3 R137 F-7 R223 s s2 13

cs06  P6 Q25 B-6 R22 B-3 R138  F-7 R224 5 $4 K8

€507 P-6 Q29 F-3 R23 B-4 R139 E-7 R225 L5 S501 08

€508 P-7 Q30 E-4 R24 B-4 R140 E-7 R226 L5 T501 P.3

€509 M-7 Q31 E-4 R25 B4 R141 F-7 R227 A5 Ul J4

€510 N3 Q32 E4 R26 B-5 R142  F-7 R228 L5 u2 K-3
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Model 214B Appendix

SERVICE BLOCK A1-1
BURST BOARD A6

THEORY OF OPERATION

The Burst Contro! essentially consists of a counter which is loaded with numbers from front panel thrumbwheel
switches. When a burst is started, pulses from the rate generator decrement the counter until it is empty.

This condition (all zeroes) is detected and generates a BURST COMPLETE signal which disables the rate
generator.

The following description divides the burst operation into four successive stages:

1. Loading the Burst Counter
2. Start Burst

3. Zero Detection

4. Burst Complete

Loading the Burst Counter

When BURST mode is selected, the BURST ENABLE line goes high (0 V) and ‘clears’ U319 (via Q307, C306,
U313, U312), setting the Q output low. A low on this output then enables data to be loaded from the thumb-
wheel switches into the counter.

As data is being loaded, a comparator (U301, U302, U307, U308) checks for equivalence between the
counter inputs and outputs. When equivalence is detected, input pin 11 of U312d goes high, and the LOAD
line (from output pin 13 of U312d) goes low thus preventing further loading of the counter.

Throughout this load process, the high on the Q output of U319 disables the repetition rate generator
(via AND gate CR311, CR312 and OR gate Q302, Q303) and therefore prevents the counter from counting.

Start Burst

When the START BURST signal is received, U319 is "preset’ (via NAND gate @305, Q306} causing the Q
and Q outputs to change state. The low on the a output starts the repetition rate generator, and the counter
begins to count down from the preset number. The high on the Q output of U319 ensures that the LOAD
line remains disabled, thus preventing a re-load of the counter (e.g. by thumbwhee! switch change) before
the end of the burst.

Zero Detection

Throughout the count-down process, all outputs of the counter are monitored by two ‘zero detect’
configurations, one consisting of U309 and U311, and the other consisting of U309 and CR302 -~ CR310.
The significance of the two configurations is explained in the following Burst Complete description.

Burst Complete

When the counter reaches the ‘all zero’ condition, the fast ‘zero detect’ circuit (U309, CR302 -~ CR310)
generates a BURST COMPLETE signal, which disables the repetition rate generator via OR gate Q302,
Q303. This fast zero detection is achieved by using a ‘hot carrier’ diode for CR310, which monitors the
final zero state, C301, of the counter. Fast detection then ensures that the repetition rate generator is
switched off after the correct number of pulses have been output.

A1-9




Appendix Model 2148

The other ‘zero detect’ circuit (U309, U311) clears U319, setting the Q output low again, and thus
allowing the counter to be loaded once more ‘rom the thumbwheel switches.

TROUBLESHOOTING

—_

With oscilloscope set to 1 us/division, set the 214B to exactly 1 MHz.

Set 214B to Burst Mode.

Connect the 214B TRIGGER OUTPUT to the 214B TRIGGER INPUT.

Disconnect the base connection of transistor A6Q304 and leave as ‘open base’.
Disconnect pin 13 of A6U312 from socket X302 and feave as ‘open circuit’.
Wire-connect the open track (from which A6U312 pin 13 is disconnected) to ground.

Set Scope to internal trigger.

® NP oA W

Check the waveforms detailed in the following list:

2148 BOARD A6 f, Oscilloscope Screen .{ ,?f&'}wsﬁf,:‘w
U318 Pin 1 VUUUUUUUUY w S}
U315 Pin 4 L msomwend F e e
U322 Pin 4 L xscmwan T rae e
U324 Pin 4 1 10 Sereen e = b= 0t o)
U324 Pin 7 L o sommwen e)
U302Pin8  JFmsmwen T e
U301 Pin8  wmwwan | ™ e
U312Pin 10 - roxsemwen | = ®
U311 Pin8  Fwscenwem oo (]
U309 Pin8  Fscemwan ro- ©
U319 Pin 2 . myveersmmra S ©
Q303 emitter -1t sammwon | m @
U319Pin13  TTTTTTITTT] = S
U319 Pin6 T lomscemwen | e ®
Q303 collector ~f=1100vsaeenwann | - ®
U319Pin8  Fumnsmemwan | = ©

NOTES: 1. To get the signals at U319 adjust EXT INPUT LEVEL Vernier.
2. Some duty cycles are difficult to see on oscilloscope screen.

- w
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