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CERTIFICATION
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WARRANTY AND ASSISTANCE

This Hewlett-Packard product is warranted against defects in materials and workmanship
for a period of one year from the date of shipment. Hewlett-Packard will, at its option,
repair or replace products which prove to be dgfective during the warranty period pro-
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PACKARD IS NOT LIABLE FOR CONSEQUENTIAL DAMAGES.
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products.

For any assistance, contact your nearest Hewlett~Packard Sales and Service Office.
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Safety Considerations

SAFETY CONSIDERATIONS

GENERAL

This is a Safety Class I instrument. This instrument has been designed and tested according to
IEC Publication 348, “Safety Requirements for Electronic Measuring Apparatus”, and has been
supplied in safe condition.

OPERATION

BEFORE APPLYING POWER verify that the power transformer primary is matched to the
available line voltage and the correct fuse is installed (see Section II, Paragraph 2-6.) 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 short-circuiting of
fuseholders must be avoided.

SERVICE

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. Service and adjustments should be
performed only by qualified service personnel.

Any adjustment, maintenance, and repair of the opened instrument under voltage 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. ~ "~ - L : ‘

Capacitors inside the mstmment may stxll ‘be_charged even if the instrument has been discon-
nected from its sourceof supply. -~ .- :

Whenever it is likely that the protecti ion has been nnpared, ared, the instrument must be made inoper-
ative and be secured against any unintended operation. = :



IF THIS INSTRUMENT IS TO BE ENERGIZED VIA AN AUTO-
TRANSFORMER (FOR VOLTAGE REDUCTION) MAKE SURE
THE COMMON TERMINAL IS CONNECTED TO THE EARTHED
POLE OF THE POWER SOURCE.

BEFORE SWITCHING ON THE INSTRUMENT, THE PRO-
TECTIVE EARTH TERMINALS OF THE INSTRUMENT MUST BE
CONNECTED TO THE PROTECTIVE CONDUCTOR OF THE
(MAINS) POWER CORD. THE MAINS PLUG SHALL ONLY BE
INSERTED IN A SOCKET OUTLET PROVIDED WITH A PRO-
TECTIVE EARTH CONTACT. THE PROTECTIVE ACTION MUST
NOT BE NEGATED BY THE USE OF AN EXTENSION CORD
(POWER CABLE) WITHOUT A PROTECTIVE CONDUCTOR

(GROUNDING).

THE SERVICE INFORMATION FOUND IN THIS MANUAL IS
OFTEN USED WITH POWER SUPPLIED AND PROTECTIVE
COVERS REMOVED FROM THE INSTRUMENT. ENERGY AVAIL-
ABLE AT MANY POINTS MAY, IF CONTACTED, RESULT IN
PERSONAL INJURY.

CAUTION

BEFORE SWITCHING ON THIS INSTRUMENT:

1. MAKE SURE THE INSTRUMENT IS SET TO THE VOLT-
AGE OF THE POWER SOURCE.

2. ENSURE THAT ALL DEVICES CONNECTED TO THIS
INSTRUMENT ARE CONNECTED TO THE PRO-
TECTIVE (EARTH) GROUND.

3. ENSURE THAT THE LINE POWER (MAINS) PLUG IS
CONNECTED TO A THREE-CONDUCTOR LINE
POWER OUTLET THAT HAS A PROTECTIVE (EARTH)
GROUND. (GROUNDING ONE CONDUCTOR OF A
TWO-CONDUCTOR OUTLET IS NOT SUFFICIENT.)

4. 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 SHORT-CIRCUITING OF FUSE HOLDERS MUST
BE AVOIDED.

Model 5345A
Saftey Considerations
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POWER CABLE HP NO. 8120-1378
U.S.A., Canada

Figure 1-1. Model 5345A Electronic Counter with Accessories Supplied |
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General Information

SECTION |
GENERAL INFORMATION

1-1. DESCRIPTION

1-2. The Hewlett-Packard Model 5345A Electronic Counter is a reciprocal counter capable of
direct measurements to 500 MHz. The counter’s ability to accept plug-in accessories extends its
inherent capabilities and provides for a variety of additional measurements.

1-3. The instrument measures frequency, period, period average, single-shot time interval, time
intervale average, and ratio. It also provides a totalize function, whereby two signals can be simul-
taneously totalized with the displayed result being the sum of difference in the total number of
counts. Using the 5245 series of plug-ins (with 10590A Adapter) extends the frequency range to
18 GHz and adds other features, such as DVM capability.

1-4. INSTRUMENT IDENTIFICATION AND MANUAL CHANGES

1-5. Hewlett-Packard instruments have a 2-section, 10-character serial number (0000A00000),
which is located on the rear panel. The 4-digit serial prefix identifies instrument changes. If the
serial prefix of your instrument differs from that listed on the title page of this manual, there are
differences between this manual and your instrument. Instruments having lower serial prefixes
than that listed on the title page are documented in Section VII, and higher serial prefixes are
covered with manual change sheets included with the manual. If the change sheet is missing,
contact the nearest Hewlett-Packard Sales and Service Office listed on the inside rear cover of this
manual.

1-6. OPTIONS

1-7. The following is a list of available options: Option 001, 10 MHz, Voltage Controlled Oscil-
lator; Option 010, General Purpose Interface Output (Digital OQutput only, HP-IB format);
Option 011, General Purpose Interface 1/0 (provides digital output and input control over all
functions except input amplifier); Option 012, similar to Option 011 but includes slope and level
control. Option 908 Rack Mounting Kit is available, at additional cost, when ordered at the same
time as the instrument.

1-8. ACCESSORIES
1-9. Table 1-1 list equipment supplied and Table 1-2 list accessories available.

Table 1-1. Equipment Supplied
Description HP Part No.

Detachable Power Cord 231 cm (7-Y feet long) 8120-1378

1-1
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1-2

Table 1-2. Accessories Available

Description

HP Part Number

Automatic Frequency Converter (15 MHz to 4 GHz)
Rack Mounting Kit
Plug-In Adapter (for 5245 series plug-ins)

ASCII-to-Parallel Converter (Converts ASCII coded data to
printer format)

Numeric Display (provides auxillary display)

Relay Actuator (relay switching controlled manually or by
ASCII codes)

VHF Switch (allows two VHF signals to switch from one input to
one of our outputs or vice versa. Controlled manually or by
ASCII codes.)

Digital-to-Analog Converter

Marked Card Programmer (programs counter with marked
sense cards)

1/0 Card for 2100 Computer

Interface Cables (3, 6, and 12 feet, respectively)
Calculator (used as controller to program counter)
Digital Recorder (provides printed copy of counter’s data)
Digital Recorder Interconnect Cable

Board Extender Kit

Replacement Board Kit

5245 Series Plug-Ins
Frequency Converter (20-100 MHz, 50 mV rms sensitivity)
Prescaler (DC - 350 MHz, 100 mV rms sensitivity)
Frequency Converter (50-512 MHz, 50 mV rms sensitivity)
Frequency Converter (150 MHz - 3 GHz, 50 mV rms sensitivity)
Frequency Converter (3-12.4 GHz, 100 mV rms sensitivity)
Frequency Converter (8-18 GHz, 100 mV rms sensitivity)
Transfer Oscillator (.05-18 GHz, 100 mV rms; .05-15 GHz,

140 mV rms, 15-18 GHz)

Sensitive Prescaler (1-200 MHz, 1 mV rms sensitivity)
Video Amplifier (10 Hz - 50 MHz, 1 mV rms sensitivity)
Time Interval (1 us - 2x10% sec, 0.1 us resolution)
Digital Voltmeter (10V, 100V, 1000V fullscale; 100 1V resolution)
Time Interval (100 ns to 2x10% sec., 12 ns resolution)

5345A
5060-8740

10590A

59301A

59304A
59306A

59307A

59303A
3260A

59310A
10631A/B/C
9820A or 9830A
5050B or 5055A
562A-16C
10595A
10597A

5251A
5252A
5253B
5254C
5255A
5256A

5257A
5258A
5261A
5262A
5265A
5267A
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Table 1-3. Specifications

FREQUENCY/FREQUENCY AVERAGE

PERIOD/PERIOD AVERAGE MEASUREMENTS

Both frequency and period are measured by measuring the

total elapsed time T, for an integral number of cycles, N,

of the input waveform. Computation, involving the quanti-

ties of N and T, provides direct readout of either frequency
or period.

Range: 50 uHz to 506 MHz; 2 nsec to 20,000 seconds

Measurement Time: Consists of GATE TIME plus the time

required to reach the next STOP trigger level. When in
MIN the GATE TIME is less than 50 nanoseconds. When
in a decade step, the counter will reset if a stop trigger
level is not reached within approximately 3.4 times the
GATE TIME setting. Decade GATE TIME ranges from
100 nsec to 1000 sec.
When using EXT GATE the measurement time consists
of the GATE TIME divided by the duty cycle of the
EXT GATE signal plus the time required to reach the
next STOP trigger level after the end of the last EXT
GATE pulse.

Accuracy: Resolution is nine digits per second of measure-
ment time. With DISPLLAY POSITION switch in AUTO
the least significant digit error is #1 count if the most
significant digit is 1 through 4, and t2 counts if the most
significant digit is 5 through 9. Accuracy is * least signifi-
cant digit (LSD) counts * time base accuracy * trigger
error.*

TIME INTERVAL/TIME INTERVAL AVERAGE

Range: 10 nsec to 20,000 sec

Minimum Time Between Trigger Points: 10 nsec

Trigger Pulse Width: 1 nsec minimum width input at mini-
mum voltage input.

Accuracy:
Time Interval:

accuracy

Time Interval Averaging:
R trigger error** + 2 nsec

t trigger error** t 2 ns t time base

t 7 nsec t time base accuracy

Vintervals averaged
Not affected by harmonics of clock frequency.
Resolution:
Time Interval: 2 nsec
Time Interval Average:

2 nsec .
+ t 2 picoseconds

vintervals averaged

Measurement Time: For single time interval measurements
the GATE TIME switch should be in MIN. Measurement
time will be the displayed time interval.

When a decade GATE TIME is selected, the counter will
be in the TIME INTERVAL AVERAGE mode. The GATE
TIME selected should be greater than the displayed time
interval. The measurement time is now the GATE TIME
divided by the duty cycle of the time interval waveform
plus the time required to reach the next trigger stop
level after the total GATE TIME has been accumulated.

*Trigger error for sine waves of 40 dB signal-to-noise amplitude ratio
is < (¢0.3% of one period + number of periods averaged). If peak noise
amplitude is greater than 10 millivolts, additional miscounting may
occur (this situation can arise when measuring high-level outputs of
broadband synthesized signal sources).

**For any wave shape, trigger error is less than

0.0025 .
signal slope in V/us us (with 40 dB 8/N) or

R 2 x peak noise voltage
signal slope in V/us

RATIO B/A

Range: Both channels accept dc to 500 MHz

Accuracy: + LSD t trigger error* (applies only to channel A).
LSD is as described under FREQUENCY ACCURACY.

Measurement Time: Measurement time is equal to the GATE
TIME selected times 500 MHz/frequency of Channel B
input.

START/STOP

Range: Both inputs may have repetition rates from dc to
500 MHz.

Modes: A, A+B, and A-B is determined by a rear panel
switch.

Resolution: Not affected by GATE TIME setting. Resolution
is one count up to eleven digits.

Accuracy: Coincident pulses may be applied to both inputs.
One count is required to initiate each input, i.e., in Mode
A add one count to display, in Mode A+B add two counts
to display, in Mode A-B add no counts to display.

SCALING

Range: dc to 500 MHz

Scaling Factor: Selectable by GATE TIME setting. As GATE
TIME is varied from the 100 ns position to the 1000 s
position, scaling factor increases from 102 to 102, Actual
scaling factor equals GATE TIME setting + 10-9 seconds.

Input: Input signal through Channel A.

Output: Output frequency equals input frequency divided
by scaling factor. Rear panel BNC supplies 80% duty
cycle TTL compatible pulses.

INPUT CHANNELS A AND B
SEPARATE INPUTS
Range: DC coupled, 0 to 500 MHz
AC coupled, 1 MQ 200 Hz to 500 MHz
50Q 4 MHz to 500 MHz
Impedance: Switch selectable, 1 MQ shunted by less than
30 pF or 50Q nominal
Sensitivity: (preset)
X1 20 mV rms sine wave, 60 mV p-p pulse
X10 200 mV rms sine wave, 600 mV p-p pulse
Dynamic Range: (preset)

50Q X1 20 mV to 250 mV rms sine wave
60 mV to 750 mV p-p pulse
X10 200 mV to 2.5V rms sine wave
600 mV to 7V p-p pulse
1 MQ X1 20 mV to 250 mV rms sine wave
60 mV to 750 mV p-p pulse
X10 200 mV to 2.5V rms sine wave

600 mV to 7.5V p-p pulse

Linear Operating Range: -2.0 to +0.5 Vdc

Trigger Level: Continuously adjustable over 1.3 Vdec.
Adjustment is nonlinear with more settability around
zero volts.

Preset: Centers trigger level about dc at 25°C

Drift: +10 mV dc max., 0°C to 55°C

Output: CHAN A and CHAN B output trigger voltage (X
ATTEN) is accurate to within 15 mV (X ATTEN) of|
actual trigger point hysteresis center. Rear BNC con-
nectors.

Slope: Independent selection of positive or negative slope.

o

1-3
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Table 1-3. Specifications (Continued)

Maximum Input: Damage may occur beyond specified level.
For larger inputs voltage divider probes 10020A for 50Q
and 10004B for 1 MQ are recommended.

500 X1 17V dc

7V rms below 5 MHz
3.5V rms (+24 dBm) above 5 MHz

X10 £7V dc, 7V rms (+30 dBm)

1 MQ X1 350V de

250V rms to 20 kHz
3.5V rms to above 5 MHz

X10 350V de

250V rms to 20 kHz
35V rms above 5 MHz
Cross Talk: No effects if inputs to Channel A and B are both
above or below 100 MHz. With one signal above 100 MHz
and the other below, there are no effects if the lower fre-
quency signal has a slew rate o 210V /us.

COMMON INPUT
In this mode the signal is applied to Channel A through a
power splitter which equalizes impedances and delays to the
input amplifiers. Channel B input is disabled. Both input im-
pedance switches should be in the same position. All specifi-
cations are the same as for separate operation with the follow-
ing differences.
Range: DC coupled, 0 to 400 MHz
AC coupled, 1 MQ 300 Hz to 400 MHz
50Q 4 MHz to 400 MHz
Impedance: | MQ becomes 500 kQ shunted by <50 pF
50Q no change
Sensitivity: (preset)

502 X1 40 mV rms sine wave, 120 mV p-p pulse
X10 400 mV rms sine wave, 1.2V p-p pulse
1 MQ no change

Dynamic Range: (preset)
50Q X1 40 mV to 500 mV rms sine wave
120 mV to 1.5V p-p pulse
X10 400 mV to 5V rms sine wave, 1.2 to 5V p-p pulse

1 MQ? no change
Maximum Input:
50 5.0V dc and 5V rms
1 MQ no change

Trigger Level: Continuously adjustable over the range of +2.6
Vdcin 50€2 or +1.3V dcin 1 MQ multiplied by the attenuator
setting.

Output: Rear BNC Connector

50 OQutput voltage X2 (X ATTEN) is accurate to
within 15 mV X2 (X ATTEN) of actual trig-
ger point.

1 MQ Same as in SEPARATE.
GENERAL

Display: 11 digit LED display and sign. Annunciator displays
ksec to nsec, k to n, uHz to GHz. Decimal point is
positioned with DISPLAY POSITION control or posi-
tioned after the first, second, or third most significant
digit if DISPLAY POSITION is in AUTO. Leading zeros
are suppressed.

Overflow: Asterisk is illuminated when display is overflowed
or underflowed.

Sample Rate: Continuously variable from <0.1 sec to >5 sec
with front panel control. In HOLD position the last read-
ing is maintained until the counter is manually reset or
an EXTERNAL ARM signal is applied. Number of read-
ings per second will generally be limited by the output

device, 1.e., 5150A Printer or 9830A Calculator. In C()M-T

PUTER DUMP mode the counter can take up to several
thousand readings per second.

External Arm Input: Arming will be initiated by -1.0V (-5.0 V
max) into 50Q rear BNC input for greater than 500 ns.
Minimum time between EXT ARM and acceptance of
start pulse is <1 us.

External Gate Input: EXT GATE feature will respond to a 0.0V
to -1.0V pulse into 50Q with 50 ns or faster rise and fall
time pulse edges. Maximum pulse height (damage level)
is -5V. Minimum pulse width is 20 ns. Time delay of the
leading edge of EXT GATE to the acceptance of input
signal is less than 20 ns.

Gate Qutput: >1 volt into 50Q.

Reset: Counter resets at initial turn on. Can be reset at any
time with front panel pushbutton or through HP Interface
Bus.

TIMEBASE
Standard High Stability Timebase: Crystal Frequency, 10 MHz
Oven Oscillator (10544A). (See separate data sheet).
Stability:
Aging Rate: <5 x 10~19* per day
Short Term: <1 x 10-!! for 1 s average
Temperature: <7 x 107*, 0°C to 55°C
Line Voltage: <1 x 10 19%* +10% from nominal
External Frequency Standard Input: 1, 2, 2.5, 5, or 10
MHz £ 5 x 107", Input voltage 2 1 V rms into 1 kQ.
*For Oscillator off time less than 24 hours.
**15 minutes after change.
Option 001: Crystal Frequency, 10 MHz
Stability:
Aging Rate: <3 x 107 per month
Short Term: <2 x 10-* rms for 1 s average
Temperature: <2 x 10-%,25°C to 35°C
<5 x 1076, 0°C to 55°C
Line Voltage: <1 x 10-%, +10% from nominal
External Frequency Standard Input: 1, 2 25 5, or 10
MHz 5 x 10-¢. Input voltage 21 Vrms into 1 kQ.
Frequency Standard Output: 10 MHz 1 Vrms high purity
sine wave from 50( source.
Operating Temperature: 0°C to 55°C
Power Requirements: 100/120/220/240 Vrms +5% -10%, 48
to 66 Hz, maximum power 250 VA,
Weight: 37 lbs (17 kg) net

OPTIONS
Option 001; Room temperature time base (room temperature
crystal).

Option 010: Digital Output only. HP Interface Bus format,
useful with 5150A Printer or 59301 A with 5050B Printer.

Option 011: Digital Input/Output. Full compatibility with HP
Interface Bus. Provides digital output as well as input for
control over all functions except input amplifier.

Option 012; Similar to Option 011 but includes slope and level
control. Recommended for computer or dedicated calcu-
lator applications. Programming codes differ slightly
from Option 011. See 5345A Option 012 Technical Data
Sheet for full specifications.

Option 908: Rack Mounting Kit

1-4
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General Information

Table 1-3. Specifications (Continued)

SELF-TEST

A 100 MHz is internally applied for testing all functions.
Pushing RESET illuminates all segments of display digits.
Seven internal diagnostic switches are provided for verify-
ing the operation of the input amplifiers, digital front-end,
processor, and plug-ins.

ACCESSORIES AVAILABLE

K13-59992A ASM Tester: Useful for troubleshooting Algorith-
metic State Machine processor

10595A Board Extender Kit: Useful for troubleshooting
plug-in boards while in operation.

10590A Plug-in Adapter: Increases usefulness of 5345A by pro-
viding interface to 52451 plug-ins. Except as noted, the
plug-ins listed below operate in a manner as they do in
the 52451.. Measurements taken with the plug-in adapter
combination yield similar accuracy, and greater speed and
resolution than is associated with the 5245 series coun-
ters. Compatible plug-ins: 5251A, 5252A (lower frequency
limit 1 MHz), 5253B, 5254C, 5255A, 5256A, 5257A, 5258A,
5261A (lower frequency limit 1 MHz), 5262A, 5265A,
5257A.

10004B: 502 Probe Kit

10020A: 10 MQ Probe Kit

K15-59992A STANDBY POWER UNIT
Plug-in to maintain oscillator operation for prolonged periods
without line voltage.

WEIGHT: 7.2 kg (3 lbs. 4 oz.) net

DIMENSIONS:

NOTES:

DIMENSIONS IN INCHES AND (MILLIMETERS)

EIA RACK HEIGHT {INCLUDING FILLER STRIP), 2
FOR CABINET HEIGHT{INCLUDING FEET)ADD = {8} TO -

L_J—l T

~ 163 (425) ~— ——»]
J]
4

EIA RACK HEIGHT
(B) REAR APRON RECESS

TOP

2 (543)
(495) :

l

19 (483) -
SIDE 55 ® REAR
(132,6)
[N L
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SECTION I
INSTALLATION AND REMOTE PROGRAMMING

2-1. INTRODUCTION

2-2. This section contains information for unpacking, inspection, storage, and installation. Also
included in this section are the instructions for remote programming.

2-3. UNPACKING AND INSPECTION

2-4. If the shipping carton is damaged, inspect the counter for visible damage (scratches, dents,
etc.). If the counter is damaged, notify the carrier and the nearest Hewlett-Packard Sales and
Service Office immediately (offices are listed at the back of this manual). Keep the shipping
carton and packing material for the carrier’s inspection. The Hewlett-Packard Sales and Service
Office will arrange for repair or replacement of your instrument without waiting for the claim
against the carrier to be settled.

2-5. INSTALLATION REQUIREMENTS

CAUTION

BEFORE CONNECTING THE INSTRUMENT TO AC
POWER LINES, BE SURE THAT THE VOLTAGE
SELECTOR IS PROPERLY POSITIONED AS SHOWN
IN THE FIGURE BELOW.

2-6. LINE VOLTAGE REQUIREMENTS. The 5345A is equipped with a printed-circuit line volt-
age selector to select 100, 120, 220, or 240-volt ac operation. Before applying power, the pc selec-
tor must be set to the correct position and the correct fuse must be installed as shown below.
(Fuses are 100/120V, 2.5 AT; 220/240V, 1.25 AT.)

PC BOARD PART NUMBER IS
HP 5020-8122

X//\ SELECTION OF OPERATING VOLTAGE

1. Open cover door and rotate fuse-pull to left.

2. Select operating voltage by orienting PC board
to position desired voltage on top-left side.
Push board firmly into module slot.

3. Rotate fuse-pull back into normal position
and re-insert fuse in holders, using cautions to
select correct fuse value.
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2-7. LINE FREQUENCY REQUIREMENTS. The counter operates at line frequencies between
48 Hz and 66 Hz.

2-8. THREE CONDUCTOR POWER CABLE. To protect the operator, the counter uses a
grounded three-conductor detachable power cable. The male connector end is a NEMA type
connector, and the female connector end is a C.E.E. type connector that mates with the 5345A
rear panel power connector. Connect the power cable to a power source receptacle with a
NEMA grounded third conductor. If the line power receptacle is a standard two-pin type instead
of the NEMA three-pin receptacle, use a two-to-three pin adaptor (HP Part No. 1251-0048) and
connect the green pigtail on the adaptor to ground.

2-9. REPACKING FOR SHIPMENT

2-10. If it becomes necessary to reship the counter, good commercial packing should be used.
Contract packaging companies in many cities can provide dependable custom packaging on short
notice. Instruments should be packed securely in a strong corrugated container (350 lb/sq. in
bursting test) with suitable filler pads between the instrument and container. The 4-corner
support is not adequate, counter must also have center support. Before returning instruments to
Hewlett-Packard, contact the nearest Hewlett-Packard Sales and Service Office for instructions.

2-11. ENVIRONMENT DURING STORAGE AND SHIPMENT
2-12. Conditions during storage and shipment should normally be limited as follows:

a. Maximum altitude: 25,000 feet
b. Minimum temperature: -40°F (-40°C).

c. Maximum temperature: +167°F (+75°C).

2-13. REMOTE PROGRAMMING AND DIGITAL OUTPUT (OPTIONS 010 AND 011)

2-14. Option 011 adds remote programming and digital output capability to the 5345A Elec-
tronic Counter. Option 010 provides digital output capability only; no provision is made to pro-
gram the front panel control functions. The following paragraphs apply to Option 011 and to
Option 010 except for the remote programming codes, listen function and as specified. Pro-
gramming is accomplished with a bi-directional bus, via a 24-pin connector on the rear panel.
Associated with this connector are five slide switches used to address the instrument. A 5345A
can be addressed to send output data (TALK) (Options 010 and 011) or to accept program
information (LISTEN) (Option 011 only). Several HP-IB terms are defined as follows:

a. A TALKER sends information to the bus.

b. A LISTENER receives information from the bus.

c. A CONTROLLER is an instrument that has the responsibility of managing the instru-
ments connected to the bus. It is capable of addressing other instruments on the bus as
TALKERS or as LISTENERS. It is a TALKER and may be a LISTENER.

d. “High” or “@” level of a line or switch is the relatively more positive signal level (2.4 V).

e. “Low” or “1” level of a line or switch is the relatively less positive signal level (<0.4 V).

2-15. Bus Description

2-16. The 15-line bus consists of 8 data lines, 3 transfer lines, plus 4 control and status lines.
Addresses, program and output information are communicated on the data lines. These are
based on a character-serial, seven-bit ASCII code set.
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2-17. The 15 HP Interface Bus lines can be categorized into three groups by the job they perform.

a.

Data lines: DIO1 through DIOS8

Data lines (DIO1-DIO8) are used for transferring data from one instrument to an-
other on the bus. They accommodate the 7 bits of the widely used ASCII code, leaving
one bit that is not used. This line is permanently terminated in the 5345A.

Transferlines: DAV =Data Valid. NDAC = Not Data Accepted. NRFD = Not Ready for Data.

Transfer lines DAV, NDAC, and NRFD must interact in the proper time sequence before
complete communication between instruments is established. During the “three-wire
transfer” a byte of data is transferred on the DIO lines.

Control and Status lines: ATN = Attention. REN = Remote Enable. IFC = Interface Clear.
SRQ = Service Request.

Control and Status lines ATN, REN, and IFC are used by the controller to supervise and
control the bus. Instruments on the bus use SRQ (Service Request) to inform the con-
troller they have completed a measurement and are ready to output data.

2-18. Several 5345A’s can be connected to a common bus. The exact number depends on the
drive capability of the controller (see LINE CHARACTERISTICS). A specific 5345A is made to
send output data (TALK) or accept program data (LISTEN) by addressing it to do so. Option 010
can be addressed to talk only.

2-19. All bus lines have been given names and mnemonic acronyms that convey the message
being carried on that line. Each line is described below, followed by a table listing the relation-
ship of the Attention and the three transfer lines. Also a figure is included showing the signal
levels and timing relationship of the transfer and data lines. ALL INSTRUMENTS CONNECTED
TO THE BUS, INCLUDING THE CONTROLLER, MUST OBEY THESE DESCRIPTIONS.

SERVICE REQUEST (SRQ)

For Option 011, when SRQ is set low the 5345A indicates to the controller that it has com-
pleted a measurement and is ready to output. It drives SRQ only if the 5345A output mode
is programmed to “wait until address.” When programmed in the other output mode
“output ONLY IF addressed,” the 5345A sets SRQ high at all times. When SRQ is high,
service is not being requested. Option 010 has SRQ set high permanently.

Option 012 only. When enabled to Serial Poll, the 5345A will handshake out one status
word. This word will be ASCII @ if the 5345A has enabled service request (SRQ) and will be
an ASCII (NUL) if it has not enabled SRQ. This is the standard format for serial polling
when SRQ is polled. The condition for removing SRQ is to:

1. Serial Poll.
2. Address the 5345A to Output.

For Option 011 and 012, if two or more 5345A’s are connected to the bus and one of them
sets SRQ low, the controller must go through a process of elimination to determine which
one has requested service. It does this by sequentially addressing each one to TALK. Only
the 5345A with output information will respond.

SERIAL POLLING

The 5345A responds to the universal commands Serial Poll Enable (SPE) and Serial Poll
Disable (SPD). To serial poll the 5345A:

1. Send the Serial Poll Enable universal command ASCII (CAN).
2. Send the 5345A talk address that corresponds to the address switch setting.”

2-3
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REMOTE ENABLE (REN) (OPTION 011 ONLY)

REN can be used by a controller to select remote or local (front panel) control of the oper-
ation of a 5345A. It works in conjunction with the information stored in the local-remote
program storage cell (see paragraph 2-48 and Table 2-3). When REN is low and the 5345A
has been sent an ASCII “E8” it will operate according to the information previously stored
in its remote-local program storage cells. It operates according to its front panel controls
for all other combinations of these, i.e., REN is low and the remote-local storage cell con-
tains an ASCII “E@” or when REN is high regardless of what is stored in the remote-
local cell. ASCII “E@” is stored in the local-remote program storage cell when either
the power is turned on or the RESET pushbutton is depressed.

INTERFACE CLEAR (IFC)

A controller uses IFC to clear the bus. When it sets IFC low, all 5345A’s immediately stop
driving the data lines (DIO1 through DIO7) and transfer lines (NRFD, NDAC, and DAYV).
IFC will not clear a 5345A’s service request (SRQ). A controller may drive IFC low at any
time. When IFC is high, it has no effect on the bus operation. The 5345A monitors IFC at
all times.

ATTENTION (ATN)

ATN is used by a controller to address a 5345A. The 5345A monitors ATN at all times.
When ATN is low, all 56345A’s connected to the bus interpret the information on the data
lines as an address.

When ATN is high, a 5345A that has been addressed to TALK will drive the data lines.
Those that have been addressed to LISTEN will interpret the information on the data lines
as data. Those that have not been addressed will not drive the data lines.

DATA LINES (EIGHT BITS DIO1, DIO2...DIOS)

DIO1 through DIO7 carry data between the 5345A and its controller. The 5345A drives
these lines when it has been addressed to TALK. The 5345A receives information on the
data lines when ATN is low and it has been addressed to LISTEN. DIOS8 is permanently
terminated in the 5345A.

When a DIO line is high, the data bit is a logic zero (9).
When a DIO line is low, the data bit is a logic one (1).
NOT READY FOR DATA (NRFD)

NRFD is the transfer line that indicates listeners are ready to accept information on the
data lines. Its relationship to the other transfer lines and ATN is shown in Figure 2-1 and
Table 2-1.

NRFD is driven by all listeners when ATN is low and those instruments addressed to
listen when ATN is high. NRFD is sensed by talkers: the controller (talker) when ATN is
low, and the instrument addressed to talk when ATN is high.

When NRFD is high, all listeners are unconditionally ready for data. The talker may then,
at its own time, put a byte of information on the data lines and set DAV low. When NRFD
is low, one or more listeners are not ready to data.

When the controller sets ATN low, all 5345A’s will set NRFD high within 200 ns. When
the controller sets ATN high, all 5345A’s that have not been addressed to listen will not
drive NRFD.

The listener must not set NRFD low until it senses DAV is low. It may do so before or at
the same time that it sets NDAC high. It must not return NRFD high until it senses DAV is
high and may do so before, or at the same time that it sets NDAC low.

NOT DATA ACCEPTED (NDAC)

NDAC is the transfer line that indicates the acceptance of information on the data lines. Its
relationship to the other transfer lines and ATN is shown in Figure 2-1 and Table 2-1.
NDAUC is driven by all listeners when ATN is low and those instruments addressed to listen
when ATN is high. It is sensed by talkers: the controller when ATN is low and the instru-
ment addressed to talk when ATN is high.
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When NDAC is high, all listeners have unconditionally accepted the byte of information
on the data lines and no longer need it. The talker may then, at its own time, set DAV
high, remove that byte of information and continue. When NDAC is low, one or more
listeners have not accepted the information on the data lines.

DATA VALID (DAV)

DAV, a transfer line, indicates that an ASCII character already is placed on the data lines.
Its relationship to the other transfer lines and ATN is shown in Figure 2-1 and Table 2-1.

It is driven by talkers: the controller when ATN is low and by the instrument addressed to
talk when ATN is high. It is sensed by listeners: all 5345A’s if ATN is low and by the in-
struments addressed to listen when ATN is high.

When DAYV is low, the states of data lines DIO1 through DIO7 are unconditionally valid
and may be accepted by all listeners at their own time. DAV can be driven low only if
NRFD and IFC are high. When DAYV is high, the information on the data lines is not valid.
DAYV cannot be set high unless NDAC is high and NRFD is low.

Table 2-1. Relation of ATN and the Transfer Lines (NRFD, NDAC, DAV)

STATE

OF
ATTENTION
(ATN)

LINE

|

DATA MODE
HIGH

(1) Driven by all 5345A’s
(2) Sensed by controller

-
NRFD NDAC DAV
B

LOW HIGH LOW HIGH LOW HIGH
- T
= One or more All 5345A’s One or more All 5345A’s Controller Controller’s
8 5345A’s not are ready 5345A’s has have has valid data not
= ready for for data not accepted accepted data on valid
w Z| data the data the data lines
0N Q
==
[a=}
A
A
<

(1) Driven by controller
(2) Sensed by 5345A’s

One or more

All addressed

One or more

All addressed

listeners listeners listeners listeners talker has talker’s
are not ready are ready for have not have accepted valid data data not
for data data accepted data the data on lines valid

1

The addressed The addressed

(1) Driven by ALL instruments addressed to LISTEN
(2) Sensed by the instrument addressed to TALK
(3) All instruments not addressed will not drive

(1) Driven by the instruments
addressed to TALK

(2) Sensed by ALL instruments
addressed to LISTEN
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SEQUENTIAL REQUIREMENTS OF THE THREE WIRE TRANSFER

t—1 _’{ F—‘ to

222227272222227722222222222222777,

DATA®* —L{-72222222292222222972 L

DAV _| i /.l__
(TALKER) 7

NRFD | L D 44[-
(LISTENER) (
I |
NDAC _ | N |
(LISTENER)
t_2 t_1 to t1 t2 t3 t4
EVENTS
t_o : Listener becomes ready to accept data.
t_q :  Talker has put data on the lines,
tg : Indicates data is valid.
ty :  Listener has accepted the data and no longer requires it held valid.
to :  Talker indicates the data is no longer valid and may change it.
tg : Listener indicates it is ready for new data.
ty : A new cycle begins (equivalent to tg)-
t_ytoty : Time that data is put on lines before DAV is set low.

*A composite of the DIO1 through DIO7 lines for illustrative purposes.
(The curved lines indicate interlocked signal sequence.)

Figure 2-1. Transfer Timing
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2-20. Data Transfer

2-21. Transfer of data on the bus is asynchronous. It places no restrictions on the data rates of
instruments connected to the bus. The timing and levels required to transfer a byte of infor-
mation on the data lines are shown in Figure 2-1. Transfer is under the control of three transfer
lines DAV, NRFD, and NDAC. The talker (sender of data) drives DAV (Data Valid), and the
listener (acceptor of data) drives both NRFD and NDAC.

2-22. The transfer of a byte is initiated by the listener, signifying it is ready for data by setting
NRFD high. When the talker recognizes NRFD is high and has placed valid data on the data lines,
it sets DAV low. When the listener senses that DAV is low and is finished using the data, it sets
NDAC high. Since all instruments on the bus have their corresponding lines connected together
(e.g., NRFD), all listeners must be in a high state before that lines goes high. This wire-AND situa-
tion allows a talker to recognize when the slowest listener has accepted a byte of data and is
ready for the next byte.

2-23. What Can Be Programmed

2-24. For Option 011, all front and rear panel switch functions, except those on the input
amplifier, are programmable. In addition, a controller can command the 5345A to make a mea-
surement by sending a “Take a Measurement” instruction. The controller can elect to give con-
trol to the front panel controls (LOCAL) or have the 5345A operate according to the information
stored in its remote program storage cells (REMOTE). These are listed in Table 2-3 along with
their associated codes. Option 010 has no provision to remotely program the front panel functions.

2-25. Output Format

2-96. When addressed to output, the 5345A sends a space or minus, up to 11 digits of data, deci-
mal point, the multiplier to make the reading (mHz, Hz, kHz, MHz, GHz, or ksec, sec, msec,
usec, nsec, and carriage return linefeed. These alpha-numeric characters are coded per the USA
Standard code for Information Interchange (ASCII). When programming manual display all
factitious (filler) digits are output as zeros (see paragraph 3-57).

2-27. Addressing the 5345A

2-98. Before a 5345A can send output data or accept program information it MUST be addressed
to TALK or LISTEN. The method used to address it depends on the rear panel switch marked
TALK ONLY — ADDRESSABLE (see Figure 2-2). When in the TALK ONLY position, the 5345A
is addressed to TALK - it outputs ONLY. It operates according to the front panel controls and
outputs each measurement. This position is intended for operation where there is no controller,
e.g., with a digital recorder. When the rear panel switch is set to ADDRESSABLE, the 5345A
can either be:

a. Sent program information by a controller and the measured results are observed
visually, or

b. Both program and output information are passed on the bus, managed by a controller.

2-29. The thirty-one (31) LISTEN, sixteen (16) TALK, and fifteen (15) COMPUTER DUMP
address characters and their signal levels are shown in Table 2-2. A unique character is selected
for each 5345A with the four (4) slide switches on the rear panel marked ADDRESS (A5, A4, A3,
A2). These switches may be set to either @ or 1 (9 represents a high level and 1 a low level).

2-30. Two characters are reserved for the special function of clearing or removing a 5345A from
the active state of an addressed talker or listener. The 5345A is cleared as a listener if it is sent an
ASCII “?” while ATN is low. The 5345A is cleared as a talker if another instrument is addressed
to talk or it is sent an ASCII “_” while ATN is low. It is cleared as either a talker or listener when
IFC is low.
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2-31. Addresses are communicated on the data lines.- When the controller sets ATN low, all
H345A's Interpret the information on data lines DIO1 through DIO5 as an address. During this
time, the signal levels on DIO6 and DIO7 designate whether the addressed 5345A is to communi-

cate as a talker or a listener.

D D D D D D D
I I I 1 I I i
o O O O O 0 O
7 6 5 4 3 2 1

0 - TALK ADDRESS*

=
>
o
>
>
>
w
>
[\

¢ 1 Ay A, Ay A, 0 -LISTEN ADDRESS*

@ %] X X X X X - Ignored by 5345A
1 1 X X X X X  when ATN is low

Ay, - Address switches on rear panel

X - Don’t care
* _ The clear address characters (11111) not allowed.
NOTE

When the 5345A is addressed from a listener to a talker or
talker to a listener, the appropriate clear codes (“?” or
“_”)} must be issued. If underscore is not avail-
able, address a nonexistent talker.

2-32. Computer Dump

2-33. The 5345A has two discrete output modes. It has a talk mode and a computer dump mode.
The computer dump output mode is used when it is desired to output 5345A readings (via Option
011) at extremely fast rates or to analyze raw measurement data. 5000 readings a second can be
acquired in this mode. NOTE: Computer dump is not operatable with Option 010.

2-34. When the 5345A is addressed to output in this mode, it will output the contents of the
denominator register and then output the numerator register contents. The processing and
display cycles within the 5345A are bypassed with this mode. Computer dump is normally used
when a computer is available with which to compute the measurement. The SAMPLE RATE
(wait time between measurements) is <1us in computer dump.

2-35. Computer Dump Format

2-36. A total of 32 ASCII digits are outputed in this mode with no CR (carriage return) or LF
(line feed). Sixteen digits from the denominator register and 16 from the numerator. The counter
outputs from the least to the most significant digits from the denominator followed with same
order from the numerator. Contents for measurements are time for the numerator register and
events for the denominator register. Count per unit time is equal to the internal clock frequency

of 2 nsec.

2-37. Example: Denominator Register
MSD LSD

DDDDDDDDDDDDDDDTD
data flow

Numerator Register:

MSD LSD
DDDDDDDDDDDUDUDUDUDD

data flow
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2-38. The 5345A will continue to output in this mode each time a reading is taken until such time
it is unaddressed.
2-39. Computer Dump Programming

2-40. Table 2-2 shows all talk and computer dump codes. Note that the computer dump pro-

gram code is always one-bit greater than the talk code.

Example:

——————— ASCII CODE —————
,— TALK ——ADDRESS—————
By Bg B; By By By By

~- TALK OUTPUT MODE

1 0 X X X X 0
0 X - COMPUTER DUMP OUTPUT MODE

1 X X X 1

Table 2-2. Talk and Listen Addresses

USA STANDARD CODE FOR INFORMATION INTERCHANGE
[ ems o v % | % |01 |01 |10 |To. | 11|11
R 0 1 0 1 0 1 0 1]
L‘;“_[b_j 2 gwit“;”gw‘ 0 1 2 3 4 5 6 7
ojo(0j0 0 NUL -‘ DLE SP 0 @ p v p
6— a E 1_+ 1 SOH T DC1 | 1 A Q [ a q
o107 [0 |2 | o | oe2 S I I A
010 T_T_? 3 ETX j DC3 # 3 C S ” c 3 j
—0-'1_ _O_ _O_l 4 EOT DC4 $ 4 D T ’> d t
-O_T ; T 5 ENQ NAK % 5 B E U { e u
iz l i_ 6 ACK SYN & 6 F \% f v J
o111 }1 7 BEL ETB 7 G w g w
T(_)_ ?J- ? 8 BS CAN ( 8 H X r h X
Tg E T— 9 HT EM ) 9 | Y i Y W
—1_5 1370 10 LF SuB * J Z j z ]
BRI VT ESC + K [ K { T
Tlele e | | < o T
gl o 1_* 13 | CR GS - = M ] ml m } 4
—1_1— _1_ ;— 14 SO RS > N ~ n ~
L s s e | | o | = e e

LISTEN TALK

COMPUTER DUMP QUTPUT CODES ONLY.

CANNOT BE USED AS TALK OUTPUT CODES.

NOTES: ? = CLEAR LISTEN

— = CLEAR TALK

2-9
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2-10

2-41. Line Characteristics

»_42.  All 15 bus lines are designed to be compatible with TTL or DTL integrated circuits.
Because wire-ANDing is used on some lines, the TTL line drivers must be either open collector or
tri-state. Each line in the 5345A is terminated in a resistor divider consisting of a 3K connected
to 5V and a 6.2K connected to ground. All receivers are hex inverters (SN 7404N or equivalent)
and the drivers are open collector NAND gates (SN 7438N or equivalent). These may be put into
four groups:

a. IFC, ATN, and REN are receivers only. They require -3.2 mA max. at 0.4V to drive.

SN7404N

3.0K
+5V —AM—

Y

6.2K

b. SQR is output only: It is capable of sinking 45 mA at +0.4V.

3.0K

+5V —J\Mﬂ

N

—(_

6.2K SN7438N

¢. Data lines (DIO1 through DIO7) and the transfer lines (NRFD, NDAC, and DAV) are bi-
directional. They are a combination of a and b, i.e,, when a talker, capable of sinking
45 mA at 0.4V; when a listener, requires -3.2 mA at 0.4V to drive.

d. DIOS8 is connected to a similar divider and is always at 3.2V at 2K impedance.

2-43. Hardware

9-44. The 5345A digital INPUT/OUTPUT connector is on the rear panel (Figure 2-2). Pin con-
nections to this Type 57 Microribbon connector are shown in Figure 2-3.

9_45. Cables of three different lengths are available for connecting a 5345A to a controller or
another 5345A:

a. 3 feet long HP Part No. 10631A.
b. 6 feet long HP Part No. 10631B.
c. 12 feet long HP Part No. 10631C.

9_46. These have one overall shield to reduce susceptibility to external noise. The cables use a
mixture of individual wires and twisted pairs to reduce crosstalk. Both ends are identical. They
are terminated in two 24-pin piggy back connectors: one male and one female. This termination
permits several cables to be connected to the same 5345A. Pin connections of these connectors
are shown in Figure 2-4. There is a restriction of no more than 12-feet between the first two
instruments in the system and 6-feet between the remaining instruments. The 5345A can drive
a maximum of 50-feet of this cable.
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Figure 2-2. 5345A Rear Panel

DIO1 1 3 D105
DIO2 2 14 D106
DIO3 3 15 DIO7
DI04 4 16 DIO8
RESERVED 5 17 REN
DAV 6 18
NRFD 7 19
NDAC 8 20
IFC 9 21
SRQ 10 22
ATN 11 23
ADDRESSABLE O
\C SHIELD 19 94
TALK ONLY/j7 /77
AN TYPE 57 MICRORIBBON CONNECTOR

Figure 2-3. 5345A Digital Input/Output
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DIOY 1 13 | pios
D102 2 | 14 | pios
DI03 3| 15 | o7
DI04 4 | 16 | pros
RESERVED 5 | 17 | Ren
DAV 6 | 18 | PoTWISTEDPAIRWITHE
NRED 7 | 19 | poTwisTED PAIR WITH 7
NDAC 8 | 20 | poTwISTEDPAIRWITHS ls\l}éiLI;LTDEiﬁ/IIGNRAOTLl)g:\?ED
IFC g | = P/O TWISTED PAIR WITH 9 8:2 %TV*I’SETL‘;VLRA%R
SRQ 10 | 22 | P/OTWISTED PAIR WITH 10
ATN 11 | 23 | P/OTWISTED PAIR WITH 11
GROUND ONLY AT ——s= SHIELD 12 | 24 | siGNAL GROUND
SYSTEM CONTROLLER
TYPE 57 MICRORIBBON CONNECTOR

NOTE 1: Pins 18 through 23 should be grounded near the
termination of the other wire of its twisted pair. Pin 12
is grounded ONLY at the controller.

2-12

Figure 2-4. Pin Connections of the 10631A, B, C Cables
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2-47. Programming the 5345A (Option 011 Only)

2-48. The 5345A has a group of storage cells that are used to store program information. They
are used ONLY when a controller has the 5345A operating under remote control. The ASCII char-
acters that can be stored in each cell and their relationship to the 5345A’s operation are shown in
Table 2-3. (Refer to Table 2-2 for signal levels.)

Table 2-3. Program Code Set, Option 011

1. Function ASCII OCTAL* 7. Output Mode ASCII OCTAL*
a Plugln ..o F2 106062 a. ONLY IF Addressed ....... E2 105062
b. WAIT Until Addressed .... E: 105072
b. Frequency A .............. Fo 106060 See NOTE followi h 9-50.h.2
c. Period .......... ... .. ...... F1 106061 (See ollowing paragraph 2-50.h.2)
d. Time Interval AtoB ...... F3 106063 8. Display Position
e. RatioB/A ................. F5 106065 (Digits from E in Data String)
f Start ...................... F4 106064 (Digit Position Defined from Right to Left,
g Stop ... Fé6 106066 Decimal Point on Right Side of Digit)
a. ODigits ................... D; 104073
2. Accum Mode Start/Stop (If F4 or F6) b. 1Digit .......oovereannn... D: 104072
a. A+B ... E= 105075 c. 2Digits ................... D9 104071
b. A-B ... E5 105065 d. 3Digits ................... D8 104070
e. 4Digits ............ ... .... D? 104077
3. Remote Gating f. 5Digits ................... D> 104076
a. External Gate ............. E; 105073 g 6 D}gts """""""""" g 104075
b Int | Gate E3 105063 h. 7Digits ................... D< 104074
- nternat Lrate ... i. 8Digits ................... D3 104063
. 9Digits .................. D2 104062
4. Gate Time k. 10 Digits .................. D1 104061
a. 10000sec .................. ' G4 107064 1. Auto Position + Auto
b. 1000sec ................... G3 107063 Suffix Multiplier ........... D@ 104060
c. 100sec .................... G2 107062
d. 10sec ..................... Gl 107061 9. Display Multiplier Suffix (If other than D@)
e. lsec ...................... GO 107060 PERIOD/
f. 100ms .................... G? 107077 FREQ. TIME S'I;\ATITT/ ASCII OCTAL*
g 10ms ..................... G> 107076 INTERVAL RATIO
h. 1ms ...................... G= 107075
L 1008 oo G< 107074 GHz nsec G C7 103067
Go L0 o G; 107073 MHz usec M Cé 103066
Ko LS croeeneiaen e G 107072 kHz msec k C5 103065
L 100 nS€c .........ooovnne.... G9 107071 Hz sec C4 103064
m. Min ... G5 107065 mHz ksec C3 103063
ASCIl OCTAL*
5. Input Amplitier Control e
10. Remote Program Initialize ..... 12 111062
a. COM A or Separate ........ E7 105067
b. Check ..................... E? 105077 11. Local — Remote
a. Switch to Local ............ Eé 105060
6. Sample Rate Selection b. Switch to Remote .......... E8 105070
a. Maximum Sample Rate 105061 12. Reset Command ................ I1 111061
(~100msec) ................ E1E4 105064 (End of 100 ms reset pulse
b. Minimum Time . 105061 initiates measurement cycle)
(1-bmsee) ................. ElE< 105074
13. Sample Trigger Command
cc. HOLD ..................... E9 105071 (" Eg) ...................... J1 112061

RESET PUSHBUTTON/POWER UP/I2 PROGRAM conditions are Fg, Gg, D@, E7, Eg,
E2, E3, E1, E4, E5

*The Octal listings are given to aid in troubleshooting.

2-13
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2-49. The program storage cells are loaded with a predetermined set of conditions when either
the front panel RESET pushbutton is depressed, power is turned on, or the special program code
(Remote Program Initialize) 12 is issued. The initial conditions are listed in Table 2-3 under
RESET PUSHBUTTON/POWER UP I2. Notice that each time either the RESET pushbutton is
depressed, power is turned OFF - then ON, or program code 12 is issued, the 5345A operates

according to its front panel controls.
2-50. Program Function Descriptions (Option 011 Only)

a. Function and Gate - Related directly to the front panel controls. For example, ASCII
“F@’ and ASCII “GP” select Frequency A function and 1 second gate time,

respectively.

b. Display - The auto position (ASCII “D@”) will normally be programmed. This positions
the display’s least-significant digit in the right most column with the correct Display
Multiplier automically selected. Programming the display multiplier is not required in
Auto Display. Manual display programming of 0 digits to 10 digits shifts the decimal
point, hence the display, one place left for each programmed code. Manual requires a
multiplier suffix to be programmed.

c¢. Display Multiplier Suffix - Used only when Manual Display has been programmed.
Selects the correct unit of time or frequency.

d. RESET (I1) - The reset command causes the current measurement cycle to be terminated
and a new cycle to begin (i.e., it also acts as a sample trigger). After sending any new pro-
gramming codes, I1 must terminate the code string to ensure that a measurement cycle is
begun using the new codes. If 11 is given when the counter is in the WAIT until addressed
mode (E:), the counter will immediately go to an output cycle and output all zeros. Only
when the output is complete and sample trigger occurs will a new measurement begin.
Hence, under these conditions, the first reading into the calculator (consisting of all zeros)
must be discarded.

e. Remote Program Initilize Instruction 12 - Sets the remote program storage cells to the
initial conditions of instrument power up or front panel reset. The stored program is Fd,
G4, Do, E7, K0, E2, E3, E1, E4, E5. They are:

F@ - Frequency A

GP - 1 sec gate time

D@ - Auto display position

E7 - COM A or Separate (depending on front panel position)
E@ - Local operation

E2 - Output only if addressed to talk

E3 - Internal gate

E1 - Sample rate not hold

E4 - Sample rate ~ 50 msec time

E5 - A-B Start mode

When taking control of the 5345A it is necessary to change only those storage cells that
are different from the above. For example, if the 5345A is to be used under remote con-
trol for a period measurement at 100 msec gate time it is only necessary to change the
ASCII “F§” and “G#” to ASCII “F1” and “G?”, respectively.

f.  Input Amplifier Control

1. COM A or Separate (E7) - This programs the position of the COM A and
SEP Switch on the front panel. Example: If program code E7 is issued and
the Input Amplifier Control siwtch is set to COM A position, COM A will be
selected. If, however, the front panel switch was set to SEP, then Separate is
selected.

2. Check (E?) - This program selects the front panel check mode. The check mode
is always selected regardless of Input Amplifier Control positions.
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Local-Remote
1. Local - The 5345A operates according to its front panel controls.

9. Remote - Used in conjunction with the control line REN (Remote Enable) to have
the 5345A operate according to the information in its program storage cells.

Output Modes - A 5345A outputs in one of two modes, providing it has been addressed to
TALK.

1.  ONLY IF addressed (ASCII “E2” stored in the program storage cell). The 5345A
will output each measurement if it has been addressed to TALK. If not so addressed,
it bypasses the entire output phase of its operating cycle.

9. WAIT until addressed (ASCII “E:” stored in the program storage cell). The 5345A
will make a measurement, then wait in the output phase of its operating cycle
until it is addressed to TALK. When waiting in the output phase, the 5345A dis-
play will be blank. As soon as it is so addressed, it will output and continue accord-
ing to the information in its program storage cells.

NOTE

The output routine will be bypassed in the WAIT mode (ASCII
characters E:) if the bus is in the DATA MODE with no listeners.
This is a feature of the 5345A counter which prevents counter
hang-up if the HP-IB cable is detached.

Notice that the 5345A ALWAYS outputs when it reaches the output phase of its operating
cycle IF it has been addressed to TALK. When programmed ONLY IF, the 5345A con-
tinues to go through its operating cycle, bypassing the output phase until addressed to
TALK. When programmed to WAIT, the 5345A will stop at its output phase and stay there
until addressed to TALK.

Remote Gating

1. External Gate (“E;”). Selects EXT GATE position of Gate Control switch for con-
trol of gate circuits.

2. Internal (“E3”). Selects INTERNAL position of Gate Control switch, allowing
normal operation of the counter.

Sample Rate Selection - The programmed sample rate determines the “wait time” be-
tween measurements. This is the time from the end of processing to the time the counter
is armed for the next measurement.

1. Maximum Sample Rate (E1E4). Equivalent to selecting the maximum sample
rate with the front panel sample rate control. This results in a wait time of 50 to
100 msec.

9. Minimum Time (E1E<). This results in the fastest repetitive measurement cycles
possible since the sample rate portion of the measurement cycle is effectively by-
passed. For normal talk mode, the wait time in this mode is <100 usec plus the 1 to
5 msec processing time. For the unprocessed format talk mode (computer dump),
the time is <1 usec plus the output time of 107 usec into an infinitely fast receiver.

NOTE

In Minimum mode, the counter display will be blank. If E1 has
been previously programmed, only E4 or E< must be sent.

3. HOLD (E9). The counter will wait until a Sample Trigger Command (J1) occurs
and then the measurement cycle begins.

ACCUM MODE START/STOP - Used when totalizing two input signals:

1.  A+B (E=). Counts of each channel are added for the total displayed count.
2. A-B (E5). B counts are subtracted from Channel A counts.

Program Codes and Universal Commands for Option 012

Tables 2-4 and 2-5 list the program codes and universal commands for the Remote Pro-

gramming Option 012.

2-15
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Table 2-4. Program Code Set for 5345A Option 012

( 1. Function

ASCH
a Plug-In ... ... ... F2
b. Frequency A ............. ... ... Fo
c Period ...... ... .. . . Fi
d Time Interval Ato B .................... F3
e Ratio B/A .. .. ... . F5
f Start ... 4
g, Stop .. F6

2. Gate Time

a. 10000sec ....... ..., G4
b. 10008eC ..ot G3
c. 1008eC ... G2
d. 10 8eC .. G1
€ 1 SEC . e e e GO
£ 100ms ... G?
g 10ms ... G>
h. 1ms ... .. =
1L 100s oo G< or Gs*
Jo A0S G;
K. L S G:
L 100msec ...t G9
m. Min ... G5

3A. Display Position

(Digits from E in Data String) (Digit Position Defined
from Right to Left, Decimal Point on Right Side of
Digit)

a. ODigits ......... i D:
b. 1Digit ....... . .. D:
c. 2Digits ... D9
d. 3Digits .......... .. D8
e. 4Digits ... .. D?
L 5DIgits .. ... D>
g. 6Digits ... =
h. 7Digits ... D< or D=*
. 8Digits ... D3
Joo 9DIgits .. D2
k. 10Digits ........... D1
. AutoPosition+ .......................... Do
Auto Suffix
Multiplier
3B. Display Mulitiplier Suffix
PERIOD
FREQ. TIME s;‘T‘G_F:CT)/ AsClI
INTERVAL
GH:z nsec G C7
MHz usec M Cé
kHz msec k C5
Hz sec C4
mHz ksec C3
4. Reset
a. Machinereset ............................ I1
b. Remote Program Initialize ................ 12
5. Input Amplifier Control
a. COMAorSeparate ..................... E7
b. Check ............. . ... ... ... E?

RESET PUSHBUTTON/POWER UP/I2 PROGRAM conditions are F0, G0, D0, E7, EG, E2, E3,E1,E4,ES

6. Local-Remote
Selects remote upon addressing provided the bus line
REN is assertive.

7. Output Mode
a. Output only if addressed to Talk; bypass if not

addressed to Talk ................... E2
b. Hold current measurement until addressed
toTalk ............................... E:
NOTE
The output routine will be by-
passed in the wait mode (ASCE:)
if the bus is in the DATA MODE
with no listeners. This is the result
of a 534BA feature which prevents
hang-up of the 5345A in the event
the HP-IB cable is disconnected.
8. Remote Gating
a. [Enable Rear Panel External Gate ......... E;
b. Disable Rear Panel External Gate ....... E3
9. Sample Rate
(Wait Time Between Measurements)
a. NotHold ................................ E1
1. Min Time (1-5 msec) ........ E< or E<*
2. =50 msec time (Required for
Start Function) .................. E4
b. Hold ........... . ... . E9
1. Take a measurement ............... J1
10. Accum Mode Start/Stop
A+B . =
A-B E5
11. Slope
Slope B+ . ... EQg**
Slope B- ... . E8**
Slope A+ . ... Eé6
Slope A - ... E>
12. Trigger Levels
Level A ... ... .. ... ... ... ... ... ADDD
Level B ... ... ... .. ... ... ... BDDD
D=ASCII Digit 0-9
NOTE
On power up, these levels are random.
. . _DDD
Trigger Levelin Voltage = 50 -2.000 for 000 < DDD <999
AND

A Chan A:00 = +2.000
B Chan B:00 = +2.000

NOTE
These codes are useful when calibrating the DAC.

*For 9820A /9821 A Calculators
**Codes have different function for Option 011

2-16
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Table 2-5. Universal Commands for Model 5345A Option 012*

ASCII OCTAL
CHARACTER CODE REMARKS 5345A RESONSE
SOH 001 (GTL) Causes instrument to return to local if
Go To Local Included addressed to Listen
BS 010 (GET) Causes instruments on the bus (that are
Group Execute Trigger addressed to listen) to execute their function
DC1 021 (LLO) Disables the LOCAL pushbutton on the
LOCAL Lockout front panel
DC4 024 (DCL) Causes instrument to reset, same as
Device Clear instruction I1
CAN 030 (SPE) Controller places the bus in the serial
Serial Poll Enable polling mode
EM 031 (SPD) Controller terminates the serial polling
Serial Poll Disable mode.
? 077 (UNL) Clears or removes all addressed listeners
Unlisten from the active state of being addressed
— 137 (UNT) Underscore is used to clear the addressed
(underscore) Untalk talker from the active state of being
addressed

NOTE: For additional information refer to User Guide manuals for 9820A, 9821A Calculators
(HP 59300-90001) and 9830A Calculator (HP 59300-90002).

2-51. Output Process

2-52. When addressed to TALK, the 5345A outputs according to the program (Local or Remote),
provided there is an addressed listener on the bus. The transfer routine, necessary for passing infor-
mation on the data lines, cannot be started unless there is both an addressed listener and talker on
the bus. The listener must be able to recognize LF (line feed) as the end of the 5345A’s output data.
As soon as the listener accepts LF (sets NDAC high) the 5345A leaves the output phase and con-
tinues through its operating cycle.

2-53. The output characters, their description, and the order in which they are outputted are
shown in Table 2-6.

Table 2-6. 5345A Qutput Code Set

OU'OI";B$$ED CHARACTER DESCRIPTION

1 ()or (-) Normally a space, minus when B is greater than A in
start function.

2 0-9 0 to 11 digits may be outputted depending on Gate Time
selection, most-significant-digit first.

3 Decimal Point.

4 E Exponent Multiplier.

5 +or - Sign of Exponent Multiplier.

6 0,3,6,0r9 Multiplier.

7 CR Carriage Return.

8 LF Line Feed (used as a word terminator).

2-17
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2-54. Modes of Operation (Option 011 Only)

2-55. The 5345A has several remote operating modes. They depend on the Sample Rate and Out-
put modes and the method used to initiate a measurement procedure. This section includes a de-
scription of these modes and sample programs.

2-56. The two principal modes of remote operation, based on the Sample Rate and Output modes,
are described in (a) and (b) below. Modes (c) and (d) are possible by selecting the remaining com-
binations of the Sample Rate and Output modes.

a. Sample Rate NOT HOLD (E1) and Output ONLY IF E2

1. If not addressed to talk, the 5345A continuously makes measurements at a rate
determined by program codes “E<” or “E4” 1-5 msec or = 50 msec, respectively
plus measurement time. It skips the output phase of its operating cycle.

2. If5345A is addressed to TALK, it no longer skips its output phase. The next and all
subsequent measurements are outputted.

b. Sample Rate HOLD (E9) and output mode WAIT until addressed (E:) the 5345A sequence
is:

Addressed to LISTEN.

Instructed to make a measurement.

Makes a measurement and stops in its output phase.
Addressed to TALK.

Outputs and stops in its Sample Rate phase.

Addressed to LISTEN.

Instructed to make measurement, then repeats 3 through 6.

¢. Sample Rate NOT HOLD (E1) with (E<) or (E4) programmed and WAIT until addressed
(E:) the 5345A.:

1. Makes a measurement and stops in its output phase.
2. Is addressed to TALK.
3.  Outputs, goes through its sample rate, and makes another measurement and if:

(a) Still addressed to TALK, it repeats 3.

(b) Not addressed to TALK, it stops in its output phase and waits until so
addressed, then repeats 3.

d. Sample Rate HOLD (E9) and Output ONLY IF addressed (E2) the 5345A is:

1. Addressed to LISTEN.
2. Instructed to make a measurement.
3. Makes the measurement and if:

(a) Addressed to TALK by the end of the measurement phase, it outputs and
stops in the Sample Rate phase until 1 and 2 are repeated.

(b) Not addressed to TALK by the end of the measurement phase, it skips
output and stops in the Sample Rate phase until 1 and 2 are repeated.

NSO

2-57. Starting a Measurement Procedure (Option 011 Only)

2-58. When operating the 5345A under remote control, a measurement procedure may be initiated
by sending a Reset or Take a Measurement Instruction or by letting the sample rate time run out.

a. Sample Rate NOT HOLD (E1) - a measurement starts at the end of sample rate time.
b. Reset Instruction (I1):

Can be given at any time during a 5345A’s operating cycle.
Does not change the information in the program storage cells.
Clears the display.

Arms the counter.

Starts measurement phase of the 5345A’s operating cycle.

Grik 0o o =

2-18



Model 5345A
Installation and Remote Programming

c. Take a Measurement Instruction (J1):

1. Can be given only if the 5345A is stopped in the Sample Rate phase of its operating
cycle. If given at any other time it will be ignored by 5345A.

2. Does not change the information in the program storage cells.
3.  Does not clear the display.
4.  Starts the measurement phase of the 5345A’s operating cycle.

2-59. Examples of Programming (Option 011 Only)

2-60. The following example shows 5345A and 9820A calculator programmed to instruct the
counter to measure its 100 MHz check in a frequency mode at a 1-second gate time. The check
frequency will also be recorded at 1-second intervals on the calculator printer.

Equipment Required:

Model 5345A Counter with Option 011.
Model 9820A Calculator with ASCII Bus Interface Model 11144A-020

HP 11144A BUS INTERFACE
(SELECT CODE 13)

CABLE PN 10631C SUPPLIED WITH HP 11144A KIT
PCIlI BLOCK

MODEL 20 CALCULATOR 5345A-OPT 011

NOTE

Set ASCII address switches on the rear panel of the 5345A to
positions 1001. Set TALK ONLY/ADDRESSABLE switch to
ADDRESSABLE.

2.61. LOADING THE PROGRAM. Prior to loading the program, push the END and EXECUTE
keys. This positions the program counter to zero. Push the remaining keys in the program, as
shown in the calculator key column of Table 2-7.

Table 2-7. Program Example

Program . Calculator
Line No. Commands Program Description (Function) Key
1%} CMD Control statement. Refer to 11224A peripheral control Bus Command
11 operating manual HP Part No. 09820-99024 Pg. 2-11.
"] ! First quotes following CMD statement specifies ad- "
dress mode.
%] ? Unaddresses all listeners on the Bus. ?
1%} U Calculator talker address. U
7] 2 5345A listen address, commands 5345A to listen.
0 " Terminates address mode. ”
4] , Delimiter between modes (address and data). s
(%] " Second quote field specifies data program mode. "
7] Fo Program code for frequency A (see 5345A program F
code sheet for all 5345A programming). 7]
7] Go Program for 1 sec gate time. G
0
7] D@ Program for auto display position. D
0
7] E? Programs 100 MHz check. E
9
0 E9 Programs sample rate to hold mode. E
9
(7] 11 Programs 5345A reset command. Resets previous reading, I
generates 100 ms reset pulse, and end of pulse initiates 1
] measurement cycle.
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Table 2-7. Program Example (Continued)

E;:egﬁ: Commands Program Description (Function) Cal;:lyator
%] E8 Programs 5345A to remote mode. E
8
7] " Terminates data mode. "
%] , Delimiter between modes. ,
] " Specifies address mode. "
7] ? Unaddresses all listeners on the bus. ?
(4] R 5345A talk address commands 5345A to talk. R
4] 5 Calculator listen address commands, calculator to listen. 5
%] " Terminates address mode. "
0 ; End of statement delimiter which terminates bus ;
command program.
4] FMT * Defines free-field format, refer 11224 A peripheral con- Format
trol II operating manual HP Part No. 09820-99024, *
Page 2-6.
9 ; End of statement delimiter. ;
7] RED 13,A Reads data on the bus through the 11144A-020 calculator Read
interface card to the “A” register in the calculator. See HP 1
11144A-020 manual for more information (the first reading 3
due to I1 command is all zeros). ,
A
4] STORE Stores program line 0 into calculator storage. Store
1 CMD Control statement. Refer to 11124 A operating manual. Bus Command
1 i Specifies address mode. "
1 ? Unaddress all listeners on the bus. ?
1 U Calculator talker address commands calculator to talk. U
1 2 5345A listen address, commands 5345A to listen. 2
1 " Terminates address mode. "
1 , Delimiter between modes. ,
1 ! Specifies data program mode. "
1 J1 Measure command to 5345A. d
1
1 i Terminates data mode. "
1 , Delimiter between modes. ,
1 " Specifies address mode. "
1 ? Unaddresses all listeners on the bus. ?
1 R 5345A talk address commands 5345A to talk. R
1 5 Calculator listen address, commands calculator to listen. 5
1 " Terminates address mode. ”
1 H End of statement delimiter. ;
1 FMT * Defines free-field format refer 11224A manual. Format
*
1 ; End of statement delimiter. ;
1 RED 13,A Reads data on the bus through the 11224A-020 calcu- Read
lator interface card to the A register in the calculator 1
(reads second and all successive readings to calcu- 3
lator A register). ,
A
1 g End of statement delimiter. ;
1 FLT 8 Specifies eight digits to the right of the decimal point Float N
on the calculator display. (Refer to calculator oper- 8
ating and programming manual, HP Part 09820-
99001, Page 5-11 for more information.)
1 ; End of statement delimiter. ;
1 DSP A Places contents of “A” register into the display (in this Display
example, 100 MHz check frequency). A
1 ; End of statement delimiter. ;
1 PRT A Prints contents of “A” register on calculator printer Print
(100 MHz check). A
1 STORE Stores program line 1 into calculator storage. Store
2 GO TO 1 Calculator program steps to program line 1 executes GO TO
the program. 1
2 STORE Stores program line 2 into calculator storage. Store
3 END Ends program. END
3 STORE  Stores program line 3 into calculator storage. Store
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100 MHz Program Output

92-63. VERIFYING THE PROGRAM. After the program has been loaded, push the END and LIST
keys. This will run a printer list of the program. Check the list to verify that the program was

entered correctly.

Example of Mark Sense Card Reader Program Card

FOR DIGITAL
OUTPUT ONLY

COLUMN
200
100

40

{

PROGRAM CARD DESCRIPTION

{ g PrOGRAM
| O B

~o. | ster | cobe | 200 100, 40 20 o) 4 2 1 I
CLEARS 5345A AS A TALKER I cuean :___ - o m -[- -
CLEARS ALL LISTENERS e 2 jcean [ ? @ o jm m om - - -
5345A LISTEN ADDRESS 3 |rooness| 2 w0 m om i = O
REMOTE PROGRAM INITIALIZE 4 BE = R
\h? N R R e e =
5345A FREQUENCY A 517 [Flomooommo
Ul e e e e e ===
5345A 100 MS GATE TIME 9] [ lomocococmmm
\ BEEREEEI
5345A 100 MHz CHECK — [ v]T [Elcemcoomc -
n ? o CJ,mm S0 5N, 08 = @R
PLACES 5345A IN REMOTE (2] [Elomio o cim o m
ST T e e mio o o
CLEARS 5345A AS A LISTENER Wi [ mom e me - -
TALK ADDRESS OF 5345A (e | R |m mc m Cio - o
LISTENERS ADDRESS | |{) = SELECTABLE' & ©
CARD END OF DATA 17 | — | —
IR EEEEEEEE R
RN EEEEEEEE
R EEEEEEEEEEE
—ZT - —_-: :J_::] = D‘:D s g |
—2?_—_:):1-::1:1:\_:1::1:
NOTE I EEEEEEEEEE
=T 1T joooooooo
DESCRIPTION =T cEococoooo
ADDRESS AND CLEAR CODES =T |7 (o oe ooaoo
ASCII BIT 7 ?_—Gmimmmimmm
ASCIH BIT 6 »|__ | [ooiloooooo
ASCHl BIT 5 N T N e B e e e e e
ASCII BIT 4 A1 oo oiooa
32 e e e i s I e [ s [ s |
ASCII BIT 3 —_———
AsCH BIT 2 1. USE SOFT PENCIL
ASCII BIT 1 2. DO NOT MARK (N SHADED AREA (TOP)
3. ERASE COMPLETELY
4. INSERT THIS SIDE UP

<

it hpoast w0 9320-2088 [
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2-64. RUNNING THE PROGRAM. To run the program push the END and RUN PROGRAM
keys. The program and printer continue to run until the STOP key is pushed. The printout should
compare to the sample 100 MHz PROGRAM output shown above. This completes the test program.

2-65. Another example of programming is with a Hewlett-Packard Model 3260A Mark Sense
Card Reader. Assume that it is desired to program a 5345A for a period measurement, 100 ms gate
time, auto display position, and 100 MHz check. The Remote Program, Initialize Code 12 will be
used in this example so only those program codes which differ from the initialize code will be
issued. See previous page for example.

2-66. Option 012 Factory Installed Remote Programming

2-67. Option 012 provides all the features of Option 011, plus remote programming of the input
amplifiers’ slope and level controls. Option 012 also uses several universal commands, and re-
sponds and identifies to the serial polling.

2-68. Option 012 has two D/A converters that permit the reference voltage presented to the input
amplifiers to be controlled in 4 mV steps from -2.0V to +1.3V. The input amplifier does not have
a trigger accuracy of 4 mV with Option 012.

NOTE

Trigger level range is linear from -2.0V to +0.5V with 4 mV
resolution.

2-69. Features

2-70. The following are special operating features of the Option 012:

a. Slope Control. The slope can be controlled externally.
b. Trigger Levels. The trigger levels are set sending a channel select code and three digits, as:

ADDD
or
BDDD
1. The actual trigger level will be:
DDD
250 -2.000 volts

There is no defined power up state for the trigger levels.

Trigger levels stabilize only when the last character is received from the Bus.
Trigger level DAC’s can be adjusted according to the procedure outlined in Table 5-6.
A RESET code command (I1) should be sent to the counter after setting the DAC
levels to prevent miscounts.

G WO

2-71. Special Programming Considerations (not in Option 011)

2-72. The following programming features must be considered when using Option 012:

SRQ Identified Serially.

Slope Controlled (must be Programmed).
Levels Controlled (must be Programmed).
LI.O (Local-Lockout) Universal.

GTL (Go to Local) Universal Addressed.
DCL (Device Clear) Universal.

GET (Trigger) Universal Addressed.

R o0 o



Model 5345A
Installation and Remote Programming

h.  All other codes same except E@, E8 which have different functions for Option 011.
i.  Goes to Remote anytime the counter is addressed to listen.

NOTES

1. Counter should be RESET with I1 command anytime a program code is sent to the
counter. The I1 command should be the last command sent, so as to prevent
miscounts.

2. Slope and Trigger Level codes should be sent to the counter when first program-
ming the counter after a power up of the counter.

3. Manual Trigger Level controls should be set to RESET position when in REMOTE
control to prevent interference to the remote levels.”

2-73. 5345A Option 011 with 9820A/21A Calculator Programming Summary

a. ADDRESS MODE SELECTION - Set the rear panel TALK ONLY—ADDRESSABLE
switch as follows:

1. To TALK ONLY if the 5345A is to operate according to its front panel controls and
is to transfer measurement data to one or more listener devices on the bus.

2.  To ADDRESSABLE if the counter is to be addressed to talk or listen. In this mode,
the counter can be remote programmed when addressed to listen and can send
measurement data to the controller or other devices when addressed to talk.

b. ADDRESS ASSIGNMENT - In ADDRESSABLE, the counter’s bus address is established
by setting rear panel switches A5—A2 as shown in Table 2-8 on the next page. Each
combination of switch positions results in a unique talk address, a unique unprocessed
output format talk address (computer dump mode is the shaded talk address), and two
listen addresses (the counter will respond to either one).

¢.  REMOTE OPERATION - To cause the counter to operate according to the program codes
stored in the remote program cells, the bus must be in the Remote Enable state AND the
counter must have been sent the ASCII code pair E8. To put the bus in the Remote Enable
state, execute the statement: FMT Y3,Z; WRT 13. If the bus is in the Remote Disable state
or if the ASCII local code Ef is stored in the counter, the counter will operate according
to the front panel controls. To put the bus in the Remote Disable state, execute the state-
ment: FMT Y4,Z; WRT 13. To switch to local if in remote, send the E@ code or push the
reset button. (NOTE: The 9820A/9821A calculator powers up in the Remote Enable state.)

d. SETTING REMOTE PROGRAM CODES

Statement Format: CMD “ADDRESS STRING,” “DATA STRING;”

Example: CMD “?U*” “I2ES8E?G?I1”

Explanation: CMD is what the calculator displays when the BUS COMMAND key of PCII
is pushed.

The first quote field defines the ADDRESS MODE of bus operation. The unlisten com-
mand (?) disables all listeners on the bus and should be first in the address string so as to
avoid sending data to unwanted listeners which may have been previously addressed. The
controller then designates itself as the talker (U) and designates the counter as the listener
(*) (assuming counter address switches have been set for talk address of J, listen address
of *). The calculator has a talk address of U and a listen address of 5 since the ASCII Bus
Interface Card was preset to these codes before leaving the factory (see the ASCII Bus
Interface Manual page 1-1). The second quote field defines the DATA MODE. One ASCII
code pair from each of the 13 code groups shown in Table 2-3 may be selected. The ASCII
characters are sent in a byte serial fashion from left to right in the statement. In the ex-
ample, 12 causes the remote program initialize to be selected which causes the program
storage cells of the counter to be initialized with the conditions: F@, G@, D@, E7, Eg, E2, E3,
E1, E4, E5. The codes after 12 make changes to the I2 conditions: E8 selects remote control,
E? selects the check signal and G? selects a 100 msec gate time. Reset pulse I1 (100 ms)
is sent to ensure start of a measurement cycle (at end of pulse) using the new program
codes. Of course, the same result would have been obtained by sending “F@G?DOE?ES8E2
E3E1E4E5I1.”

2-23



Model 5345A

Installation and Remote Programming

2-24

€.

SETTING REMOTE PROGRAM CODES USING 49 WRITE BYTE
Statement Format: CMD “ADDRESS STRING”; FMT Y2,Z; WRT 13; WTB 13, <register

address>

Example: CMD “?U*; FMT Y2,Z; WRT 13; 70 — A; 49 — B; WTB 13, A; WTB 13, B

Explanation: It is sometimes useful to be able to send program codes which are the result of
calculations in the program. This is most easily accomplished by using the WRITE BYTE key
of PCII to send the decimal representation of an ASCII character. (Decimal equivalents of
all the ASCII characters are given on page 2-8 of the PCII Operating Manual.) After the
address information, the bus is put into the DATA MODE by executing FMT Y2,Z; WRT 13
(the bus may be put into the ADDRESS MODE by executing FMT Y1,Z; WRT 13). WTB 13,A
writes out 70 (decimal equivalent to ASCII “F”). WT'B 13, B writes out 49 (decimal equivalent
to ASCII “1”) onto the bus. The statements in the example are equivalent to performing

CMD “?U*’?, (‘F1.77
TAKING A MEASUREMENT

Statement Format: CMD “ADDRESS STRING”, “J1”

Example: CMD “?U*”, “J1”

Explanation: If the counter has been
previously programmed for HOLD
sample rate (E9), the Sample Trig-
ger Command (J1) causes the
counter to be armed thereby initi-
ating a new measurement. In
general, following the trigger com-
mand in the program are program

statements to read the measure- |

ment into the calculator. To allow
for the time lapse between the time
of the sample trigger and the read
statements, the counter should have
been programmed for WAIT until
addressed output mode (E:). Hence,
before the J1 command, the counter
should have been sent a sequence
of ASCII codes which included the
E9E: codes.

READING COUNTER MEASURE-
MENT INTO THE CALCULATOR

Statement Format: CMD “ADDRESS
STRING”; FMT <format spec>;
RED 13, <register address>
Example: CMD “?J5”; FMT*; RED
13, A;

Explanation: FMT and RED are dis-
played by the calculator when the
FORMAT and READ keys on PCII
are respectively pushed. These
should not be confused with simi-
larly labeled keys on PCI. The con-
tents of the quote field after the
CMD define the counter as the
Talker (assuming that the counter
address switches have been set for a
talk address=J, listen address=*),
and the calculator as the listener
(listen address=5). The semicolon
terminates the bus command state-
ment. The FORMAT statement de-
fines a free field format (see the

Table 2-8. Address Switches

ADDRESS SWITCHES
b—
As Agq A3 Ay Listen** Talk
Address Address
SP @
0 0 0 0
! A
B
0 0 0 1
N # C
$ D
0 0 1 0
N % E
& F
0 0 1 1
—_ ! G
( H
0 1 0 0
- ) I
* dJ
0 1 0 1
N + K
’ L
0 1 1 0
N - M
N
0 1 1 1
| / 0
0 P
1 0 0 0
- 1 Q
2 R
1 0 o] 1
3 S
4 T
1 0 1 [}
_ 5 U
6 \'%
1 0 1 1
—_— 7 w
8 X
1 1 0 0
— 9 Y
: Z
1 1 0 1
! ; L
< \
1 1 1 0
= ]

**either listen address may be used.

Shaded talk addresses are computer dump
Talk codes only; cannot be used as Normal

Talk Qutput codes.
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PCII manual, pages 2-5 to 2-10). The READ state-
ment specifies that data is to be read from the
device with select code 13 (the ASCII Bus Inter-
face card) and is to be placed in register A of the
calculator (see the PCII manual, page 2-4).

h. READING COUNTER MEASUREMENTS INTO
THE CALCULATOR USING UNPROCESSED
FORMAT TALK MODE (COMPUTER DUMP)

Statement Format: CMD “ADDRESS STRING”;
RDB 13 — <register>
Example: CMD “?K5”; RDB 13-48 — X
Explanation: This talk mode was not intended for
use with the calculator. If, while in computer
dump talk mode, the 5345A is unaddressed and
another device is addressed, upon readdressing II—OII
the 5345A to talk, one bit of data will be lost (this
doesn’t occur when using the computer). If this I XY+ CaC I
situation is avoided, computer dump talk may be
used and is useful in obtaining constant 2x10-9
resolution from the counter. RDB is what the cal- I =-A I
culator displays when READ BYTE on PCII is
pushed. If the counter address switches were set
for a talk address of J and a listen address of *
the talk address for computer dump talk is K
(always 1 bit greater than the normal talk code —
see figure on the right). In the computer dump
mode, 32 ASCII digits of information are output
sequentially. Hence, the READ BYTE must be in
a loop which is traversed 32 times. Each byte is
read and converted to the decimal equivalent of
the ASCII digit. In the above example, decimal 48
(decimal representation for 0 in ASCII) is sub-
traced from each byte, so that X contains a
decimal number from 0 to 9. The 16 digits of the
event scaler (from least significant to most signi- EVENTS IN R(D); TIME COUNTS IN R{1)
ficant) followed by the 16 digits of the time scaler FOR EXAMPLE: ;:EQ = RIOVIR(T) - 26-9]
(least significant to most significant) are output.
The 5345A continues to output in this mode until
it is unaddressed. The following figure on the
right is a flowchart of a program which could be
used to read the counter in computer dump out-
put mode.

2-74. 5345A Implementation of Bus Features

a. UNIVERSAL COMMANDS - The 5345A Option 011 responds to the Untalk and Unlisten
universal commands. It does NOT respond to the following universal commands: Local
Lockout (LLO), Group Execute Trigger (GET), Device Clear (DCL), Serial Poll Enable
(SPE), and Serial Poll Disable (SPD).

CMD ‘?2K5"

0+C+X ;1Y

RDB 13 — 48 X

16
DIGITS
?

b. SERVICE REQUEST TESTING

Statement Format: If RDS 13 <1.9; GTO <STMT#>

Example: If RDS 13 <1.9; GTO 5

Explanation: RDS is what the calculator displays when the READ STATUS key of PCII is
pushed. The 5345A pulls SRQ low (hence RDS 13 will be <1.9) after a measurement has
been made only if it is in the “WAIT until address” output mode. The 5345A does NOT
respond to serial polling. SRQ is cleared after the 5345A has been addressed to talk. If
two or more 5345A’s are connected to the bus and one of them sets SRQ low, the con-
troller must sequentially address each to TALK. Only the 5345A with output information
will respond.
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2-75. 5345A Typical Output Speed

2-76. The following apply to both Option 011 and Option 010 (standard output format only).
Typical Through-put Rate:

5345A—Superfast Computer ....... ... .. ... . =9 kHz
5345A—Usual Computer I/O ... ... e =1 kHz

5345A/98XXA Calculator ... ... =25 Hz
B345A/5100A Printer ... ..o e =3 Hz

oo TP

The measurement cycle of the 5345A is the sum of several events.

Measurement time (Gate Time).
Process (compute) time.

Output time on the HP Interface bus.
Arming time to next measurement.

o ow

1. Measurement time for CW frequency signal can be from 20 ns to 20,000 s.

2. Process time for mainframe only (6345A), measurement will typically be 1 ms.
For measurements involving plug-ins with complex arithmetic routine, the
process time may be as long as 3 ms.

3. Minimum output time is a function the total number of digits outputted. Seven
characters plus some number of displayed digits (1 to n) are outputted per mea-
surement in (23 + 11n) us.

4. Arming Time is variable from <1 us to infinite (hold).
Output time occurs in parallel with arming time and measurement time. Thus, if the sum
of arming time and measurement time exceeds output time, the effective output time is
zero.
For the fastest possible measurement cycle rates: process, output, and arming are com-
bined in the “computer dump” mode. Total minimum cycle time for the computer dump
mode is

Computer Dump Min. = Measurement Time = 107 us
For the standard output mode
Standard Output Time =1 ms

Remember that the output time is timeshared with arming and measurement time. Thus,
if the 5345A is EXT ARM for the <1 us arming time and if GATE TIME is >1 ms, cycle time
will equal to GATE TIME. NOTE: Plug-in measurement may add one or two more ms
to the Standard Output Time.

Typically, system speed of outputting data from the 5345A is dictated by the receiver.
DATA LISTENERS (receivers) are of two types:

a. Non-programmable, such as:
1. 59303A Digital-to-Analog Converter.

2. 59301A HP Interface Bus to Parallel Converter.
3. b5150A Thermal Printer.
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Programmable Data Receivers, such as:

1. 9820A Calculator.
2. 2105A Computer.

The data rate between the 5345A and type 1, non-programmable receivers is fixed for
any given word length of “n” bytes. For any pair of sender-receiver on the bus, the rate of
transmission is approximately equal to the rate of the slower machine. In fact, on the HP
Interface Bus one may have several LISTENERS (Receivers). Of course, it is legal to
have only one TALKER (sender). In this case the rate of information transmission is deter-
mined by the slowest instrument.

59301 Converter =200—400 us (25 us/byte)
5150A Terminal Printer Cycle Rate =300 ms

For programmable receivers, the input data rate is determined by three factors: the hard-
ware constraint, system firmware, and the programmers software. Typically the software
and system firmware (pre-programmed internal software) is much more restrictive. The
following example with the 5345A minimum GATE TIME and minimum ARM TIME
will illustrate this. Let 5345A talk address = J and listen address = *. Then:

9820A — 5345A Operation

1. For reference: 5345A TALK, nobody LISTEN
CMD “J?”

Cycle time =1 ms (but useless because nobody listens)

2. 5345A TALK, 9820A LISTEN with no 9820A storage of data. 9820A storage of
data. 9820A talk address = U, listen address = 5.

@: CMD “J?5”
1. RED 13,A; JMP 0

Cycle time =19 ms (useless)
The extra 18 ms represent firmware restriction of the 9820A.

3. 5345A TALK, 9820A LISTEN and STORE DATA POINTS a minimum length

program.
@: CMD “J?5”, 1-C
1: RED 13,R( )C; C+1—C
2: IF C>300 GTO 4
3: GTO1
4: STP

Cycle time =35 ms

This program stores 300 readings in 300 9820A storage locations. The incremental 15 ms
represent 9820A program execution line.
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b. 9830A—5345A Operation
5345A TALK, 9830A LISTEN with NO DATA STORAGE

19: CMD “J?5”
20: ENTER (13,%A
30: GOTO 20

Cycle time =18 ms (useless)
Program execution time for a useful program is similar to the 9820A (=35 ms).

c. Even faster operation can be obtained with a calculator (9820A, 9821A, 9830A) with the
following technique. Since the calculator spends much of its 35 ms in program execution
time, it is possible to shorten this program loop and reduce input time by telling the cal-
culator where to put the data instead of letting it figure it out itself.

CMD “d?5”
RED 13,R1
RED 13,R2
RED 13,R3

o=

3p¢: RED 13,R300
3p1: STP

This program stores 300 readings in almost twice the speed but with a program length of
302 steps vs. 5 steps in a3, above.

d. 21004, 59310A—5345A
1. 5345A Computer Dump Mode — DMA LISTEN program Cycle time =107 us

2. b345A Standard Output — variable computer software Cycle times 1—10 ms.
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SECTION il
OPERATION

3-1. INTRODUCTION

3-2. Section III contains operating information that is helpful in realizing the best performance
from the instrument. This includes a general description of the operating modes, the function of
the controls and indicators, operator’s maintenance, a self-check procedure, and setup procedures
for making basic measurements.

3-3. MEASUREMENT TECHNIQUE

3-4. The counter uses a period average technique to make measurements. The counts (or pulses)
that are generated from the input and time base signals are collected in separate scalers during
the measurement time. The counter compares these pulses arithmetically and displays the result
on the front panel.

3-5. OPERATING MODES

3-6. The following paragraphs describe the operating modes for frequency, period, time
interval, ratio, and totalize measurements.

3-7. Frequency Mode

3-8. Channel A accepts input frequencies from 50 wHz to 500 MHz with a minimum level of 20
mV rms sine wave. These frequencies are counted directly with no prescaling techniques applied.
Extended frequency capability is available with the use of plug-ins. The counter is capable of
measuring pulsed RF in either a single burst or an average of several bursts. The measurement
time within the burst may be varied in length and position for detecting frequency variations
within a burst.

3-9. The measurement time is the selected gate time plus the time until the next trigger
pulse occurs. For example, if the selected gate time is 1 ms, the event gate will close on the next
trigger pulse after 1 ms has elapsed. If the input frequency were 20 kHz (.05 ms period), the
measurement time would be 1 ms +.05 ms = 1.05 ms. The difference encountered does not affect
the accuracy of the measurement.

3-10. Period Modes

3-11. Two modes of period measurements are available: single period and period average.
These modes are described in the following paragraphs.

3-12. SINGLE PERIOD. Single period measurements are made with the GATE TIME switch set
to MIN. In this position, the gate time is one period or 50 ns, whichever is greater. Therefore,
the input frequency range for a single period measurement is 50 uwHz to 20 MHz. Frequencies
greater than 20 MHz may be applied, but they will be averaged during a 50 ns gate time.

3-13. PERIOD AVERAGE. When the GATE TIME switch is set to any other position than MIN,
the counter averages multiple periods. Averaging increases the accuracy and resolution of the
measurement. Input frequencies are in the 50 uHz to 500 MHz range. The actual gate time is
determined in the same manner as that described under Frequency Mode.

3-14. Number of Periods Averaged. To determine the number of periods averaged during a
measurement, divide the displayed answer into the selected gate time.

Example: Gate Time setting (sec) _ 1ms = 48.799 = 49 periods
Displayed Period (sec) 20.492 us
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The number of periods averaged will always be a whole number. Therefore, should the calculated
answer contain any digits to the right of the decimal point, drop these digits and increment the
remainder by one. This is due to the extended gate time. The answer for this example, then, is
49 periods averaged.

3-15. Time Interval Modes

3-16. The counter measures time intervals from Channel A to Channel B; that is, Channel A
starts the measurement and Channel B stops the measurement. Time between points on a single
waveform can be measured by connecting the input signal to CHANNEL A jack and placing the
Input Amplifier Control switch to COM A. Under these conditions, the slope and level controls
of Channel A and Channel B allow variable triggering on either the + or - slope. With the Input
Amplifier Control switch set to SEP, measurements can be made between points on separate
waveforms.

3-17. SINGLE TIME INTERVALS. Single time intervals down to 10 ns are measured with the
GATE TIME switch set to MIN. The gate time is one time interval for repetition rates of less than
20 MHz. Thus, if two or more time intervals occur within 50 ns, they will be averaged.

3-18. TIME INTERVAL AVERAGE. The counter averages multiple time intervals when the
GATE TIME switch is set to any position other than MIN. The maximum repetition rate is 50
MHz (10 ns time interval plus 10 ns deadtime = 20 ns period or 50 MHz). To average, the time
interval must be less than the selected gate time.

NOTE

If the time interval is greater than the gate time, but not more than 3.5 times
greater, a single period will be measured. The MIN gate time position is
preferred for single periods.

3-19. When averaging, white noise modulates the internal clock signal to prevent any harmonic
relationship between the input signal and the clock. This increases the measurement accuracy.
The noise is not generated when the GATE TIME switch is set to MIN.

3-20. INITIATING A MEASUREMENT. The front-panel ARM and GATE lights and the rear-
panel dc trigger levels are helpful when setting up a time interval measurement. Place the GATE
TIME switch to 100 us. The ARM light is an indication that Channel A is not triggering, possibly
due to insufficient signal amplitude or misadjusted front-panel controls. A flashing GATE light
indicates that Channel A is triggering. If the counter is gating and lamp test (paragraph 3-63) is
flashing or appears to be steady, the counter has gone into excessive gate time (paragraph 3-36).
This means the counter has reset because Channel B was not triggered with a stop signal. This
could be caused by the stop pulse failing to arrive until after the maximum allowable time, which
is 3.5 times the selected gate time. In this case, increase the gate time. Other causes could be
insufficient signal amplitude or misadjusted front-panel controls.

3-21. MEASUREMENT TIME. In time interval average, the time needed to complete a measure-
ment may be much longer than the selected gate time. This is because the counter collects a gate
time’s worth of time intervals. The factors which would increase the measurement time are short
time intervals and extended time between intervals (see Figure 3-1).

3-22. Occasionally, when increased resolution is needed, it may be convenient to estimate the
total time of a measurement. To calculate this, use the equation below.

Gate Time (sec)
Time Interval (sec) X Number of Time Intervals per sec

Measurement Time =

Example: 1 msec . 1X10-3sec
100 ns X 800/sec 8 X 105

= 12.5 seconds
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Figure 3-1. Measurement Time for Time Interval Average

3-93. If the time interval used in the equation is unknown, it can be obtained from the counter by
selecting MIN. The number of time intervals per second can be taken from an oscilloscope
reading. For most purposes, these figures need be only approximate to give a reasonable indi-
cation of the waiting time involved.

3-24. Ratio Measurements

3.25. The ratio between two frequencies (FB/FA) is measured by connecting one signal to
Channel A and the other to Channel B. Both channels operate in the 50 wHz to 500 MHz range.
If the higher frequency is connected to Channel B, the ratio will be greater than one. The
answer for a ratio measurement is a unitless figure.

3.96. MEASUREMENT TIME. The difference between the selected gate time and the total
measurement time depends on the frequency applied to Channel B. In the Ratio mode, the
Channel B signal substitutes for the internal 500 MHz time base.

397 With the GATE TIME switch set to 1 s, for example, 5 X 108 time base counts are needed to
end the measurement. When the 500 MHz internal time base is used, the 5 X 108 counts are
accumulated in 1 second. If, for example, 70 MHz were applied to Channel B and used as the
time base, it would take about 7 times as long (7.14 seconds). to accumulate the 5 X 108 counts
needed to disarm the gate.

3-98. To estimate the measurement time, use the equation below.

5X 108 Hz
Channel B Freq.

Measurement Time = X Gate Time

Example: w X1ms= _ﬂ X 1X 1073 sec = 20 ms
25 MHz 2.5 X 107
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3-29. Totalize Mode

3-30. The START and STOP positions on the FUNCTION switch allow manual opening and
closing of the counter’s main gate. The Input Amplifier Control switch must be placed in SEP.
When the switch is in the START position, the counter totalizes the number of times the input
signal passes through the Channel A trigger point. The GATE TIME switch does not affect the
displayed result in any way.

3-31. BOTH CHANNELS TOTALIZED. When the Input Amplifier Control switch is set to SEP,
Channel A and Channel B signals can be totalized simultaneously. The displayed result is a
function of the ACCUM MODE START/STOP switch, located on the rear panel. The two signals
are added (A+B) or subtracted (A-B), depending on the switch position. When the Input
Amplifier Control switch is set to CHECK, the counter always selects A+B.

3-32. A minus sign on the display indicates that during a subtraction (A-B) the B events have
outnumbered the A events. With the switch in A-B, the instrument functions like an up-down or
reversible counter. That is, the counter will count down from a previously-given positive number.
As an example of this, assume that the A frequency is greater than the B frequency and the
switch is in A-B. The display accumulates positive numbers at a rate equal to the difference
between the two input frequencies. If the frequency of B now becomes greater than A, the
displayed count will decrease towards zero, again, at a rate equal to the difference between the
two frequencies. Once the declining number passes through zero, the minus sign lights and the
display continues to accumulate.

3-33. SCALED OUTPUT. With the FUNCTION switch set to START and SAMPLE RATE to
HOLD, the counter scales (divides) the Channel A input frequency by powers of 10. This scaled
signal is available on the rear-panel CHAN A SCALER OUTPUT jack. Although the display is
not functioning, the counter is accumulating. The GATE TIME switch controls the division
factor, as shown in Table 3-1.

Table 3-1. Scaler Output for Channel A

GATE TIME SETTING| SCALING FACTOR | SCALED OUTPUT (100 MHz IN OR CHECK)
100 ns 102 1 MHz
1us 103 100 kHz
10 us 104 10 kHz
100 us 105 1 kHz
1 ms 108 100 Hz
10 ms 107 10 Hz
100 ms 108 1 Hz
1s 10° 100 mHz
10 s 1010 10 mHz
100 s 1011 1 mHz
1000 s 1012 100 uHz

3-34. INPUT TRIGGERING

3-35. The input circuits provide triggering over a range of -1.3V to +1.3V. The point at which
triggering occurs is adjustable with the front-panel LEVEL control. Each input channel has a
small amount of hysteresis (about 10 mV). If the SLOPE switch is set to “+,” the trigger pulse
occurs at the top of the hysteresis window. If the SLOPE switch is set to “-,”” the pulse occurs
on the bottom line of the window. In other words, the signal must pass through the entire
hysteresis window before a trigger pulse is generated (see Figure 3-2). The LEVEL control must
be placed to allow at least a 1 ns pulse width for the Schmitt Trigger.
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Figure 3-2. Internal Triggering
3-36. EXCESSIVE GATE TIME

3-37. In every measurement involving a gate time, the counter depends on the input signal to
terminate the measurement. The measurement concludes one clock pulse after the next input
pulse following the end of the gate time, not with the gate time itself. If the period of the input
signal is much longer than the gate time or if the signal is interrupted sometime during the gate
time, the excessive gate time circuits prevent the counter from waiting indefinitely for the ter-
minating pulse. The counter will wait for about 3.5 times the selected gate time before resetting.
At the end of excessive gate time, the display will flash instantaneously to lamp test before dis-
playing all zeros. Excessive gate time is especially useful during the time interval measurement;
see paragraph 3-20 for a further description.

3-38. EXTERNAL ARMING AND GATING

3-39. The GATE CONTROL INPUT jack (rear panel) allows the counter to be externally armed
and gated. The jack works in conjunction with the Gate Control switch, located directly below
the jack.

3-40. External Arming

3-41. When externally arming, set the Gate Control switch to EXT ARM and the SAMPLE RATE
switch to HOLD. The counter will ARM when the instrument is first turned on because of the
internal arming of the sample rate circuits. After the first measurement, however, the counter’s
arming circuits are fully controlled by the external source. The counter is armed within 1 us of
receiving the arm pulse (500 ns to dc at -1V). Once the counter is armed, the measurement
begins with the first Channel A trigger pulse. The counter makes only one measurment for each
arm pulse.

3-5
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3-42. External Gating

3-43. When the Gate Control switch is set to EXT GATE, the counter’s arming and gating is
under full external control. The gating can be accomplished in two ways: single gating or
multiple gating.

3-44. SINGLE PULSE GATING. Single gating is accomplished with a single, external gate
pulse. The width of this pulse can be varied from 20 ns to 20,000 seconds. When using a single
gate, set the GATE TIME switch to MIN. This assures the measurement will always take place
during a single, external gate pulse. This will not be true for other settings of the GATE
TIME switch.

3-45. MULTIPLE PULSE GATING. This method requires an arming pulse, which is auto-
matically taken from the external gate pulse train. When the GATE TIME switch is in any position
other than MIN, the counter accumulates as many external gate pulses as are needed to equal or
exceed the gate time selected by the switch. As an example, assume a GATE TIME setting of
10 ms and external gate pulses of 4 ms. The counter requires three of these pulses before a mea-
surement can be completed. The total gate time is 12 ms.

3-46. One of the uses of multiple gating is frequency averaging, i.e., an average of frequency
measured over multiple bursts. Using the same values as above, Figure 3-3 shows the type of
gating in frequency averaging.

PULSED RF | 1 l
SIGNAL ! ‘ ‘

OF BURST =

!
MEASURED PORTION—»1 |
|
|

EXTERNAL GATE 0OV

INPUT SIGNAL 4 ms 4ms — 4 ms
BAY)
ARMING
PULSE GATE PULSES IN ONE MEASUREMENT

Figure 3-3. Multiple Gating

3-47. Time Interval Measurements

3-48. External gating is valuable when measuring the time between two events while ignoring
the events occurring between them. The external gate signal must go low (-1 V) before the start
pulse and return high (0 V) before the stop pulse.

3-49. SINGLE TIME INTERVALS. As previously mentioned for external gating, a measurement
using a single external gate requires the GATE TIME switch to be set to MIN. The counter arms
automatically and the external gate pulse provides a control over the time interval measurement.
Varying the width of the pulse determines which time interval is measured, as can be seen in
Figure 3-4.
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Figure 3-4. External Gating for Single Time Interval

3-50. MULTIPLE TIME INTERVALS. An average of time intervals can be measured using the
external gating method. This method, as in single time intervals, allows certain pulses of the
waveform to be ignored. The GATE TIME switch must be set to any other position than MIN.
See Figure 3-5 for an example of time interval averaging. This method does require an arming
pulse for each measurement cycle.
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Figure 3-5. External Gating for Time Interval Averaging
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3-51. DISPLAY

3-52. The counter uses a 12-digit display: 11 digits of data and 1-digit for the minus sign.
Unlike most counters, the number of digits displayed in a measurement is not a function of the
input frequency and is not related to the FUNCTION switch. The number of digits is constant for
each setting of the GATE TIME switch.

3-53. Display Position

3-54. When the DISPLAY POSITION switch is set to AUTO, the counter automatically positions
the display’s least-significant digit in the right-most column. Rotating the switch to each of its
counterclockwise positions (blue dots) shifts the decimal point, hence the display, one place to
the left. Once the switch is placed to any position other than AUTOQ, the annunciator (k, M, n, etc.)
stays fixed, regardless of changing input frequency. The annunciator remains fixed until the
RESET button is pushed or the FUNCTION switch setting is changed. Manually fixing the
decimal point and the annunciator is convenient when collecting measurement data with a
digital-to-analog converter. As an example, the DAC can continually record any 3 digits in a
possible display of 11, regardless of changing input data.

3-55. Asterisk

3-56. The asterisk lamp will light under any one of four conditions: overflow, underflow, facti-
tious zeros, or insuffucient oven temperature (standard only). Overflow occurs when the
placement of the DISPLAY POSITION switch has positioned the display’s most-significant
digit(s) so far to the left that it is out of viewable range. Underflow occurs when the placement of
the DISPLAY POSITION switch has positioned the display’s least-significant digit(s) so far to
the right that it is out of viewable range. If the counter is equipped with an oven-controlled
oscillator (optional), the operating temperature of the oven must remain constant for the crystal
to perform properly. Should the oven temperature drop below its normal operating range, the
asterisk light will come on as an indication of this condition.

3-57. Factitious zeros occur when the settings of the GATE TIME switch and DISPLAY
POSITION switch have been combined to give fewer significant digits than the DISPLAY
POSITION demanded. In this combination, the display attempts to blank one or more of the
significant digits located to left of decimal point. Instead of blanking the digit, the display
substitutes an artificial and meaningless zero to keep that portion of the display filled.

3-58. Although the presence of factitious zeros is a rare occurrence, its appearance can be demon-
strated with the counter set up as follows: FUNCTION to FREQ A, connect input signal of 125
MHz, turn DISPLAY POSITION switch out of AUTO to about mid-range, turn GATE TIME
switch ccw until the display is 125 MHz. The next switch position changes the display to 120
MHz and lights the asterisk. The zero now displayed is a factitious or filler zero.

3-59. Arm Light

3-60. An illuminated ARM light indicates that Channel A is not triggering. The condition of
this indicator should be observed when adjusting the front-panel controls for a first-time
measurement. Insufficient amplitude of the input signal or improper setting of the input con-
trols (LEVEL, ATTEN, etc.) are common causes for the failure of the GATE light to turn on.

3-61. Gate Light
3-62. Once Channel A triggers, the ARM light turns off and the GATE light turns on. The GATE
indicator lights during the time the counter’s event gate is open. For short-duration gate times,
the GATE light circuits include a 40 ms one-shot MV to allow a visible flash of the light. The
SAMPLE RATE control sets the time between flashes (or measurement cycles).

3-63. Lamp Test

3-64. To ensure that all segments of the display are capable of lighting, the counter provides a
lamp test. The display should appear like the representation shown on the next page (Figure 3-6).



Model 5345A
Operation

[
J 1o

[
[

Figure 3-6. Lamp Test

3-65. Lamp test occurs under several conditions:
When the RESET button is pushed.
b. When the POWER switch is placed to ON, lamp test will light for about 2 seconds.

c. When switching between detent positions of the GATE TIME switch, FUNCTION switch,
or DISPLAY POSITION switch.

d. When counter is attempting to phase lock the internal oscillator to an external standard.
e. When the counter has gone into excessive gate time.
f.  When operating with an external frequency standard (rear panel INT STD-EXT STD set
to EXT STD) and the external frequency is lost or disconnected.
3-66. COOLING

3-67. The counter’s fan, located behind the display assembly, provides forced-air cooling to the
electronic components throughout the instrument. The fan takes air in through the left side panel
and bottom cover and exhausts it through the top cover and right side cover via the plug-in
compartment.

NOTE
Check for proper air flow each time the instrument is turned on. If the
unit is operated for extended periods of timie without adequate cooling,
the counter will automatically turn off.
3-68. AIR FILTER CLEANING
NOTE

Instruments with serial number 1708A02576 or higher are supplied
less the air filters. Hewlett-Packard recommends removing the filters
from all previous units. If desired to retain the filter protection, follow
the step-by-step instructions below.

3-69. When the instrument is placed into service, the air filters should be inspected frequently to
determine the rate at which they collect dirt in their particular environment. Under average con-
ditions, the air filters should be cleaned about every 3 months. To remove these filters, proceed
as follows:

a. Remove power cord at rear panel.
Remove the top and bottom covers (4 screws each).

¢. Remove the 4 screws holding in display assembly (see Figure 3-7). Remove display as-
sembly from mainframe and disconnect its power cable at bulkhead.

d. Remove left-front side cover (4 screws).

e. On left side frame, remove right-most top and bottom screws (1 ea.) and extract side air
filter.

f.  Remove the 4 screws holding the 2 internal brackets and extract bottom air filter.

3-9



Model 5345A
Operation

Use the following procedure to clean the air filters.
a. Wash air filters with water.

b. Let stand until completely dry.
Recoat filters with RP Super Filter Coat Adhesive, Research Products Corporation.

(Top View) (Bottom View)

Figure 3-7. Location of Display Assembly Screws

BOXER FAN

Figure 3-8. Removal of Display Assembly
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Figure 3-9. Location of Air Filters
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POWER switch (). In STANDBY position, supplies power to oscillator and oven
(Option 001) to maintain a constant temperature for the crystal. In ON position,
supplies normal operating power to remainder of instrument.

FUNCTION selector () . Selects mode of operation.
a. PLUG-IN — Enables plug-in to make measurement.
b. FREQ A — Sets counter to measure frequency applied to CHANNEL A jack.

c. PERIOD A — Sets counter to measure period or period average of signal
applied to CHANNEL A jack.

d. TIME INT. A to B — Sets counter to measure single time interval or time interval
average. Channel A starts measurement and Channel B stops measurement.

e. RATIO B/A — Sets counter to measure the ratio of Channel B frequency to
Channel A frequency.

f. START, STOP — Used for totalize mode to manually open and close counter’s
main gate and to turn scaled output on and off (SAMPLE RATE in HOLD).

RESET button &) . Resets display and internal count to zero and arms counter for new
measurement. Generates lamp test.

GATE TIME switch @) . Selects total amount of time that the gate is open. MIN
position opens main gate for one event or 50 ns, whichever is greater.

DISPLAY POSITION switch (&) (blue knob). In AUTO, counter displays least-
significant digit in right-most column. Annunciators change with input frequency.

Any other position manually fixes decimal point and annunciators.

SAMPLE RATE control ¢) . Varies time between measurements from <.1 sec to >5 sec.
HOLD position holds display indefinitely.

SLOPE switch (D . Permits triggering on positive or negative slope of input signal.

3-12
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11.

12.

13.

LEVEL control () . Used in conjunction with ATTEN switch to select voltage at
which triggering occurs. With X1 attenuator setting, level is variable 1.3 V; on
X10, +13V.

Input Impedance Switch (© . Selects input impedance of 50Q or 1 MQ shunted by
less than 30 pF.

ATTEN switch #® . Selects attenuation for input signal. Used in conjunction
with LEVEL control to set trigger point. Input level is not affected in X1 position. Signal
amplitude is reduced by factor of 10 in X10 position.

Coupling switch (D . Selects direct or capacitor coupling for input signal.

Input Amplifier Control switch (2 .

a. CHECK — Checks that counter is functioning properly by connecting internal
100 MHz test signal to Channels A and B.

b. COM A — Operationally connects A and B channels in parallel. Used for single
source time interval measurements. Channel B jack is not active. Channel A
and B Input Impedance switches must be set to same position.

c. SEP — Allows independent operation of Channel A and B.

Input jacks (® . Inputs for Channel A and Channel B. Each input can accept
signals from 50 wHz to 500 MHz.

Figure 3-10. Front Panel Controls and Connectors (Continued)
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© 0060 0 O

ACCUM MODE START/STOP switch @ Used when totalizing two input signals. In A-B
position, Channel B counts are subtracted from Channel A counts. In A+B position, the counts of
each channel are added for the total displayed count.

CHAN A SCALER OUTPUT jack @ With the FUNCTION switch set to START and the
SAMPLE RATE control in HOLD, jack provides scaled output of Channel A input frequency or
internal 100 MHz check signal.

CHAN A TRIG LEVEL jack @ . Output level corresponds to trigger point of Channel A. LEVEL
control varies output £1.3 Vde.

CHAN B TRIG LEVEL jack @ Output level corresponds to trigger point of Channel B. LEVEL
control varies output +1.3 Vde.

EXT FREQ STD INPUT jack @ . Allows internal time base to phase lock to external frequency
standard. Possible input frequencies =

10 MHz

any Integer from 1 to 10 =10 MHz, 5 MHz, 2.5 MHz, 2 MHz, 1 MHz, etc.

FREQ STD OUTPUT jack @ . Provides 10 MHz internal standard signal for external use. Ampli-
tude is 1 Vrms into 501).

GATE OUTPUT jack @ Provides output pulses of counter’s event gate.

GATE CONTROL INPUT jack . Allows counter’s main-gate/arm circuits to be controlled
from external source. Works with Gate Control switch. See paragraph 3-38.

Gate Control switch @
INTERNAL — Allows normal operation of counter.

EXT ARM — Allows counter to be armed from external source. SAMPLE RATE control
must be set to HOLD. Counter will make only one measurement for each arm pulse.
Measurement begins with first Channel A pulse after arm pulse.

c. EXT GATE — Allows total control of gating circuits (see paragraph 3-42). Used in fre-
quency average and in pulse selection for time interval and time interval average.

FREQUENCY STANDARD INT-EXT switch . Allows an external frequency standard con-
nected to (5) EXT FREQ STD INPUT to be used in the counter for the time base. In the INT
position, the EXT FREQ STD INPUT connector is not connected through to circuits in the
counter.

Figure 3-11. Rear Panel Controls and Connectors
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Set the counter controls as follows:

Input Amplifier Control switch to CHECK.
FUNCTION switch to PLUG-IN.

GATE TIME switch to MIN.

DISPLAY POSITION switch to AUTO.
SAMPLE RATE control to maximum ccw.

2.  Turn POWER switch to ON. Check that the counter displays a minus sign and
eleven 7-segment symbols ( 5 ) with 11 decimal points. This display should last
about 2 seconds before switching to 11 zeros with no decimal points.

3. Set FUNCTION switch to FREQ A. The GATE light should be flashing.

4. Set GATE TIME switch as shown in table below, and check for proper display.

GATE TIME DISPLAY ANNUNCIATOR
MIN 1 G Hz
100 ns .10 G Hz

1pus 100. M Hz
10 us 100.0 M Hz
100 us 100.00 M Hz
1 ms 100.000 M Hz
10 ms 100.0000 M Hz
100 ms 100.00000 M Hz
1s 100.000000 M Hz
10s 100.0000000 M Hz
100 s 100.00000000 M Hz
1000 s 00.000000000 M Hz*

5. Set FUNCTION switch to PERIOD A and then to TIME INT. A to B. Check for proper
display, as shown in the table below.

GATE TIME DISPLAY ANNUNCIATOR
MIN 10. n sec
100 ns 10. n sec

1us 10.0 n sec

10 us 10.00 n sec

100 us 10.000 n sec

1 ms 10.0000 n sec

10 ms 10.00000 n sec

100 ms 10.000000 n sec

ls 10.0000000 n sec

10s 10.00000000 n sec

100 s 10.000000000 n sec

1000 s 0.0000000000 n sec*

6. Set FUNCTION switch to RATIO.

7. Set GATE TIME switch as shown in table below, and check for proper display.
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Table 3-2. Self Check (Continued)

GATE TIME DISPLAY
MIN 1.
100 ns 1.0

1 us 1.00

10 us 1.000
100 us 1.0000
1 ms 1.00000

10 ms 1.000000
100 ms 1.0000000
ls 1.00000000
10s 1.000000000
100 s 1.0000000000
1000 s .00000000000*

8. *8et FUNCTION switch to START. Check that counter totalizes and that the GATE
light is on.

9. Set FUNCTION switch to STOP. Check that GATE light goes out and the display is
held.

10. Set FUNCTION switch to START. The counter should begin totalizing from the
previously held number.

11. Set FUNCTION switch to FREQ A and GATE TIME switch to 100 us. Display is now
100.00 MHz.

12. Turn the DISPLAY POSITION switch (blue knob) through its positions and check for
proper display, as shown in the table below.

DISPLAY POSITION ] DISPLAY (X = BLANK) ANNUNCIATOR
AUTO XXXXXX100.00 M Hz
100 s XXXXXXXX100. *M Hz

10s XXXXXXX100.0 *M Hz
1s XXXXXX100.00 M Hz
100 ms XXXXX100.00X M Hz
10 ms XXXX100.00XX M H:z
1 ms XXX100.00XXX M Hz
100 us XX100.00XXXX M Hz
10 us X100.00XXXXX M Hz
1 pus 100.00XXXXXX M H:z
100 ns 00.00XXXXXXX *M Hz
MIN 0.00XXXXXXXX *M Hz

13. Push RESET button. Check that counter displays a minus sign and eleven 7-segment
symbols (5 ) with 11 decimal points.
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1. Set POWER switch (1) to ON position.

2. Set FUNCTION switch (O to FREQ A.

3. Set DISPLAY POSITION switch (3) to AUTO.

4. Set GATE TIME switch (4) to give required integration time or desired resolution.
5.  Set CHANNEL A Input Impedance switch (3) to desired position.

6. Set CHANNEL A ATTEN switch to match input signal’s amplitude; see Specifi-
cations Table 1-3 for maximum input levels.

7. Set CHANNEL A LEVEL control (¢) to start measurement at desired voltage level.
Use PRESET for sine waves.

8. Set CHANNEL A Coupling switch (0 to AC or DC; see Specifications in Table 1-3
for details.

9.  Set Input Amplifier Control switch (2 to SEP.
10. Connect input signal to CHANNEL A input jack ®) .

11. Adjust SAMPLE RATE control &) for a convenient interval between measurements.

Figure 3-12. Frequency Measurements
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Set POWER switch () to ON position.

Set FUNCTION switch (2) to PERIOD A.

Set DISPLAY POSITION switch (5) to AUTO.

Set GATE TIME switch (4) to give required integration time or desired resolution.
Set CHANNEL A Input Impedance switch (3) to desired position.

Set CHANNEL A ATTEN switch to match input signal’s amplitude; see Specifi-
cations in Table 1-3 for maximum input levels.

Set CHANNEL A LEVEL control (3) to start measurement at desired voltage level.
Use PRESET for sine waves.

Set CHANNEL A Coupling switch (0 to AC or DC; see Specifications in Table 1-3
for details.

Set Input Amplifier Control switch (2) to SEP.
Connect input signal to CHANNEL A input jack )

Adjust SAMPLE RATE control &) for a convenient interval between measurements.

Figure 3-13. Period Measurements
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10.

11.

! Set POWER switch (1) to ON position.

Set FUNCTION switch () to RATIO B/A.
Set DISPLAY POSITION switch (3) to AUTO.
Set GATE TIME switch () to give required integration time or desired resolution.

Set CHANNEL A Input Impedance switch ®) and CHANNEL B Input Impedance
switch to desired position. The switch positions may be selected independently.

Set CHANNEL A ATTEN switch and CHANNEL B ATTEN switch (5 to
match amplitude of respective input signal, see Specifications in Table 1-3 for
maximum input levels.

Set CHANNEL A LEVEL control ®) and CHANNEL B LEVEL control () to
desired trigger level or to PRESET for triggering at zero volts.

Set CHANNEL A Coupling switch (0 and CHANNEL B Coupling switch to
AC or DC, as required by the respective input signal. See Specifications in Table 1-3
for details.

Set Input Amplifier Control switch (2 to SEP.

Connect one signal to CHANNEL B jack and comparator to CHANNEL A
jack (@

Adjust SAMPLE RATE control (8) for a convenient measurement interval.

Figure 3-14. Ratio Measurements
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Set POWER switch (1) to ON position.

Set FUNCTION switch @ to TIME INT. A TO B.
Set DISPLAY POSITION switch (5) to AUTO.

Set GATE TIME switch (¢) to MIN for single time interval or for desired resolution in
time interval average.

Set CHANNEL A and CHANNEL B Input Impedance switches (9) to desired
position. The switches must be set to the same position.

Set CHANNEL A and CHANNEL B ATTEN switches (5 to match input
signal’s amplitude; see Specifications in Table 1-3 for maximum input levels.

Set CHANNEL A Coupling switch (D' to AC or DC; see Specifications in Table 1-3
for details.

Set Input Amplifier Control switch (2 to COM A.

Continued on next page
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Figure 3-15. One Source Time Interval Measurements
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11.

12.

13.

14.

Connect input signal to CHANNEL A jack (@)

Set CHANNEL A SLOPE switch () to + for triggering on positive slope or - for

triggering on negative slope.

Set CHANNEL A LEVEL control (8) to start measurement at desired voltage level.
Use CHAN A TRIG LEVEL output jack on rear panel to display starting point on an

oscilloscope (if needed).

Set CHANNEL B SLOPE switch to + for triggering on positive slope or - for trig-

gering on negative slope.

Set CHANNEL B LEVEL control (1) to stop measurement at desired voltage level.
Use CHAN B TRIG LEVEL output jack on rear panel to display stopping point on an

oscilloscope (if needed).

Adjust SAMPLE RATE control (¢) for convenient measurement interval.

CHAN A OR B TRIG LEVEL

DUAL
CHANNEL
OSCILLOSCOPE

A B

o

SIGNAL SOURCE 5345A COUNTER
ouTuT CHANNEL A
Q sack
I‘? 10:1 PROBE
TEE

Figure 3-15. One Source Time Interval Measurements (Continued)
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Set POWER switch (1) to ON position.

Set FUNCTION switch (2)to TIME INT A to B.
Set DISPLAY POSITION switch (3) to AUTO.

Set GATE TIME switch (*) to MIN for single time interval or for desired resolution in
time interval average.

Set CHANNEL A Input Impedance switch 3) and CHANNEL B Input Impedance
switch to match impedance of respective signal source.

Set CHANNEL A ATTEN switch and CHANNEL B ATTEN switch (5 to match
amplitude of respective input signal; see Specifications in Table 1-3 for maximum
input levels.

Set CHANNEL A Coupling switch (1) and CHANNEL B Coupling switch to
AC or DC, as required by the respective input signal. See Specifications in Table 1-3
for details.

Set Input Amplifier Control switch (2 to SEP.

Continued on next page
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Figure 3-16. Two Source Time Interval Measurements
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10.

11.

12.

13.

14.

Connect start signal to CHANNEL A jack (3) and stop signal to CHANNEL B
jack )

Set CHANNEL A SLOPE switch (O to + for triggering on positive slope or to - for
triggering on negative slope.

Set CHANNEL A LEVEL control ®to start measurement at desired voltage level.

Use CHAN A TRIG LEVEL output jack on rear panel to display starting point on an

oscilloscope (if needed).

Set CHANNEL B SLOPE switch to + for triggering on positive slope or - for
triggering on negative slope.

Set CHANNEL B LEVEL control (1) to stop measurement at desired voltage level.
Use CHAN B TRIG LEVEL output jack on rear panel to display stopping point on

an oscilloscope (if needed).

Adjust SAMPLE RATE control (¢) for a convenient measurement interval.
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Figure 3-16. Two Source Time Interval Measurements (Continued)
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10.

11.

12.

13.

14.

Set POWER switch (1) to ON position.

Set FUNCTION switch (2) to STOP.
Set SAMPLE RATE control & full cew.
Set DISPLAY POSITION switch ) to AUTO.

Set CHANNEL A Input Impedance switch (3) and CHANNEL B Input Impedance
switch to desired positions.

Set CHANNEL A ATTEN switch and CHANNEL B ATTEN switch @ to match
amplitude of respective input signal; see Specifications in Table 1-3 for maximum
input levels.

Set CHANNEL A LEVEL control (¢) to start measurement at desired voltage level.

Set CHANNEL A Coupling siwtch () to AC or DC, as required by the respective
input signal. See Specification in Table 1-3 for details.

Set Input Amplifier Control switch (2) to SEP.

Connect one input signal to CHANNEL A jack # and the other to CHANNEL B
jack . If only one input signal is to be totalized, connect that signal to
CHANNEL A jack @) .

Set CHANNEL A LEVEL control 3) and CHANNEL B LEVEL control (1) to desired
trigger level or to PRESET for triggering at zero volts.

Set the rear panel ACCUM MODE START/STOP switch to A+B to sum the two inputs
or to A-B to totalize the difference.

Set FUNCTION switch () to START.
A divided version of the CHANNEL A input frequency is available at the rear panel

CHAN A SCALER OUTPUT jack if the SAMPLE RATE switch (5) is set to the HOLD
position.

Figure 3-17. Totalize Measurements
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SECTION IV
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4-2. This section describes the individual logic elements, overall counter operation, and theory of
operation for each printed circuit assembly. The overall counter theory starts in Paragraph 4-44.
The theory for each pc board starts in Paragraph 4-71.

4-3. LOGIC ELEMENTS

4-4, Two states exist in the binary system, 1 and 0. HIGH (H) and LOW (L) are used to represent
the levels of 1 and 0. HIGH always represents the more positive level, whether it be positive or
negative logic. Figure 4-1 shows four pairs of logic symbols that have the same truth tables and
can be used interchangeably. The same function is perfomed by what appears to be two different

logic symbols.
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4-5. Logic Levels

Figure 4-1. Logic Comparison Diagrams

4-6. This instrument uses three types of logic. They are:

1. Transistor-Transistor Logic (TTL)
2. Emitter-Coupled Logic (ECL)
3. Emitter-Emitter-Coupled Logic (EECL).

Digital signals have two logic states, referred to as High and Low. The voltage associated with
the High or Low state is different for each logic type.

LOGIC STATE TTL ECL EECL
Low 0 to +0.4V approximately approximately
-1.5V -0.6V
High 2.4 to bV approximately approximately
-0.8V ov
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4-2

4-7. Wire-OR/Wire-AND Configuration

4-8. The wire-AND configuration applies to TTL type logic. (It may be commonly referred to as
wire-OR.) In TTL, the output of an open-collector gate (one having no load resistor) can be
paralieled with gates of the same type to perform this function. When the outputs are tied to the
same line, any one of the gates can pull the line Low (.7V) without damaging itself. An external
pull-up resistor is required.

4-9. The wire-OR configuration applies to ECL type logic. With ECL, an external resistor is not
necessarily required. As with TTL, the gate outputs are connected together. In this case, how-
ever, any one of the gates can force the line High (-.7V).

4-10. Exclusive OR Gate

4-11. The output of the exclusive OR will be High if one, but not both, of the inputs is High. This
can be seen in the truth table in Figure 4-2.

A

N
I T rr|»
I r I r|w
r I I r~ |N

Figure 4-2. Exclusive OR Gate

4-12. INTEGRATED CIRCUITS — THEORY OF OPERATION

4-13. Much of the circuitry used in this instrument is comprised of common logic elements: AND
gates, D-Type flip-flops, JK’s, etc. Other circuits may use devices that are not as familiar as
those mentioned. The following paragraphs briefly describe the operation of these devices.
Notice that these devices are shown functionally; i.e., they attempt to best describe the oper-
tion of the device and may not reflect the nomenclature used by the manufacturer.

4-14. Synchronous 4-Bit Up/Down Counter,

1820-0233
4 4-15. All four counters are fully program-
9 CNT DN a 7 mable; that is, the outputs may be preset to
10 Do D 6 any state by entering the desired data on the
Dc Qc data inputs while the LOAD input is Low. The
1 D Qg 2 output will change to agree with the data in-
Slp A oA | 3 puts. Once the Load conditiox:'l is removeq,
the outputs can count down with each posi-
1 13 tive pulse on CNT DN or count up with each
——( LOAD BORROW p—— positive pulse on CNT UP. A High level on the
CARRY 12 CLR input forces all outputs Low. Borrow
CNT UP CLR goes Low with an underflow condition, while
5 14 CARRY goes Low with an overflow condition.

Figure 4-3. Synchronous 4-Bit Up/Down
Counter, 1820-0233
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*Even through the type of ROMs used may
be the same, the part numbers will differ with
individual programs.

Figure 4-4. Read-Only Memory (ROM) 1820-0254*

4-16. Read-Only Memory (ROM) 1820-0254*

4-17. This device is a programmed, addressable memory. There are 32 storage locations, each of
which is capable of storing an 8-bit character. The contents in each location is fixed. The con-
tents of a location are placed on the output lines when the gate (G) is low and the location has
been addressed with the proper input code (A,B,C,D,E lines).
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Figure 4-5. 4-Bit Bistable Latch 1820-0301

4-18. 4-Bit Bistable Latch 1820-0301

4-19. Information present at a data (D) input
is transferred to the respective Q output when
the enable line is High. The Q output will
follow the data input as long as the enable
line remains High. When the enable line goes
Low, the information currently on the D in-
puts is retained (latched) on the Q output
until the enable line returns High.

*Even though the type of ROMs used may be the same, the part numbers will differ with

individual programs.
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Figure 4-6. Synchronous Up/Down Counter

4-20. Synchronous Up/Down Counter
1820-0545

4-21. A Low on the EN G line enables the
operation of this binary counter. While the
LOAD input is Low, the counter can be preset
to any number from 0 to 15. The Q outputs
assume this number, and counting begins
from that point. The state of DN/UP deter-
mines the direction of counting. If DN/UP is
High, the counter counts down, when Low, it
counts up. The MAX/MIN output produces a
High level output pulse with a duration
approximately equal to one complete cycle of
the clock when the counter overflows or
underflows. The RIP CLK output produces a
Low-level pulse equal in width to the low-
level portion of the clock input when an over-
flow or underflow condition exists.

1820-0545
s s
12 :O S, S, 24 |15
__114 A1 ZA 014__
__ 10 A2 82 S1 Selects
9
— A3 0 0 A0 and BO
0 1 Al and B1
all 1 0 A2 and B2
51°° 1 1 A3 and B3
6| o1 1
—182 Zg 2
— s, zs p——
|

Co C3 and DO Dy Dg Ds.

The inputs are listed by data lines (ABCD). The schematics may show the inputs as Cy Cy

Figure 4-7. Dual Four-Input Multiplexer 1820-0610

4-22. Dual Four-Input Multiplexer 1820-0610

4-23. This multiplexer selects one line from the four A inputs and one line from the four B inputs
and transfers that data to the respective Z outputs. Each Z output (A or B) has an inverted and a
noninverted line. The inputs to be transferred are selected by the code present on S1 and S2, as

shown in the truth table of Figure 4-7.
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, 0 13
8 1 12
2 1
1 4 3 10 4-24. One-of-Ten Decoder 1820-0627
9
14 4 03— 4-25. This IC converts a BCD code to a deci-
2 5 o———ro mal equivalent. A code on the input lines
6 04 (8,4,2,1) causes one of the output lines to Low.
15 5 For example, a code of seven (£21) pulls the
1 7P 6 “7” line Low.
8 p———
o pl—

Figure 4-8. One-of-Ten Decoder 1820-0627
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Figure 4-9. MOS Six Decade Counter 1820-0634

4-26. MOS Six Decade Counter 1820-0634

4-27. This is a 6-digit, ripple-through counter with buffer storage outputs for each decade. The
circuit has one set of BCD outputs (ABCD) that may be switched from digit to digit, as deter-
mined by a decade select code (XYZ). For the counting operation, the device will advance its count
on the positive going edge of the clock input (C). While counting is in progress, the decimal count
of a selected decade (by means of XYZ lines) is transferred to the BCD outputs when the TRF
line is held Low. The decade contents can be “scanned” and transmitted to the BCD outputs by
sequentially changing the XYZ code. The High logic level is 23.4V for all inputs.

4-5
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Figure 4-10. Eight-lnput Multiplexer 1820-0658
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Figure 4-11. Quad Latch 1820-0701
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Figure 4-12. One-of-Sixteen Decoder
1820-0702

4-28. Eight-Input Multiplexer 1820-0658

4-29. A Low on the EN line enables the operation
of this multiplexer. A code on the select lines
(S4, S2, S1) selects the corresponding input to
transfer its data to the Z outputs. For example, a
code of (2%} gelects the I3 line, and the Z
output (noninverted) assumes the state of 13.

4-30. Quad Latch 1820-0701

4-31. Information present at a data (D) input is
transferred to the respective Q output when the
enable line is Low and when the respective
select (S) line is Low. The Q output will follow
thedatainput aslong as EN remains Low. When
EN goes High the data currently on the Dinputs
is retained (latched) on the Q output until EN
returns Low or the latch is reset (MR=Low).
When the latch is reset, the Q outputs go Low.

4-32. One-of-Sixteen Decoder 1820-0702

4-33. This IC converts a binary code to a
decimal equivalent. When the device is
enabled with two-low levels (pins 18 and 19),
a code on the input lines (8,4,2,1) will pull one
of the output lines Low. For example, a code

of 12(%(%) pulls the “12” line Low.



2 SEL
"o 4
5 z
14 o A
Co
1 Zg 7
Do
12
—21IA Zc
B
|
9
Blc, Zp
10
D1 EN

Tw

Figure 4-13. Quad Two-input Multiplexer
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Figure 4-14. Synchronous 4-Bit Counter
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Figure 4-15. 8-Bit Addressable Latch
1820-0833
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4-34. Quad Two-Input Multiplexer 1820-0710

4-35. With the enable (EN) line Low, the
multiplexer is enabled to transfer the data in-
puts (ABCD) directly to the output lines (Z).
When SEL is a “0” (Low) the A BCD,

inputs are selected; while the ABC,D;
inputs are selected with a “1” (High) on the

SEL line.

4-36. Synchronous 4-Bit Counter 1820-0716

4-37. The two enable lines (EN P and EN T)
must be High before the device can count.
Each positive edge of the clock pulse ad-
vances the binary count on the Q outputs.
The carry output (CO) goes High when the
output reaches a count of 15 (a total of 16
clock pulses). The count can be preset to
start counting from a given number. This is
done by pulling the LOAD line Low and enter-
ing the desired number on the input lines
(A,B,C,D).

4-38. 8-Bit Addressable Latch 1820-0833

4-39. When the EN line is Low data (D) is
written into the latch and will appear on only
the Q that is selected by the address code.
For example, an address code of 5 (44245
selects Q5. When EN is High, the latch is in
the memory mode; i.e., all latches remain in
their previous state and are unaffected by the
data or address inputs.

4-7
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Figure 4-16. 5-Bit Comparator 1820-0904

4-40. 5-Bit Comparator 1820-0904

4-41. This IC performs a comparison between
two 5~bit characters and provides three outputs
to indicate the result of the comparison: less
than, greater than, and equal to. A Low level
on EN enables the device, and a High level
forces all three outputs Low.
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Figure 4-17. 64-Bit Read/Write Memory 1820-1028

4-42. 64-Bit Read/Write Memory 1820-1028

4-43. The memory is capable of storing 16 characters of 4-bits each. Information present at the
data (D) inputs is written into the memory by addressing (A lines) the desired memory location
and holding both memory enable (ME) and write enable (WE) low. The complement of the infor-
mation that has been written into the memory is read out at the four output (O) lines. This is done
by holding ME low, setting WE high, and addressing the desired location.
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4-44. OVERALL THEORY OF OPERATION

4-45. The following paragraphs contain a general description of the counter’s operation. A block
diagram is provided in Section VIII for reference.

4-46. Input Assembly

4-47. The counter has two input channels, each having a frequency range of dc to 500 MHz. A
two-position switch selects either X1 or X20 signal attenuation. The signal is amplified by two
amplifiers: one on A3 and the other on A4. The sensitivity of the first amplifier is variable with
the LEVEL pot. The second amplifier is a combination amplifier/Schmitt trigger. The outputs of
the Schmitt triggers drive the gate board.

4-48. Gate

4-49. The main gate board (A9) uses three separate multiplex switches to select the proper
signals for a particular measurement. Two of the switches select inputs from Channel A,
Channel B, Plug-in A, Plug-in B, and 100 MHz test. These signals are termed event counts,
where each pulse represents a count. The third switch selects the internal 500 MHz clock signal,
the plug-in clock signal, or the output of the second multiplier for use in the RATIO or START
Function. These signals constitute the time counts.

4-50. The main gate board also controls the gating of the input signal and clock signal. The main
gate circuits are armed by the run down of sample rate or by the reset signal. The arming signal
enables the gate to open on the next input cycle. During the time the main gate is open, the event
signal and time signal are divided by 20 in the A9 scalers. The signal levels are shifted from
EECL to T2L before the signals are sent to the remainder of the scalers on All.

4-51. Scalers

4-52. The scalers, or dividers, can be considered as a string of 13, individual, divide-by-10 stages.
When the main gate opens, The Event Scaler begins accumulating event counts (e.g., Channel A
pulses), and the Time Scaler begins accumulating time counts (e.g., internal 500 MHz pulses).
Before the decades can output their data, the accumulation of counts must end with the con-
clusion of the gate time. A method for determining the end of the gate time is, therefore, needed.

4-53. The GATE TIME switch sends the A1l board a different 4-line code for each of its switch
positions. The code is passed through a switch to a strobe coder, where it is decoded to a 16-line
code. This code addresses one of the Time Scaler decades to output its data. The Time Scaler
accumulates 500 MHz clock pulses until a “5” appears on the output of the addressed decade.
Any division of 500 MHz by a power of 10 is also a division of 1 second by the same power. There-
fore, when a “5” first appears on the output of the addressed decade, the elapsed time (gate time)
is the selected multiple of 1 second. For example, if 5 x 108 counts accumulate in 1 second (500
MHz), ! ms will accumulate 5 x 105 counts. Once a 5 is detected, the main gate closes on the next
Channel A input pulse.

4-54. Each decade of the time and events scalers now contains one digit of information, which
can be sent to the processor as a 4-line code. This is done by sequentially addressing each decade
to output is stored data. The address codes are supplied to the A1l switch by a 16-bit counter:
the Denominator Register Counter (DRC) located on the A13 board.

4-55. Arithmetic Processor

4-56. The data from the time and events scalers on All are strobed into the A13 board, where the
data is manipulated in such a manner as to double the time data. The Adder/Subtracter circuits
perform this operation by adding the time data to itself. This, in effect, produces a 1 GHz time base
frequency. This results in keeeping the measurement in terms of events/nanosecond.

4-57. Once this is accomplished, the DRC again strobes events data into the A13 board. The
events data is now located in the Denominator Register and the doubled time data is located in
the Numerator Register. This sequence of events occurs in every frequency, period, or time
interval measurement.

4-9
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4-58. The arithemetic process consists of dividing the contents of the Denominator Register into
the contents of the Numerator Register (%}}{{) . For mainframe measurements involving a gate
time, the process is always a division. The contents of the registers, therefore, may have to be
exchanged, depending on the type of measurement being made. For example, in a period meas-
e e . time 1 _ . . .
urements, the division needs to be opn (T = perlod); therefore, no exchange is needed, since
time data is in NR and events data is in DR. In a frequency measurement, however, the division
needs to be ":’f—n’,‘? (cycles/sec = frequency); therefore, the registers must exchange their data to

perform the correct division.

4-59. Shifting data from one register to another involves “reading” the data out of each register,
storing it in a latch, and then “writing” the data back into the other register. Once both groups
of data are positioned in their correct register, the Adder/Subtracter Register accomplishes the
division by performing a series of successive subtractions. Each time this register completes a
successful subtraction, it increments the Quotient Multiplier Counter. Once this counter deter-
mines the total number of successful subtractions in a particular digit, it transfers that data into the
Quotient Register and continues the subtraction process for the next significant digit. After all
subtractions are complete, the Quotient Register shifts the data into the Denominator Register,
where it can be distributed to the display or interface bus.

4-60. The Quotient Multiplier Storage circuit is used to determine the unit multiplier (K, M, n,
etc.) of the result. The Digit Storage defines the number of significant digits to be computed.
The digit counter (DC) is compared with Digit Storage (DS). When DS = DC, the division routine
is complete. The Decimal Point Locator for the Result (DPLR) is a counter that keeps track of
the decimal point location in the result. The Decimal Point Locator for K is also a counter and is
used to keep track of decimal point information from the plug-in.

4-61. State Control Section

4-62. To this point, the counter has been described in terms of signal or data flow. To control the
intricacies of the data flow, a hierarchy of commands and controls are needed. Depending on the
operating mode being used, the counter uses a particular program which outputs the commands
to the various assemblies in the counter. All possible program steps are contained in the ROMs
(Read Only Memories), located on A15 (lower left of block diagram). The flow within the pro-
gram is determined by generating a series of commands and then altering the program flow
bhased on the results.

4-63. The ROMs output two sets of program codes: one set when the MSB address line is High
and the other set when MSB is Low. The first set is chosen by address codes, which selects one out
of 128 possible ROM address locations. The second set of program codes is chosen from a second
set of ROM address locations. Each address location contains a specific program code.

4-64. The first set of program codes is stored in the Word Doubler Storage circuits (A14, A15)
until the second set is received. The two sets are then fed to the Combinational Logic circuitry on
A15 where the program codes combine to produce about 50 command lines. Some of these com-
mand lines come directly from the ROMs. As previously mentioned, the command lines control
various assemblies to perform particular functions. The results of the function are carried on lines
called qualifier lines. The A10, All, A13, Al4, and A15 boards contain combinational logic cir-
cuits which generate the qualifier signals that are sent to the Qualifier Select Logic. The
Qualifier Select Logic examines only one qualifier line. The line it examines is determined by the
6-line output of Word Doubler Storage.

4-65. The Word Doubler Storage circuits provide 6 address lines from the previously addressed
program codes. These 6 lines contain a two-digit octal code, which performs two functions: (1) it
provides the two most significant digits of a 3-digit code, which will be used to address the ROMs
to the next address in the program, and (2) it selects the specific qualifier line that the Qualifier
Select Logic will output on the LSB (least significant bit) line. The LSB line is the third digit in
the 3-digit ROM address code. Therefore, even though there is a definite arrangement of
address codes in a particular program, the program flow can be modified by the state of the LSB
line, which is the result of the last set of commands.
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4-66. Oscillator Circuits

4-67. The internal time base for the counter is supplied by a 10 MHz, oven-controlled oscillator.
The 10 MHz signal feeds through a pulse shaper and buffer to J2 on the rear panel and to the plug-
in circuits. It also feeds into a times 50 multiplier circuit (X2, X5, X5). The result is a 500 MHz
signal that is used as the counter’s time base. Depending on the state of a status line, the 500
MHz clock may be jittered to provide true time interval averaging. A portion of the signal is
tapped off after the X10 stage. This 100 MHz signal is used for self-check.

4-68. An external oscillator signal may be applied to J1, EXT FREQ STD INPUT. This signal is
sent through a circuit that phase locks the internal oscillator to the external standard.

4-69. Power Supplies

4-70. The power supply circuits are contained on A6 and A7 assemblies. The suppplies are
short-circuit proof and will automatically shut down if operated at too high a temperature. A
sophisticated ground system requires that each supply line be measured to its own return line,
e.g., +5V and +5V RET (return).

4-71. CIRCUIT BOARD THEORY

4-72. The following paragraphs describe the operation of each circuit board in the counter.
Refer to the appropriate schematic in Section VIII while reading this material. If the reader’s
purpose is to learn the instrument’s operation, rather than a specific part of the counter, it may
be helpful to read the material in the suggested order: A3, A4, A9, All, A10, A13, Al15, Al4, Al,
and A2.

4-73. A1 and A2 Display Assemblies

4-74. Assemblies A1l and A2 combine the circuits necessary to display all measurement data,
minus sign, and annunciators. The Al board contains the digit LEDs, which are placed in sockets,
and the annunciators, which are backlighted by incandescent lamps. A2 contains the character
generator and its drivers, the decimal point decoder, and the digit enable circuit with its drivers.
The annunciator decoding is shared between the two boards.

4-75. STROBING TECHNIQUE. The result of the measurement is displayed by using a strobing
technique. That is, only one digit of the displayed number is on at any one time. One digit is
displayed and then removed; then the next digit is displayed and removed. This process
continues until all digits have been shown. The strobing process occurs at a faster rate than the
eye can detect, so the display appears continuously lit. Character generator A2U6 controls the
digit (numeric character) to be displayed, while A2U1 controls the placement of the digit in the
display.

4-76. CHARACTER GENERATION. The BCD data lines (entitled DR A,B,C,D) carry the digit
information from the DR RAM (A13) to the character generator, A2U6. The BCD lines are
decoded by A2U6 into segment lines for the LEDs. Each segment line enables an individual
segment (or diode) of the LED display; therefore, several of these output lines may be High when
displaying a specific digit. Transistors A2Q1 through A2Q7 are used as drivers for the segment
lines. A2Q8 drives the decimal point line (described later).

4-77. Since these lines connect to the same segment in each digit, the turn-on of these digits must
also be controlled. The same counter codes that address the data from the DR RAM are also sent
to A2U1. They are then decoded to turn on each digit, in sequence, from LLSB to MSB. Eleven
codes are needed to display all possible digits; therefore, the DRC codes are normally stepped
from 0 to 10.

4-78. As the DR counter steps through its codes, the data lines (DR) and DRC lines change codes
and each digit is displayed. The counter steps through all 11 codes, regardless of the number of
digits displayed. A DR code of 15 will blank those columns that have no digits. If the measurement
requires a minus sign, the DRC lines provide an additional code of 11. This causes A2U1(13) to
go Low. This results in A2Q9 driving the anode of A1DS1 and, at the same time, enables A2U4B
and A2Q7 to drive the cathode.

4-11
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4-12

A1 and A2 Continued

4-79. When the LAMP TEST line goes Low, it forces all outputs of A2U1 to go High, which lights
all segments of the display. This line also enables A2U4A to light the decimal points. During
lamp test, the DRC lines step through all 16 codes (0-15).

4-80. ENABLE CIRCUITS FOR CHARACTER GENERATION. Before A2U1 can operate, both
G1 and G2 inputs must be Low. Likewise, the RBO line of A2UU6 must be High before the device
can drive the segments. During the process cycle, the DISP CLK EN line is Low. This resets
A2U7A and places a High on the G2 input of A2U1, thereby turning it off. When the display cycle
begins, DISP CLLK EN goes High and releases the reset position. Also, the DRC code returns
to zero. This causes a High-to-Low transition on the DRC D line, which clocks A2U7A, a retrigger-
able one-shot multivibrator. The “time-out’” for this one-shot is longer than the time required to
strobe the display. If, for some reason, the DRC codes become inactive, the one-shot will time-out
and turn off A2U1 by placing a High on G2.

4-81. A new digit is clocked out of the DR RAM with each negative transition of DISP CLK.
When this line goes Low, however, it triggers A2U7B, a one-shot multivibrator. This produces a
High on the Q output to turn off A2U1 via the G1 line. It also produces a Low on the Q output,
which blanks A2U6 and forces its output lines Low. This same pulse also shuts off the decimal
point by placing a Low on A2U3(3). The duration of these pulses is controlled by R26 and is in
the order of about 5 to 50 us. This provides enough time for the RAM circuits to settle after
selecting another digit. Once the one-shot times out, the Q output of A2U7B returns Low to
enable A2U1 and the Q output returns High to enable A2US.

4-82. DECIMAL POINT GENERATION. As previously stated, each DRC code represents a
specific position in the display. This is also true of the decimal point code, which is transferred
on the DP A B,C,D lines. The position of the decimal point in the display has been determined in
the process cycle. The code is placed on the DP lines for the duration of the display cycle. These
lines are connected to one side of four exclusive OR gates (A2U2), while the other side of these
gates is connected to the DRC lines. When the two codes are equal, all inputs to A2U3B go Low.
This enables A2U3A and A2U4A to turn on A2Q8 and light the decimal point.

4-83. ANNUNCIATOR CIRCUITS. The multipliers for the measurement (M, K, u, etc.) are
generated by a decoding network, comprised of A2U5A B, and C, A1U2A and B, and A1U1.
Since this counter can make period measurements in, say, kiloseconds or frequency measure-
ments in terms of Micro Hertz, the decoding circuits must meet these criteria, Because, A1U1 is
an open-collector 4-to-10 line decoder, its outputs can be wired together or to additional circuitry.
A table is provided with the schematic to explain the functional decoding of this circuit. The
other annunciators are driven directly or through individual buffers. NAND gate A2U4D ensures
that the ARM light is on only when the GATE light is off.

4-84. A3 input Attenuator

4-85. The Input Attenuator consists of two input channels. The channels are completely
separate with each input having ac or dc coupling, an attenuator network, selectable 502 or 1M¢2
impedance, level control, slope selection, and high frequency amplifier.

4-86. CIRCUIT THEORY. The circuit theory describes only channel A, since Channel B is analo-
gous. The signal entering J2 is sent directly through S1 or through coupling capacitor C1, which
blocks the signal’s dc component. S4 selects R3 for 50 ohm input impedance and R4 and R5 for
1M ohm input impedance. When S3 is in the COM A position and S4 is set to 50Q, the two chan-
nels are connected together and R1 helps maintain the 50 ohm input for each channel. In SEP,
the inputs are isolated from each other, R1 is bypassed, and the impedance switches can be set
separately. S5 ATTEN switch passes the signal directly in X1 or when in X10 attenuates the sig-
nal by 10 through divider network R4 and R5.

4-87. The signal is then routed to the amplifier through one of two paths, depending on the fre-
quency. Frequencies below 10 MHz, including de, pass through the FET impedance converter
(source follower). Higher frequencies are bypassed around the FET through C9. The FET’s input
is protected at low frequencies by R1, CR1, and CR2. The amplifier U2 has differential inputs
and outputs and has a gain (single ended) of about 3. One input accepts the signal and the other
accepts the dc level (£t1.3V) from the LEVEL pot (via A4U4). The amplifier is biased by 5 current
sources: Q3,Q4, R51, and R56. R44 adjusts the amplifier bias (-70 mV at pin 15).
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4-8%. The counter may trigger on either slope of the input signal. The SLOPE switch, S8, deter-
mines this by controlling the output polarities of U2. If S8 is placed to +, the outputs of U2 will
be 180° out of phase with their respective inputs. When S8 is placed to -, the outputs of U2 will
be in phase with their respective inputs.

4-89. A4 Input Trigger

4-90. The Input Trigger assembly provides additional amplification of the input signals before
they are sent to the counting circuits. The differential output of A3 enters the board on pin P1A(4)
and P1A(7) and goes to the inputs of U2. R2 adjusts the trigger output of U2 for 50% duty cycle
with a sine wave input. The amplifier has a gain of about 3.5 and contains a Schmitt trigger,
which shapes the lower frequencies into fast rise time square waves. R15, 21, 20, 25, 28, 31, and
32 are current source resistors for U2, while R16 adjusts the bias.

4-91. The trigger output of U2(13) is a negative pulse about -0.7V in amplitude. Pulse width
depends on the input signal and on the setting of R2. Pulse amplitude is controlled by the trigger
current source at pin 14.

4-92. U4 is a buffer amplifier, which accepts dc levels from the front panel LEVEL control or the
rear panel level inputs. R11 corrects for offset voltages in A3U2 when the SLOPE switch position
is changed. The output of U4 also connects to U2’s current source and turns off the amplifier
when the signal level exceeds +3.5 Vdc.

4-93. AS Front Panel Interconnect

4-94. This assembly provides an interconnection between the A4 Input Trigger Assembly and the
A16 Motherboard Assembly. It also contains two coax cables for transferring the channel A and
channel B signals to the A9 Main Gate Assembly.

4-95. A6 Switching Regulator

4-96. The A6 assembly provides +5V Display, +5V, and -5.2V for distribution throughout the
instrument.

4-97. +5V DISPLAY SUPPLY. Rectifier diodes CR1 and CR2 receive 17V rms from the secondary
of T1. C3 filters the resultant 8 Vdc. When the POWER switch is ON, P1B(7) is at ground
potential. This causes CR4 to conduct and turn on Q2, which places 8V on U3’s input. CR6 also
conducts through R5, causing Q3 to turn off. U3 regulates the output voltage at +5V and provides
fold back current protection. C7, C11, and C13 filter ac signals from U3. If the POWER switch is
set to STANDBY or should S1 open, CR4 no longer conducts and Q2 turns off U3. With CR6 also
turned off, Q3 is allowed to turn on through R5. This places a 100 ohm load on the 8V unregulated
line, which helps keep the high line peak voltage within the voltage rating of C3.

4-98. THERMAL AND ELECTRONIC SHUTDOWN. S1 is a thermal switch that is mounted on
U2. P1B(7) connects to the POWER switch and is at ground potential with the switch set to ON.
When S1 is closed, there is .7V on the base of Q1, because of CR3. If the switch opens, due to
high heat sink temperature, CR3 no longer conducts. This allows Q1 to turn on. Q1’s collector
voltage drops to a few tenths of a volt, which allows base current to flow in both Q5 and Q6 and
causes them to turn on. Q6 turns on Q8. Q5 and Q8 turn on transistors inside U2 and U1, respec-
tively, which turn off their internal current sources and shut off the two regulators. S1 shuts off
the +5V DISPLAY supply by turning off CR4 and Q2. These three supplies are also turned off if
the POWER switch is placed in STANDBY.

4-99. +5V REG SUPPLY. The +5V REG and -5.2V REG supplies receive power from the 22.3V
rms secondary of T1. F1 and F2 provide protection for the rectifier circuits, while C1 and C2
prevent internally generated EMI from entering the power cord. CR5 rectifies the ac into +14 Vdc
and -14 Vdc supplies. The voltages are filtered by C4-C6. U2 is connected as a switching type
voltage regulator, whose output of +5V varies about 30 mV plus and minus at about 18 kHz. Out-
put current is supplied through Q9 current boost.
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A6 Continued

4-100. When U2 turns on, it draws current through R25. This produces a voltage drop across
R25 and turns on QY. The output of Q9 charges L1 and C16 and increases the voltage on the out-
put. When the output voltage reaches about 30 mV above +5V, it is sensed at U2(5), via the short
on the motherboard. U2 shuts off current through R25, thereby shutting off Q9. The field around
L1 collapses and causes “catching” diode CR10 to conduct. C16 also discharges until the output
voltage drops to about 30 mV below +5V. This voltage is again sensed at U2(5) and Q9 is again
turned on. The values of 1.1 and C16 help determine the switching rate. Q11 limits the output cur-
rent of U2 during Q9 turn on or should Q9 fail and the regulator attempts to output more current
than it is capable of delivering. CR8 and CR9 serve as clamping diodes and prevent the internal
circuits of U2 from saturating and causing a slower switching rate.

4-101. Bi-directional Crowbar. Should the output voltage become excessive due to a failure in
the supply (e.g., Q9 shorted), the crowbar prevents damage to the counter by shorting the output
line to common. This is done when the output voltage reaches +6.3V or is shorted to a negative
voltage. In either case, CR16 and CR17 conduct and trigger triac CR14. This will probably cause
F3 to open.

4-102. Sense Line Clamp. The power supply boards should not be removed with the power cord
connected. If this occurs, the sense line is disconnected from the +5V output (short on mother-
board). Even though the board is removed, power is supplied by the filter capacitors, C4 and C6;
and the internal voltage tends to approach +14V, possibly causing damage. To prevent this, diode
CR10 conducts and resembles the motherboard short. This regulates the supply at about +5.7V
until the stored voltage bleeds off.

4-103. Current Limit. Q4 and Q7 form an equivalent SCR. If the output draws too much current
(=6A), the current sense resistor R7 developes a voltage drop sufficient to turn on Q4. Q4 turns
on Q7, which causes Q4 to turn on even harder. The result is that the internal circuits of U2 are
deprived of current and shut down the output of U2. Should Q5 turn on (POWER switch to
STANDBY or S1 open), it causes the current to flow through Q5 instead of Q4 and Q7. Once this
occurs, Q4 and Q7 can be considered “unlatched.”

4-104. -5.2V REG SUPPLY. This supply is similar in operation to the +5V REG supply. The only
differences being that R32 substitutes for Q11 and R34 as a peak current limiter, and CR7 sub-
stitutes for Q4 and Q7. As with the other supply, too much current through R12 triggers the SCR.
This places -14V on CR7’s anode, which draws current out of U2. The result is that U4’s output
and Q10 turn off. Should Q6 turn on (POWER switch to STANDBY or S1 open), it causes current
to flow through Q8 instead of CR7. When the anode current of CR7 goes below its holding current
(=5 mA), the SCR unlatches. When Q8 turns off again, the time constant of C10 and R21, 22, and
24 slows the 4 on CR7. This prevents the SCR from turning on with a sudden change in

dt
anode voltage.

4-105. A7 Linear Regulator

4-106. The A7 assembly provides +12V, +15V, and -15V for distribution throughout the
instrument.

4-107. +12V OSCILLATOR SUPPLY. The 12V, 22V, and 11V supplies receive power from the
36V rms secondary of T1. F1 and F2 protect the rectifier circuits, while C1 and C2 prevent
internally generated EMI from entering the power cord. CR2 rectifies the ac into +22 Vdc and -22
Vdc supplies. The voltages are filtered by C6-C9, while R6 and R7 serve as bleeder resistors. The
+22V unregulated supply is sent out on P1A(10).

4-108. U2 is the 15V regulator whose output is filtered by C18 and C21. R21 and CRS step the
voltage down to +11V regulated and C14 filters the output.

4-109. Regulator U2 uses foldback current limiting and is thermal protected. Should the 12V
output short to common, the voltage drops to zero and the current “folds back” to a safe value of
current. If, in addition, the IC’s temperature increases, the output shuts down completely, turn-
ing on again once the chip has cooled down. These actions prevent the supply from short-circuit
damage. The +22V supply continues to supply power to the oscillator circuits with the POWER
switch set to STANDBY or when the other supplies have shut down due to high temperature.
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4-110. THERMAL AND ELECTRONIC SHUTDOWN. S1 is a thermal switch that is mounted on
U4. P1B(6) connects to the POWER switch and is at ground potential with the switch set to ON.
When S1 is closed, there is .7V on the base of Q3, because of CR3. If the switch opens, due to the
high heat sink temperature, CR3 no longer conducts. This allow Q3 to turn on. Q3’s collector
voltage drops to a few tenths of a volt, which allows base current to flow in Q4 and causes it to
turn on. Q4 and CR6 turn on transistors inside Ul and U4, respectively, which turn off their
internal current sources and shuts off the two regulators. S1 shuts off the +20V REG supply by
turning off Q2. These three supplies are also turned off if the POWER switch is placed in
STANDBY.

4-111. +15V SUPPLY. The +22V line supplies input voltage to U1l pin 3. The +15 regulated output
voltage is present at PIA(8,8), via Q5 and R28. The motherboard sends this voltage back to
P1A(7), where it is sent to U1(5) as the sense voltage.

4-112. Any voltage change on the sense line is compensated for by a subsequent change in out-
put current in a direction necessary to counteract the change in output voltage. Since the regu-
lated output of Ul is unable to supply high current to the +15V load, it is used as base drive for
Q5 current boost. As the load increases, the base current increases, and Q5 draws more load cur-
rent from the +22V supply. Should the load draw too much current, as in the case of a short, Q7
(normally off) conducts via R22. The collector of Q7 sinks current from the internal circuits in Ul
that would normally drive Q5. Depriving Q5 of base current drops the output current to some
nominal value, hence, foldback.

4-113. Sense Line Clamp. The power supply boards should not be removed with the power cord
connected. If this occurs, the sense line is disconnected from the +15V output (short on mother-
board). Even though the board is removed, power is supplied by the filter capacitors, C6 and C8;
and the internal voltage tends to approach +22V, possibly causing damage. To prevent this, diode
CR12 conducts and resembles the motherboard short. This regulates the supply at +15.7V until
the stored voltage bleeds off.

4-114. -15V SUPPLY. The -15V supply is similar to the +15V supply; therefore, only the differ-
ences will be described. CR6 is used as the shutdown control for U4. With shutdown, U4’s out-
put turns off Q6.

4-115. +20V REG SUPPLY. Diode assembly CRI1 rectifies the 22V rms voltage into 28 Vdc,
which is filtered by C4. U3 is a +15V regulator whose common side is held at +5V. The result is
a regulated +20V output. CR10 clamps the common terminal to the output in the event of a short
to common. This prevents reverse biasing of circuits internal to U3, preventing damage to the IC.

4-116. A8 PLL Multiplier Noise Generator

4-117. The A8 assembly performs several processes, all of which pertain to the oscillator signal.
The main function is to accept the internal 10 MHz oscillator signal and from it produce the 500
MHz time base signal. Other signals derived from the 10 MHz input are the 100 MHz test signal,
used for the Check Mode; an amplified 10 MHz signal for the rear panel; and another amplified
10 MHz signal for the plug-in accessories. Another function of the board is to phase lock the
internal oscillator signal to an external reference. At appropriate times, the board also places
white noise on the time base signal, thereby preventing a harmonic relationship between the
time base signal and input signal.

4-118. INPUT AND MULTIPLIER CIRCUITS. The 10 MHz oscillator signal enters differential
amplifier U3, which serves as an isolation amplifier. This stage prevents changing load currents
from affecting the oscillator, itself. One output of the amplifier, pin 6 (TP1), is decoupled by C15
and sets the bias of Q4, 5, and 6 at 8.5 to 9 Vdc. These three transistors form one side of a differ-
ential amplifier, while the other side, Q7, accepts the output signal from U3 pin 8 (TP2).

4-119. Output Amplifiers. The output of U3 is transferred from the emitter of Q7 to the emitters
of the other three transistors, which constitutes a common base configuration for these stages.
There are four outputs from these stages. Q7 provides 10 MHz to the rear panel through an
impedance matching network, comprised of L7, C30, and C31 (TP5). Zener diode CR14 prevents
the output signal from reaching too high of a level when J2 is not loaded with 50 ohms. Another

4-15
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stage, Q6, sends 10 MHz to the plug-in through a similar circuit, consisting of CR15, 1.8, and C32
(TP6). The remaining two signals are sent to the phase detector circuit and the multiplier circuits.

4-120. Multiplier Circuits. The 10 MHz signal from Q5 feeds into a tank circuit, consisting of
Lo9-11, C24, C26, C29, and CR12. This circuit presents two signals, 180 degrees out of phase, to
the bases of Q8 and Q9. The transistors form a full-wave rectifier circuit and have the effect of
doubling the frequency, while providing current gain. The resultant 20 MHz signal (TP14) is
smoothed by L12 and C39, before being amplified in U5. The output signal at U5(6) feeds into
the tank circuit of C42, C43, and L.13. It is then fed through coupling capacitor C46 (TP15) and
into the X5 multiplier of U6B, C50, C52, and 1.14. The multiplier output is a current square wave,
which are high in odd harmonics. Tuning capacitor C52 sets the tank circuit to select the 5th
harmonic of the fundamental. The resultant 100 MHz output (TP16) is amplified and filtered by
U6A, C56, C57, and L15. The gain of this stage can be varied by R81 (RA). Emitter follower Q17
sends the 100 MHz signal (TP17) off the board for use as a test signal during the check mode.

4-121. The collector of Q17 passes the signal to a phase shifter circuit, comprised of .17, L18,
and C68. Adjusting C68 varies the phase relationship between the 100 MHz signal and the 500
MHz signal. The 100 MHz signal can be shifted +36°, which is 360° with respect to 500 MHz
(72° x 5 = 360°). This means a full period of adjustment for synchronization between the two signals.
When in the Check Mode, the adjustment eliminates the 2 ns error incurred in a time internal
measurement.

4-122. The 100 MHz signal is amplified by U7B, which uses .19 as a load. The signal passes
through coupling capacitor C74, before being further amplified in U7A. The gain of U7A is con-
trolled by R99 (RB). The last stage switches current between output transistors and produces
square waves of current, which are high in odd harmonics. A quarter wave length transmission
line (etched on board) and C67 (CF) tune the 500 MHz output signal (TP18). Further filtering is
provided by C65, L16, C60, and C61. The final stages of amplification are provided by Q19
and Q21.

4-123. During totalize, Channel C events, or a ratio measurement, A8 turns off the 500 MHz time
base signal. When the 500 MHz OFF line goes low (-2V from +2V), it turns on CR19 and CR20.
The diodes sink collector current from Q18 and Q20. This turns off Q19 and QZ21, since they no
longer receive any base current.

4-124. NOISE GENERATOR. No noise is generated when the NOISE CONTROL line is High. At
this time, both Q1 and Q2 are turned on. The collector of Q2 places -15V on the cathodes of CR5
and CR6, which results in biasing U8 and U9 out of their operating range.

4-125. Once the NOISE CONTROL line goes Low, it turns on CR1 and places the emitter of Q1
at about 0.7V. This turns off Q1 and Q2 and turns on U9 and U8. The noise generated from
Zener diode CR2 is amplified by U9. The noise signal couples to U8 through C12 and C11 and is
amplified by U8. The cathode of peak detector CR7 sits at about 2V. The noise, therefore, must
be at least -2.7V for the diode to conduct. Any noise greater than this passes through the diode and
is filtered into an average dc voltage by C20 (TP12). The higher the noise, the more negative this
voltage becomes. An increase of negative voltage tends to turn off Q3, thereby increasing its
drain resistance. This results in more of U9’s output signal being fed back to its inverting input
(pin 2) and causes a corresponding drop in output voltage. The output of U8, then, is constant,
due to automatic gain control.

4-126. The output noise of U8 passes through R23, C21, and R41 to the cathode of the voltage
variable capacitor, CR12. This capacitor is part of a 10 MHz tank circuit, comprised of C24, C26,
(€29, and 1.9-11. As the erratic changes in noise voltage affect CR12’s capacitance, the phase of the
10 MHz signal shifts rapidly. The result is a 500 MHz time base signal that is phase modulated so
rapidly and erratically that it cannot be harmonically related to any input signal.

4-127. PHASE LOCK LOOP. An external signal applied to the rear panel jack enters the board
on J1. Limiting diodes CR3 and CR4 prevent excessive voltages from damaging the input cir-
cuits. The first two inverters, U2B and U2A, form a feedback trigger circuit and prevent noise
from entering the circuits when no input is present. The output of U2A also feeds U2C and a
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delay circuit, formed by R21 and C17. The time difference between these two signals produces a
positive voltage spike on U2I)X15) and a negative voltage spike on U2IX9). These pulses are
amplified and inverted in Ul.

4-128. The phase detector circuit conducts during the time these pulses are present. During
conduction, the circuit passes a small segment of the internal 10 MHz oscillator signal, which
charges C33 to the value sampled. Each subsequent sample either adds to the previous charge or
subtracts from it. A composite picture of many samples appears as a sine wave of the difference
frequency.

4-129. When the difference frequency is too high or when the circuit is phase locked, the ac
signal at TP10 is zero. At this time, Q14 and Q15 are turned on and force Q16 off. This places a
High on the LAMP TEST line. The current drawn through Q14 turns on Q11, which results in
shutting off Q10.

4-130. When the signal at TP10 is at a frequency that can be locked and the circuits are attempt-
ing to lock, the signal’s amplitude is sufficient to drive the unlocked detector, Q12 and Q13.
Diodes CR17 and CR18 pass only the positive going portions of the signal. C81 charges to a more
positive level than before, which causes Q14 to turn off. Since no collector current is present, Q15
turns off, allowing Q16 to turn on and pull the LAMP TEST line Low. The gate of Q10 becomes
more positive, since Q11 is also off, and allows the FET to pass the signal to the VCO on Al8.
Using this signal, the internal oscillator adjusts itself until it locks to the external standard.

4-131. Once the circuit locks, it opens FET Q10 and adds low pass filter R55, C45, C49, and R74
to the VCO signal line (TP11). This reduces any noise on the external standard line, connected
to the back of the counter, and prevents miscounting. Rear panel switch S9 (FREQUENCY
STANDARD INT-EXT) controls whether an external signal applied to the rear panel EXT FREQ
STD input is used to control the counter. Q22 prevents the counter from operating off of the
internal oscillator when in the EXT STD mode and the external frequency is lost or disconnected.
When S9 is set to EXT, a ground is connected to Q22 emitter to enable a detector circuit com-
posed of Q22, C84, CR21, and CR22. As long as the external frequency is present at U2D(15),
Q22 is shut off. Loss of the external standard causes Q22 to conduct and initiate a front panel
LAMP TEST display.

4-132. A8 Main Gate

4-133. This assembly contains 3 primary blocks: Input Selector, Main Gate, and Scaler. All
input signals and reference signals (time base) are presented to the Input Selector circuits, which
select only those signals needed to complete a given measurement. The Main Gate circuitry
determines the precise moment these signals are passed to the scalers and, in addition, sets the
timing requirements for a time interval measurement. The scalers count the input pulses of both
the input signal (events) and reference signal (time) and, at the end of the gate time, outputs the
stored data. Subsequent scalers are located on All. A fourth block, Turn-off Control, controls
the existence of the 500 MHz internal time base signal, as well as the Channel A and Channel B
signals.

4-17
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A9 Continued

4-134. FREQUENCY OR PERIOD MEASUREMENT. Assume a frequency measurement is
being made from the front panel. (A period measurement is analogous.) The control lines (see
Table 4-1) determine the signal path through the Input Selector circuits. With a Low on U14(11
and 12), the MF CH A signal is allowed to pass through U14D and A. If a signal is also con-
nected to CHANNEL B jack, it will pass through the Channel B Multiplexer U15, but will be
blocked by U12A and B (pins 6 and 14 are High). The disabled U6A (pin 8 = H) places a Low on
U11(11), which enables U11C to pass the input signal to U5(13) and U10(15). At the same time,
the Channel C Multiplexer U13 passes the 500 MHz clock signal to the clock input of the Time Gate
F-F, U7(13). Now that both signals are present on their respective flip-flops, a set of conditions
must be considered. Both gate flip-flops have been set (Q=H) by the GATE RST signal. U7(3) is
High from the High outputs of U5(6) and U6B. The disabled UGA has set U5(1) Low, via U1B.
The High outputs of U5 and U7 flip-flops prevent U4 and U2 from toggling. The TI+EVT line is
Low and allows U10 to pass the input signal to the disabled U4(13).

Table 4-1. A9 Control Lines
[ Control Lines (EECL)

Selected Input Signal r 1
Test 4 Ext AB Ext C
100 MHz TEST r H X X
MF CH A AND CH B L L X
PICHAANDCHB L H X
500 MHz CLK X X L
PICHC X | X H

Control Lines (EECL)

Measurement Mode

Ratio + ST Ti + EVT (P1B pin 14)
FREQ OR PERIOD L L
RATIO OR START/STOP H L
TI OR EVENTS 1 L H

4-135. Noting the timing diagram of Figure 4-18, it is seen that once the GATE ARM line goes
High (ECL), it places a Low (EECL) on U5(3). This allows the next input signal to toggle the
Event Gate flip~flop. This does two things. (1) It places a Low on U4(14), which enables U4 and
allows the next input pulse to enter the Event Scaler. (U4 is a binary of the scaler). (2) It places
a Low on the D input of U7, which allows the next 500 MHz clock pulse to toggle the flip-flop and
and enable U2 with a Low on C1. This allows the clock signal to enter the Time Scaler. Binaries
U4 and U2 pass their divided (+2) signals to U9 and U3, respectively, where the signals are further
divided-by-10. The divide-by-20 input and clock signals are sent to the A1l Scaler board through
emitter followers Q15-18.

4-136. The GATE ARM line goes Low once the total number of counts in the time scaler exceeds

GL;:}W— . Ub(6) goes High on next input pulse after GATE ARM goes Low. This disables U4
and shuts off the Event Scaler. On the next clock pulse after U7(3) goes High, U2 is disabled by
a High on C1, which shuts off the Timer Scaler. Note that only integral (whole) periods are
counted in the Event and Time Scalers. This is not true, however, in the totalize (start/stop)

mode.

4-137. TOTALIZE MODE. The counter will totalize Channel A pulses for as long as the
FUNCTION switch remains in the START position. In this position, the RATIO + ST line is High
and causes Q2’s collector to go High. This enables U13B and disables U13D from passing the 500
MHz clock signal. The Low on Q1’s collector enables U12B to pass the Channel B signal (totalize
can be A+B or A-B). The signal passes through U13B to the Time Gate F-F, while the Channel A
signal follows the same path that it would in a frequency measurement. The GATE ARM signal
is always High in totalize.

4-138. The measurement ends when the FUNCTION switch is placed to STOP. This causes the
GATE RST line to go High and set the Event Gate and Time Gate flip-flops. Integral periods are
not counted, since the measurement can be interrupted at any time.
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Figure 4-18. A9 Timing Diagram for Frequency, Period, Ratio, and Start/Stop

4-139. RATIO MODE. The Ratio mode uses the same signal paths as the Totalize mode. That is,
Channel A signal is sent to the Event Scaler and Channel B signal is sent to the Time Scaler.
Unlike totalize, the Ratio measurement cycle is based on a selected gate time; therefore, it is
dependent on GATE ARM. Since the Channel B signal is a direct replacement of the 500 MHz
clock, the lower the frequency of Channel B, the longer the measurement time (see Section III).

4-140. TIME INTERVAL MODE. In this mode, the Time Scaler will count 500 MHz clock pulses
only during the time between a Channel A pulse and a Channel B pulse. The two input channels
regulate the switching of the clock signal by controlling the Event Gate F-F and Time Gate F-F.
Refer to Figure 4-19.

4-141. The High on TI+EVT line causes U4(13) to stay Low, thereby enabling the binary to
respond to the output of U5, only. Since U5 and U7 have been set (Q=H) by a High GATE RST,
U6A is disabled, which results in a Low on U5(1) and causes Ul1C to be enabled. The first
Channel A pulse to arrive after the GATE ARM line goes High clocks U5 and causes its output to
go Low. This causes the output of U7 to go Low with the next clock pulse and enables U2 to pass
500 MHz clock pulses to the Time Scaler. The output of U5 also changes the output states of UGA,
causing a High at U5(1) and allowing U11B to pass the next incoming Channel B pulse.

4-142. The Channel B pulse clocks the High on U5(1) onto the QA output. This clocks the C2
input of U4 to register that one time interval has occurred. On the next 500 MHz clock pulse, the
High on U7(3) is clocked onto U2(13) and disables U2 from registering any more clock pulses.

4-143. TURN-OFF CONTROL LOGIC. To prevent possible cross talk of high frequency signals
under certain conditions, it is necessary to turn off some of the unused internal signals. For
example, the internal 500 MHz clock is turned off when using the external clock from the plug-in
or when performing a ratio measurement.
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Figure 4-19. A9 Timing Diagram for Time Interval

4-144. When the RATIO + ST line goes High, it turns on Q1 and turns off Q2. The High on Q2’s
collector turns on Q4, causing its collector to go Low. Q9, CR2, and R43 form an emitter follower,
which level shifts the Low on the collector of Q4 to -2V on the 500 MHz control line. The Control
line turns off the internal clock (+2V=0N). The same thing applies if the EXT C line goes High.

4-145. If the plug-in Channel A and Channel B signals are being used, the EXT AB line goes
High and shuts off the mainframe’s input triggers. The High on EXT AB turns on Q3, which
saturates Q8 and Q10 and pulls the trigger line High. This turns off the Schmitt triggers on A4.
R50 and R51 form a 10-to-1 divider network with two resistors on A4 (A4R22 and 24).

NOTE

Simplified flow diagrams for A9 are given in Figures
5-14 through 5-16.

4-146. A10 Gate Control

4-147. The A10 board is closely related in operation with the A9 Main Gate board. The board
controls the various methods of arming the counter. Each of these methods must set the Arm
F-F, which remains set throughout the measurement phase. The Resolution circuit detects a 5
code from the scalers and signals the end of the measurement. The board provides signals neces-
sary to terminate the measurement, start the processing cycle, and reset the scalers. The function
codes (front panel, remote, or plug-in) are decoded through switching and combinational gating
and are sent out as control signals. These lines instruct the counter to perform unique functions
for the selected mode.

4-148. CONVENTIONAL ARMING. The sequence of events for a frequency measurement, for
example, would be sample rate arm, measure, process, display, and back to sample rate arm.
At the end of the processing cycle, the sample rate circuit begins its rundown as the previously
taken measurement is being displayed.
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Figure 4-20. Measurement Timing Diagram

4-149. At the end of sample rate, the ARM line goes Low and sets the Arm F-F, U18A and B. If
the rear panel GATE CONTROL switch is set to INTERNAL, the resultant ARMED signal turns
on U17C, which enables the Event Gate F-F on A9. The complement signal, ARMED, passes
through translator U20B and turns on the ARM light on A2. The next Channel A pulse sets the
Event Gate F-F (A9) and drives the EVT GATE line low, which turns on the GATE light and turns off
the ARM light. The ARMED line also places a High on the cathode of CR1, located in the Reso-
lution circuit. Once the time scaler outputs a 5 code, a High is placed on each cathode of diodes
CR1-4. This places a High on the J input of U22A and toggles the Q output High. The ECL High
on U11B(4) and the ECL Low on U11C(9) reset the Arm F-F. The cathode of CR1 goes Low again,
thereby preventing a 5 from toggling the Resolution F-F during the process phase when data is
being read from the scalers. The reset state of the Arm F-F permits the Event Gate F-F on A9 to
terminate the measurement on the next Channel A pulse. This is done when the disabled U17C
forces the GATE ARM lines to their “false” states.

4-150. MAIN GATE STATUS. After arming, the first Channel A pulse sets the EVT GATE line
Low, which causes U22B to set. The MEAS TIME line goes High and enables the Excessive Gate
Time F-F on All. Two nanoseconds later, the TIME GATE line goes Low, but has no effect on
the MEAS TIME output until after a 5 code is detected and the Arm F-F resets. The Arm F-F
resets U22B. At this time, the TIME GATE line holds the ECL wired-OR High, through U23C
and U21C and D, until it also goes Low one time pulse after the Event Gate F-F resets.

4-151. During slow gate times, the GATE light is on for as long as the wired-OR line is High. With
fast gate times, a 40 ms one-shot ensures that the GATE light is visible by keeping the GATE
LITE line Low for 40 ms after the main gate closes.

4-152. INITIALIZE PROCESSOR CIRCUIT. The processing cycle begins when the measure-
ment cycle is complete and the main gate closes. When the MEAS TIME line goes Low, it allows
U12A to clock the Measurement Done F-F, U12B. The Q output goes Low and allows U13B and
C to pull the INIT PROC line Low, thereby starting the process cycle. At near completion of the
process cycle, the RST FRONT END line goes High and resets U12B via U10F and E.

4-153. ARMING AND PROCESSING IN TOTALIZE. During a totalize measurement, the
process cycle is not controlled by the main gate. There is no gate time in an accumulating count
and, therefore, no reasons to sample a 5 code. The scalers must be periodically scanned, how-
ever, to update the display. This is done by automatically fixing the sample rate at =80 ms when
the FUNCTION switch is set to START and using this signal to control the process cycle. When
SAMPLE RATE ARM signal from A1l goes High, it NANDs in U13A with the High output from
U13D, caused by the Low ST+STP line. The output of U13A turns on U13B and C and pulls the
INIT PROC line Low. The same type of processor start control can be done when using the PI
DATA line.

4-21
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4-154. In totalize, the ARM F-F sets with the first sample rate rundown and remains set until the
RESET button is pushed or the FUNCTION switch is set to some position other than START. With
the switch set to STOP, U2C resets the ARM F-F via U5B and also causes the GATE RST line to
go High. The ST+STP line also prevents a reset from the Resolution F-F by pulling the cathode of
CR2 Low. When the FUNCTION switch is set to STOP, the ARM F-F resets and GATE RST goes
High; however, the SCLR RST line does not go High to reset the scalers.

4-155. EXTERNAL ARMING. To externally arm the counter, the rear panel GATE CONTROL
switch must be set to EXT ARM and the SAMPLE RATE control must be set to HOLD. This
causes Q10, 11, and 12 to turn off and places a Low on U20D(13). The enabled gate can now
provide a FORCED ARM signal when the GATE CONTROL jack receives an arm pulse. The
FORCED ARM line causes the ARM line to set the Arm F-F. The remainder of the measurement
proceeds in the normal manner.

4-156. EXTERNAL GATING. To externally gate the measurement, the rear panel GATE
CONTROL switch must be set to EXT GATE. This setting requires both an arm pulse and a gate
pulse. The switch position turns on Q10 and Q12 and disables U20D from providing a FORCED
ARM signal. The switch also sets U7D(11) High, which places a Low on U17B(10). The first
pulse in the GATE CONTROL jack is the arm pulse, assuming the GATE TIME switch is not in
MIN. This pulse sets U11D(11) Low for at least 20 ns (depending on the external pulse width) and
sets the Arm F-F with a Low on U11B(5). The resultant ARMED signal enables U17B to pass the
forthcoming external gate pulse on U17B(9). This enables the Event Gate F-F on A9 with the
GATE ARM lines.

4-157. In a time interval measurement, the counter “gates” on the next Channel A pulse after the
GATE CONTROL line goes Low. The counter ignores Channel B pulses until the GATE CONTROL
line returns High. After the line goes High, the next Channel B pulse toggles the Event Gate F-F
(A9) and signals the end of the measurement. This is accomplished as follows.

4-158. With the GATE CONTROL switch set to EXT GATE, the High output of U7D(11) turns
off Q7 and keeps the SCH-O line High. This line and the High on the GATE ARM line disable the
Event Gate F-F during the time the GATE CONTROL line is Low. In remote operation, the same
effect can be brought about by keeping the RMT GATE line High.

4-159. FUNCTION SELECTING AND DECODING. The counter works with a set of conditions
given it by various control lines. The states of these lines are selected by the mode of operation
being used. The function may originate from the front panel FUNCTION switch, from remote
coding, or from the plug-in. The RMT line allows U14 to pass either remote codes or the FUNC-
TION switch codes. If plug-in is selected, the plug-in code sets U15A(12) Low and enables U8 to
pass the plug-in code, rather than remote or function. The table below lists the function codes
and the signal lines they activate.

FUNCTION CODE ENABLES
CBA

PERIOD A 000 SEC LITE, PER+TI, NANO MULT
FREQ A 001 HZ LITE
TIME INT AtoB 010 TI+EVT, TI+EVT, NOISE CONTROL

SEC LITE, PER+TI, NANO MULT
PLUG-IN 011 PISEL
RATIO B/A 100 EVT+RAT+ST+STP, RATIO+ST
START 101 EVT+RAT+ST+STP, RATIQO+ST, ST+STP
STOP 111 EVT+RAT+ST+STP, ST+STP
EVENTS

Not selectable from
front panel. Can be
from plug-in or re-
mote. Intended for 110 TI+EVT, TI+EVT, NOISE CONTROL
3-channel time in-

terval; i.e., indicate

number of inputs on

“C” between A and B.
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FUNCTION CODE
FREQ 001 I

FREQ X N 001 .
TIME INT 010 Plug-in
DVM 010

4-160. NOISE CONTROL. A lLoow on the NOISE CONTROL line allows A8 to generate noise on
the internal 500 MHz clock. This line is active when 1) function is time interval and gate time is
not MIN, 2)in EXT GATE, any function is selected and gate time is not MIN, and 3) the GATE
CONTROL switch is set to EXT GATE and function is Start or Stop (no time base signal is
present, however). The conditions are controlled by gating of USA and D and U2D. The NOISE
CONTROL line is inactive when U2D(11) is Low, since the Noise Control F-F, U6A, clocks the
Low to the Q output and disables U5C. The flip-flop examines the state of U2D each time the
sample rate circuit pull the ARM line Low.

4-161. A11 Scaler

4-162. The scaler board accepts the incoming signal from the front panel and the time base
signal and accumulates these counts in addressable decades. Once a 5 is detected in the time
scaler, the measurement is stopped. Each decade in the scalers is addressed to output its data to
the processor board. The All board also contains the sample rate, arming, and reset circuits for
the instrument.

4-163. SCALERS. Once the Main Gate opens, it allows the Channel A signal and the time base
signal to accumulate counts in their respective scalers. The A9 board contains a portion of the
scalers, so the signals arriving at All have already been divided by 20. The Channel A signal
connects to the bases of Q1 and Q2, which along with Q3 level shift it from ECL to TTL. U22A
divides the signal by five before passing it to Ul17 and U16. These two ICs contain decade
dividers, whose BCD data outputs are addressable. As the counts accumulate in the scalers, the
decades internally store each changing digit, until the counting stops and the data can be
addressed out. The time scaler accumulates time base counts in the same fashion.

4-164. The time scaler ends the measurement when a 5 is detected at its addressed output, since a
5 would be a division of 500 MHz and would correspond in time to a setting of the GATE TIME
switch. While the count is accumulating, the PROC BUSY line is High. This places a code of “0”
on the select lines (S1, S2) of U13 and U9, which allows the multiplexers to pass the BCD code on
the FP GT lines to U4. The code from the GATE TIME switch, indicating a specific setting, is
decoded in U4 and pulls one of the output lines Low. Output gates Ull, 12, 3, and 10 supply a
code to the address lines, which select one decade in the time scaler to output its most significant
bit. When a 5 is placed on the output lines, it passes through the enabled 4-pole switch U26 to
the TIME SCALER A and C lines. When the circuits on the A10 board receive the 5, they turn off
the main gate circuit on A9, thereby stopping any further pulses from entering the scalers. The
next step is to read the data out of the scalers and into the numerator and denominator registers
on Al3.

4-165. After the main gate closes, the PROC BUSY line goes Low and places a code of “3” on the
S1 and S2 inputs of U13 and U9. This allows the two ICs to pass the states of the DRC A, B, C,D
lines. These lines are the binary output of the 16-bit denominator register counter. As the
counter steps through its sequence of codes, it addresses each decade (in both scalers) to output
its data. The first decades to output are the +20s on the A9 board. The DRC code to U4 is “0000,”
which pulls pin 1 Low and enables U24 and U28 via Ul15C. The event code is passed through
U23, an ECL to TTL converter, and inverted by U24 before being sent to U25. The time data is
passed through converter U27 and inverter U28 and sent to U26. U25 and U26 are enabled by the
Low output of U3C and select the “1” inputs because the SEL input is High. The data codes pass
through these switches to the registers on Al3.

4-166. The second DRC code (0001) causes the 1 line (U4 pin 2) to go Low and forces U25 and
U26 to pass the data from U22A and U29A through the “0” outputs. As the DRC codes continue
incrementing, each successive output of U4 goes Low and produces a 3-line code. The codes
address the decades in U16-19 to output their stored data.
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4-167. When data is accumulating in the time scaler, one decade is always enabled, so that its
output lines can send out a “5” to end the measurement. Because of the accumulating speed,
the first bit in the first decade of U18 has difficulty outputting its state. A second binary, U29B,
is used for this bit, instead. The first decade of U18 is addressed when U4(3) is Low. This disables
U20D from passing the “A” bit of U18 and substitutes the output of U29B, instead. The B, C, and
D lines of U18 output normally. When any other decade is addressed, U4 pin 3 is high. This
enables U20D to pass Ul18's A bit and disables U20C from passing U29B’s A bit.

4-168. EXECESSIVE GATE TIME When making a measurement, if the period is more than =3.5
times the GATE TIME setting, the counter will reset and flash lamp test on the display. This occurs
through the following steps. When an 8 is detected on the input of U26, pin 7 returns High and
clocks U22B, causing U3B pin 6 to go Low. With subsequent data entering U26, pin 7 stays High
until just prior to three times the GATE TIME setting when it goes Low. When it returns High (at
3.6 times the switch setting), it clocks U22B’s output Low and causes U3B(6) to go High. This
causes U14A to set and the LAMP TEST line to go Low. U7D causes the RST line to also go Low,
via UL5A.

4-169. SAMPLE RATE AND ARMING. The sample rate circuit controls the arming of the
counter. The counter is armed in one of five ways: 1) with the SAMPLE RATE pot circuit, 2) by
the plug-in (P18 pin 19), 3) externally (P18 pin 2I) from the rear panel (remote), 4) when in
START/STOP, or 5) by resetting the counter.

4-170. When the measurement is ready to be displayed, the DISP CLK EN line goes High and
causes the base of Q7 to go Low. This removes Q7’s short from C5 and allows C5 to charge
through R20 and the SAMPLE RATE pot. The time required for C5 to charge is the display time.
When the charge on C5 reaches about 1.4V, it causes Q8 A and B to conduct and triggers a Low
output from U2C. This arms the counter by pulling U5A(6) Low, via U5B. When the counter is in
remote operation, the SAMPLE RATE line is shorted to +5V, and C5 charges through R20 in
about 80 ms. If remote operation requires faster arming, the FORCED ARM lines sets the
counter to a maximum sample rate of =5 ms. This line is also pulled Low through CR8 by the
ST + STP line, which is Low during totalize.

4-171. The counter is also armed after a reset by the 1st cycle Arm flip-flop (U20A and B). When
a reset is generated from U7D, it sets the output of U20A High. This sets U20B(6) Low, since
U20B(5) is also High. U5B turns on and places a High on U5A(4). This does not set U5A’s output
Low, since U5A (1) is still held Low through CR11. Once the reset signal ends, pin 1 goes High
and USA arms the counter. The flip-flop resets when the PROC BUSY line goes Low.

4-172. Normally, processing the data begins when a 5 is detected in the time scalers. This is
not possible for all measurements. During a plug-in measurement or a totalize measurement,
UB3A is used, instead, to initialize the processor. The SAMPLE RATE ARM lines goes High with
the PI ARM line, a reset, or an output from the sample rate circuit. In totalize, the sample rate is
about 80 ms. The SAMPLE RATE ARM line is ANDed on A10 with PI DATA or ST + STP to pull
the INIT PROC line Low.

4-173. RESET. The counter uses several reset lines, and these are wire-ORed at U1A(1). When
the counter is first turned on, C6 conducts rapidly and holds UlA(1) to a low state through CR9.
The resultant Low on U7D(13) produces a reset by pulling the RST line Low via U15A. If the
counter is not in remote operation, a reset will occur if the FUNCTION, GATE TIME, or DIS-
PLAY POSITION switches change position or if the front panel RESET button is pushed. A reset
can also be generated remotely (REM RESET) or from the plug-in (PI RST). Excess gate time also
resets the counter.

4-174. A reset signal also resets the Auto Single Cycle flip-flop, U14B. This pulls the AUT SC
line Low, which instructs the counter that it should examine the measurement for a new annunci-
ator. This is also done during the processing cycle. When LOAD MS clocks the High level on
U14B(12), the annunciator has been selected.

4-175. MIN GATE TIME. This signal is developed on the board to allow a gate time for the dura-
ation of only one cycle of the measured frequency. This signal is developed when the GATE
TIME switch is set to the “MIN” position. The GTS code of 13 is switched in the same manner as
all other GT codes. The 4-to-16 line decoder (U4) decodes the 13 and inverts the output level in
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U3C. The high output level is sent from the board via pin P1B(2). This High signal is also tied to
the time scaler output switch UZ26, which disables the switch from passing the 5 code. This
allows the MIN GATE signal to maintain full control of the gate.

4-176. A12 Option 010, General Purpose Interface Output

4-177. Option 010 allows the counter to make measurements in accordance with the front panel
controls and to output the results of the measurements by means of a bus system. The system
uses standard ASCII characters to communicate its data. There are two modes of operation: the
address to talk mode for outputting data and the TALK ONLY mode. The circuits can be cleared
from talking by supplying a Interface Clear (IFC) signal.

4-178. ADDRESSING TO TALK. The controller sets the ATN line Low, causing a High on U5A(1)
and U5B(4) and a Low on U4B(5). At this time, the NRFD line from U5B is High, indicating to the
controller that the counter can now accept an ASCII byte. The controller addresses the counter

<1)107654321 . . T
totalk \| 10 A4 A4, 0) and, at some time later, pulls the DAV line Low, indicating there
is valid data on the bus.

4-179. If the 4-line address code equals the code selected by the rear panel ADDRESS switches,
the A=B line of U7(14) goes High. The address code also allows U3D to enable U4C and D. The
result of this gating is a High on the J input of the Talk F-F (U6) and a Low on the K input. The
DAYV line was set Low when the counter was addressed to talk; however, it was delayed 500 ns by
R7, C4, and U1A to allow time for the address code to be gated. The delayed DAV line now pro-
duces a 500 ns pulse in U2C, U1C, and U3A. This pulse NANDs in U4B with ATN (still Low) and
clocks the Talk F-F. Once the flip-flop is set, the controller causes ATN to return High, since it
has accepted a high NDAC.

4-180. OUTPUT ROUTINE. The High output of the Talk F-F is sent to A19 and returns on the
TALK ONLY line when the rear panel switch is set to ADDRESSABLE. The line is continuously
High when the switch is set to TALK ONLY. This signal is inverted in U9C and becomes SER
OUT, which starts the output routine. TALK ONLY and the High of ATN also cause the output of
U5D to go Low. This Low level switches the bus terminators from their third state (off or high
impedance state) to their active state. Measurement data can now be placed on the bus.

4-181. Once data is placed on the bus, the counter waits until the listener requests information by
sending NRFD High. This results in a GATED RFD signal from U10A, U10C, and U14A. The
counter responds by setting the FLAG = H line High. Since the EXT OUT EN line is Low during
the output routine, USA and U5C cause the DAYV line to go Low, indicating the valid data is on the
line. Once the listener accepts the data, it responds with a high NDAC signal. This produces a
GATE DAC signal to place new data on the bus and repeat the process. Gate UL0A causes GATED
DAC and GATED RFD to go High if the bus is disconnected. This causes the processor section of
the counter to exit the serial output routine.

4-182. DATA TRANSFER. The DC SER OUT lines control the order of output data and the state
of the ROMs (U16 and U17). Only one ROM is on at any given time. Three of the ROM’s outputs
(DIO7, 6, and 5) are sent to the Bus Drivers directly, while the remaining four lines are selected
by four-pole switch U15. The ROMs convert the internal data codes to ASCII format. Since the
counter is in its output routine, the EXT OUT EN line is Low. The FLAG = H lines goes High
each time a new byte is ready for outputting on the bus. Table 4-2 shows the sequence of data
flow to the ROMs, while Tables 4-3 and 4-4 list the ROM codes.

4-183. A12 Option 011, General Purpose Interface 1/0
4-184. Option 011 allows the counter to be externally programmed to make measurements and to
output the results of the measurements. The system uses standard ASCII characters for program-

ming. The board can be divided into a few, basic sections. The Bus Communicator section deter-
mines the operating mode of the assembly by the use of combinational logic and three flip-flops.
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These modes are talk, computer dump, and listen. When the counter is listening, the controller
changes the basic program that is stored in the Data Steering Latch section. When the counter is
talking, measurement data is sent to the bus through the Data Encoder ROMs and Bus Drivers.

4-185. When the counter is first turned on, the power up reset circuit of R7, C5, and U12C resets
the mode flip-flops (U5A, U5B, and U6B) and the Data Steering Latches via U4D. For full com-
munication with the bus, the rear panel TALK ONLY-ADDRESSABLE switch should be set to
the ADDRESSABLE position. The following paragraphs describe the circuits as they might be
used in a typical programming sequence.

4-186. ADDRESSING TO LISTEN. The controller sets the ATN line Low, causing U13D(11)
to go High and set NDAC Low, via U2B. The NRFD line is High, indicating to the controller
that the counter can now accept an ASCII byte. The controlier addresses the counter to listen

(010765 4 3 21

10 AgA Ay A, o> and, at some time later, pulls the DAV line Low, indicating there is valid

data on the bus.

4-187. If the 4-line address code equals the code selected by the rear panel ADDRESS switches,
the A=B line of U30(14) goes High. The High from U30 and the listen code (DIO7 and DIO6) are
routed through the combinational gating of U23B, U22B, U23E, U9A, U21, and U23D. The result
of this gating is a High on the J input of the Listen F-F (U6B) and a Low on the K input. The DAV
line was set Low when the counter was addressed to listen; however, it was delayed 500 ns by R4,
C3, and U12B to allow time for the address code to be gated. The DAV line now produces a 500
ns pulse in U3E, U12A, and U13B. This pulse NANDs in U4B with ATN (still Low) and clocks the
three mode flip~flops (U5A, U5B, and U6B). Only the Listen F-F toggles. The Low from U12A(3)
causes U2B to set the NDAC line High, indicating that the counter has been addressed. When
DAYV goes High, the NRFD line then goes High and signals the controller that the counter can re-
ceive new data.

4-188. CHANGING THE STORED PROGRAM. Once a reset has been generated from either
power up reset, IFC, or PB reset, the data steering latches and their associated gates auto-
matically set up a predetermined program. This program electrically sets all measurement con-
trols to one setting, e.g., FUNCTION to frequency, GATE TIME to 1 second, etc. If the program is
to be changed, it must be programmed to change. This is accomplished as follows.

4-189. Once the counter has been programmed to listen, the ATN line goes High and the Listen
F-F remains set. Assume the function is to be changed from frequency to period (see Table 2-3).

This requires an ASCII code of “F17 (F ="07604820 .1 - DIOT654421 Y as shown in Table 2-2.
The controller places the ASCII “F” on the bus and also set DAV Low, indicating the data is valid.

4-190. The incoming code is inverted by the Bus Terminators and is used as follows: DIO7 is not
pulled Low; DIO6 and DIO5 disable U15B, which places a High on U15C(10); and DIO4 through
DIO1 are placed on the input lines of U26. When the delayed DAV signal causes U13B to pulse
Low, it enables U15C and allows U26 to transfer the data code to its output lines. As with every
exchange of data, the transfer lines (NDAC, NRFD) perform their hAandshake operation.

4-191. The controller removes the “F” from the bus, replaces it with an ASCII “1”, and pulls
DAV Low. This code is used as follows: DIO7 is not pulled Low; DIO6 and DIO5 enable U15B;
and DIO4 through DIO1 are placed on the inputs of the Data Steering Latches. When the
delayed DAYV signal pulses Low at U13B, it turns on U7C and causes U17 to accept the “F” code
that was stored in U26. U17 uses this code to set one of its output lines Low; in this case, it is the
6 line (pin 7) and is used to enable U25 (the function latch). Once enabled, U25 transfe