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HP 53168
Safety Considerations

SAFETY CONSIDERATIONS

GENERAL

This product and related documentation must be reviewed for famifiarization with safety markings and instructions
before operation.

This product is a Safety Class | instrument (provided with a protective earth terminal.

BEFORE APPLYING POWER

Verify that the product is set to match the available line voltage and the correct fuse is installed. Refer to Section I,
instaliation.

SAFETY EARTH GROUND

An uninterruptible safety earth ground must be provided from the mains power source to the product input wiring

terminals or supplied power cable.
ACOUSTIC NOISE EMISSION: LpA <40 dB; no fan installed.
GERAUSCHEMISSION: LpA <40 dB; Kein Ventilator singebaut.
SAFETY SYMBOLS
Instruction manual symbol; the pro- The WARNING sign denotes a hazard. it
A duct will be marked with this symbol WARNING fcalls attention to a proced-ure, practice,
when it is necessary for the user to or the like, which, if not correctly per-
refer to the instruction manual. parformed or adhered to, could result in parsonal injury.
Do not proceed beyond a WARNING sign until the
5 Indicates hazardous voltages. indicated conditions are fully understood and met.

Indicates terminal is connected fo The CAUTION sign denotes a hazard. It
/-717 08 [ chassis when such connection is not CAUTION } calls attention to an operating procedure,
practice or the like, which, if not correctly

apparent.
performed or adhered to, could result in damage to or

N Alternating current. destruction of part or alt of the product. Do not proceed
beyond a CAUTION sign until the indicated conditions are
- = Direct current. fully understood and met.
SAFETY INFORMATION
WARNING

Any interruption of the protective grounding conductor {inside or outside the instrument) or disconnecting the
protective earth terminal will cause a potential shock hazard that could result in personal injury. (Grounding one
conductor of a two conductor outlet is not sufficient protection.}

Whenever it is likely that the protecticn has been impaired, the instrument must be made inoperative and be secured
against any unintended operation.

If this instrument is to be energized via an autotransformer (for voltage reduction) make sure the common terminal is
connected to the earthed pole terminal (neutral) of the power source.

instructions for adjustments while covers are removed and for servicing are for use by service-trained personnel only.
To avoid dangerous electric shock, do not perform such adjustments or servicing unless qualified to do so.

For continued protection against fire, replace the line fuse(s} only with 250V fuse(s} of the same current rating and
type (for example, normal blow, time delay). Do not use repaired fuses or short-circuited fuseholders,

When measuring power line signals, be extremely careful and always use a step-down isolation transformer whose
output voltage is compatible with the input measurement capabilities of this product. This product's front and rear
panels are typically at earth ground, so NEVER TRY TO MEASURE AC POWER LINE SIGNALS WITHOUT AN
ISOLATION TRANSFORMER,

www.valuetronics.com..




HP 53168
General Information

SECTION |
GENERAL INFORMATION

1. INTRCDUCTION

1-2. This manual provides information pertaining to the installation, operation, programming,
testing, adjustments, and maintenance of the HP 5316B Universal Counter, shown in Figure 1-1.

1-3.  This manual is divided into eightsections, each covering a particular topic for the operation of the
HP 5316B Universal Counter. The topics by section number are;

Section Topic

| General Information

il Installation

il Operation and Programming
v Performance Tests

vV Adjustments

Vi Replaceable Parts

Vil Manual Changes
Viil Service

A three-section users manual is provided with the HP 5316B. These three sections duplicate the first
three sections of the eight-section manual. We suggest that you keep the users manual with the HP
53168,

T-4. DESCRIPTION

1-5.  The Hewlett-Packard Model 53168 is a universal counter, measuring signals over arange of DC to
100 MHz. The HP 5316B measures Frequency, Period, Time Interval, Time Interval Average, Time
Interval Holdoff (delay), and Ratio. A Totalize function with manual or external gating is also provided.
All measurements except Totalize are displayed in engineering notation with up to eight digits of
resolution. In addition, the HP 5316B may be programmed via the Hewlett Packard interface Bus (HP-
iB),

1-6. Two independent input channels are provided for time interval measurements. Fach input
channel has an Attenuator (X1, X20), Trigger Slope selector, Trigger Level/Sensitivity control, three-
state trigger lamps, and front panel Trigger Level Monitoring jacks. A front panef selectable Low-Pass
Filter is provided for Channel A.

1-7. Four options extend the capabilities of the HP 5316B. Option 001 TCXO and Option 004 Qven
Oscillator offer improved time base stability. Option 003 Channel C allows frequency measurementsin
the range of 50 MHz to T GHz. Complete specifications are given in Table 1-1.

1-8. The HP 53168 is designed for rack mounting or stacking.

1-9. SPECIFICATIONS

1-10. The instrument specifications are listed in Table 7-1. These specifications are the performance
standards or limits against which the instrument may be tested.

11
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HP 5316B
General Information

Table 1-1. Model 53168 Specifications

INPUT CHARACTERISTICS
{Channel A and Channel B)
Range:
DC coupled, 0 to 100 MHz.
AC coupled, 30 Hz to 100 MHz.
Sensitivity:
30 mVY rms sine wave to 10 MHz.
25 mV rms sine wave to 190 MHz.
75 mV peak-to-peak pulse at minimum puise width of 5 ns.
Sensitivity can be varied continuously up to 500 mV rms
NOMINAL by adjusting sensitivity control. in sensitivity
mede, trigger level is automatically set 1o OV NOMINAL
Dynamic Range:
30 mV to 5V peak-to-peak, 0 10 10 MHz
75 mV fo 5V peak-to-peak, 10 to 100 MHz.
Signal Operating Range: +2.5V dc to -25V dc
Coupling: AC or DC, switchable.
Filter: Low pass, switchable in or out of Channel A,
3 dB point of NOMINALLY 100 k#z,
impedance:
1 MO NOMINAL shumed by less than 40 pf.
Aftenuator: X7 or X20 NOMINAL.
Trigger Level: Variable between +2,5V dc and -2.5V dc.
Stope: Independent selection of + or - slope.
Commen Input: All specifications are the same for Common A
except the following:
Sensitivity: 20 mV rms sine wave to 10 MHz,

Dynamic Range: 60 mV to 5V peak-to-peak 0-10 MHz,
15¢ mV 10 5V peak-to-peak 10-100 MHz.
impedance: 500 ki NOMINAL shunted by less than 70 pf.
Damage Level:

AC&DC X1
DC to 2.4 kHz 250V (3C + AC rms)
24 kHz 1o 100 kHz {6 X 105V rms X Hz)/FREQ
=10 kHz 6Y rms

AC & DC X 20:

DC to 28 kiz
28 kHz 10 100 kHz
=100 kHz

500V (DC + AC peak)
(1 X 107V rms X Hzi/FREQ
0V rms

FREQUENCY (Channel A)

Range: .1 Hz to 100 MHz.

LSD Displayed: 10 Hz to 1 nHz depending upon gate
time and input signal. At least 7 digits displayed per
second of gate time,

tHesolution:

For FREQ <10 MHz;
LSO 1.4 X Trigger Error
Gate Time

For FREQY =10 MHz; £LSDtTT

X FREQ.

50 mV rms sine wave-to 100 MHz, 158 mV peak-1o-peak.

RATIO
Range: .1 Hz to 100 Mz, both channels,
1SD:
—‘gm X Ratio {rounded to nearest decade).
Cate Time
where “Period” is the period of the highest frequency
input signal.
Resolution:

FREQ A > FREQ B
B Trigger Error

(Y 4 x 0.
TiSD x Gate Time Ratio
FREQ B » FREQ A
% Peri
A = _2%% X Ratio
ate 1ime {Rounded to nearest decade)
opat Dlriggerbrror oo
Gate Time
ACCUracy:

Same as resolution. Highest frequency input is connected to
Channel A to achieve specified accuracy.

TOTALIZE
Manual:
Range: 0 to 100 MHz.
A Galed By B:
Totalizes input A between two events of B. Instrument must be
reset to make new measurement. Gate opens on A slope, closes
on Bslope.
Range: © to 100 MHz.
Resolution: =71 count.
Accauracy: 1 count X B Trigger Error X Frequency A,

PERICGD
Range: 10 ns to 108 s,
LSD Displayed: 100 ns to 1 fs depending upon gate time and
input signal. At least 7 digits displayed per second of
gate time.
Resolution:
For PER =100 ns;
Trigger Error
Gate Time
For PER <100 ns; & LSDFt
Accuracy: = Resolution & (time base error) X PER. -

+ LSO £ 14 X X PER.

tBest Case Resolution for 1 Second Gate

100 Hz 1 kiiz 16 &bz 106 kHz 1 Mz 1 Mbdz | 100 MHz

Accuracy: = Resolution T (time base error) X FREQ. SO mV rms | 0004 Hz | 100048 Hz | 200 Hz | 201 Hz j218z]| +1Hz | 210 Hz

WA MV rms | 20002 Hz [ 200029 Hz | +0012 Hz (20T Hz (21 Hz | 21 Hz | 210 Mz

500 mV rms |£.00005 Hz | £.00014 Hz | 20031 Hz | 201 Hz |21 Hz | £1Hz | #10Hz

1V s 00003 Hr 200032 Hz | 20010 Hz | 20T Hz |2 Hz i $1H: | 230 Hx

This chart shows best case frequency resolution versus input sine wave rmys ampltude,
This is best case because noise from the signal source is assumed to be zero; the trigger
error is produced only by the counter’s noise (i.e., 120 uV rms;.

ttRue to arishmetic truncation, quantization error wili be %1 or +2 counts of the
LSD {Least Significant Digit) as follows: LSO

FREQ or PER

. . LS50 1/{Gate Time}
£2 counts of LSO if FREQ) or PER < TREG

+1 count of LSD for all other cases.

<1 X 10-7, FREQY <70 MHz.

, FREQ) 210 MHz.

1-2
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HP 53168
General Information

Table 1-1. Model 53168 Specifications (Continued)

TIME INTERVAL
Range: 100 ns to 108 5,
ESD DHsplayed: 100 ns.
Resolution: + LSD & Start Trigger Error £ Stop Trigger £rror.
Accuracys + Resolution * {time base errort X T.I.

TIME INTERVAL AVERAGE
Range: 0 ns to 105 s.
LSD Drisplayed: 100 ns 1o 10 ps depending upon gate time
and input signal. See table In Definitions section.
Resolution:
Start Trigger Error . Stop Trigger Error
VN - VN '
Accuracy: T Resolution £ {time base error) X T.1. 44 ns.
Number of Intervals Averaged (N): N = Gate Time X FREQ
Minimum Dead Time (stop to start): 200 ns.

T LSD *

TIME INTERVAL DELAY (Holdoff)
Front panel gate time knob inserts a variable delay of
MOMINALLY 500 us to 20 ms between START (Channel At and
enabling of STOP (Channel B, Electrical inputs during delay time
are ignored. Delay time may be measured by simultaneously
pressing T.I. Average, T.l. Delay, and Blue Shift key. Other
specifications of T.5. Delay are identical 1o Time Interval.

TIME BASE
Frequency: 10 MHz.
Aging Rate: <3 X 10-7/mo.
Temperature: <5 X 10-8, 0 to 50°C.
tine Voltage: <1 X 10-7 for £10% variation.
Osciflator Output: 16 MHz, 50 mV p-p into 504k

External Frequency Standard Input: 1, 5, 10 MHz, 1V rms into 50042,

on rear panel; 8V rms maximoem.

GENERAL
Trigger Level Quiput: +5% 15 mV, over £2.0V dc range at front
panel test connectors,
Check: Counts internal 10 MHz reference frequency over
gate time range NOMINALLY 500 us to 30 ms,
Ervor Light: LED warning light activated if logic error is
found during instrument turn-on self-check.

Display: 8-digit LED display, with engineering units annunciator.
Overflow: Only frequency and totalize measurements will over-
flow. In case of overflow, eight least significant digits will be
displayed and front panel overflow LED will be actuated. All

ather measurements which would theereticaily cause a display
of more than eight digits will result in the display of the
eight most significant digits.
Gate Timne; Continuously variable, NOMINALLY from 60 ms
to 105 or 1 perfod of the input, whichever is longer,
For FREQ A, a shorter gate time of 500 us-30 ms is selectable
by simultaneously pressing 7.1. Delay and Totalize keys.
Sarnple Rate: Up 1o seven readings per second NOMINAL
except in time interval mode, where it is continuously
variable NOMINALLY from four readings per second to 1
reading every 1 seconds via Gate Time control.
Operating Temperature; 0° to 50°C,
Power Requirements; Selectable 100, 120, 220, or 240V
{(+5%, ~10%) 48-66 Hz; 30 VA maximum,
Dimensions: 215 mm W X 86 mm H X 425 mm D
(812 X 335 X 169 in.).

Weight: Net, 3.7 kg (8 lbs. 2 or.); Shipping, 6.3 kg (14 |bs.).

Rack and stack metal case with rear panel, switchable AC
power line module,

Rack Mount Kit: 5061-9672 recommended.

HP INTERFACE BUS (HP-IB)

Data Output

Format: {alpha character) & (Reading} (Exponent; * (2 digits).
Data Output Rate: ~7 Readings/second max, (10 in short G.T.)
Talk Only Mode: Selectable by rear panel switch,

Gperating Commands

53168: Reset, Initialize (to FREQ A}, Wait State ON/QFF,
Service Request Enabled/Disabled, Gate Time Range.

HP-IB: Group Execute Trigger, Device Clear, Selected
Device Clear, Interface Clear, Local, Remote, Local
Lockout, Read Status (Serial Poli Enable).

Programmable Controls and Functions

Frequency Functions: FREQUENCY A, FREQ A ARMED BY B,
TOTALIZE, A GATED BY 8, RATIO A/B, and FREQ C.

Period Function: Period A,

Time Interval Functions: Time Interval A—B, Time Interval
Average A—B, Time Interval Delay.

Trigger Level Commands: Set Channel A Slope (1}, set
Channei B Slope 1#1, A Trigger Level: £X.XX, B Trigger
Level: £X.XX.

Gate Yime Command: Sets Gate Time Range.

Miscellaneous Functions: Gate Time Check, Display
Test, 10 MHz Check, interface Test.

OPTIONS
OPTION 081: High Stability Time Base 1TCXO)
Frequency: 10 MHz.
Aging Rate: =1 X 10-7/mo.
Temperature: 7 X 10-6, 0° 10 40°C referenced to 25°C if offset
frequency is used.
Line Voltage: <=1 X 10-8 for +19% variation.

OPTION 883: C Channel
Input Characteristics
Range: 50 to 1000 MHz, prescaled by 10.
Sensitivity: 15 mV rms sine wave {-23.5 dBm) to 650 MHz.
75 mV rms sine wave (-9.5 dBm) to 1000 MHz.
Sensitivity can be decreased continuously by up to 20 dB
NOMINAL, 50 to 500 MHz and 10 dB NOMINAL, 560 1o
1000 MHz by adjusting sensitivity control. Trigger level
is fixed at OV NOMINAL,
Bynamic Range:
15 mV to TV rms (36 dB), 50 to 650 MHz.
75 mV to TV rms (20 dB), 650 to 1060 MHz.
Signal Operating Range: +5V dc to -5V dc.
Coupling: AC
impedance: 500 NOMINAL (VSWR, 12.5:1 TYPICAL).
Damage Level;: +8V (DC + AC peak}, fuse protected.
Fuse located in BNC connector,
Frequency
Range: 50 to 1000 MHz.
LSEy Displayed: 100 Hz to 1 Hz depending upon gate
time. At least 7 digits per second of gate time.
LSD, Resolution and Accuracy: Same formulas as for
Frequency A except “Gate Time” term becomes
“iGate Time)/ 10",

www.valuetronics.com
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HP 5316B
General Information

Table 1-1. Model 5316B Specificatons (Continued)

OPTIHONS (Continued) Period:
2.5 X 10-7
s X BER, for PER =100 ns.
OPTION 0804: Oven Osdillator Cate Time :
Frequency: 10 MHz 25
Aging Rate: <5 X 10-8/month after 7 days of continuous oper- ”“E;‘";;“Lﬂ";ne X PERZ, for PER 5100 ns,
ation. <3 % W-7/year after 180 days continuous operation,
Warm-up: 5 X 10-8 of final value after 20 minutes, All above caiculations should be rounded to nearest decade
Temperature; +2 X 10-8, 0° to 50°C. {i.e., 5 Hz will become 10 Hz and .4 ns will be .1 ns).
Osciflator Output: 50 mVY p-p into 5041, NOTE
Time interval Average is a statistical process.
DEFINITIONS: LSD displayed Is calculated for 1 standard
Resolution: Smallest discernible change of measurement deviation (o) confidence level.
result due to a minimum change in the input, Trigger Error:
Accuracy: Deviation from the actual value as fixed by
universally accepted standards of frequency and time. e SI:‘I"rZaO{:_:o\;iV’iT _8"2 — seconds rms,
Least Significant Digit (15D) Displayed: Bnpu w " s @ ngggr point) .
Typical where en is the rms noise voltage of the input
for 2 100 MHz bandwidth,
Time Interval Average:
Frequency:
2.5 % 10-7 Jro25intervals ... . 100 ns
“Cote Tima ¢ FREQ. for FREQ <10 MHz. 2510 2500 INMEIVals ... .eeiean et 10 ns
2500 to 250,000 ...
- 25 for FREQ 210 MHz. 250,000 te 25,000,000 intervals ... . o i, 100 ps
Gate Time . =25,000,000 intervals ... e 10 ps
1-4
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HP 53168
Ceneral information

1-11. OPTIONS

1-12. The options available for the HP 5316B are listed below. There are no field retrofit kits avail-
able for these options. All options should be requested at the time of the initial order. However,
Section Il contains the necessary information required to install Option 001 TCXO, Option 004
Oven Oscillator, and Option 003 Channel C. Options 001 and 004 require the standard A7
assemnbly be replaced by the appropriate option (Option 004 adds an A13 assembly). Option 003
requires the addition of the A9 assembly and a new front panel. All parts must be ordered as
separate items and then installed as described in Section 1. Full descriptions of Options 001, 003,
and 004 are in Section Il1.

Hardware Options
001 High Stability Time Base (TCXO)
603 Channel C1 GHz
004 Oven Gscillator

Support Options

w30 Three-year customer return repair coverage

W32 Three-year customer return caiibration coverage

W34 Three-year customer return Standard Compliant Calibration Service
W50 Five-year customer return repair coverage

W52 Five-year customer return calibration coverage

W54 Five-year customer return Standard Compliant Calibration service

Support options are available only at time of purchase. Service contracts are available from
Hewlett-Packard for instruments which did not include support options at time of purchase.
For information, contact your nearest Hewleti-Packard Sales and Support office {offices are
listed at the back of this manual)

1-13. Option 001 TCXO is a Temperature Compensated Crystal Oscillator that directly replaces
the standard A7 oscillator assembly. Option 004 Oven Oscillator provides increased temperature
stability over the TCXO, Specifications are listed in Table 1-1.

1-14. Option 003 Channe! C allows frequency measurements to 1 GHz, Specifications are listed in
Table 1-1.

1-15. SAFETY CONSIDERATIONS

1-16.  The HP 5316B Universal Counter is a Safety Class 1 instrument, designed according to
International Safety Standards. This operating manual contains information, cautions, and warnings
which must be followed by the user to ensure safe operation and keep the instrument in safe
condition.

1-17. INSTRUMENT IDENTIFICATION

1-18.  Hewlett-Packard instruments have a 2-section, 10-character serial number (000GAOC000),
which is located on the rear panel. The four 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 higher serial prefixes are
covered with a “Manual Changes” sheet included with this manual. If the change sheet is missing,
contact the nearest Hewlett-Packard Sales and Service Office listed at the back of this manual.
Instruments having a lower serial prefix than that listed on the title page are covered in Section VI,

www.valuetronics.com
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HP 53168
General Information

1-19. ACCESSORIES
1.20. Table 1-2 list accessory equipment supplied and Table 1-3 lists accessories available.

Table 1-2. Accessories Supplied
Description
Detachable Power Cord, 229 cm (7' feet)

HP Part Number
8120-1378

Table 1-3. Accessories Available
Description
Rack Mount Kit

HP Part Number
5062-3972

1-21. RECOMMENDED TEST EQUIPMENT

1.22.  The test equipment listed in Tabfe 7-4 is recommended for use during performance tests,
adjustments, and troubleshooting. Substitute test equipment may be used if it meets the required
characteristics listed in the table.

Table 1-4. Recommended Test Equiprnent

Instrument Critical Specifications Recommended Model Use*
Oscilloscope 100 Mz Bandwidth 54201A AT
Synthesizer/Generator 0.1 = 10 MHz HP 3325A PA,T
Signal Generator 10 - 100 MHz HP 86568 PAT
Synthesized Generator 1000 MHz HP 8660C/86602A P,AT
DC Voltmeter 20V Range, 0.05V Resolution HP 3468A AT
Counter 10 MHz, .7 Hz Resolution HP 5384A A
50Q Feedthrough BNC Type HP 10100C PAT
Tee Connector BNC Type HP 1250-0781 PAT
Power Splitter DC~18GHz HP 11667A P
Power Sensor 10 MHz - 10 GHz HP 8481A P
Power Meter 100 kHz - 50 GHz HP 436A P
Cables (3) 4 BNC 500 HP 1170C PAT
Controller !EEE 488-1978 HP 858 PAT
Signature Analyzer HP 5005A T

*P = Performance Tests,

1-6
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HP 53168
Installation

SECTION H
INSTALLATION

2-1. INTRODUCTION

2-2.  This section contains information for unpacking, inspection, storage, and instatlation.

2-3. UNPACKING AND INSPECTION

2-4.  If the shipping carton is damaged, inspect the instrument for visible damage {scratches, dents,
etc.). If the instrument is damaged, notify the carrier and the nearest Hewlett-Packard Sales and
Service Office immediately (offices are located 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. PREPARATION FOR USE

2-6. Power Requirements

2-7.  The HP 5316B requires a power source of 100-, 120-, 220-, or 240-volt ac, +5%, -10%, 48 to
66 Hz single phase. Power consumption is approximately 15 watts. See Section |, Specifications for

description.

2-8. Line Voltage Selection

CAUTION

Before connecting the instrument to ac power lines, be sure that
the voltage selector is properly positioned as described below.

2-9. The HP 5316B is equipped with a power connector module that has a plug-in printed-circuit
card line voltage selector to choose 100-, 120-, 220-, or 240-volt ac operation (see Figure 2-1).
Before applying power, the selector card musts be set to the correct position and the correct fuse
must be instaiied as described below.

2-10. Power line connections are selected by the position of the plug-in card in the module, When
the card is plugged into the module, the only visible markings on the card indicate the line voltage
to be used. The correct value of line fuse, with 250-volt rating, must be installed after the card is
inserted.

2-11. To convert from one line voltage to another, the power cord must be disconnected from the
power module before the stiding window covermg the fuse and card compartment can be moved to
expose the fuse and circuit card. :

2-12. Puil on the fuse lever to remove the fuse and then pull the card out of the module. The fuse
lever must be held to one side to remove and insert the card. Insert the card so the marking that
agrees with the line voltage to be used is visible.

2-13. Return fuse lever to normal position, insert correct fuse, slide plastic window over the
compartment, and connect the power cord to complete the conversion.

www.valuetronics.com

2-1




HP 5316B
installation

MOTE

For operation from 100V ac or 120V ac use a .3A slo-blo fuse. For 220V ac
or 240V ac operation, use a .15A slo-blo fuse.

PL BOARD PART NUMBER 1S
HP 58208122

SELECTION OF OPERAYING VOLTAGE

1. Dpen cover door and rotare fuse-pull to lefr.

2. Seiect aperatng volage by arienting PC Loard
o postion desired vaitage on top-efr side,
Push boeard firmiy snfo madule siot

3. Rarate fuse-puil back mnto aormal pasitian
and reansert fuse 1o holders, using caulions 10

seiect correct fuse value,

Figure 2-1. 53168 Line Voltage Selection

2-14. Power Cable

WARNING

BEFORE CONNECTING ELECTRIC POWER TO THIS
INSTRUMENT, THE PROTECTIVE EARTH TERMINALS OF THIS
INSTRUMENT MUST BE CONNECTED TO THE PROTECTIVE
CONDUCTOR OF THE (MAINS) POWER CORD. THE MAIN
PLUG SHALL ONLY BE INSERTED IN A SOCKET OUTLET
PROVIDED WITH A PROTECTIVE EARTH CONTACT. THE
PROTECTIVE ACTION MUST NOT BE NEGATED BY THE USE OF
AN EXTENSION CORD (POWER CABLE) WITHOUT A
PROTECTIVE CONDUCTOR (GROUNDING).

2-15. The HP 5316B is shipped with a three-wire power cable. When the cable is connected to an
appropriate ac power source, this cable connects the chassis to earth ground. The type of power
cable plug shipped with each instrument depends on the country of destination, Refer to Figure 2-2
for the part numbers of the power cable and plug configurations available,

2-16. Operating Environment

2-17. TEMPERATURE. The 5316B may be operated in temperatures from 0°C to +75°C.

2-18. ALTITUDE. The HP 5316B may be operated at altitudes up to 4,600 meters (15,000 feet).

2-2
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HP 5316B
Instaliation

2-19. STORAGE AND SHIPMENT
2-20.  Environment
2-21. The instrument may be stored or shipped in environments with the following limits:

Temperature .. ... ... L -40°C to +75°C
Altitude L. 7,620 meters (25,000 feet)

2-22. The instrument should also be protected from temperature extremes which cause
condensation within the instrument.

2-23.  Packaging

2-24. ORIGINAL PACKAGING. Containers and materials identical to those used in factory
packaging are availabie through Hewlett-Packard offices. If the instrument is being returned to
Hewlett-Packard for servicing, attach a tag indicating the type of service required, return address,
model number, and full serial number. Also mark the container FRAGILE to ensure careful handling.
In any correspondence, refer to the instrument by model number and full serial number.

2-25. OTHER PACKAGING. The following general instruction should be used for repacking with
commercially available materials:

a.  Wrap instrument in heavy paper or plastic. (if shipping to Hewlett-Packard office or service
center, attach a tag indicating type of service reguired, return address, model number, and

full serial number.)

b. Use strong shipping container. A double-wall carton made of 350-pound test material is
adeqguate.

c. Use a layer of shock-absorbing material 70 to 100 mm (3- to 4-inch) thick around all sides
of the instrument to provide firm cushioning and prevent movement inside container.
Protect control panel with cardboard.

d.  Seal shipping container securely.

e. Mark shippiﬁg container FRAGILE to ensure careful handling.

f. In any correspondence, refer to instrument by modei number and full serial number.

2-26. FIELD INSTALLATION OF OPTIONS

2-27. The following paragraphs provide instructions for the installation of Option 001 (TCXO),
Option 004 {Oven Oscillator), and Option 003 (Channel C). Any of the options may be installed
after the purchase of the HP 5316B by ordering the appropriate parts in Table 2-7 and performing
the instailation procedure listed in paragraphs 2-30 through 2-35.

2-28. Part Numbers for Ordering Option Kits

2-29. To obtain the necessary parts for installation of an option, order by part number as listed in
Table 2-1 (refer to Section VI for ordering information):

www.valuetronics.com




HP 5316B

Installation
Cable HP C Plug Description Cable Cable ForUse In
Plug Type Part No. D Length Color Country
{Inches)
250V 8120-1351 0 | Straight **BS1363A 86 Mint United Kingdom,
5 | 90° 90 Gray Cyprus, Nigeria,
Ef] - Mint Zimbabwe,
L N Gray Singapore
OO O
250V 8120-1369 | © | Straight 70 Gray Australia, e
8120-0696 NZSS198/ASC112 87 Gray New Zealand
. 90°
8120-1689 7 Straight “CEE7-Y 11 78 Mint EastandWest | 7
8120-1692 2 | 80% 79 Gray Europe,
Mint Egypt,
Gray {Unpolarized in
many nations)
8120-1348 5 Straighi "NEMAbS-15P 80 Biack United States,
§120-1389 | 5 | 90% 80 Biack Canada,
8120-1754 7 Straight **"NEMAS-15P 36 Biack 100V or 200V,
8120-1378 b Straight ""NEMAS-15P 80 Jade Mexico,
8120-1521 6 | 90° 80 Gray Philippines,
8120-1676 1 Straight **NEMAS-15P 30 Jade Taiwan, Saudi
8120-4753 Straight **NEMAS-15P 90 Gray Arabia,
Jade Japan
Gray L
Dark
Gray
250V 8120-2104 3 Siraight **SEV1011 79 Gray Switzertand
1959-24507
E
250V 8120-0698 4] Straight *NEMAGS-158 United States,
. Canada
220V 8120-2956 2 | Straight **DHCK 107 79 Gray Denmark
. 8120-2957 | 3 | 9a° 79 Gray
220V 8120-4211 Straight Gray South Africa,

l 8120-4800 90° _ Gray India

*(CD = Check Digit (refer to Replaceable Parts in Service Manual).

**Part number shown for plug is industry identifier for plug only. Number shown for cable is HP Part Number for
cemplete cable including plug.

E = Earth Ground L =%ine N =Nsutral

Figure 2-2. Power Cable HP Part Numbers versus Main Plugs Available
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Tahle 2-1. Option 001, 004, and 003 Parts Lists
OPTION 801 TCXO

A7 TCXO ASSEMBLY 05316-60007
OPTION 004 OVEN OSCILLATOR
4-40 x .187" Pan Head Pozidrive Screws (3 ea.) 2200-0103
M3.0 LK 4.0" Screw {3 ea) 0515-1508
6-32 x .250" Screw (2 ea} 2360-0115
A7 Regulator board (1 ea.) 05316-60013
Cable Assembly (T ea.) 05316-60103
Bracket {1 ea.) 05316-00015
Oven Oscillator {1 eal) 0960-0603
Inductor (Ferrite Beads) (2 ea.) 9170-0029
Capacitor 1000 pf (1 ea.) 0160-4556
OPTION 003 CHANNEL C
Special BNC Connector 1250-1899
Hex Nut 2950-0054
Lockwasher 2190-0068
Front Panel (5316-00016
Channel C Assembly, A9 05315-60009
Screws 6-32 x 250" Pan Head Pozidrive {r ea.) 2360-0115
WARNING

TO PREVENT ELECTRICAL SHOCK, REMOVE ALL POWER FROM
THE INSTRUMENT BEFORE REMOVING COVER.
2-30. Option 001 TCXO Installation
2-31. Option 001 Temperature Compensated Crystal Oscillator (TCXO) replaces the standard
reference oscillator which plugs into a connector (12} on the A1 motherboard. To install Option 001,
proceed as follows:
a. Remove AC power cord.
b. Remove rear bezel (the two screws are captive).
c. Remove screw on bottom rear of instrument (between rear feet).

d. Slide cover off rear of instrument.

e, Remove A7 standard reference oscillator.
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2-32.

Insere Option 001 TCXO into )2, located on motherboard. This is same jack previously
occupied by standard reference oscillator.

Secure Option 001 TCXO using two 6/32 x 1/4-inch screws.

CAUTION

Do not operate the HP 5316B unless the Q11 and Q12 heat sink
is securely fastened to the side frame of the instrument.
Otherwise, the transistors will be damaged from overheating.

Perform “Operator’s Checks” listed in Figure 3-12.
Go to Section V, A7 Option 001 TCXO Adjustment.
Replace cover.

Option 004 [nstallation

2-33. Option 004 Oven Oscillator consists of two sections, a voltage regulator assembly and an
oven osciflator module (A13). A cable connects the regulator assembly to supply power to the
oscillator and routes the 10 MHz output back to the AT Motherboard via the A7 regulator assembly.
To instatl Option 004 Oven Oscillator, proceed as follows:

d.

b.

2-6

Remove AC power cord.

Remove rear bezel (the two screws are captive}.

Remove screw on bottom rear of instrument (between rear feet).

Slide cover off rear of instrument.

Remove the standard oscillator (Y1), C11 and Option 001, if installed.

On the A7 Reference Board, attach the three wires as follows: Red wire to +, WHITE wire to
RF, and BLACK wire to ground.

Solder the capacitor from pin 1 to pin 2.

Place a bead on the RED wire and solder it to pin 1.

Solder both BLACK wires to pin 2.

Place the second bead on the WHITE wire and solder it to pin 3.

Insert A7 regulator assembly into ]2 on A1 Motherboard. This is the same jack previously
occupied by the standard oscillator.

Secure A7 regulator assembly with two 6/32 x 1/4” screws.
Orient oscillator module so label is facing front of the HP 5316B, power supply and output

pins are facing rear, and postion of bracket that wraps around module is against the left
frame.
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n. Looking at left side of Hp 5316B, (as you face instrument), position oscillator/bracket so
holes of bracket align with three holes in middle of frame. Secure bracket to side frame with
three (3) metric screws,

o. Center trimmer A7R2 (located at top of regulator assembly).

p.  Apply power to HP 5316B. Select CHECK mode. Set Gate Time control fully counter-
clockwise, but not HOLD. :

q. The HP 53168 should display 10 MHz with Gate Lamp flashing. If this does not occur,
remave power and check all connections. The most likely place for mistakes is connections
to oscillator module. If all connections are correct, but oscillator stiil does not operate, go to
Section VI, Troubleshooting, for Option 004 Oven Osciliator.

r. If HP 53168 is operating properly, go to Section V, Adjustments, for Option 004 Oven
Oscillator.

s. Installation of Option 004 Oven Oscillator is complete.
2-34.  Option 003 Channel C Installation
2-35. To install Option 003, proceed as follows:

a. Remove AC power cord.

b. Remote rear bezel (the two screws are captive}.

¢. Remove screw on bottom rear of instrument {between rear feet},

d. Slide cover off rear of instrument,

e. Remove two screws securing heat sink-support bracket to right side frame.

f. Disconnect REF INJOUT cable {W3) from AT Matherboard at rear of instrument,

g. Remove two HP-IB connector screws located on rear panel of instrument.

h. Disconnect cable from transformer to A1]9 on motherboard.

i.  Remove two 6-32 screws securing A7 board to AT Motherboard if A7 board installed.

j-  Unplug A7 board from A1)2.

k. Remove 3 screws securing oven oscillator bracket if oven oscillator is installed.

[, Remote oven oscillator assembly.

m. Remote A1 Motherboard and front panel assembly from cabinet frame by gently pushing at
rear of A2 front panel assembly and pressing up on top of front frame to release top of front
panel; then press down on bottom of front frame to release bottom of front panel.

n. Pull front panel and motherboard assembly out of frame several inches.

o. Remove two LEVEL/SENS knobs and GATE TIME knob, and hex nuts behind knobs and on
Channel A and B BNC connectors, from front panel.

2-7
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p. Disconnect ribbon cable W1 from AT}4.
q. Disconnect W2 from A2J2 and AT]6.
r. Remove two hex nuts securing CHANNEL A AND CHANNEL B BNC's to front panel.

s.  Remove 1/4-inch hex nut on left side (back) of A2 assembly, and pull front panel straight
forward, until clear. Note spacer between front panel and A2 assembly. Disconnect two
front panel trigger level slide-on connectors from A2.

t.  Unsolder two wires from TRIGGER LEVEL OUT pins on rear of front panel.

u. Remove four Pozidriv screws securing A4 assembly to Al Motherboard. Remove
combination A2/A4 assembly by gently lifting on rear edge of A4, until pins come free of A1
Motherhoard Connector A1}8. .

v. Position A9 Channel C assembly, component side up and protruding pins toward rear of
instrument, over A1 Motherboard Connector A1}7. Install by gently pressing row of pins into
connector A1J7 until assembly rests on spacers mounted on A1, Secure A9 assembly with
four Pozidriv screws (6-32 x .250").

w. Install special input BNC in INPUT C position (center) of 5316B replacement front panel as
iHustrated in Section W, Figure 3-9.

x. Connect brass SMC connector on ASW1 to INPUT C BNC and tighten.
y. Go to A9 Option 003 Channel C Adjustment for adjustment procedures.

z. Reassemble instrument by essentially performing steps a through t in reverse order.

2-8
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SECTION i
OPERATION

3-1. INTRODUCTION

3-2.  This section provides operating information for the HP 5316B Universal Counter. Descriptions of
all front panel controls, connectors, and indicators, as well as an operator’s check, operating
instructions, and operator’s maintenance, are provided.

3-3. OPERATING CHARACTERISTICS

3-4. The HP 5316B is a 100 MHz/100 ns full universal counter, capable of Frequency, Period, Time
Interval, Ratio, and Totalize measurements. To maximize resolution, the HP 5316B uses a reciprocal
counting technique for frequencies below 10 Mz, automatically switching to conventional frequency
counting for frequencies above 10 MHz. The gate time is continuously adjustable from 60 ms to 10, via
the front panel. The internal microprocessor performs the calculations, and automatically takes into
account the selected gate time. The display is given in engineering notation {i.e., exponents of blank,
+3, 16, or 19, except in totalize modes). The input amplifiers are optimized for both time interval and
frequency measurements. In addition, the HP 5316B may be programmed via the HP-IB. The rear panel
external reference input can accept 1, 5, or 10 MHz as the reference due to a time base multiplier
(injection-lock-multiplier}. With the addition of Option 601 TCXO or Option 004 Oven QOscillator,
increased temperature stability is gained, and this increased stability allows extended calibration
periods.

'3-5. When Option 003 Channel C is installed, the frequency counting range of the counter is
extended to 1 GHz. Signals on Input C are prescaled by 10, then routed to the Channel C input of the
MRC (Multiple Register Counter) integrated circuit on the HP 5316B motherboard. The input
sensitivity can be decreased, continuously, up to 20 dB nominally {in the range of 50 to 500 MHz) and 10
dB nominally (in the range of 500 to 1000 MHz).

3-6. MODES OF OPERATION

3-7. The HP 5316B provides 10 modes of operation and two CHECK functions. The resolution and
accuracy for each mode except A Armed by B is provided in Table 7-1. The modes of operation are
described in the following paragraphs:

FREQ A A BY B (Gated Totalize)
PER A FREQ} A ARMED BY B
TI. A—~B FREQ C (Option 003)
T.I AVG, A—B TOT (Manual Totalize START/STOP)
T.l. DELAY {Holdoff) CHECK
RATIO A/B Display Check
38 FREQ A

3-8, Frequency measurements are made by connecting a signal (up to 100 MHz) to INPUT A, and
pressing the FREQ A function (with the Blue Shift key OUT). Select the appropriate input signal
conditioning and adjust the LEVEL/SENS control {with TRIGGER LEVEL/SENSITIVITY key to TRIGGER
LEVEL) to the optimum trigger point. The optimum trigger point may be determined by centering the

LEVEL/SENS control within the triggering range, and triggering is indicated by the flashing TRIGGER -

light. The actual trigger voltage may be determined by monitoring the TRIGGER LEVEL OUT on the
front panel. The voltage at these points will be within £5% 115 mV of the actual trigger voltage over a
*2.0 volt range. The GATE TIME control determines the resolution of the measurement, and may be
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displayed by pressing the GATE TIME function key and Blue Shift key. The gate time range when FREQ :
A is pressed is 60 ms to 10, typical. However a gate time range of 500 us to 30 ms is available by pressing 7~
T.1. DELAY and TOT STOP/START simultaneously. When the Blue Shift key is OUT, the HP 5316B will be
in FREQ A. When the Biue Shift key is IN, the HP 5316B will be in PER A. PER A is discussed in the

following paragraph.

3-16. PER A

3-11. The Period A mode allows signal period measurements to be made over a range of 1055 to 10 ns
into INPUT A, Select the appropriate input signal conditioning, and Trigger Level/Sensitivity. The gate
time range is 60 ms to 10, typical, when PER A s pressed. However, a shorter gate timeis also available
for PER A {500 ps to 30 ms) as described in FREQ A, paragraph 3-9.

312 T4 A8

3-13, T.I. A—B measures the time interval between a START signal at INPUT A and a STOP signal at
INPUT B. If both the START and STOP signals are derived from the same signal, connect the signal to
INPUT A and set the SEP/COM A key to the COM A position {IN}. Separate Slope and Level/Sensitivity
controls for each channel allow variable triggering on either positive or negative going slope. A single-
shot time interval measurement may be made over a range of 100 ns to 105 s,

3-14. T.A AVG A—B

3-15.  The T.I. Average mode provides greater resolution of time interval measurements than single-
shot T.I. mode provides. In the T.I. AVG mode, the gate time control varies the number of events of
time intervals averaged (approximately GATE TIME X REP RATE). The resolution of the measurement is
improved by the ff\?, where N is the number of time intervals averaged. A limited range of negative
T.I. measurements (i.e., B triggers before Aj are possible in T.I. AVG mode.

3-16. Inthe T.I. AVG mode, there must be at feast 200 ns dead time. Dead time is the time between the
preceding time interval stop event and the current time interval start event, as shown in Figure 3-7. This
means that in T.Il. AVG mode, the repetition rate must be less than 5 MHz. Also time interval averaging
of high stability (synthesized) sources is not recommended because the displayed result may not be
accurate. Proper averaging requires that there be no coherence between the source and the counter
time base oscillator,

START STOP START STOP

|
f
r
¥
[
H

T.l. MEASURED

A~ SLOPE

B + SLOPE
S

DEAD TIME >200ns

Figure 3-1. T.1. Average Dead Time
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3-17. T.. DELAY (HOLD OFF)

3-18. The T.1. DELAY mode of operation is similar to T.I. A—B, but with the following additional
control: The front panel GATE TIME control inserts avariable delay (from 500 us to 30 ms nominal}
between the START (INPUT Aj event and the enabling of the STOP {INPUT B} event. Potential
STOP events are ignored during the specified delay or holdoff. The amount of delay time may be
continuously measured and displayed by simultaneously pressing the T.l. A—B, T.I1. DELAY, and
Biue Shift keys. Figure 3-2 illustrates the T.I. BELAY function. It should be noted that both START
and STOP Slopes are positive in this illustration,

START STOR
W DESIRED Td MEASUREMENT

- ACTUAL T.1. MEAS =

|

I

|

I

|

|

I

i I

I

L

STANDARD T4, A-»B

START STOP
;-s—————— DESIRED T.1. MEASUREMENT -

ra ACTUAL T.I. MEAS =

e HOLDOFF »
;
i

T.1. DELAY

Figure 3-2. Timing of Time Interval Delay Mode
3-19. RATIO A/B

3-20. The RATIO A/B mode of operation measures and displays the frequency ratio of signals on
INPUT A tosignals on INPUT B. The GATE TIME control determines the resolution by selecting the
number of cycles of the INPUT B signal over which the ratio A/B is measured. Increasing the gate
time (towards MAX) or increasing the frequency of INPUT A results in an increased resolution of
the measurement. Frequencies up to 100 MHz are allowed on both channels.

3-21. ABYB

3-22. A BY B (A gated by B) is a totalize mode of operation (see Figure 3-3) in which events on
INPUT A (up to 100 MHz} are counted for a duration determined by INPUT B. The gate is
“OPENED” on the slope of Input B selected by the Channel A Slope switch, and “CLOSED” on the

3-3
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3-4

slope of Input B selected by the Channel B Slope switch. This allows any one of four discrete gate
durations from agiven signal on Input B. The Channel A Slope switch also determines whichslope
of the events signal {on INPUT A) is counted. A BY B is asingle-shot mode of operation. The RESET
button must be pressed to clear the display and allow the initiation of a.new measurement.

GATE BEGINS ON THE | . GATE ENDS ON THE SLOPE
SLOPE SELECTED 8Y | " SELECTED BY SLOPE B~
SLOPE A-m. * |
- 3
Tl GATE OPENED - on o™

H fa apr ~
sLoPE :m{—’_ B POSITIVE TRANSITIONS COUNTED

| ; WHEN SLOPE A4S AT A7

] ; (3 EVENTS COUNTEDR}
h SLOPE A 7 SL0OPE B =

1 i
SLOPE A -
- RS SLOPE B 7
[ e 4 NEGATIVE TRANSITIONS COUNTED
H

CWHEN SLOPE A 1S AT ™
- ¥ 14 EvenTs counTED)

SLOPE A E_SIS?E B
| |
| !
— —
IR
INPUT 4 P -
§ ' :
1 :

INPUT 8

Figure 3-3. Timing of Totalize A by B Mode

323, A ARMED BY B

3-24. The HP 5316B has a measurement function, Frequency A, Averaged, Armed By B, for frequency
averaging. Called “A ARMED BY B”, this function allows the HP 5316B to average together multiple
frequency measurements, To do this a sampling signal synchronized with and of pulse width less than
the frequency bursts must be applied to the Channel B input. This signal performs two functions: one, it
tells the the HP 53168 when to count the incoming bursts and when to ignore the dead time between
bursts; and two, it opens the HP 53168 gate, The measurement intervalis set from the front panel and its
length determines the number of bursts to be averaged. Figure 3-4 shows an example of function A
Armed By B. In this example, TMHz bursts, 10 us wide, at a 10 kHz repetition rate are applied to Channel
A input. A sampling signal of equal repetition rate and shorter pulse width is applied to Channel B. This
sampling signal must be synchronized with the Channel A frequency burst signal. When the first burst
occurs, the sampling signal at Channel B opens the gate, and tells the HP 53168 to begin counting the
events at Channel A. When the sampling signal disappears, the HP 5316B stops counting the events at
Channel A. If the gate is still open and another burst occurs, the HP 5316B will add these "new” events to
the previous events counted. This will continue until the measurement interval runs out. On the next
sampling pulse, after the gate closes, the HP 5316B will compute the average frequency of the signal
during the burst (in this example 1 MHz). A final sampling pulse must occur after the measurement
interval ends to terminate the measurement. The events that occurred during this final pulse are not
averaged in,

3-25. The length of the measurement interval and signal repetition rate determine how many bursts
will be averaged. Faster burst repetition rates allow shorter measurement intervals for a given number
of averages. The main limit is that no more than 100 million “events” can be counted (either input
frequency cycles or time base counts). In the case of Figure 3-4, each burst contains 10 “events”, with 10
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CHANNEL A I 4
SIGNAL M

CHANNEL B ] I | ! ] l l i
SAMPLING

SIGNAL

MEASUREMENT I }

INTERVAL SELECTED iINTERVAL !
HAS ENDED

THIS PULSE REQUIRED TO
TEAMINATE MEASUREMENT

SIGNAL PARAMETERS: 1 MHz, 10 us Wide, 10 kHz Rate

Figure 3-4. A ARMED BY B

thousand occurring in 1 second for 100 thousand "events” per second. Since 100 million events is the
limit, the HP 53168 could average for 1000 seconds before the events counter would overflow. And,
since the measurement interval determines the number of averages, a 1000-second measurement
interval would be necessary before the events count or time base count would overflow. This, of
course, is longer than that obtainable from the HP 5316B (maximum measurement interval of ~10
seconds). A specific case where the HP 5316B would overflow would be a 50 MHz signal pulsed for 200
ns at a 2 MHz rate. In this case 10 “events” occur during each burst, with 2 million bursts persecond, or
20 mitlion "events” in 1-second. So, the HP 5316B would overflow in 5 seconds, thus the gate time must
be less than 5 seconds, and 10 million bursts would be averaged. If the 100 million events limit is
exceeded the displayed answer will be inaccurate.

3-26. A ARMED BY B has two modes (two different measurement interval ranges) and is not labeled
on the front panel. For a measurement interval range of 500 ps-30 ms, press T.1. DELAY and RATIO A/B
together. The measurement interval may be displayed by selecting the GATE TIME mode forthe LONG
interval or by pressing T.I. A—B, T.1. DELAY, and Blue Shift key simultaneously for the SHORT interval.
For 2 measurement interval range of 60 ms to 10 seconds, press FREQ A and TOT STOP together. The
Channel A Trigger Slope is set by the front panel Channel A Siope switch, The sampling signal enable
siope (begin counting) is determined by the Blue Shift key. In the OUT position the counting will be
enabled on the sampling signal positive slope. In the IN position, the counting will be enabled on the
sampling signal negative slope. The gate will also be opened on the same slope as determined by the
Blue Shift key. The disable slope is determined by the Channel B front panel slope switch. The
measurement interval is controlled, as normal, by the front panel GATE TIME control. The gate will
close once the selected time has passed. There is no problem if the gate should close in the middle of
counting a burst. The following limits do exist in this mode.

1. 200'ns minimum dead time between bursts,

2. 100 ns minimum burst width,

3. The enable slope can only be negative when using the short measurement interval (500 us-30
ms), but can be positive or negative when under remote control.

Resolution increases with the square root of the number of samples averaged, N.

(10-7} X (INPUT FREQ)
(Sampling Signal Width) X (v/N)

Resolution ~

Measurement Interval
Gate signal repetition rate

3-5
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From Figure 3-4, the sampling signal is 10 us wide at a 10 kHz repetition rate with a measurement
interval of T-second. With a single-shot measurement:

100 X 10-9 T X 106
resolution = X = 104 or 10 kHz resolution

10 X 10-6 VN

but with average N = 10000 {1 s measurement interval):

100 X 10-9 106
x e

10X 30-6 /10000

Accuracy: The actual measurement interval is shorter than the correct value by about 1 ns. With short
sample pulse widths and large N values the displayed answer will not be perfectly accurate:

10-9
measurement interval

resolution = — = 100 Hz {100 times better)

Ultimate accuracy = X {Input FREQ)

With a 10 us sample pulse width, accuracy can be as good as 100 Hz if enough events are averaged.
3-77. EREQ € (Option 003)

3-28. To make a frequency measurement on a CW signal in the range of 50 MHz to 1 GHz, select
FREQ C function and apply the signat to INPUT C. _
g CAUTION

Make sure that the amplitude of the signéi does not exceed the 1V
rms dynamic range.

Set the GATE TIME controf to MIN (but not hold). Set the SENS C control to MIN, Stowly move the SENS
C control in a clockwise direction (toward MAX) until the counter begins to gate. This represents the
optimum trigger sensitivity. To increase the displayed resolution, move the GATE TIME control toward
MAX,

MOTE

The Trigger Lights for INPUT A and INPUT B are inoperative and
extinguished when functions FREQ C or CATE TIME are selected.
This is normal. However pressing either Channel A or B Slope
switches will reset the counter.

3-29. TOT STOP/START

3-30. Totalize STOP/START is a manually gated, Totalize mode of operation. Pressing the Blue Shift
key (IN position) opens the main gate, allowing INPUT A events to be counted. Pressing the Blue Shift
key again (OUT position) closes the gate, stopping the count, The count is continuously displayed, and
cumulative from gate cycle to gate cycle. The RESET button clears the counter and resets the display to
zero,

3-31. CHECK

3-32. The Check function applies 10 MHz from the internal {or external) reference oscillator to the
Multiple Register Counter (MRC). It is used to verify the basic operation of the counter, GATE light and
GATE TIME control.

3-33. Display Check

3-34. The Display Check is an uniabeled function, which cycles the display through a routine that

exercises all digits and most annunciators. With the POWER switch to ON, and all function switches to
the “OUT” paesition, a rolling display, corresponding to Table 3-1, will result.

3-6
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Table 3-1. Display Check

Decimal Point Position
?;%i‘e::z;’;s OVFL |ERROR | - Hz s | GatE | 1 2 3
0 .
” R . .
5 . N :
3 " . "
. N .
5 . . N N
p . . :
; . . . .
5 . N
9 . " :
BLANK . . . . .

3-35. PANEL FEATURES AND CONTROLS

3-36. The following paragraphs describe the features and controls of function selection, signal
conditioning, and display sections of the front panel. Front and rear panel controls are individually
located and described in Figures 3-70 and 3-77.

3-37. FUNCTION SELECTION CONTROLS

3-36. The function selection controls section of the front panel contains the POWER (STBY/ ONJ, and
RESET/LOCAL keys, the “Function” keys group (within the border outline) and Gate Time/Delay
control.

3-39. The POWER key sets the HP 5316B either to ON or STBY (standby). In the ON paosition (IN)
power is supplied to the entire instrument. In the STBY position (OUT; the unregulated voltages are
disconnected from the power supply voltage regulators. The RESET/LOCAL key clears and updates the
display for continuous measurement modes, and resets the counter in Totalize modes. Also see
Remote Programming via the HP-1B paragraph 3-73.

3-40. Each of the keys within the outlined function group can select one of two functions, as follows:
With the Blue Shift key in the “OUT” position, the keys select the function labeled above (e.g., FREQ A,
T.I. A—B, etc}. With the Blue Shift key in the IN position, the keys select the function labeled in blue
below (e.g., PER A, T.I. AVG A~B, etc.).

3-41. The GATE TIME/DELAY control determines the amount of gate time per measurement,
continuously adjustable over a range of 60 ms to 10 s. The selected gate time may be displayed by
pressing the GATE TIME function key, and the Blue Shift keys. In the T.I. DELAY mode of operation, the
control determines the amount of time the start channel is held off or “delayed” (see paragraph 3-17).
The amount of “delay” may be displayed by pressing the T.Il. A-B, T.I. DELAY, and Blue Shift key
simultaneously. In the T.1. A~B mode of operation, the GATE TIME/DELAY contro! determines the
“sample rate”.

3-7
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3-42. SIGNAL CONDITIONING CONTROLS

3-43. A full complement of signat conditioning controls are provided for each channel (A and B) input
(see Figure 3-6). These controls allow the selection of Attenuation (X1, X20), Slope (positive or negative]
and input coupling {AC or DC), The SEP/COM A switch allows the selection of separate Channel A and
B input in the SEP position. The COM A position disconnects the Channel B Input BNC, and connects
both Channel A and Channel B input amplifiers to the Channel A input.

3-44. A low pass filter for Channel A input is provided. With the FILTER NORM key in the 100 kHz {IN)
position, frequencies above 100 kHz are effectively attenuated. With the FILTER NORM key in the
Normal (OUT) position there is no effect.

3-45. TRIGGER LEVEL/SENSITIVITY CONTROLS

3-46. The Trigger Level/Sensitivity controls provided for each channe! operate as follows: With the
TRIGGER LEVEL/SENSITIVITY key in the “OUT” position, the LEVEL/SENS control adjusts the trigger
fevel, (over a range of £2.5 volts dc in ATTN X1, or 50 volts dc in ATTN X20). With the TRIGGER
LEVEL/SENSITIVITY key in the “IN" position, the LEVEL/SENS controf adjusts the input sensitivity from
MAX (10 mV up to 10 MHz, 25 mV up to 100 MHz) with control fully clockwise to MIN (greater than 500
mV) with control fully counterclockwise (see Figure 3-5). The trigger levels may be monitored at the
front panel TRIGGER LEVEL jacks. The voltage at this pointis 5% %15 mV of the actual voltage over the
range of =2.0V.

+2.5V

- Trigger Level adjustable
y TRIGGER over © 2.5 volts with
2. 5V LEVEL sensitivity constant
at MAX
SENSITIVITY M
= 10 mV -2.5V
MIiN > 500 mV
Sensitivity adjustable from
E
MAX Do Sl ke iiais Wity A, NSRRI A = 10 mV to > 500 mV
= 10 mv. _V____E I DY SN Y [N W with Trigger Level constant
2 at O voits

Figure 3-5. Trigger Level/Sensitivity Controls

3-47. DISPLAY

3-48. The HP 5316B counter display consists of nine LEDs, providing eight digits of resolution and a
one-digit exponent. All measurements (except Totalize modes) are displayed in engineering
notation |i.e., exponents of blank {none), +3, £6, or +9 (+ is not displayed}] with automatic decimal
point location. Annunciators for indicating the measurement units Hz, for Hertz, and s, for seconds
are provided, The OVFL annunciator indicates that the leftmost significant digits have overflowed
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the display. The GATE annunciator indicates the counter has been triggered and a measurementisin
progress. The ERROR annunciator indicates a failure during power-up self-check (see paragraph 3-
59). The ADRSD and REMOTE lamps annunciators indicate the instrument’s status during remote
control (see Paragraph 3-86).

3-49. OPERATOR’S CHECKS

3-50. A procedure for verifying the basic operation of the HP 53168 is provided in Figure 3-12. This
check utilizes the instrument’s self-calibration cycle and visual verification of front panel controls by
front panel indicators. No additional equipment is required.

NOTE

This check is not intended to verify the accuracy or performance
specifications of the instrument.

3-51. OPERATING INSTRUCTIONS

BEFORE THE INSTRUAMENT IS SWITCHED ON, ALL PROTECTIVE EARTH
TERMINALS, EXTENSION CORDS, AUTOTRANSFORMERS, AND DE-
VICES CONNECTED TO IT SHOULD BE CONMNECTED TO APROTECTIVE
EARTH GROUNDED SOCKET. ANY INTERRUFTION OF THE PRO-
TECTIVE FARTH GROUNDING WHL CAUSE A POTENTIAL SHOCK
HAZARD THAT COULD RESULT IN PERSONAL INJURY.

WARNING I

ONLY FUSES WITH THE REQUIRED RATED CURRENT AND SPECIFIED
TYPE SHOULD BE USED. DO NOT USE REPAIRED FUSES OR SHORT
CIRCUITED FUSE-HOLDERS. TO DO SO COULD CAUSE A SHOCK OR

FIRE HAZARD, ,
% CAUTION

Before the instrument is turned on, it must be set to the voltage of the
power source, or damage to the instrument could result.

3-52. POWER-UP SELF-CHECK

3-53. When the HP 5316B is turned on, a power-up reset and self-check cycle is automatically
initiated. This is approximately a 2-second cydle, indicated by the following display:

NOTE: Error LED may or may not light during
Power-Up Self-Check

3-10
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3-54. During this cycle, the microprocessor performs a check sum of the internal program in ROM
and a bit pattern is written into RAM. Then it performs a partial check of the MRC and /0O ports, and
performs a link test between the microprocessors. Any failure during the cycle will produce a
numbered error (for a U7 microprocessor, MRC ar /O failure), or a flashing of the HP-IB status LEDs
{for a microprocessor link test failure). i a numbered error occurs, the ERROR LED will remain lit, Refer
to Error Messages, paragraph 3-59. If the HP 5316B is placed into STANDBY and then immediately
placed in ON again, the display will lEiummate random segments durmg she power-up cycle, This is
normal.

3-55. MEASUREMENT PROCEDURES

3-56. Figures 3-13 through 3-21 show general operating procedures with the HP Model HP 53163
Universal Counter in typical measurement setups, Description numbers match the locator illustrations.
The following paragraphs provide recommended operating guidelines, to assist in making the most
accurate measurement possible,

3-57. Frequency, Period, and Ratio Measurements

1. For cw sine wave or symmetrical waveforms {triangle, square, etc.) use ac coupling and the
sensitivity mode.,

2. For asymmetrical waveforms (pulse trains, TTL, ECL signals, ramps, etc.) use a combination
of dc coupling, Trigger Level, and fixed attenuator. AC coupling these types of signals tends to
distort them slightly, due to the charging of the capacitor. More important, the position of the
signal on the zero preset trigger level is determined by the average dc level of the input.
Depending on the pulse width and duty cycle, this'dc average may be low enough to allow the
base line noise to trigger the counter, producing false counts (see Figure 3-7). DC coupling
fixes the dc level of the input signal, which allows the adjustable Trigger Level to be positioned
at the optimum point. Set the Trigger Level control to the approximate center of the triggering
range indicated by the trigger light (see Figure 3-8; The actual dc trigger level may be
monitored at the front panel test point. When programmmg via the HP-IB, it may be set
directly.

FHYSTERESIS BAND

Figure 3-7. AC Coupled Measurements

3. When input loading is a problem (i.e., 1 M{) load or cable capacitance) or when a more con-
venient method of probing is desirable, use a 10:1 oscilloscope probe. A probe is
recommended for all logic applications.

4. For sine wave measurements <100 kiHz, always use the low pass filter, selectable on the front
panel, Normally the input signal is integrated over the entire 100 MHz bandwidth. Use of the
Filter effectively removes noise and harmonics (above 100 kHz), that may affect the correct
measurement.

www.valuetronics.com
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T TIHYSTERESIS BAND

Figure 3-8. DC Coupled Measurements

5. Be very careful with input levels at higher frequencies (greater than 5 MHz). The counter front
end is protected to 6 volts rms at these frequendies.

WARNING I

WHEN MEASURING POWER LINE FREQUENCIES, BE EXTREMELY CARE-
FUL AND ALWAYS USE A STEP-DOWN ISOLATION TRANSFORMER
(WITH ~10V OUTPUT). THE COUNTER’S PANEL IS TYPICALLY AT
SIGNAL GROUND, SO NEVER TRY TO MEASURE THE 50 OR 60 Hz LINE
WITHOUT AN ISOLATION TRANSFORMER.

3-58. Time interval Measurements
1. To insure waveform fidelity during T.L. measurements, always use dc coupling.

2. Measurements of puise width, and time between pulses, are more conveniently made in the
COM A [common) position.

3. T.. Average measurements of high stability (synthesized) sources are not recommended
The displayed result may not be accurate. Proper averaging requires that there be no
coherence between the source and the counter time base oscillator. (See Application Note
162-1, Time interval Averaging.

4 in general, use the GATE TIME control to vary the amount of resolution displayed. This con-
trol does not affect accuracy. It basically trades off longer measurement time for more
resolution.

3-59. TROUBLESHOOTING/ERROR MESSAGES

3-60. Two different type error messages exist in the HP 5316B. First is the nu mbered errors. Failuresin
the power-up self-check will result in the momentary display of one of these messages. The ERROR
LED will remain on until the error is cleared and the instrument reset. The three error messages are:

ERROR MESSAGE

o T Possible failure in microprocessor A1U7

E2 . Possible failure in 1/0 ports

B3 s Possible failure in ATU2 (MRC); rear panel oscillator switch in the

EXT position with no external signal; or a failure in the A7 oscil-
lator assembly.

if the ERROR annunciator is lit, verify the error number (1, 2, or 3) by repeating the power-up self-
check, and refer to Section ViIi, Troubleshooting. Power-up self-check is initiated when the POWER
switch is placed from STBY to ON,

3-12
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3-61. The two HP-IB status annunciators indicate a failure in the following ways:

Flashing in-phase ........... Possible failure in the HP-1B microprocessor ATU10.
Flashing cut-of-phase ....... Possible link failure or defective HP-IB microprocessor.

If one of these failures occur when the POWER switch is placed in ON from STBY, refer to Section Vill,
Troublesheoting.

3-62. OPTIONS

3-63. The operating characteristics of the HP 5316B are affected by the addition of any of the options
described in the following paragraphs.

3-64. Time Base Options

3-65. Option 001 provides a Temperature Compensated Crystal Oscillator (TCXO) which results in
higher accuracy. The TCXO is a 10 MHz oscillator, capable of making minor frequency corrections to
compensate for offsets due to temperature variations, Option 004 Oven Osdillator provides increased
temperature stability and accuracy over Option 001. See Table 1-7 for complete specifications of
Options (001 and 004.

3-65. Channel C Option 003

3-67. Option 003 extends the frequency counting range of the HP 53168 frbm 100 MHz (in Channel A)
to 1 GHz (in Channel C). The input sensitivity and gate time are adjustable via front panel controls. See
Table 1-7 for complete specifications of Option 003.

3-68. OPERATOR’'S MAINTENANCE

3-69. The only maintenance the operator should normally perform is the replacement of the primary
power fuse. This fuse is located within the Line Module Assembly. For instructions on how to change
the fuse, refer to paragraph 2-8, Line Voltage Selection.

4 CAUTION

Make sure that only fuses with the required rated current and of the
slow-blow type are used for replacement. The use of repaired fuses
and the short-circuiting of fuse-holders must be avoided.

3-70. When Option 003 Channel C is installed, the operator may be required to replace the input
BNC fuse (HP P/N 2110-0301). This is located within the INPUT C BNC connector (See Figure 3-9
for details). To replace the fuse, disconnect the power cord, unscrew the special BNC barrel and,
with needle-nose pliers, remove and replace the fuse. Reinstall the BNC barrel, and tighten using a
BNC cable connector. Be careful not to overtighten.

3-13
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— HEX NUT i
/
- LOCKWASHER

MINI-CONNECTOR

SPECIAL
BNC

Ty —

Figure 3-9. Details of Option 003 Input Connector and Fuse Mounting

3-71. POWER/WARM UP

3-72.  The HP Model HP 5316B requires a power source of 100-, 120-, 220-, or 240-volt ac, +5%, -10%, 48
to 66 Hz single phase. The selection of line voltage and input power fuse is described in Section i,

paragraph 2-8, Line Voltage Selection.
WARNING I

POWER 1S ALWAYS PRESENT AT THE LINE SWITCH AND TRANS-
FORMER, AND UNREGULATED DC iS PRESENT WHENEVER THE
LINE CORD iS ATTACHED. UNPLUGGING THE POWER CORD IS
NECESSARY TO REMOVE AlL POWER FROM THE INSTRUMENT.

3-14
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STBY/ON. Supplies power to entire machine in the ON position. Removes power from the
voltage regulators when in the STBY {Standby) position.

RESET. Clears and updates display in continuous measurement modes, resets counter to zero
in Totalize modes. Also returns operation to Local control.

FREQ A. Selects Frequency modes of operation (with Blue Shift key out), for signals on Input A,
PER A. Selects Period mode of operation (with Blue Shift key in), for signal on Input A,

T.L A-B. Selects Time Interval mode of operation (with Blue Shift key out) measuring
time differences from Start signal on INPUT A to Stop signal on INPUT B (when in SEP).

T.L. AVG A—B. Selects Time Interval Average made of operation {with Biue Shift key in,
measuring time difference from Start signal on INPUT A to Stop signal on INPUT B (when
in SEP).

T.L DELAY. Selects Time Interval mode of operation {with Blue Shift key out), measuring
time differences from Start signal on INPUT A to Stop signal on INPUT B (when in SEP) with
the triggering of the Stop signal DELAYED (held off} for a period of time determined
by GATE TIME DELAY control.

CHECK. Applies 10 MHz from reference oscillator to MRC {with Blue Shift key in), to verify
operation of MRC, display and GATE TIME control, microcomputer, etc.

RATIO A/B. Selects Ratio mode of operation (with Blue Shift key out), measuring the ratio
of the signal frequency at INPUT A to the signal frequency at INPUT B,

A BY B, Selects a “gated” Totalize mode of operation (with Blue Shift key in}, in which the
signai frequency of INPUT A is totslized for a gate duration determined by the signal on
on INPUT B.

FREQ €. Enables the Frequency C INPUT (Option 003} medule twith the Blue Shift key out),

GATE TIME. Continuously measures and displays the gate time determined by the GATE TIME
control {with Blue Shift key in).

NOTE

The trigger lights are disabled and extinguished when either FREQ C or
GATE TIME is selected. :

Figure 3-10. Front Panel Features
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TOT, STOP/START. Selects Totalize mode of operation, manually controlled by the Blue
shift key. With the Blue Shift key in, totalizing of signal frequency on INPUT A starts.
With the Blue Shift key out, Totalize accumulation stops and holds. RESET must be pressed

to zero the display.

Blue $hift. Used in conjunction with six dual purpose function keys (3, 4, 5, 6, 7, B! to
select the function labeled above or below the key. With the Blue Shift key out, functions
labeled above the keys are enabled, with the Blue Shift key in, functions labeled below the
keys are enabled.

GATE TIME/DELAY. For FREQUENCY, PERIOD, RATIO AND T.I. AVERAGE modes, provides
continuously variable measurement time from, nominally, 60 ms to 10 s (minimum = 1
period of the input signal). For T.. mode, varies the time between measurements,
For T.. DELAY mode, provides continuously variable delay time between START and

STOP enable.
HOLD, Single measurement with minimum gate time. Requires pushing RESET key to initiate
new measurement.

AC/DC. Selects ac or dc coupling for corresponding input signal. When in COM A, only
Channel A determines coupling.

INPUT A, B. Input BNC's for channeis A and B.

ATTN, X1/X20, Selects attenuation of signal on corresponding input channels. X1 position
connects input signal directly to input amplifiers; X20 position attenuates input signal by
a factor of 20 (nominaly,

FILTER, NORM/100 kHz, Inserts a low pass filter configuration into the INPUT A channel,
attenuating frequencies above 100 kHz.
SEP/COM A. Input amyplifier control, selects independent operation of inputs A and B in

SEP (separate] position, In COM A (Common A) position, the signal at Input A s also applied
to Input B, with the B input BNC disconnected from input circuitry. Input B coupling is the

same as Input A,

SLOPE. Selects triggering on either positive _# or negative 3_ slope of the corresponding
input channel,

3-16
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LEVEL/SENS. When in TRIGGER LEVEL, controls the voltage at which CHANNEL A input
will trigger, variable over 2.5 volts X ATIN setting. When in SENSITIVITY, varies the
sensitivity from MAX =10 mV) up to 500 mV. In FREQ C, controls the input sensitivity for
INPUT C from MAX (=15 mV up to 650 MHz, 75 mV up to 1 GHz) up to MIN (20 dB
NOMINAL).

LEVEL/SENS. When in TRIGGER LEVEL, controls the voltage at which corresponding
CHANNEL B input wil! trigger, variable over 2.5 volt X ATTN setting. When in
SENSITIVITY, varies the sensitivity from MAX (=10 mV) up to 500 mV.

TRIGGER LEVEL/SENSITIVITY. Sets the function of corresponding LEVEL/SENS control to
either Trigger Level or Sensitivity mode. In TRIGGER LEVEL mode, sensitivity is preset to
maximum. in SENSITIVITY mode, trigger level is preset 1o § volts.

TRIGGER LIGHT. 3-state trigger lights; blinks when channel is triggering; OFF when input
signat is below trigger level setting; ON when input signal is above trigger level setting.

GATE, Gate light {when ON;j, indicates the counter’s main gate is open and a measure-
ment is in progress.

Hz. Hz (Hertz) annunciator, indicates displayed data is in frequency domain, in units of
Hertz, ‘

S. {seconds} annunciator, indicates displayed data is in time domain, in units of seconds.

EXPONENT. Displays the value of the exponent of the measurement. Measurements are
displayed in engineering notation, with exponents of blank (#), =3, 16, 9.

EXPOMNENT SIGM. Indicates the polarity of the displayed exponent; ON (-} if negative,
OFFE if positive.

DISPLAY. Eight-digit red LED display.

OVFL. OVFL (Overflow) annunciator indicates that one of more of the most significant
digits are not displayed.

ERROR. Lights and remains lit when an error is detected during power-up.
ALNRSD. Lights when the HP 53168 is addressed to Talk or Listen, See Paragraph 3-87.
REMIOTE. Lights when the HF 5316B is under remote control. See Paragraph 3-87.

TRIGGER LEVEL OUT CHANNEL A, This allows the monitoring of the Channel A trigger level,
The dc voltage is equal to the Channel A trigger level,

TRIGGER LEVEL OUT CHANNEL B, This allows the monitoring of the Channel B trigger level.
The dc voltage is equal to the Channel B trigger level

Figure 3-10. Front Panel Features (Continued)
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@ AC power input module permits operation from 100, 120, 220, or 240 volts ac. The number
visible in the window indicates nominal line voltage to which instrument must be connected (see
Figure 2-1). Protective grounding conductor connects to the instrument through this module.

WARNING
ANY INTERRUPTION OF THE PROTECTIVE (GROUNDING) CONDUC-
TOR INSIDE OR OUTSIDE THE INSTRUMENT OR DISCONNECTING OF

THE PROTECTIVE EARTH TERMINAL IS LIKELY TO MAKE THE INSTRU-
MENT DANGERGUS. (See Section Ik}

REFERENCE INPUT/OUTPUT JACK (J3). When @) , in the EXT position this allows the
HP 53168 to be operated with an external frequency reference. The HP 5316B does not actually
use the external input signal for a time base but locks-on to the signal with an injection-lock-
multiplier. The external signal must be 1, 5, or 10 MHz at 500 mV rms across 500 ohms. When

in the INT position, the internal 10 MHz standard operates the counter, and the jack is the
internal 10 MHz standard output signal at 50 mV p-p.

HP-IB INTERFACE CONNECTOR {24 pin). Used to convey data and programming
information, 1EEE-1978 compatible. See paragraph 3-73.

HP-IB ADDRESS SWITCHES. Selects the LISTEN/TALK address and ADDRESSABLE/TALK ONLY
mode for remote control. See paragraph 3-83.

PRESET GATE TIME. Essentially the same as the front panel GATE TIME control without the
HOLD position. Selectable only during remote programming. See paragraph 3-92c.

L~

- I~ I

OSCILLAYOR ADJ. This aliows the adjustment of the internal reference oscillator.

Figure 3-11. HP 53168 Rear Panel Features
3-18
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1. Before switching on the instrument, ensure that the power transformer primary is matched to
the available line voliage, the correctfuse is installed and the safety precautions are taken. Refer
to Power Requirements, Line Voltage Selection, Power Cables, and associated warnings and
cautions in Section 1l of this manual,

2. Press FREQ A/PER A switch @}, and adjust LEVEL/SENS controls ) @ fully cow. Set Al
other switches to the OUT position.
3. Adjust GATE TIME control B to minimum.

4, Set POWER switch 0 to the ON position and observe the power-up self-check. Verify all seg-
ments of the display; decimal point after MSD; and the OVFL, Mz, S, and GATE annunciators
light momentarily, followed by a display of 898. Verify both trigger lights are lit.

NOTE

When the instrument is first turned on, the microcomputer performs a
self-check. If, during the self-check, an error is detected, a numbered
error message will be displayed and will light the ERRCR LED, or the HP-
iB status LEDs will flash, Verify the error, by repeating the power-up self-
check and referring to paragraph 3-59, Error Messages.

5. Verify the Display Check routine by placing all function select switches in the GUT position,
This may be accomplished by pressing any gray colored function switch partially i, thus
releasing a function switch that is locked in. Observe the cycling of the display from all
zero's to all one's, two's, three's. . . . etc,, to all blank, Refer to paragraph 3-33.

MNOTE

The Display Check routine is an uniabeled function, used to verify the
operation, digits and most annunicators in the Display assembly,

Figure 3-12. Operator’s Check
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NOTE
For specifications concerning bandwidth, accuracy, and amplitude on
input signals, refer to Table 1-1.
Set POWER switch @ to the ON position.
Set SEP/COM A switch ) to SEP position.
Connect the input signal to INPUT A jack @

Press FREQ A/PER A switch @), and set the Blue Shift key @ in the out position for FREQ
A, or the in position for Period A.

Set AC/DC m . ATTN @ and Slope @ switches to appropriate positions.
6. Set GATE TIME control {[} to MIN.

7. Set TRIGGER LEVEL/SENSITIVITY switch @ to SENSITIVITY position, and LEVEL/SENS control
fully cow. This sets the trigger level at 6 volts (nominally) and sensitivity to minimum.

el oA

wt

8. Adjust the LEVEL/SENS control @ in a clockwise direction until a stable reading is obtained.

9. Adjust the GATE TIME control @ for desired resolution, The gate time may be displayed by
pressing the GATE TIME switch @) and the Blue Shift key .

Figure 3-13. frequency A/Period A Measurements

3-20
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For specifications concerning bandwidth, accuracy, and amplitude on
input signals, refer to Table 1-7.

1. Set POWER switch @ to the ON position,
2. Set GATE TIME control @} to min.

3. 1f the Start and Stop signals are from separate sources, connect the Start signal to INPUT A
jack @ the Stop signal to INPUT B jack J), and set the SEP/COM A switch ) to SEP
position. If the Start and Stop signals are from a common source, connect to INPUT A jack @
-and set the SEP/COM A switch @ 1o COM A position.

4, Press T.I. A—B switch @, and insure the Blue Shift key is in the out position, to select
Time Interval function.

5. Set AC/DC m @ , ATTN @ @ , and Slope @ @ switches to desired positions.

NOTE

When the SEP/COM A switch is set to COM A, only the CHANNEL A
AC/DC switch @ is effective, However, all Attenuator, Slope, and
LEVEL/SENS controls are effective.

6. Set TRIGGER LEVEL/SENSITIVITY switches @) €@ to TRIGGER LEVEL position. This sets the
sensitivity to maximum (10 mV for frequencies <10 MHz) and allows variable sefection
of trigger levels.

7. Adjust the LEVEL/SENS controls @ @ for optimum triggering, usually the middle of the range
over which the trigger light flashes.

8. Adjust the GATE TIME control @ for the desired sample rate, variable nominally from 60 ms to
10'5. The selected gate time may be displayed by pressing the GATE TIME switch @and the Blue
Shift key 9

NOTE

The first measurement is not displayed until the gate time delay is up.
For slow sample rates, use HOLD and the RESET switch.

Figure 3-14. Time Interval Measurement
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NOTE

For specifications concerning bandwidth, accuracy, and amplitude on
input signals, refer to Table 1-7.

1. Set POWER switch @J) to the ON position.

2. If the Start and Stop signals are from separate sources, connect the Start signal to INPUT A
jack €B) . the Stop signal to INPUT B jack g, and set the SEP/COM A switch to SEP
position. If the Start and Stop signals are from a common source, connect that source to INPUT
A jack @ and set the SEP/COM A switch @ to COM A position.

3. Press T.I DELAYswitch @), and insure the Blue Shift key @ is in the out position, to
select Time Interval function.

4, Set AC/DC @ @, ATTN @ @, and Slope @@ switches to desired positions.

NOTE

When the SEP/COM A switch is set to COM A, only Channel A
AC/DC switch @F] is effective. However, all ATTENUATOR, SLOPE,
and LEVEL/SENS controls are effective,

5. Set TRIGGER LEVEL/SENSITIVITY switches €3 €@ to TRIGGER LEVEL position. This sets the
sensitivity to maximum (=10 mV) and allows variable selection of trigger levels,

6. Adjust the LEVEL/SENS controls @ @ for optimum triggering (i.e., the middle of the range
over which the trigger light flashes).

7. Adjust the GATE TIME/DELAY control @ for the desired holdoff, (variable nominally from
500 us to 30 msibetween the Start on Channel A and the enabling of Stop on Channel 8. Inputs

during the delay time are ignored. The selected delay time may be displayed by pressing
T.L A—BEy, .1 DELAY @ and Blue Shift key B

Figure 3-15. Time interval Delay Measurement
3-22
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Far specifications concerning bandwidth, accuracy, and amplitude on
input signals, refer to Table 1-1.

1. Set POWER switcha to the ON position.

NOTE
There must be at least 200 ns between the $top pulse and the next Start
pulse. When measuring the time interval between the same polarity
slope of two pulses from a single source, the PER A mode should be
used.

POWER

2. If the Start and Stop signals are from separate sources, connect the Start signal to INPUT A
jack @, the Stop signal to INPUT B jack m , and set the SEP/COM A switch to SEP
position, If the Start and Stop signals are from a common source, connect to that source INPUT
A jack @ and set the SEP/COM A switch @ to COM A position.

3. Press T.I. A—B switch e, and the Blue Shift key e, to select time interval average
function.

4, set AC/DC @) @, ATIN @ @ and Slope @@ switches to desired positions.

NOTE
When the SEP/COM A switch is set to COM A, only the Channel A
AC/DC switch 0 is effective. However,all ATTENUATOR,SLOPE, and
LEVEL/SENS controls are effective,

5. Set TRIGGER LEVEL/SENSITIVITY switches @) @) to TRIGGER LEVEL position. This sets the
sensitivity to maximum (<10 mV) and allows variable selection of trigger levels,

6. Adjust the LEVEL/SENS controls @ @ for optimum triggering {i.e., the middle of the range
over which the trigger light flashes),

7. Adjust the GATE TIME control @ for the desired resolution. The selected gate time may be
displayed by pressing the GATE TIME swnch@ and the Blue Shift key@

KOTE
The T.I. Average A—B mode of operation will measure time intervals from
105 seconds to @ ns, with up to 10 ps resolution. A display of up to “~" Tor 2
ns, indicating a negative time interval (i.e., Channel B event occurred before
Channet A event} is possible.

Figure 3-16. Time Interval Average A—B
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NOTE

For specifications concerning bandwidth, accuracy, and amplitude on
input signals, refer to Table 7-1.

Set POWER switch o to the ON-position.
Set SEP/COM A switch @@ to SEP position.

Connect the input signals to INPUT A @ and INPUT B @ Connect the higher frequency
signal to INPUT A. Connect the lower frequency signal to INPUT B. The ratio displayed will be
greater than 1.

Press RATIO A/Be , and insure the Blue Shift key e is in the out position.

Set AC/DC @ @, ATTN @ @, and Slope @ @ switches to desired positions.

Set TRIGGER LEVEL/SENSITIVITY switches @) @ to SENSITIVITY position and LEVEL/SENS
controls @ @ fully ccw. This sets the trigger level at 8 volts (nominally} and sensitivity to
minimum (=500 mV). .

Adjust each LEVEL/SENS control @ @in a clockwise direction slightly beyond the pointthe
corresponding trigger light flashes. |If signals are less than 250 mV rms, the LEVEL/SENS
controls may be fully cw.

Adjust the GATE TIME control @ for desired resolution, The selected gate time, variable
nominatly from 60 ms to 10 s, may be displayed by pressing the GATE TIME sw;tcha and the
Blue Shift key @

3-24

Figure 3-17. Ratio A/B Measurements
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NOTE

For specifications concerning bandwidth, accuracy, and amplitude
on input signals, refer to Table 1-7,

1. Set POWER switch 0 to the ON position.
2. Set SEP/COM A switch @ to SEP position.

3. Connect the signal, either sine wave or pulses, to be totalized to INPUT A jack @ and the
gate contral signal to INPUT B jack @

NOTE

This mode will totalize inputs on Channel A for the time between two
events on Channel B. The Gate will open on the A Slope setting and close
on the B Slope setting. A reset is required to make a new measurement,

4. Press A BY B switch @ and the Blue Shift key e to select the Totalize A BY B function,

5. Set AC/DC @ @ , ATTN @ @ and Slope @ @ switc.hes to desired positions.

6. Set TRIGGER LEVEL/SENSITIVITY switches €3 @) to SENSITIVITY position and LEVEL/SENS
fully cew. This sets the trigger level at 8 volts {nominally) and sensitivity to minimum
(500 mV).

7. Adjust each LEVEL/SENS @ @ in a clockwise direction slightly beyond the point the corre-
sponding trigger light flashers. If signals are less than 250 mV rms, the LEVEL/SENS cantrols
may be fully cw.

8. This function operates in a single-shot mode. The RESET key must be pressed to initiate a
new measurement.

Figure 3-18. A BY B Measurements
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1. Set POWER switch @ to the ON position.
2. Set SEP/COM A switch @ to SEP position.

3. Connect the frequency burst signal to be averaged to INPUT A jack @ and the sampling
signal to INPUT B jack @ . The sampling signal must be synchronized with, and of pulse
width less than the burst,

NOTE

This mode will average together multiple frequency bursts and display the
average frequency of the signal within the burst. Due to the complexity of
this function it is recommended that the user thoroughly read paragraph 3-
23 before attempting to use this function.

4. Press T.I. DELAY, CHECK switch @ and RATIO A/B, A BY B switch @sogether for a
gate time of 500 us-30 ms or FREQ A, PER A switch @and TOT STOP, TOT START switch
for a gate time of 60 ms-10 s.

5. Set AC/BC @ @ . ATTN @ @ to the desired positions.

6. Set the Blue Shift key @ for the desired sampling/measurement interval enable slope: OUT
for a positive enable slope, IN for a negative enable slope (negative slope only using SHORT
measurement interval),

7. Set the A Channel SLOPE switch @ to the desired trigger slope. Set the B Channel SLOPE
switch @ for the desired disable slope.

8. Set the TRIGGER/SENSITIVITY switches @ @ to SENSITIVITY position and LEVEL/SENS
controls @ @ fully cow. This sets the trigger level at 0 volts {(nominally} and sen-
sitivity to minimum {500 mV).

9. Adjust each LEVEL/SENS @ @ in a clockwise direction slightly beyond the point the
corresponding trigger light flashes. If the signals are less than 250 mV, the LEVEL/SENS con-
trols may be fuily cw.

Figure 3-19. FREQ A Armed by B Measurements
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NOTE

For specifications concerning bandwidth, accuracy, and ampiitude on
input signals, refer to Table 7-1,

1. Set POWER switch ) to the ON position.
2. Set SEP/COM A switch @ to SEP position.
3. Connect the signal to be totalized to INPUT A jack @ .
NOTE
This mode will totalize inputs on Channel A for the period of time

manually selected using front panel switches.

4. Press TOT switch @ The Blue Shift key @must be in the out position,

5. Set AC/DC m , ATTN @ and Slope @ switches to desired positions.

6. Set TRIGGER LEVEL/SENSITIVITY switch € to SENSITIVITY position and LEVEL/SENS @ fully
ccw. This sets the trigger level at 8 volts (nominally! and sensitivity 10 minimum {500 mV).

7. Adjust the LEVEL/SENS control @ in a clockwise direction slightly beyond the point the
Channel A trigger light @ flashes.

8. Press RESET @ to clear display.

9, Press Blize Shift key @H\E to START totalize measurement, and press again {OUT paosition) to
STOP rotalize. Repeat this procedure to accumulate counts, press RES‘:’T@ to clear display
and enable a new measurement.

Figure 3-20. Totalize Measurements
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CAUTION

Make sure that the amplitude of the dgnal does not exceed the 1V rms

dynamic range.
NOTE

For specifications concerning bandwidth, accuracy, and amplitude
on input signals, refer to Table 1-1.

1. Set POWER switch 0 to the ON position, and press FREQ C/GATE TIME 0

2. Set GATE TIME control @ 10 MIN.

3. Connect the input signal to INPUT C jack @ .

4. Set SENS C control @ to MIN. Slowly rotate the control in a cw direction until the GATE
light just turns on.

5. Adjust the GATE TIME control @ for the desired resolution. The actual gate time may be dis-

played by pressing the GATE TIME function switch and the Blue SHIFT . Moving the
GATE TIME control fully cow into detent will HOLD the measurement display. in HOLD,
single-shot measurements with minimum gate time can be made by pressing the RESET @ key.

NOTE
The only controls active in FREQ C function mode are GATE TIME @ p

RESET @ , and SENS C @ . However, pressing either Channel
A @ orB @ scope switches will reset the counter.

6. The input connector for INPUT C @ is a special fused BNC. The in-line fuse within the
connector is accessible from the front panel. Refer to the Operator’s Maintenance, paragraph
3-70, for replacement of fuse.

3-28

Figure 3-21. Frequency C Measurement
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3-73. REMOTE PROGRAMMING VIA THE HP-IB
3-74, Introduction

3-75. The HP 5316B Universal Counter is compatible with the Hewlett-Packard Interface Bus {HP-IB).
Remote programming is installed as standard equipment and allows the counter to respond to remote
control instructions and to output measurement data via the HP-IB. At the simplest level, with no
system controller, the HP 5316B can output data, in the talk only mode, to other devices such as a
printer or a digital-to-analog converter. In more sophisticated systems, a computing or other type of
controller can remotely program the HP 5316B to perform a specific type of measurement, trigger the
measurement, and output the results,

NOTE

HP-1B is Hewlett-Packard’s implementation of 1FEE Std. 488-1978,
“Standard Digital Interface for Programmable Instrumentation™.

3-76. The operator must be familiar with the selected controller, the HP-IB, and the manual operation
and functional capabilities of the HP 5316B. The following HP manuals should provide useful
background information:

HP-85 Owners Manual and Programming Guide (P/N 00085-90002)
Condensed Description of the Hewlett-Packard Interface Bus (P/N 59401-90030)
HP-1B Programming Hints For Selected Instruments (P/N 59300-90005}

3-77. BUS COMPATIBILITY
3-78. Interface Function

3-79. The capability of a device connected to the bus is specified by its interface functions. These
functions provide the means for a device to receive, process, and send messages over the bus. Table 3-2
lists the HP 5316B interface functions using the terminology of the IEEE 488-1978 standard. These
functions are also listed below the rear panel HP-IB connector, as follows:

SHT, AH1, T1, L2, SRt, RL1, PPG, DC1, DT1, C@

The number following the interface function code indicates the particular capability of that function.

Table 3-2. HP-IB Interface Functions

INTERFACE FUNCTION
SUBSET IDENTIFIER INTERFACE FUNCTION DESCRIFTION

SH1 Compiete source handshake capability.
AH1 Complete acceptor handshake capability.
T1 Talker (basic talker, serial poli, and talk only mode capabilities)
L2 Listener {basic listener without listen only)
SR1 Service request capability.
RL1 Complete remote/local capability.
PPH No paraliel poll capability.
DC Complete device clear capability.
DT1 Device trigger capability.
g No controller capability.

3-29
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“HP-1B

SYSTEMS

3.80. The HP 53168 operates (as fisted in Table 3-2; as hoth a talker and listener. The HP 5316B output
format is the same regardless of the mode (tatk only/addressable).

a.

i

3-81.

TALK: The HP 53168 can be addressed to Talk by a controller or by the TALK ONLY switch for
use in systern without a controller. When addressed as a Talker, the HP 53168 will send data out
to other devices on the bus. This data is the result of a measurement in progress when
addressed, or the next measurement, depending on the function selected. The Talk Only
switch and the HP-18 address switches are located on the rear panel. {See Figure 3-11}.

NOTE

To remove the HP 53168 from the TALK ONLY mode, set the
ADDRESSABLE/TALK ONLY switch to ADDRESSABLE and press
RESET tfront paneli, When RESET is pressed the HP 53168 will exitthe
TALK ONLY mode,

LISTEN: When addressed as a Listener, the instrument can accept any number of commands
from the controller via the bus. These commands are used to program the instrument
operation.

SERVICE REQUEST (SRQi: SRQ can be sent active on the bus at the end of the measurement.
The HP 53168 has the capability to request service asynchronously from the controller in
charge of the bus. See “SR” described in Binary Command section, paragraph 3-91.

REMOTE/LOCAL: Normally the HP 5316B is under front panel (locall control. In order to
program the HP 5316B, it must be placed into Remote. Once in Remote, the programmable
functions cannot be affected by front panel control, except the RESET/LOCAL key, which may
be used manually to return the HP 53168 to local control. The RESET/LOCAL key may be
disabled with Local-Lockout (LLO. In LLO, the bus command GTL (Go To Local} must be sent
to disable LLO.

PARALLEL POLL: The HP 5316B does not respond to a paraliel poll.

SEVICE CLEAR: When a group or selected device clear is received, the instrument resets and
makes a new measurement.

PEVICE TRIGGER: When a device trigger is received, the HP 53168 will reset and make anew
measurement.

CONTROLLER: The HP 53168 cannot act as a controlter,

BUS MESSAGES

3-82. Through bus messages, devices on the bus can exchange control and measurement infor-
mation. There are 12 basic messages which can be sent over the interface. Table 3-3 lists each bus
message, giving a description of the HP 53168 response, and examples of the various controllers’ imple-
mentations of the messages.
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Table 3-3. Bus Messages 'SYSTEUS
HP-I18 HP 85
DESCRIPTE RESPONSE
MESSAGE RIPTION/RESPONS (adidress = 20)
BATA A WAY TO SEND COMMANDS TO HP 53168 OUTPUT 720; “FN1”
AND RECEIVE MEASUREMENT DATA. ENTER 726; A
STARTS NEW MEASUREMENT. IF THE HP 53168 1S
IN LOCAL, IT WILL REMAIN IN LOCAL TRIGGER 7
R | AND NO TRIGGER OCCURS, 4
STARTS NEW MEASUREMENT IF THE HP 53168 15 IN ‘
LOCAL, THE HP 53168 WiLL GO INTO REMOTE, TRICGER 720
CLEAR STARTS NEW MEASUREMENT CLEAR 7
{ACTS AS RESETI. CLEAR 720
FRONT PANEL FUNCTION AND SLOPE SWITCHES
EmoTe | ARE DISABLED; COUNTER DEFALLTS TO REMOTE 720
: FREQUENCY A, ALL SLOPES TO POSITIVE
UNLESS PREVIOUSLY PROGRAMMED.
LOCAL RETURNS TO LOCAL (FRONT PANEL: LOCAL 7
‘ OPERATION. : LOCAL 720

DISABLES FRONT PANEL RESET; ONLY CON-
LOCAL TROLLER CAN RETURN HP 53168 TO LOCAL. LOCAL LOCKOUT 7
LOCKOUT NOTE: |F IN REMOTE, FRONT PANEL FUNCTION
AND SLOPE SWITCHES ARE ALSO DISABLED.

GOTO
LOCAL
AND HP 33168 RETURNS TO LOCAL (FRONT PANEL} LOCAL 7
CLEAR CONTROL; LOCAL LOCKOUT CLEARED. i
LOCAL
LOCKOQUT
SERVICE HP 53168 Wittt REQUEST SERVICE AT END OF STATUS 7,2, A
REQUIEST MEASUREMENT IF SRQ AND WAIT STATE .
THIS COMMAND CHECKS THE HP-IB STATUS REGISTER
ENSEDE THE CONTROLLER TO SEE IF THE SRQY LINE IS
ACTIVE,
STATUS PRESENTS STATUS INFORMATION. BIT 7 1S A = SPOLL (7204
BYTE SEY IF SERVICE IS REQUESTED. {IN THIS

CASE, THE VARIABLE A WILL BE 64)

STATUS NOT APPLICABLE.
BIT

PASS

CONTROL NOT APPLICABLE.

TERMINATES THE BUS COMMUNICATIONS;
ABORT TELLS ALL DEVICES TO UNLISTEN; ABORTIO 7
HP 53168 ADRSD LIGHT Will GO OFF.
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3-83. Address Selection

3-84, To use the HP 5316B in an HP-IB system, first set the rear panel address switches to the desired
address. The leftmost switch sets the counter to the ADDRESSABLE mode or the TALK ONLY mode.
The ADDRESSABLE mode is used whenever a calculator or other controller is used within the system,
TALK ONLY mode is used when the counter is operating under its own control (no controller on bus)
and sends its measured result to another device on the bus, such as a printer set to HISTEN ALWAYS.

3-85. The five rightmost switches, As through A 1, set the TALK and LISTEN addresses of the HP 53168
when it is used in the ADDRESSABLE mode. Table 3-4 shows all possible address settings and the
corresponding ASCIl codes for talk and listen. The HP 5316B is factory set to address 20 as shown in
Figure 3-22.

TALK ONLY =

L. ADDRESSABLE

Figure 3-22. HP 5316B Address Switches (20)

3-86. Front Panel HP-IB Status LEDs.

3-87. The two HP-IB Status LEDs on the front panel are to indicate if the counter is in REMOTE and/or
ADDRESSED. The REMOTE light is on when the HP 5316B is in the remote mode. The ADRSD lightis on
when the HP 5316B is addressed to talk or listen. When the HP 5316B goes to local mode, the front panel
REMOTE indicator goes off. The ADRSD indicator stays illuminated if the HP 53168 is still addressed.
When in the TALK ONLY mode the ADRSD LED s always illuminated.

MNOTE

The TALK ONLY mode may be entered by the rear panel switch, but
can be exited only by setting the switch to ADDRESSABLE and
pressing the front panel RESET key.

3-88. Device Command D
3-89. A device command is a string or sequence of two or more ASCll-coded bytes (upper or lower
case), ending with a delimiter. (A delimiter is either a comma, semicolon, space, carriage return, or

linefeed.) This command causes the counter to perform a specific function. For the HP 5316B these
commands can be classified as either Terse, Binary, or Numeric commands.
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Table 3-4. Address Selection

AL B8 @ e At
TALK ONLY =4 [ | [

oo E.JQ :

L ADDRESSABLE

NOTE

Select the listen address from the table below and set the
address switches to the corresponding positions.

éf{?:ifggg ADDRESS SWITCHES 5-BIT
DECIMAL CODE
LISTEN As A4 Az A2 At
5P 0o 0 0 o o 00
! o 0 0 0 01
2 o 0 0 1 0 02
# o 0 0 1 1 03
$ o 0 1 o o0 04
% o o 1 6 1 05
& o o 1 1 o 06
! 0 0 1 i T 07
( o 1 0 @ 0 08
| 0o "1 0 o 1 09
. o 1 0 1 o 10
+ o 1 0 1 1 11
, o 1 1 6 o 12
—_ 0 1 1 ¢ 1 13
. o 1 1 1 o 14
/ o 1 1 1 1 15
o 10 0 0 o0 16
1 10 6 0 1 17
2 10 ¢ 1 o0 16
3 10 0 1 1 19
4 10 1 0 0 2
- 5 10 1 0 1 21
6 1 0 1 1 o0 2
7 T 0 1 11 23
8 1 1 0o 0o o0 24
9 11 0 o 1 25
: 1 1 0o 1 o0 2%
; 101 0 i 1 7
< 17 1 1 0 o0 28
= 11 1 o 1 29
> 1 1 1 1 0 30

*Address “21” s address for controller and cannot be used,
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3-90. TERSE COMMANDS: A sequence of two ASCil-coded alphabetic characters NOT
followed by a numeric or binary number.

RE

IN

Reset Causes display to blank and a new measurement to be made. All
functions and parameters remain the same. RESET (RE) also occurs
after the HP 5316B is placed into Remote. The “RE” command is
equivalent to the bus Device Clear and Trigger commands. The
RESET (RE command may be used to initiate a new measurement.

Initialize Causes the HFP 53168 to go to the default state: Function goes to
FREQUENCY A, A and B slopes go to +, and all of the Binary
commands go to the 8 state, For example, tnitialize {IN} sets the
following codes:

FNTASHBSSTROWABSRBGAD

The HP 53168 will blank the display and make a new measurement
in FREQ A (NOTE: Evenif the HP 5316B was in FREQ A already, “IN”
will still set the Binary commands to 8 and make a new measure-
ment. initialize is commonly sent as the leading code in a command
string. This will clear all functions (to default states) and then only
the codes following in the command string change the operating
mode from the default states..

3-91. BINARY COMMANDS: A sequence of two ASCll-coded alphabetic characters followed
by either a ‘@" or a ““1”. Beld indicates the defaulr state,

ASE
AS1
BSY
BS1
TRA
TR1

WAS
WA

SR8
SR1

3-34

Channel A triggers on POSITIVE slope of signal.

Channel A triggers on NEGATIVE slope of signal.
Channel B triggers on POSITIVE slope of signal.

Channel B triggers on NEGATIVE slope of signal.

The A and B trigger levels are set by front panel controls.

The A and B trigger levels are set by the internal D-to-A Converters. if no numeric
values are specified after a TR1 the DACs go to nominal zero volts DC. (See
Numeric Commands paragraph 3-92b).

Continuous gating mode; output only if addressed to talk.
Cate once, wait for talk address; output data; then make new measurement.

In the Wait state (WAT1), the HP 5316B will make a measurement and hold the data
until it has been addressed to talk. At that time, it wiil output the data and then
make a new measurement. None of the functions or parameters are changed.
Note that WAT allows you to make a measurement and then get the data from
that measurement. Simply addressing it to Talk, in WA®, will send you the results
of the next measurement completed. WAB will continue gating and not hold
the measurement,

HP 53168 WILL NOT pull SRQ at end of measurement.
HP 5316B WILL pull SRQ at end of measurement.

The HP 5316B will request service only to indicate that a measurement is complete
and the data is available. Service Request will occur only if:

1. the “SR1” command has been sent.
2. the WAIT state (WAT) has been enabled.

Reading a device status will return the value 64 (seventh bit active) indicating
that service has been requested. The service request line is cleared when the
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HP 53168 is addressed to TALK or when the status is read. Even though SRQ is
cleared during a read device status, the status will remain “64” until the data
is read or a front panel RESET is sent.

Once the data is read {when service has been requested) SRQ will go inactive
and the HP 5316B will start a new measurement. The service request can only
be cleared by reading the measurement data.

3-92. NUMERIC COMMANDS: A sequence of two ASCll-coded alphabetic characters
followed by a sequence of bytes representing a decimal number and a delimiter. Bold indicates
the default states,

a. Measurement Functions:

FNG ROLLING DISPLAY TEST

FN1  FREQUENCY A

FN2  TIME INTERVAL A—B

FN3 Ti DELAY

FN4 RATIO A/B

FN5  FREQUENCY C

FNe  TOTALIZE STOP

FN7 PERIOD A

FN8  TIME INTERVAL AVERAGE A—B

FNg CHECK 10.00 MHz

FN18 A GATED BY B (trigger slope controlled by front panel or by commands AS
and BS).

FN11 READ GATE TIME

FN12 TOTALIZE START

FN13 FREQUENCY A, AVERAGED, ARMED BY B
FN13 sets the Channel B START arming slope to positive trigger. The STOP slope
is determined by sending BS8 or BS1, The Channel A slope is determined by ASg
of AS1. See paragraph 3-23 for a detailed description of this function,

FN14 FREQUENCY A, AVERAGED, ARMED BY B
Same as FN13 except the B START arming slope is negative. The B STOP arming
slope and Channel A slopes are still determined by BS@ or BS1 and AS# or AS1,
respectively. See paragraph 3-23.

FUNCTION 13 AND 14 A ARMED BY B CODE TABLE

TRIGGER ON BEGIN ON EMD ON CODE

A SLOPE B SLOPE B SLOPE STRING
POS PGS POS FNT3ASB58
NEG POS POS FN13AS1BSO
POS NEG POS ENT4ASOBSY
NEG NEG POS FNT4AS1BSE
POS POS NEG FN13A58B51
NEG POS NEG FN13A51B51
POS NEG NEG FNT4ASEBST
NEG NEG NEG FNT14AS1BS1

FN16  HP-IB INTERFACE TEST {Used only in the HP-iB verification in Section 1V)

b. Programming Trigger Levels:
Commands of the form AT [value] and BT [value] set the D-to-A converters to
DC voltages such that the trigger levels of the A {and B} channels are the value
(in volts) specified. Note that TR must also be sent at the beginning of the DAC
programming sequence, (TRT enables the AT/BT command and need be sent
only once.) The trigger level voltage range is +2.50V dc to -2.50V dc, in steps of
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0.01vV dc. The trigger level voltages may be monitored at the front panel
TRIGGER LEVEL jacks. The measurement error at these points is 5% of the
actual voltage +15 mV over the range of £2.0V dc. For example all three of
the following formats set the Channel A trigger level to 0V dc:

AT 0 (Here the space is ignored)
AT0.00
AT +00

Channel B is exactly the same. To set Channel B to ~1.53V:
BT-1.53
Unless specified as negative, the polarity is assumed to be positive.
Sending trigger level commands (AT and/or BT} will cause the HP 53168 to reset.

¢.  Programming Gate Time:

GA  There are 2 gate time ranges available. The LONG gate time range is 60 ms-
10 s, typical. The SHORT gate time range is 500 us-30 ms, typical. These two
gate time ranges can be controlled by either the front knob or rear panel
adjustment (see Figure 3-11). The rear panel gate time control is essentially the
same as the front panel GATE TIME control WITHOUT the HOLD position.
Commands for the gate time ranges are as follows. Bold indicates the
default states.

GA# Gate time range is LONG, controlled by front knob.

GAT Gate time range is SHORT, controlled by front knob.

GA2Z Gate time range is LONG, controlled by rear panel adjustment.
GA3  Gate time range is SHORT, controlled by rear panel adjustment.

NOTE

Placing the GATE TIME/DELAY controlin the HOLD position will
cause the bus to stop all operations whenever an attempt is made
to read data from the HP 5316B. When a read data statement is
sent, the HP 5316B cannot send out its data until the GATE
TIME/DELAY control is removed from the HOLD position,

3-93. INPUT CODE FORMAT

3-94. The HP 5316B will accept the program codes in either upper case or lower case. For example:
output 720, INFN7WATSRT’ OR output 720,"infn7walsr1”

Either way will produce the same results. Depending on the controlier, this feature can help speed the
writing of programs,

3-95. OQUTPUT FORMAT

3-96. After a measurement is complete, the HP 5316B will output the data to the HP-IB. The output
string contains 19 characters, followed by a carriage return and line feed. Table 3-5 shows the output
format of the string.
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LD~

Position 1 (ALPHA CHARACTER):
F for frequency measurement {FN1, 5, 9, 13, and 14;
T for time measurement (FN2, 3,7, 8 and 11)

a.
b,
.
d

2,

Operation
Y HP-IB 3
Table 3-5. Output String Format SYSTEMS
2 3 through 15 16 17 18 19 20 21
+ X spaces, 1 digit, dp, 11X digits E + D D CR LF

QO for overfiow

Troubleshooting.

Positions 3 through 15:

In these positions, X spaces followed by a single digit, a decimal point, and 11-X digits
{depending on the resolution). The decimal point may appear at any position between 4 and 15,

Position 16 through 21:

The “E” to signify EXPONENT followed by the exponent polarity (+ or -}, two exponent
digits, and carriage return and linefeed.

X for error (indicates the same error as front panet ERROR LED). See Section VIil,

SP (space) for all other modes and functions (FN4, 6, 10, and 12}

3-97. The measurement data output speed for the HP 5316B is approximately:

.

3-98.

Seven measurements/second in the LONG gate time mode with the GATE TIME control
tully counterclockwise {shortest LONG gate time), but not in HOLD.

Ten measurements/second in the SHORT gate time mode with the GATE TIME control
in the fully counterclockwise position {shortest SHORT gate time), but not HOLD.

PROGRAMMING EXAMPLES

3-99. The examples listed in this section assume a HP 53168 address setting of 10100. The HP 53168 is
addressed to talk and listen by using the code 720, where 20 is the HP 5316B address and 7 is the
interface select code of the 82937A HP-IB for the HP-85.

3-100. The following programs demonstrate the programming of the HP 5316B using the HP-85.
EXAMPLE T SIMPLE FREQUENCY MEASUREMENT HP-85

H:
20:
30:
40:
50:

output 720;"FN1”
enter 720; A

disp A @ wait 500
goto 10

end

SET THE HP 53168 TO FREQUENCY A MODE
READ DATA INTO A

DISPLAY CONTENTS OF A, WAIT 500 ms
GO TO LINE 10

END PROGRAM

EXAMPLE 2 PERIOD MEASUREMENT USING REMOTE TRIGGER LEVELS HP-85

10:
20

30:
40:
50:
60:

www.valuetronics.com

dim A${19]

output 720;“fn7waltrlat-25"

enter 720; A%

dsp A$ @ wait 1000
goto 30

end

DIMENSION A$ TO 19 CHARACTER LONG

SET THE HP 5316B TO: PERIOD, WAIT TO OUTPUT,
TRIGGER LEVEL SET BY D/A CONVERTER,
CHANNEL A TRIGGER LEVEL SET TO -.25V dc
READ DATA INTO A%

DISPLAY AS;WAIT 1 SECOND

GOTO LINE 30

END PROGRAM
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3-101. Special Programming Considerations

3-102. To dclarify the programming of the HP 5316B, the following considerations should be noted:

1. If the HP 5316B is currently in REMOTE and new commands are sent, the HP 5316B will reset
and begin a new measurement.

2. If the HP 5316B is sent back to local from remote and then returned to remote again, all
previous remote functions (slopes, trigger levels, output mode, etc.) will be retained and
reactivated. The gate time, however, is dominated by the locally selected range and
must be programmed again if different.

3. If a trigger command (group or select) is sent to the HP 5316B while under remote control,
and the HP 53168 is currently making a measurement, a new measurement will begin but
the gate time is shortened. The gate time will be approximately the amount of
time remaining from the interupted measurement. The resolution obtained will be
correct for the shortened gate time.

4. If a sope command is sent to the HP 5316B and no previous function command was sent,
the HP 5316B will default to Frequency A.

5. f new commands are sent to the HP 5316B while it is waiting to output data (WA1 is active),
the new commands will not become active until the data is read from the counter
{HP 53168 addressed to talk}.

6. The HP 5316B will remember the trigger level values set during remote control when sent to
local. However, if the front panel Reset is pressed while in Local, the trigger level values
stored will default to nominal zero and the Trigger Level/DAC selection will default
to TR@ {front panel control}.

7. When writing instructions, the HP 5316B will generally ignore the delimiters in the instruction
string, as fong as they occur BETWEEN complete instructions.

8. To enable Service Request, BOTH WA1 and SR1 must be sent. WA1 can be used alone if
Service Request is not desired.

9. When operating in FN10, “A gated by B”, the “measurement complete” status is not set.
SR() is set at the beginning of the measurement. In order to tell when the measurement is
complete, loop the READ routine and notice when the measurement stops changing.

Or, if the B timing is known, insert a program delay to make sure that the measurement is
complete before the reading is taken.
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Table 3-6. HP-IB Program Code Set

HP 53168
Operation

RE

ASE
AST

BS1
WAS

WA
SRe
SR1
GAg
GA1
GA2

GA3

TR8

TR1

Reset Display blanks and a new measure-
ment is made.
HP 53168 goes to default state, which
is the same as sending the following
codes:
FNT ASH BSS TRO WAS SR3 GAS
inoted in hold)
A channel triggers on POSITIVE slope of signal.
A channel triggers on NEGATIVE slope of signal.
8 channel triggers on POSITIVE slope of signal.
8 channel triggers on NEGATIVE slope of signal.
Continuous gating mode, output only if
addressed,
Gate once, wait for talk address to ocutput data,
then make new measurement.
HP 33168 WILL NOT pult SRQ at end of measure-
ment.
HP 53168 WILL pull SRQ at end of measurement
imust be in wait state WAT).
Gate time range is LOMNG, controfled by front
knob.
Gate time range is SHORT, controlled by front
knob.
Gate time range is LONG, controlied by rear
panel adjustment.
Gate time range is SHORT, controlled by rear
panet adjustment.
Long gate time range — 60 ms to 10 s, typical.
Short gate time range -— 500 us to 30 ms, typical.
The A and B trigger levels are set by front
panel controls,
Enables the A and B trigger levels to be set
remotely via HP-IB. If no numeric AT or BT com-
man is sent, trigger level is zero voits DC nominal.

AT {vaiue) A Channel Trigger Level

BT t(value) B Channel Trigger Level

Trigger levels can be set from -2.50V dc to +2.50V
dc in steps of 00TV dc. Format for the voltage
value can be any of

Initialize

X +X.XX

XXX - X.XX
+X.X XX
-X +X
-XX

Measurement Functions:

FNgG
FN1
FN2
FN3
FN4
FN5
ENG
FIN7
FN8
FN9
ENTG

ENTY

FN12

FNT3

FN14

FN16

DATA OQUTPUT SPEED:
7 readings/second maximum ~ Long Gate Time.
19 readings/second maximum — Short Gate Time.

Note: As soon as a command is sent to the HP 33168 a

Placing the GATE TEME/DELAY control in the HOLD position
wilf cause the bus to stop all operations whenever an attempt
is made to read data from the HP 537168,

ROLLING DISPLAY TEST

FREQGUENCY A

T1 A—B

T.1. DELAY

RATIO A/B

FREQUENCY C

TOTALIZE STOP

PERIOD A

T.l. AVERAGE A—B

CHECK 10.00 MHz

A GATED BY B (trigger slope controlled by
commands AS and BS or by front panel).

GATE TIME

TOTALIZE START

FREQUENCY A, AVERAGED, ARMED BY B

FN13 sets the B channel START arming slope to
positive trigger. The STOP slope is determined
by sending BSB or BS1. The A channel slope is
determined by AS8 or AST.

FREQUENCY A, AVERAGED, ARMED BY B

Same as FN13 except the B channel START

arming slope is negative.

HP-18 INTERFACE TEST (Used in the HP-IB
verification in Section VL.

new measurement is triggered.
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