ELECTRONIC COUNTERS

‘hp|
W. 100 MHz Universal counter

Model 5328A

® 100 MHz. 512 MHz and 1300 MHz
® 100 ns or 10 ns time interval
# T.l. averaging to 10 ps resolution

@ “armed'’ measurements
= DVM options
» HP-IB interface option
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Description

The 5328A, thr the use of the fates( lechnology (such as a ROM
controlled measurement cycle} and a modular design. provides you
with the oplimum in universal counter price/performance. Optional
modules allow you to tailor the performance of the 5328A to meet
your particular measurement needs. In many instances, however,
the standard 5328A offers all the capability you're ever likely to
need:

Burst and CW measurements to 100 MHz: special gating circuits
statl 2 measnrement only when the input signal is present, allowing
burst frequencies to be made as easily as CW measurements. The
option 030 channel C extends this capability to 12 MHz: option
031, to 1300 MH2.

Single shot time Interval measurements: the standard universal
module's 100 ns single shot resolution meets or exceeds the re-
quirements for a wide range of applications such as mechanical and
electromechanical device timing (relays). time of Night measure-
ments (balistics), sonar ranging. mdio ranging and navigation.

Summary of charaeietlstics

Time Interval averagling: resolution betler than 10 ps (107" sec-
onds) for repetitive 1ime inlervals as short as 100 ps.
Perlod, pertod average, ratlo, totalize, scale: cxtra problem solv-
ing power for your special requiremenis.
Armed measurements; versatile arming modes (controlled by a
rear panel switch) allow the real Lime contro) over when a measure-
ment begins. Uselul for measurements such as [requency burst pro-
file and frequency sweep Jinearily.
Trigger lighta: trigger light blinks when channel is 1riggering; Jight is
ON when input s above (rigger level: OFF when input is below
Irigger level. Simplifies trigger level adjusiments.
High performance marker outputs: marker outputs {operational
to 100 MHz) indicate where channel is triggering in rea) time for
oscilloscope monitoring applications. Provides measurement feed-
back to the operator for greatly simplified measurement set-ups.
These features and capabilities make the 5328A an excellent
choice for general purpose lab use, clectronic service, and produc-
tion lest. For more demanding applicalions, a varnety of oplions
offer exlended performance at a modesl increase in price.

Model Ha 0gseriptlon featuces
53284 Ualversal Counter fFrequency lo 10D MHz, 100 ns single shet 1.1 V.l averagings
Periad, Petlod Avg: ratio) totalize
Ogpt. 010 }h‘uh Slablﬁly Oven oscillator with aging rate <5 x 10 "/day
ane Base .
Opt. D11 HP-18 Interlace Allows 53284 10 outpul dala and be controlled via the
HP interface Bus,
Opt. 020 ovM Single ended DVM for hipger Jevel and external witage
measurements, -
Opl. 02} High Perfarmance Floating DYM for trigger lavel and high accutacy edernp!
i yoltage measurements. i
Opl. 030 612 MHz Channef & Frequency measurements to 512 MHzs 9 qu display.
apt. 031 1300 MHz Channel C frequency measurements to 1300 MHz, 9 digit dlspla;.
Opl. 040 High Performance Same as standard 5328A but with 10 ns single shot T.1.;
Unwersal Module improved V.1, averaging; improved T.1, accuracy. measurements
with delay: 1.1 A8 marker; hysteresis compensation;
switchable input impedance (1 MO/500)).
OpL 041 Programmable nput Full remote programming of a1l universal module contrals thru
Moduie opt. 011; 10 ns single shot T.).. switchable | MO/50ct Inpul Impedance.
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5328A with Op1 021, 031, 041

5328A Option descriptions

Hlgh stabllity ttme bsse (Opt 010)

The siandard time base for the 5328A is a room temperature 10
MH 2z eryswa providing a long term aging rate of less than 3 parts in
10 per month. The option 010 oven oscillator offers excellent short
term and temperature siability which can contribute to higher mes-
surement acuracy. The low aging rate of <5 X 107"/day permits
reduced intervals between time base calibranons

HP Interface bus for systems use (Opt 011)

The option 011 HP-IB Interface brings the full capability and
power of the HP Interface Bus. The S328A can accept program code
words over the HP-1B which reruotely program various front and
rear panel controls. [n addition. measvrement cesults may be output
over the bus to HP-IB compalible instruments, calculators, or com-
pulers.

Remotely programmable controls jnclude FUNCTION selec-
tion, RESOLUTION selection, ARMING., SAMPLE RATE
(max, or manugl), RESET, measurement modes, ou¢put modes, and
display modes. Opticn 041 adds programming of channel A and B
input signal conditioning controls.

Digital voitmeters (Opt 020, 021)

The unique combination of an integrating digital voltmeter with a
universal counter produces a superb genersl purpose measuring in-
strurment. By using a voltage to frequency conversion technigue, the
incremenlal cost of adding DVM capability to the 532BA is very
tow.

Two DVM options ar¢ available; the option 020 DVM with
single-ended input and the option 021 High Performance DVM with
floating input. You can use these DVMs to measure channel A and
B rigger levels and extemnal voliages. Simce a built-in DVM gready
simplifies Lime inlerval measuremerit set-ups, il js highly recom-
mended that ooe of the DVM options be selected, particularly if
time iolerval measuremenls are one of your major applications.

High frequency channel C (Opt 030, 031)

Wilh a high frequency channel C module the 5328 is ideatly suited
for use in a wide variety of commuaications measurements. Option
030 gives direct count mensurements to 512 MHz with 15 mV rms
sensitivity: option 031 counts to a full 1300 MHz with 20 mV ms
sepsilivity. Typical applications soclude servicing, maintaining,

calibrating, and monitoring communications transmitiers and re-
ceivers such as found in two-way radio. radio and television broad-
casting, mobile radio. and common carmier multiplexing and Ilrans-
mission.

Extended capabillty universal modules (Opt 040, 041)

Options 040 and (41 give extended performance for lime interval
measurements. Oplion 040 is designed for bench uvse and includes
‘‘delay’” capability for increcased measvrement versattity. Option
04) adds fult programming of the input signat conditioning controls.

Both of these options generate a 100 MHz ¢lock 1o give 10 os
single shot resolution for Limg interval measurments. This resolution
s useful in applicauons such as computer/peripheral timing mea-
surements. logic liming measurements, RADAR ranging, and opti-
cal ranging.

For improved Gme wterval averagiog performance, the options
have input channels adjusied for dclay matching 1o better than 2 ns.
Addidonally, options 040 and 041 use a jittered ¢clock in T.1. AVG.
function to give avernging even for those cases when the input repe-
tition rate is synchronous with the counter's mternal timebase.

Seleciable inpot impedance adapis the counter (0 Lhe measure-
ment enviranment: S0Qfor fust signws in a S0 environment, | M)
1o reduce circuit loading or to use with scope probes.

The ““delay” feature of option 040 allows yout 10 disable the inputs
from Iriggering for selected periods of time (20 us 10 20 ms). Delay is
useful for ignoriag high amplitude noise such sas from chattering
relays or ignoning stop pulses in multiple stop T.1. measusrements.

Oplon 04| allows remote programming of input trigger level.
slope, coupling. and atienuator setting. Under remote control. the
input impedance is independently selectable on the A and B chan-
nels. Also. a remote “*Inven®’ funclion switchs the A and B channel
signals intemally. “'[nvent’ gives exceptional flexibility for two
channel time interval measurements.

Retrofit kits

Retrofit kits, available for all oplions, allow you to upgrade the
performance of your 5328A in response 1o your changing measure-
ment requircments.

The condensed specifications on the following pages highlight
some of the important performance cbaracleristics of the 5328A and
its options. Compiele specifications and delailed applications infor-
mation are available in the 5328A data sheet.
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Opt 020 Opt 021

DVM High Performance DVM

Digital voltmeter modules
Dlgital voitmeter measuremenist

(o)

Erianmer C

Opt 030 Opt 031 1300 MHz
512 MHz Channel C
Channel G

10855A Preamp

Channel C modules

‘e2ding yulomal:cally
mulliplied by setting of
attenuator switch «f
using Opt 040 ar 04l
yniversal modules

1Performancer 60 days at 23°C = 5°C and RH <80%

DVM (Opt 020 and 021): rigger levels of input channels A and B \aput charactoristles 0pt 030 opt 631
and external voltages may be measured. Sansiility Py ——
Coupling gt 13
Maximum senstivity Dpt 020 apl O Trigpar Jeve V. fiead 0V, fixed
Mexs, lime‘ro o 560 - o Imgedance 50N 500
s - n ¥ axis b v 5V . x5V
Vs (N - 108 | mv 100 1y e Japet. A o 2 i
ﬂ)] TN - 1]%*‘) 2% my IB m; Inpu pratection fused fused
ms (¥ = ) v n
)| mss(N = J0% 20D rr:v 100 ¥ Atonuator No V:léaslge”i;rwugsl?;n:m
1 SuUp
Range 01s =125V de 210. =100, =1000 V dc, on zignals 'u 5 ¥ s
and Autorange
ACcuacy 0.5% reading 0.03% reading =0.004% Hiequoncy © megsurements
=\ - (] =0, &
(2D min, waem-up) =amy range; for ?OGOV Range 5=512 MH1 30-1300 MKz
range: =0.087% reading (dlrect countd (prexcalag, -4)
LL %% Iy Recolution 1Mz 10 0.1 He 1 MHz 1o 0,1 Ke
Input Lerminals Single gnged Floating pair In decade sleps In decade sleps
npul lmpedance 10 MO 10 MA) Aceuracy =1 count =1 count
— = llmebase evor = \imebase error
Normal mode >60 a8 a1 60 W >80 dB at 50 K2 o
r8jection ratio 150 Hy) £0.1% geatar wilh fillac on Ratla C/A measuremont
tHectlve common DC: 120 U8 Range: 4 0-10 MBz 0—-10 MHz
Motde relection ratio AC >120 08 far ¢ 5-512 MHz 901300 MH:
(1 kMt uabalagce) mulliples of B0 He (50
H2) wuth Filer en General
Maximum Input =500V Hl 1o m.u_; 1100 v a1 Protie power Ho 1%%\;3'3122;:':'
canges, (O Lo chassrs
Rrosng. =500 ¥ HP active probe
Trigger levet 2 mVY disphlyy 1 mv diplay
Measlirem enls resalutinn resolution, 1rigger level Events C, Ato B (W"h Opt 030 only)

the number of evenis at the C inpul are totalized during the syn-
chronized time interval defined by inpuis to channels A and B. The
synchronized time inlerval is a multiple of 100 ns with the standard
universal module: a multiple of 10 ns with Opt 040 or 041 universal
modules.
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Standarg Opt 040 Opi 041
Universal Module High Performance Programmable Input
Universal Module Universal Module

Accessorles

10855A Preamp: (for use with Op( 031): gives >22dB gain with = |
dB flatness over the entire frequency range of the Op1 031 1300 MHz
Channel C. For morg details see page 286,

Perlod Average & messuremants
Universal modules, channels A and B Hange 5=10 Wl
Resolution 100 ns 10 0.01 ps 10 ns 10 0.0% ps
In decade steps in decade sleps
Input characleristics Standard Opt 040, 0gt 041 Accuracy =1 count displayed = timebase erros
Sendtivily = lrigger error”
040 MK: e 25 @V rms 25 mVoms N
{ac coupled)
20 Hz-40 MH: 25 mV rms 25 WY 1ms. Timo Inlarval A 16 B messurements
{dc coupled)
40166 Mﬁz 50 mV rms 50 mV s Range 100 ns to 10® 5 10 ns to 107%s
Resolution WOonstals 10astoDlis
Min pulse wifih 5 ms, 140 mV p-p In decade steps in decade sleps
Coupling ac or de. switchable Becutacy = 1 eount - timebase ecror
Impedance 1 MQ. 40 pF 1 MO or 50¢), 2 nge wo
shunt swilchable Time |mayva) average & 1o B
Trigger lavel variable =2.5 ¥ tmes atten setting Range 0.1nsl0s Clnstals
m—ﬂ' slope independent selection of + or — slope Resolvtion 10004 = Wrigger &1t " =10 ns = Ingget enot”
Attenustors X1, X10. X100 Opt 040: X1, X2, X20 vl \"h!'
Opt 34:: X1, X10 =10 ps =10 ps
Dymamic range 25 mV to 1 Vv ims times altenwator Accuracy = resolution = tesolution
setting for 040 MHy. 50 mV ta 500 my =4 s =2ns
times attenuator setting o 40-100 MKz = limebase error = limebase error
Channe! laput Separate or Separate, Ml polye width 25 ms 10 ne
Comenan A Common A, e =
or Check Min. dead lime 150 ns 40 ns
{lvom each
Deby Mo Opt 040 only: stop event 10 ned
20,8 to 20 ms star! evenl)
:t mlnmnln No Opt E{ﬂ l(l:nly: Ratio B/A measurements
orilr oly evel, slope
coupling, atten, Range: A 0-10 MH2
{mpi zncﬁK 8 0100 MH2
SEPLOM Totalizing and xcaung, Start A
Frequency A measuremenl The number of counts at the A input are totatized for N = 1on the tesolution switch. For
- N1, AN is totalized and the scaled sutput (A/N) is available at e Tumebase Qut rear
Range 0=100 MHz. direct count panel connector,
Rexolilon 1 MH2 0 0.) MHz in decade steps Range: N = ] 0-100 MRz
M=) 010 MHz
Accuacy =] count, =1 timedbase enex
* Trigger errar is <0.3% of one period for sinewaves of 40 dB S/N or better and ampliluds equal 1o
Poriod 4 measuremem sensilivity of counter, For any waveshape, trigger error (s less than
Range 0-10 MNz ) e i
Revolulion 1W00nsla)s Wnsto0.)s = nuc.:z e
in decade sleps in decade slaps signal shopa
Aceuracy =1 count = lime base errar =0.025us
» Ingger enmor’ (“’ _—17_E"VT—sugna STone Vs (o 40 08 SIK.
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Model 5328A (cont)

Measurements with delay (Opt 040)

Delay mode is activated by the inner concentric knob on Level A
control of option 040 Universal Module. A red LED indicates delay
is activated. In delay mode, Channel A triggers and is then dissbled
from triggering again unlil the delay times out (disabled state occurs
within 1 us afier triggering.) Channel B is continuvously disabled
uniil the gelay limes out. After the delay, both A and B are enabled.
The delay time may be measured by placing (he counterin T.1.A B
and the Universal Module in check (CHK).

Delay range: 20 ps 10 20 ms continuously adiuslable.

Minimum dead time: | us between stop and next start (T.1. aver-
age measurements only).

General

Display: 9 digit LED display, Ninth digit used only with channel C
funclions (FREQ. C, Ralio C/A. Events C, A B).

Bilanklng; suppresses display of uawanted zeros to left of most
siguificant digit.

Storage: holds reading between samples: can be overridden by rear
panel swilch.

Sample rate: viariable from less (han 2 ms belween measurements
to HOL D which holds display indefinitely.

Gate output: rear panel output, TTL levels: high when counter gate
open.

Timebage output: rear panel output: TTL levels.

Check slgnal: with function switch in CHECK, counter should
display 10 MHz + 1 count. With options 040 and 041, place function
switch in FREQ A and universal module in CHECK (CHK).
Counter should display 100 MHz =1 counlt.

Trigger lights: light is ON when input is above trigger leve); OFF
when input is below trigger level: BLINKING when channel is
triggering. Operate over full frequency range of 0-10 MHz,
Marker outputs: indicate acinal change of state of nput Schmids
irgger for channels A and B with <20ns delay. Output levels info
50Q are 0 10 — )00 mV for the slandard universal module, 0 lo —50
mV for option 040, and 0 to +1 V for option 041. Quiputs are
protected from inadvertently applicd voltage 1o =5 V dc.

Arm; rear panel switch tums arming ON or OFF. With arming ON
the measurement is armed by an input other than the input involved
in the measurement. The following are armed by an event at B: Freg
A, Period A, Period Avg A, Freg C, DVM, Ratio C/A; the follow-
ing are armed by an event at C: T.1. A—>B, Events C, A—B, Ralio
B/A.

Operating temperature: 0° to 50°C.

Power requlrements: 100/120/220/240 V rms, +5%. - 10% (swiich
seleclable). 48-66 Hz: 150 VA max.

Timebase oschlators

Slandard crystal oscltlator

Frequency: 10 MHz.

Aglng rate: <3 x 10~%month.

Temparature: <2.5 x 1079.0° 10 50°C.

Line voltage: <1 x 10~? for 10% change.
Opt 010 oven oscillator

Frequency: 10 MHz.

Aging rate: <5 x 107'%day afier 24-hour warm-up.

Short term: <1 x 07'® yms/s.

Temporatura: <7 x 10-¢, O° to 50°C.

Line Voltage: =5 x }10~* for 10% variation.

Warm-up: within § x 107 of fingal value in 20 min.

Exl. {req. sid. Input: 30 kHzto |10 MHz signal of amplitude >1.0 V
rms into 1 k. Maximue inpul: § V p-p. Cormrect readings. With
options 040 and 041 the following constraints apply: ext. freq. std.
must be 10 MHz for Period Avg.. T.1. Avg.. Peniod (N =1), and
T.I.(N=D.

HP-IB Interface (Opt 011)

Option Q11 provides digital output of measuremen( data
(‘ualker'’) as well as input for remote program control (* ‘bstener*’).
Programmable features: function, resolution. sample rate (max or
manual control), arming, display modes, measurement cycle modes,
output modes, and reset commands. Opton 041 adds control of
channel A and B trigger level, slope, atlenuator, coupling, input
impedance. and SEP-COM-CHECK seleclion.

HP-1B commands: respnds o the following bus commands (see
HP-1B Users Guides for defimifions)—Unlisten, Untalk, Locsl
Lockout, Device Clear, Serial Pol! Enable, Serial Poll Disable, Go
10 Local, Selected Device Clear, and Group Execute Trigger.
Sarvice request (SRQ): if enabled, indicates end of measorement.
MaxImum data outpul rata: 500 readings/sec.

Accessarles

5363 A Time Interval Probe: solve many of the *hidden'" problems
of precision time interval measurements. The 3363A Time Interval
Probes minimize cricuit loading,give calibrated Irigger level settings,
increase input dypamic range, and allow duffercntiat channel delay
calibralion. See opposite page for more dewils.

Options and accessories Price
010; High Stability Timebase $525
011: HP-1B Interface $350
020: DVM S200
021: High Performance DVM S500
030: 512 MRz Channel C 400
031: 1300 MHz Channel C 600
040; High Performance Universal Module $350
041: Programmable Input Controls Modulc $650
907: Front Handle Kit 15
808: Rack Flange Kit $10
809: Rack Flange and Front Handle Combination Kit 520
10855A Preamp $225
S363A Time Interval Prabes $1900
5328A Universal Counter $1300



