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Frequency Range
from 1 to 1,000 MMz

Phasemeater

A60° range with 0.1°
resolution .

+ 180° offset In 10° steps

Dual Channel Miliivoltmeter
100 pV fullkscale  © - .

senSEtiVity . Tg RIS

> 90-dB dynamic range

Simple Operation

automatic: phase-locked o
tuning LT

Versatile Cutputs » ‘
20 kHz replicas of RF.: .
inputs o
voltmeter and phasemet
recorder outputs ...

Magnitude and Phase

The Hewlett-Packard B405A Vector Volimeter provides
the missing information in RF voltage measurements-
phase, Since voitages are vector quantities described by
both magnitude and phase, simple voltage measure-
ments tell only half the story. Much circuit -design is.
virtually impessible without phase information. Voltage
and phase data define completely. the network param- -
eters needed toc optimize any design. The 8405A ailows
you to measure, with cne instrument, both voltage and
phase over the wide frequency range of 1 to 1,000 MHz.

{n addition to these valuable capabilities, the 8405A
provides high accuracy and resolution, direct readout,
and operating convenience. These Teatures enable you
to make RF voltage and phase measurements more easily
than ever before, By making these measurements simple,
the B405A opens the door to new and more effective
methods of componeni, network, and amplifier evalu-
ation. The B8405A thus reduces costs by minimizing
equipment requirements, saves time by simplifying
measurements, and increases effectiveness by extend-
ing capability over a wide fregquency range.

Ry ST
1 AR kA

Model 84054

» Amplifier gain and phase
response )

» Attenuation and phase
characteristics of filters and
other networks

» Cable characteristics

» Complex impedance, reflec-
tion coefficient, and SWR

MEASURE a 7 » High-frequency transistor

parameters

Amplitude modulation
percentage :

Y

» Small frequency differences:

» Carbup delay

Medningful SO dB Dynamic Range

The 8405A is a two-channel, tuned volt/phasemeter
with a 1-kHz bandwidth. It responds only o the funda-
mental frequenhcy of the Input signal; eliminating errors
due to harmenics, It is as easy to operate as any un-
tuned voltmeter and is well suited to fast production
line testing. You simply rotate a front-pane! switch to

select any of the 21 overlapping octave ranges which
inelude the input signal frequency, and the automatic
. phase-locked turiing does the rest. To eliminate guess-
work, a front-panel light tells you when the voltmeter is
_properly tuned. The automatic tuning will follow slowly

swept signals provided they remain within the selected
octave range. . )

380° Phase-Ranga, 017 Resolution

The phase difference betwsen the two input channels
is continuously displayed on a zero-center meter with
end-scale ranges of = 180°, = 60°, = 18°, and x&°. The
+6° scele provides 0.1° resolution, and a meter offset
selectable in precise 10° increments permits this resolu-
tion to be realized anywhere in the 380° range. A push-
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ACCESSORIES FURNMISHED
ooy ascommerll ©10216A lsalator. (twu furn:shed - {six furn!sl;ed!
ks T pedance nominally-100 kfl sh ’
ol ) Used to eliminate. errors gy
: changing test pemt 1mpeéance
115764 10:1 Dmdar (two furmsh dsix furnished).
lmpedance naminally. 1 MR sim'
due to effects’ ef changm VIIZIBA BNG{Adapter Atwo furnishedy con-
pedance; . L T verts pru @ tg tu male BNC connector.
ACCESSORIES AVAILABLE
115434 Power Splitter, all connectors Type > I1512A':S,hﬁﬂriﬁ'z.?Euz;?FYﬁé.N‘mai&-
N female {UG-28A71). ‘ A IR
| “terminating 509 .
a e eir characteristtc
115368 500 Tes, with Typa N: ' '
for monitorlng -signals in 508 trartsmas-
sion ine without ferminating :_he line. y
GDMFLEMENTAEY EQHIPMENT
" sma Blrect;unal Bridge 100 kHz to 100
- MHz. ' This :bridge.. has >>40 4B directivity
; > dBH requezwy ‘résponse. Nominal
csupi;ng Iy 63
g -g“)‘ésh S«Paramiete T?st Saf. Prtiwzd%s %ush»
B E t uitonscoAvenignee'ifor measuring both re-
. 32008 10t 500-MHz 05 H i . flgctions and: transmission properties of
* . Greater. than'’ T -petwarks, ‘Has- 35748 direstivity %o | GHa.
120 dB attenea fritddltional -gtcessorips available inciude the
: ?3535?« Fiéi;uéhcy _ 74D u_a;"f Iriictiona .“'Caﬁalari. 2215 tdn
e 1 -MHBz. Alsi for complex. Impe
. ;;1‘1060 ‘MHz. “Appreximatefy. 0, ' ce s sibolow 238 Mz,
' a cunpfer 450 to
2 aral; Goupler, 106 to 2000

etow 1000 MHz,

A03E-0RIL . ; FRINTED 1} {1.5,A,
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B RETEE.  PECIEICATIONS

INPUT CHARACTERISTIES

Instrument Type: Twe-channe! sampling RF mifliveltmeter-phasemeter
" which measuras valtage of two signals and simuitansously displays
the phase angle between the twe signals.

Fraquency Ramge: 1 MHz to 1 GHz in 21 overlapping oclave Bands
{lowest band covers two octaves).‘

Tuning: Automatle within each band. Awtomatic phase contral (AFC)

gircuit responds to the Chapnel A input signal. Search znd lock tms,

approximately 10 millisgeonds,
Yoltage Range

Channe) A
1t 10 MHz; 1.5 mV 1o 1V rms.
10 to 500 MHz: 300 p¥ to 1V rms.
500 to 1,000 MHz: 500 gV to 1 V rms.
Cen be extended by @ factor of 10 with 115764 10:1
Diviger,

Channel B: 100 2V t6 1 V rms {ull scale (nput to Ghannel A
requiredy; can be exiended by a factor of 10 with 115764
10:1 Bivider,

Input Impedance (naminal): .C.1 megshm shunted by appraximately 2.5
pF; I megohm shunted by approximafely 2 pF when 115764 10;1
Divider is used; 0.1 megohm shunted by approximately 5 pF when
102184 Isolator is used. AC-coupled.

{salation Belween Channeals:
1 10 30 MHz: greater than 100 dB.
300 to 1,{)0{)~MH2: greater than 80 dB.

Maximum AC Input: 2 Y peak,
Maximum DG Inpst: = 50 V.

YOLTMETER CHARACTERISTICS

Meter Ranges: 100 £V to 1 V rms full scale in 1008 steps. Meter in-
dicates amplitude of the fundamental componant of the input signal.

Voltage Accuracy: When zccesserles are used on one or both probes,

_Acoessory linpedanca
500
HP 115364 -
{gen Fﬁgr& 7 Freq.
HrOUEn e e M
1-1000 MHz
. i
HP 11576A -
10:1 Divider
) 100 k& |
HP 10218A N
Isalater Bquiv. to [Z} = %2: ke
from 15200 MHz*

. Above 100 mY and BOZ MHz add + 5%.
o ~ Voltags Ratio Accuracy: 0,2 dB,

Residual Noise: Less than 10 aV as indicated on the moter.
Bandwidth: 1 kHz. :

Page

GENERAL

20-kHz IF Outpot (each channel)l: Reconsfructed signals, with 204k
furdamenial components, having the same amplitude, wavefor
and phase relationship as the input signals, Output impedange, 1,00
ohims in series with 2,000 pf; BNC female conngctors.

Recardar OQuiput:
Ampiitude: 0 to 4 1 V do £ 6% open cireuit, prapertional to vo
meter reading in volts. Dufput tracks vollage reading with
+ 0.5% of full scale, Quipul impedance, 1,000 ohms; B
female ‘connestor.

Phase: 0 to == 0.5 V de = 6%, proportional lo phasemeter resdin
External load greater than 10,000 chms affects recorder outp
and meter reading less than 1%. QOutpul tracks meter readie
within 2= 1.5% of end scale; BNC femals conneetor,

RFi: Conducted and radiated leakage fimits are below those specific
in MIL-LB1B1D and MIL--16910C except for pulses emiifed fro
probes, Spectral intensity of these pulses is approximately 60 aV
MHz; spectrum exlends to approximately Z GHz Pulse rate varic
from I o 2 MHz.

Pawet: 115 or 230 V == 10%, 50 fo 400 Hz, 35 walts.
Weight: Net, 30 Ib (13,5 kgl Shipping, 35 Ib {158 kg
Dimensicns: 18% x 7 % 15% in. 4467 x 177 x 425 mm).

Accesseries Furnished: See pags 6.

PHASEMETER CHARACTERISTICS

Phase Range: 360°, indicated on zero-center meter with end-scal
ranges of o= 180, - 60, = 18, and - 6°. Mater indicates phas
difference between the fundamential components of the input signal:

Resolution: 0.1° at any phase angle,
Meter Offset: d:._lBO‘ in 16> steps.

Phase Accuracy: At single frequency 1.5 (equal valtage at Channe
A and B),

Phase accuracy vs, voltage.

T 1v  Voitage

. Accessary -1 Frequensy. ~1': iGhafinsl Aor B | Phase Accuracy*’
HP 1153887 1500 MHz | 100 aV to 300 my + 30

(0 Feed |

{hrough Tee” I 550.1000 MHz,_|..100 a¥'to 106 m¥ =30
10,1 dtaar | 00 M T3y oy
“fsggﬁf“ 1200 MHz - 100 WVt 3000V | . 6o

“*To be added to single-froquancy acturacy (st 15°) when the vollages ot
Channe! A and B are not equal.

Phiase Jitter vs. Channel B Input Levef
Greater than 780 uV: Typically less than .1° p-p.
125 te 700 pV: Typically less than 0.5° pn,
20 to 125 uV: Typically less than 2° pp.
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RF to AF converter

Because of the coherent sampling principle used in
the B405A, all RF frequencies are reconstructed at a low
frequency of 20 kHz. This frequency can be ohserved
on a low-frequency oscilloscope, wave analyzer, or
spectrum analyzer. Modulation analysis can be per-
farmed since typical low-frequency modulation signals
such as 400 Hz and 1,000 Hz are maintained on the [F
cutput—as shown in the traces below.

Thus, an inexpensive oscilloscope can be used to read

percentage AM on an RF carrier as high as 1 GHz, 2 wave.

analyzer can be used to analyze modulation sidebands
for distortion, and an audio spectrum analyzer can serve
to resolve and display narrow band modulation on an RF
carrier. Since the 20-kHz output is constant and inde-
pendent of the drift of the RF signal, displays are statle
and jitter free, .

Reconstructed signal at 20 kHz IF Gulput tnput signal: 125 MHz CW

lupper iracel; 125 MHz CW with 1,000 Hz, 60% AM (lower trace),

Other uses
- Many additiorial applications are possible, including

‘attenuation and filter resonance and response measure-

ments. In such measurements, the wide dynamic range

of the 8405A is extremely valuable. Frequency compari- -

son Is another application for which the 84054 is ideally
sufted. A few minutes of monitoring phase drift between
two sources provides the same resolution as hours and
days of direct frequency comparisons. “Alse, cable
lengths can be measured and matched accurately

" ‘through phase measurements. These and other applica-

tions are described briefly in the Hewlett-Packard Jour-
nal, Vol, 17, No. 9 {May, 1966), o

Appiicatisn Nptes

Specific applications are covered in detail in an Appli-
caticn Note series. Application Mote 77-1, Transistor
Parameter Measurements, describes the measurement
and use of “s" or scattering parameters to completely
characterize a transistor, These parameters are easy to
measure at frequencies up to 1 GHz with the 84054,
whereas h, v, and z parameters become difficult to work
with abeve 100 MHz. Application Note 77-3, Measurement
of Complex Impedance, 1-1,000 MHz, describes methods
for the rapid determination of impedance In 500 systems
using the B405A and accessories. Application Note 77-4,
Swept-Frequency Group Delay Measurements, describes
a unique technique of making swept group delay meas-
urements at frequencies through P band. Application
Note 91, How Vecter Measurements Expand Design Capa-
bilities, describes several design applications using the
B405A, These Application Notes are available on request
from any Hewlett-Packard Field Office.

Operation

The 8403A uses the sampling technigue to convert the
input signals to 20-kHz replicas having the same ampli-
tude, waveform, and phase reiationship as the input sig-
nals. These 20-kHz signals are then filtered so that only
20-kHz slnusoids remain, and the amplitude of and
phase difference between these sinusoids are indicated
on front-pane! meters, Thus, the B405A is a tuned volt-
meter which responds fo the fundamental of the input
signal, Voltmeter bandwidth is 1 kHz.

To maintain the converted signais at 20 kHz, the
B405A includes a phase-lock system in channel A which
automatically adjusts the period between samples in
both channels, In this-manner the valtmeter tunes itself
to the fundamental of the channel-A input signal. The

-autornatic tunping range is selectable in overlapping

bands, each covering at least an octave. Thus, the arily
manual tuning recuired is the selection of an octave
range which includes the input signal. The automatic
tuning not only. simplifies operatjon but enables the
8405A to follow a slowly sweeping signal over octave
bandwidths, DC outputs proportional ts both amplitude
and phase are available cn the resr pans! for recording
pUrposes, L

_:The input signals are applied through convenient ac
coupled probes which are permanently attached to the
instrument. These probes present a high input imped-
ance (0.1 megohm shunted by 2.5 picofarads), which
means that you can use them for monitoring or probing
within the system under test with minimum loading
effects. Accessories supplied with the voltmeter include
10:1 dividers which attach to the probes, The dividers
increase the maximum voltage range to 10 volts and
the input impedance to 1 megohm shunted by 2 pico-
farads. The ac coupling in the probes permits you to
measure signals as much as 50 volts off ground,

900/800
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button phase-finder switch simplifies the setting of the
meter offset when the more sensitive phase ranges are
selected. A dc output provides a voltage proportional to

the linear phase meter reading for either monitoring or-

expanding resolution on a recorder.

Two-Channel Voltmeter, 100 pV Full-Scale
Sensitivity, >20-dB Range

The two-channel input of the B405A allows you to make

repetitive voltage measurements at two points in a ¢ir-
cuit. For example, you can check the effects of adjust-

.ments without altering the setup. Voltage is read on a

single front-panel meter; you measure the voltage in

- efther channel simply by setting a switch,' ‘
Voltages from less than 100 microvoits to 1 volt can be. . -

measured on channel B of the B405A, from léss than 300
microvolis to 1 volt on channel A. {Channél A requires
the higher input to operate the automatic funing) Ex-
ternal 10:1 dividers are supplied to extend the range of
both channels to 10 volts. This wide range, plus the se-
lective 1-kHz bandwidih, enables you to measure gains or
losses in excess of 90 dB simply and accurately.

JIfiens - -2
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Linear dB scale avafiable en Cption 02 version of the 8403A.

Both volt and phase meters have rugged, reliable taut-
band suspensions with mirror-backed scales individually
calibrated to the meter movement. The voltmeter is op-
tiomally available with a linear dB scale uppermost ds
shown above. This option is particularly well suited to
relative measurements such as gain and attenuation
as well as applications in which the decibel, rather than
the volt, is the primary upit of measurement. ’

Applications
Complex impedance and transmission parameters

Since the B405A measures hoth phase and magnitude,
it can be used to fully define the complex transmission
and reflectioh coefficient of two-port networks and com-
ponents, including transistors, The Smith-chart plot of
the input reflection coefficient of a 2N35%63 high-fre-
quency transistor is shown below; data was entered on
the chart directly from the 8405A voltage and phase
readings.

N mw-s_u'r}fj"

Smith-chart plot of input impedance for a ZN3563, common emitter
configuration, from 100 to 1,200 MHz i

For étraighfforwarci impedance  measurements, the

_ BAOSA is easier to use than a slotted line or VHF bridge;
-reducing the data involves none of the cumbersome cal-

culations and correction factors rassociated with the
slotted line or bridge. The data is.easily entered on a
Smith chart. With a network or component fully defined,
its pefformance under any given set of conditions -can
be determined readily.

Feedback circuit design

Design and testing of negative-feedback ampiifiers is
another impartant application for the 8405A. Both phase
and magnitude frequency response are measured easily.

. iThe phase margin at the gain-crossover point is readily

determined, and points of marginal stability are easy to
locate. The graph below shows data taken from an uh-

" stable amplifier. Tha 8405A can also be used io charac-
terize pesitive-feedback oscillators:

w80 n '
‘ PMASE
-1ee - 20 " MARGIN * = 78% = —
o : {GAiM = D 4B)
2 ~150 30 . .
& =
o : b - f—
- =200' 7 20 \ i
@ 3 N
3 -250 | “ o - GAIN e
& MARGIN = + 1| 0B i per
-30C G - [(PHASE = -180%)
. 5
1 2 4 D 28 40

FREQGUENCY (A1)

Open-loop pain and phase shift of a negative-feadback amplifier, As
data indicates, amplifier is wnsiable,
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