Building a Probe for an HP4815A Vector Impedance Meter
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The HP4815A Vector Impedance Meter

This meter measures the magnitude and phase of any impedance from 1 ohm to 100 Kohms and the phase from O
to 360 degrees. HP built these meters back in the sixties, with entirely analog descretes. This makes them
valuable in amostly digital world. It also makes them quite fixable if something goes wrong. However, most of
the machines are missing there detachable probes. HP does not sell replacement probes, and to buy one
professionally made, you will have to spend around US$1000. So, the question is, how hard isit to make a
replacement probe? Thisiswhat we set out to do. And, no, it is not easy, but can be done by those who have
professional experience in the field of electrical engineering. The hope of this paper isto guide one through the
process and hopefully eliminate many of the pitfalls associated with their construction.

The HP4815A probe has a voltage sampling section and a current sampling section, which uses a current sense
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transformer. There are two main signals sent through the test load: an oscillator frequency, set by the user from .5
MHz to 108 MHz, and five nanosecond sampling pulses spaced 1.1 microseconds apart. The below pictures show
what would be seen looking at the load with an oscilloscope if the two signals are separated:
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Most of the design work is making the current transformer work over the broad 0.5 MHz - 108 MHz Frequency
range. The magnitude needs to be constant and the phase must be linear with frequency. Other problems are
dealing with HPs proprietary connector for the probe. Our solution was to hard wire back into the machine. This
isalong and tedious job, since the length must not vary by more than afew millimeters. Isolation and parasitics
are also an issue, so good grounding and separate housings for the current and voltage senses must be carefully
done. Also, many of the meters haven't been used for awhile, and are out of calibration. This can be tough,
because you need to test whether your probe is the problem, or if something needs to be calibrated internally.
Other potential problems include burned out transistors or capacitors.

Current Transformer Design
Board Design

Ballun Design

Routing the Coaxial cable into the machine
Probe Housing

Cadlibration issues

Delay Linefor Voltage Sense
Parts used/data sheets
HP4815A Manual

Results and Pictures
Schematic of Probe

KittDa@wwec.edu
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The current transformer is the most difficult part of the design. The operating frequency is between 0.5
MHz to 108 MHz. The attached magnitude and phase plot shows what was used in the design.

For cores, we tried nanocrystalline, powdered iron, and ferrite. Ferrite produced the best results for a
broad frequency range. Nanocrystalline cores were excellent at low frequencies, but at the higher
frequencies they were not linear enough. Powdered iron cores did not go low enough in frequency.

Ferrite beads worked the best. The datafor our coreis as follows:
Material: #43

Part: #2643021801

Inside Diameter: 1.45 mm

Outside Diameter: 4.83 mm

Length: 10.72 mm

K 3000 max

Fewer turns improved the frequency response considerably. Two turns seemed to be a good compromise.
Cascading two coresin series also made the response better. Below is a picture of the core we used:

Notice that the voltage sense wire runs right though the
cores. The other two turns are for the current sensing.

Here is the magnitude and phase response of our current transformer:
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Magnitude dB

Frequency Mhz
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The board design is very ctitical. There are nine coaxia cables that must be connected to the probe, four
on the current sense and five on the voltage sense. The sheilding needs to be well connected to ground,
and good use of ground planes will help to prevent noise. The traces should aso have a characteristic
impedence of around 50 ohms, especially for the sampling pulse traces (lines 2, 3, 6, and 9). Suface
mount components should be used as much as possible.

And our voltage board:
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The ballun goes across the two balanced input lines for the sampling pulses. It insures that the lines are
truly balanced. Thisis one of the easiest partsto build. Only afew turns are needed, and any ferrite core
will work fine. A picture of our ballun is below:

Hereisalist of the specs on the core we used:
Mi=250

1 =3000

#43 Material, type 6

Ferrite

two turns of 30 gauge wirewrap

KittDa@wwc.edu
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For connecting the probe to the meter, we couldn't just use the connector on the front, because HP used a
proprietary connector. Therefore, we routed the cable back to the origin inside the meter. This takes some
time, and must be done carefully. All but one of the cables goes to the same part of the meter, and there
is plenty of room to solder the coax directly to the boards. Each coax should be cut to precisely the same
length aswhat wasin it. After removing al the old coax, we measured each line, and added five feet to

it. This should be done to within amillimeter or two (see equation below). Also, the coax should have a
characteristic impedance of around 50 ohms, and a velocity factor of 0.66.

Hereis a picture of where the coax goes:
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A good housing for the probe must be constructed. A conducting metal tube works best, with a good
connection to ground. We divided the tube into two sections, with the top being the voltage board, and
the bottom for the current board, with a grounding plane between. This provides excellent isolation,
which we need for the phase measurements.

Hereis apicture of our boards on the grounding plane separating them:

Current board

V oltage board

KittDa@wwc.edu

http://davidkittle.aswwc.net/adweb/p _hs/index.html [3/4/2005 5:08:06 PM]


mailto:KittDa@wwc.edu

WALLA WALLA

I I R G

Cdlibration is probably the most difficult part of the project. The magnitude should be done first, then the
phase.

The magnitude can be calibrated is severa ways. One s to change the number of turns on the current
transformer, the other by internally calibrating the meter. The phase can be adjusted by changing the
length of the delay line on the voltage board (discussed later).

KittDa@wwc.edu
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The pulses sent to the voltage board lead the sampling pulses to the current board by approximately 1.55
ns. This must be measured, as each instrument varies slightly. The best way to make adelay lineisto cut
apeice of coax to about 15", then connecting it to a TDR (Time Domain Relfectometer) to determine the
exact length. One can assume a velocity of approximately .66c to get close to the right length.

A picture of our delay line:

KittDa@wwc.edu
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Most of the parts used in our design are readily available. However, hereisalist of what we used:

T1 = Current Transformer:

#43 Material, Type 6 Ferrite Core Bead
K= 3000 max

Inside Diameter = 1.45mm

Outside Diameter = 4.83mm

Length = 10.72mm

T2 and T3 = Ballun:
#43 Material, Type 6 Ferrite Ballun

Capacitors and Resistors:
All 1/10 watt surface mount

Diodes:
HSM S-282x Quad Bridge Schottky Diodes
Data Sheet

01 and Q2 = J-Fet:
MMBF5461
Data Sheet

PCB:
permitivity = 4.0

I I R

KittDa@wwc.edu
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Surface Mount RF Schottky

Barrier Diodes

Technical Data

Features

e Low Turn-On Voltage
(As Low as 0.34V at 1 mA)

e Low FIT (Failure in Time)
Rate*

e Six-sigma Quality Level

e Single, Dual and Quad
Versions

« Unique Configurations in
Surface Mount SOT-363
Package
— increase flexibility
— save board space
— reduce cost

e HSMS-282K Grounded
Center Leads Provide up to
10 dB Higher Isolation

 Matched Diodes for
Consistent Performance

e Better Thermal Conductivity
for Higher Power Dissipation

* For more information see the

Surface Mount Schottky Reliability
Data Sheet.

Description/Applications
These Schottky diodes are
specifically designed for both
analog and digital applications.
This series offers a wide range of
specifications and package
configurations to give the
designer wide flexibility. Typical
applications of these Schottky
diodes are mixing, detecting,
switching, sampling, clamping,
and wave shaping. The
HSMS-282x series of diodes is the

Innovating the HP Way

HSMS-282x Series

Package Lead Code Identification, SOT-23/SOT-143

Agilent Technologies

(Top VIeW) COMMON COMMON
SINGLE SERIES ANODE CATHODE
38 35 35 35
EH1 2H H1 28 H1 2B H1 2B
#0 #2 #3 #4
UNCONNECTED RING BRIDGE CROSS-OVER
PAIR QUAD QUAD QUAD
53 485 E3 45 E3 45 53 45
=] H =] H =] H = =]
1#52 1#72 1#82 1#92

Package Lead Code
Identification, SOT-323
(Top View)

SINGLE SERIES

g ﬁf\&
S E =
COMMON COMMON
ANODE CATHODE
)fx ﬁf\&
S =g

best all-around choice for most
applications, featuring low series
resistance, low forward voltage at
all current levels and good RF
characteristics.

Note that Agilent’s manufacturing
techniques assure that dice found
in pairs and quads are taken from
adjacent sites on the wafer,
assuring the highest degree of
match.

Package Lead Code

Identification, SOT-363

(Top View)

HIGH ISOLATION
UNCONNECTED PAIR
6 54 4

UNCONNECTED

1= 2 3H

COMMON COMMON
CATHODE QUAD ANODE QUAD
6 5 4 6 50 4

1M 203

1= 2t 3

BRIDGE RING
QUAD UAD
6 540 6 5 40
1H 203 1= 23

P



Pin Connections and

Package Marking

1[I T [T T]e
0,

2[ T C INE

s[LT] X [T T4

Notes:

1. Package marking provides

orientation and identification. 2
2. See “Electrical Specifications” for

Absolute Maximum Ratings!® T = 25°C

Symbol | Parameter Unit| SOT-23/SOT-143 | SOT-323/SOT-363
I¢ Forward Current (1 ps Pulse)| Amp 1 1
P Peak Inverse Voltage V 15 15
T; Junction Temperature °C 150 150
Tsg Storage Temperature °C -65 to 150 -65 to 150
8; Thermal Resistance® °C/W 500 150
Notes:

1. Operation in excess of any one of these conditions may result in permanent damage to
the device.

appropriate package marking.

Electrical Specifications T = 25°C, Single Diodel“]

. Tc =+25°C, where T is defined to be the temperature at the package pins where
contact is made to the circuit board.

Maximum | Maximum
Minimum | Maximum | Forward Reverse Typical

Part Package Breakdown | Forward | Voltage Leakage Maximum Dynamic
Number | Marking| Lead Voltage Voltage | Ve (V) @ | Iz (nA) @ |Capacitance| Resistance
HSMSISl| Code | Code | Configuration Vgr (V) Vg (mV) I (mA) Vg (V) Ct (pF) Rp (Q) 6]

2820 cofl 0 | Single 15 340 05 10 100 1 1.0 12

2822 c2i 2 | Series

2823 C3t! 3 | Common Anode

2824 c4B 4 | Common Cathode

2825 csll 5 | Unconnected Pair

2827 c7tl 7 | Ring Quad®

2828 csbl 8 | Bridge QuadP

2829 col 9 | Cross-over Quad

282B colm B | Single

282C ca C | Series

282E c3 E | Common Anode

282F cal’ F | Common Cathode

282K ckl K | High Isolation

Unconnected Pair

282L cLm L | Unconnected Trio

282M HH M | Common Cathode Quad

282N NN N | Common Anode Quad

282P cpl P | Bridge Quad

282R ool R | Ring Quad
Test Conditions I =100 uA | Iz =1 mAHl Ve=0V I =5mA

f=1MHZzZ

Notes:

1. AV for diodes in pairs and quads in 15 mV maximum at 1 mA.
2. AC+, for diodes in pairs and quads is 0.2 pF maximum.

3. Package marking code is in white.
4. Effective Carrier Lifetime (1) for all these diodes is 100 ps maximum measured with Krakauer method at 5 mA.
5. See section titled “Quad Capacitance.”
6.Rp=Rg+5.2Qat25°Cand I;=5mA.
7. Package marking code is laser marked.




Quad Capacitance
Capacitance of Schottky diode
quads is measured using an
HP4271 LCR meter. This
instrument effectively isolates
individual diode branches from
the others, allowing accurate
capacitance measurement of each
branch or each diode. The
conditions are: 20 mV R.M.S.
voltage at 1 MHz. Agilent defines
this measurement as “CM”, and it
is equivalent to the capacitance of
the diode by itself. The equivalent
diagonal and adjacent capaci-
tances can then be calculated by
the formulas given below.

In a quad, the diagonal capaci-
tance is the capacitance between
points A and B as shown in the
figure below. The diagonal
capacitance is calculated using
the following formula

C;xC, + Cy;xCy

CDIAGONAL -

Linear Equivalent Circuit Model

Diode Chip .
j
Rs

G

Rs = series resistance (see Table of SPICE parameters)

C; = junction capacitance (see Table of SPICE parameters)

8.33X 10°nT

R:. =
J Ip + Ig

where

I, = externally applied bias current in amps
Is = saturation current (see table of SPICE parameters)

T = temperature, °K

n = ideality factor (see table of SPICE parameters)

Note:

To effectively model the packaged HSMS-282x product,

please refer to Application Note AN1124.

ESD WARNING:

Handling Precautions Should Be Taken To Avoid Static Discharge.

The equivalent adjacent
capacitance is the capacitance
between points A and C in the
figure below. This capacitance is
calculated using the following
formula

1
Capsacent=Ci+__ =
1 1 1
o+
c, C, C,

This information does not apply
to cross-over quad diodes.

SPICE Parameters

Parameter | Units | HSMS-282x
By \Y 15
Cyo pF 0.7
Eg eV 0.69
lgy A 1E-4
Is A 2.2E-8
N 1.08
Rg Q 6.0
Pg \Y 0.65
P 2
M 0.5




Typical Performance, T = 25°C (unless otherwise noted), Single Diode
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Figure 2. Reverse Current vs.
Reverse Voltage at Temperatures.

Figure 1. Forward Current vs.
Forward Voltage at Temperatures.
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Figure 4. Dynamic Resistance vs.
Forward Current.

VE - FORWARD VOLTAGE (V)

Figure 5. Typical V¢ Match, Series Pairs
and Quads at Mixer Bias Levels.
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Figure 7. Typical Output Voltage vs.
Input Power, Small Signal Detector
Operating at 850 MHz.

Figure 8. Typical Output Voltage vs.
Input Power, Large Signal Detector
Operating at 915 MHz.
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Applications Information
Product Selection

Agilent’s family of surface mount
Schottky diodes provide unique
solutions to many design prob-
lems. Each is optimized for
certain applications.

The first step in choosing the right
product is to select the diode type.
All of the products in the
HSMS-282x family use the same
diode chip-they differ only in
package configuration. The same
is true of the HSMS-280x, -281x,
285X, -286x and -270x families.
Each family has a different set of
characteristics, which can be
compared most easily by consult-
ing the SPICE parameters given
on each data sheet.

The HSMS-282x family has been
optimized for use in RF applica-
tions, such as

0 DC biased small signal
detectors to 1.5 GHz.

0 Biased or unbiased large
signal detectors (AGC or
power monitors) to 4 GHz.

O Mixers and frequency
multipliers to 6 GHz.

The other feature of the
HSMS-282x family is its
unit-to-unit and lot-to-lot consis-
tency. The silicon chip used in this
series has been designed to use
the fewest possible processing
steps to minimize variations in
diode characteristics. Statistical
data on the consistency of this
product, in terms of SPICE
parameters, is available from
Agilent.

For those applications requiring
very high breakdown voltage, use
the HSMS-280x family of diodes.
Turn to the HSMS-281x when you

need very low flicker noise. The
HSMS-285x is a family of zero bias
detector diodes for small signal
applications. For high frequency
detector or mixer applications,
use the HSMS-286x family. The
HSMS-270x is a series of specialty
diodes for ultra high speed
clipping and clamping in digital
circuits.

Schottky Barrier Diode
Characteristics

Stripped of its package, a
Schottky barrier diode chip
consists of a metal-semiconductor
barrier formed by deposition of a
metal layer on a semiconductor.
The most common of several
different types, the passivated
diode, is shown in Figure 10,
along with its equivalent circuit.

Rs is the parasitic series resis-
tance of the diode, the sum of the
bondwire and leadframe resis-
tance, the resistance of the bulk
layer of silicon, etc. RF energy
coupled into Rs is lost as heat—it
does not contribute to the recti-
fied output of the diode. Cj is
parasitic junction capacitance of
the diode, controlled by the thick-
ness of the epitaxial layer and the
diameter of the Schottky contact.
Rj is the junction resistance of the
diode, a function of the total
current flowing through it.

METAL

833X105nT _
ls+1p
_ 0026

Is+ 1y

j RV_RS

at 25°C

where

n = ideality factor (see table of
SPICE parameters)

T = temperature in °K

Ig = saturation current (see
table of SPICE parameters)

I, = externally applied bias
current in amps

R, = sum of junction and series
resistance, the slope of the
V-1 curve

Is is a function of diode barrier
height, and can range from
picoamps for high barrier diodes
to as much as 5 pA for very low
barrier diodes.

The Height of the Schottky
Barrier

The current-voltage characteristic
of a Schottky barrier diode at
room temperature is described by
the following equation:

V- IRg
| =Ig (e 0.026 —1)

On a semi-log plot (as shown in
the Agilent catalog) the current
graph will be a straight line with
inverse slope 2.3 X 0.026 = 0.060
volts per cycle (until the effect of

PASSIVATION PASSIVATION
N-TYPE OR P-TYPE EPI \LAYER

SCHOTTKY JUNCTION G

N-TYPE OR P-TYPE SILICON SUBSTRATE

gRj

3

CROSS-SECTION OF SCHOTTKY
BARRIER DIODE CHIP

Figure 10. Schottky Diode Chip.

T
EQUIVALENT
CIRCUIT



Rs is seen in a curve that droops
at high current). All Schottky
diode curves have the same slope,
but not necessarily the same
value of current for a given
voltage. This is determined by the
saturation current, Is, and is
related to the barrier height of the
diode.

Through the choice of p-type or
n-type silicon, and the selection
of metal, one can tailor the
characteristics of a Schottky
diode. Barrier height will be
altered, and at the same time C;
and Rs will be changed. In
general, very low barrier height
diodes (with high values of Is,
suitable for zero bias applica-
tions) are realized on p-type
silicon. Such diodes suffer from
higher values of Rs than do the
n-type. Thus, p-type diodes are
generally reserved for detector
applications (where very high
values of Ry swamp out high Rs)
and n-type diodes such as the
HSMS-282x are used for mixer
applications (where high L.O.
drive levels keep Ry low). DC
biased detectors and self-biased
detectors used in gain or power
control circuits.

Detector Applications
Detector circuits can be divided
into two types, large signal

(Pi, > -20 dBm) and small signal
(Pin <-20 dBm). In general, the
former use resistive impedance
matching at the input to improve
flatness over frequency —this is
possible since the input signal
levels are high enough to produce
adequate output voltages without
the need for a high Q reactive
input matching network. These
circuits are self-biased (no
external DC bias) and are used
for gain and power control of
amplifiers.

Small signal detectors are used as
very low cost receivers, and
require a reactive input imped-
ance matching network to
achieve adequate sensitivity and
output voltage. Those operating
with zero bias utilize the HSMS-
285x family of detector diodes.
However, superior performance
over temperature can be achieved
with the use of 3 to 30 pA of DC
bias. Such circuits will use the
HSMS-282x family of diodes if the
operating frequency is 1.5 GHz or
lower.

Typical performance of single
diode detectors (using
HSMS-2820 or HSMS-282B) can
be seen in the transfer curves
given in Figures 7 and 8. Such
detectors can be realized either
as series or shunt circuits, as
shown in Figure 11.

DC Bias
75 75

Shunt inductor provides
video signal return

Shunt diode provides

DC Bias
video signal return %
A Y - ¥

DC Biased Diodes

Zero Biased Diodes
Figure 11. Single Diode Detectors.

The series and shunt circuits can
be combined into a voltage
doublerll], as shown in Figure 12.
The doubler offers three advan-
tages over the single diode
circuit.

0 The two diodes are in parallel
in the RF circuit, lowering the
input impedance and making
the design of the RF matching
network easier.

O The two diodes are in series
in the output (video) circuit,
doubling the output voltage.

0O Some cancellation of
even-order harmonics takes
place at the input.

DC Bias

TE

DC Biased Diodes

Zero Biased Diodes

Figure 12. Voltage Doubler.

The most compact and lowest
cost form of the doubler is
achieved when the HSMS-2822 or
HSMS-282C series pair is used.

Both the detection sensitivity and
the DC forward voltage of a
biased Schottky detector are
temperature sensitive. Where
both must be compensated over a
wide range of temperatures, the
differential detectorl?l is often
used. Such a circuit requires that
the detector diode and the
reference diode exhibit identical
characteristics at all DC bias
levels and at all temperatures.
This is accomplished through the
use of two diodes in one package,
for example the HSMS-2825 in
Figure 13. In the Agilent assembly
facility, the two dice in a surface
mount package are taken from
adjacent sites on the wafer (as
illustrated in Figure 14). This

(11 Agilent Application Note 956-4, “Schottky Diode Voltage Doubler.”

(2 Raymond W. Waugh, “Designing Large-Signal Detectors for Handsets and Base
Stations,” Wireless Systems Design, Vol. 2, No. 7, July 1997, pp 42 - 48.



assures that the characteristics of
the two diodes are more highly
matched than would be possible
through individual testing and
hand matching.

bias

differential
amplifier

matching

network HSMS-2825

Figure 13. Differential Detector.
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Figure 14. Fabrication of Agilent
Diode Pairs.

In high power applications,
coupling of RF energy from the
detector diode to the reference
diode can introduce error in the
differential detector. The
HSMS-282K diode pair, in the six
lead SOT-363 package, has a
copper bar between the diodes
that adds 10 dB of additional
isolation between them. As this
part is manufactured in the
SOT-363 package it also provides
the benefit of being 40% smaller
than larger SOT-143 devices. The
HSMS-282K is illustrated in
Figure 15—note that the ground
connections must be made as
close to the package as possible
to minimize stray inductance to
ground.

Vbias

detector diode
—
1 /

He 11 4%
i I
LT =
= e ]
HSMS-282K
reference diode

to differential amplifier —

Figure 15. High Power Differential
Detector.

The concept of the voltage
doubler can be applied to the
differential detector, permitting
twice the output voltage for a
given input power (as well as
improving input impedance and
suppressing second harmonics).

However, care must be taken to
assure that the two reference
diodes closely match the two
detector diodes. One possible
configuration is given in Fig-

ure 16, using two HSMS-2825.
Board space can be saved
through the use of the HSMS-282P
open bridge quad, as shown in
Figure 17.

differential
amplifier

matching
network

Figure 16. Voltage Doubler
Differential Detector.

bias

ifferential
amplifier

I

" |matehing [ 1 Hsms-282p
__ | network

1

Figure 17. Voltage Doubler
Differential Detector.

While the differential detector
works well over temperature,
another design approach[3 works
well for large signal detectors.
See Figure 18 for the schematic
and a physical layout of the
circuit. In this design, the two

4.7 KQ resistors and diode D2 act
as a variable power divider,
assuring constant output voltage
over temperature and improving
output linearity.

HSMS-2825
or
HSMS-282K

Figure 18. Temperature Compensated
Detector.

In certain applications, such as a
dual-band cellphone handset
operating at both 900 and

1800 MHz, the second harmonics
generated in the power control
output detector when the handset
is working at 900 MHz can cause
problems. A filter at the output
can reduce unwanted emissions
at 1800 MHz in this case, but a

(8] Hans Eriksson and Raymond W. Waugh, “A Temperature Compensated Linear Diode

Detector,” to be published.



lower cost solution is availablel4].
Illustrated schematically in
Figure 19, this circuit uses diode
D2 and its associated passive
components to cancel all even
order harmonics at the detector’s
RF input. Diodes D3 and D4
provide temperature compensa-
tion as described above. All four
diodes are contained in a single
HSMS- 282R package, as illus-
trated in the layout shown in
Figure 20.

C1=C2=100pF
R1=R2=R3=R4=47KQ
D1& D2 & D3 & D4 = HSMS-282R

Figure 19. Schematic of Suppressed
Harmonic Detector.

HSMS-282R

Figure 20. Layout of Suppressed
Harmonic Detector.

Note that the forgoing discussion
refers to the output voltage being
extracted at point V+ with respect
to ground. If a differential output
is taken at V+ with respect to V-,
the circuit acts as a voltage
doubler.

Mixer applications

The HSMS-282x family, with its
wide variety of packaging, can be
used to make excellent mixers at
frequencies up to 6 GHz.

The HSMS-2827 ring quad of
matched diodes (in the SOT-143
package) has been designed for
double balanced mixers. The
smaller (SOT-363) HSMS-282R ring
quad can similarly be used, if the
quad is closed with external
connections as shown in Figure 21.

HSMS-282R

IF out

Figure 21. Double Balanced Mixer.

Both of these networks require a
crossover or a three dimensional
circuit. A planar mixer can be
made using the SOT-143 cross-
over quad, HSMS-2829, as shown
in Figure 22. In this product, a
special lead frame permits the
crossover to be placed inside the
plastic package itself, eliminating
the need for via holes (or other
measures) in the RF portion of
the circuit itself.

HSMS-2829

LOin _[ 1€ RFin

'”_L.ul

IF out

Figure 22. Planar Double Balanced
Mixer.

(4] Alan Rixon and Raymond W. Waugh, “A Suppressed Harmonic Power Detector for Dual

Band ‘Phones,” to be published.

A review of Figure 21 may lead to
the question as to why the
HSMS-282R ring quad is open on
the ends. Distortion in double
balanced mixers can be reduced
if LO drive is increased, up to the
point where the Schottky diodes
are driven into saturation. Above
this point, increased LO drive will
not result in improvements in
distortion. The use of expensive
high barrier diodes (such as those
fabricated on GaAs) can take
advantage of higher LO drive
power, but a lower cost solution
is to use a eight (or twelve) diode
ring quad. The open design of the
HSMS-282R permits this to easily
be done, as shown in Figure 23.

LOin RFin

HSMS-282R

Figure 23. Low Distortion Double
Balanced Mixer.

This same technique can be used
in the single-balanced mixer.
Figure 24 shows such a mixer,
with two diodes in each spot
normally occupied by one. This
mixer, with a sufficiently high LO
drive level, will display low
distortion.

REin HSMS-282R

180° Low pass
hybrid filter

LOin

IF out

Figure 24. Low Distortion Balanced
Mixer.



Sampling Applications

The six lead HSMS-282P can be
used in a sampling circuit, as
shown in Figure 25. As was the
case with the six lead HSMS-282R
in the mixer, the open bridge
quad is closed with traces on the
circuit board. The quad was not
closed internally so that it could
be used in other applications,
such as illustrated in Figure 17.

sample
point HSMS-282P

o

I

sampling —(ﬁﬁl
pulse = sampling circuit

Figure 25. Sampling Circuit.

Thermal Considerations
The obvious advantage of the
SOT-323 and SOT-363 over the
SOT-23 and SOT-142 is combina-
tion of smaller size and extra
leads. However, the copper
leadframe in the SOT-3x3 has a
thermal conductivity four times
higher than the Alloy 42
leadframe of the SOT-23 and
SOT-143, which enables the
smaller packages to dissipate
more power.

The maximum junction tempera-
ture for these three families of
Schottky diodes is 150°C under
all operating conditions. The
following equation applies to the
thermal analysis of diodes:

Tj= (Vi If + PRF) Bjc + Ta (@))]

where
Tj = junction temperature
Ta = diode case temperature
Bjc = thermal resistance
V¢ls = DC power dissipated
PrF = RF power dissipated

Note that Bjc, the thermal resis-
tance from diode junction to the
foot of the leads, is the sum of
two component resistances,

Bjc = Bpkg + Bchip @)

Package thermal resistance for
the SOT-3x3 package is approxi-
mately 100°C/W, and the chip
thermal resistance for the
HSMS-282x family of diodes is
approximately 40°C/W. The
designer will have to add in the
thermal resistance from diode
case to ambient—a poor choice
of circuit board material or heat
sink design can make this number
very high.

Equation (1) would be straightfor-
ward to solve but for the fact that
diode forward voltage is a func-
tion of temperature as well as
forward current. The equation for
Vi is:

11600 (Vs — I Ry)
|f - IS e nT -1 (3)

where n = ideality factor
T = temperature in °K
Rs = diode series resistance

and g (diode saturation current)
is given by

2 1 1
- (T )ﬁe—4060(-|-—2%)
s~ 0\ 5h0

298 ()

Equation (4) is substituted into
equation (3), and equations (1)
and (3) are solved simultaneously
to obtain the value of junction
temperature for given values of
diode case temperature, DC
power dissipation and RF power
dissipation.

Diode Burnout

Any Schottky junction, be it an RF
diode or the gate of a MESFET, is
relatively delicate and can be
burned out with excessive RF
power. Many crystal video
receivers used in RFID (tag)
applications find themselves in
poorly controlled environments
where high power sources may be
present. Examples are the areas
around airport and FAA radars,
nearby ham radio operators, the
vicinity of a broadcast band
transmitter, etc. In such
environments, the Schottky
diodes of the receiver can be
protected by a device known as a
limiter diode.[5! Formerly
available only in radar warning
receivers and other high cost
electronic warfare applications,
these diodes have been adapted to
commercial and consumer
circuits.

Agilent offers a complete line of
surface mountable PIN limiter
diodes. Most notably, our HSMP-
4820 (SOT-23) can act as a very
fast (nanosecond) power-sensitive
switch when placed between the
antenna and the Schottky diode,
shorting out the RF circuit
temporarily and reflecting the
excessive RF energy back out the
antenna.

5] Agilent Application Note 1050, “Low
Cost, Surface Mount Power Limiters.”



Assembly Instructions
SOT-3x3 PCB Footprint
Recommended PCB pad layouts
for the miniature SOT-3x3 (SC-70)
packages are shown in Figures 26
and 27 (dimensions are in inches).
These layouts provide ample
allowance for package placement
by automated assembly equipment
without adding parasitics that
could impair the performance.

0.026 »‘ -

- IS

0.07
Y
0,05 u v
A

»‘ ‘4 0.016

Figure 26. PCB Pad Layout, SOT-323
(dimensions in inches).

0.026 a‘

.
-

0.075

: pog
4’] L 0.016

Figure 27. PCB Pad Layout, SOT-363
(dimensions in inches).

SMT Assembly

Reliable assembly of surface
mount components is a complex
process that involves many
material, process, and equipment
factors, including: method of
heating (e.g., IR or vapor phase
reflow, wave soldering, etc.)
circuit board material, conductor
thickness and pattern, type of
solder alloy, and the thermal
conductivity and thermal mass of
components. Components with a
low mass, such as the SOT
packages, will reach solder reflow
temperatures faster than those
with a greater mass.

Agilent’s diodes have been
qualified to the time-temperature
profile shown in Figure 28. This
profile is representative of an IR
reflow type of surface mount
assembly process.

After ramping up from room
temperature, the circuit board
with components attached to it
(held in place with solder paste)

10

passes through one or more
preheat zones. The preheat zones
increase the temperature of the
board and components to prevent
thermal shock and begin evaporat-
ing solvents from the solder paste.
The reflow zone briefly elevates
the temperature sufficiently to
produce a reflow of the solder.

The rates of change of tempera-
ture for the ramp-up and cool-
down zones are chosen to be low
enough to not cause deformation
of the board or damage to compo-
nents due to thermal shock. The
maximum temperature in the
reflow zone (Tmax) should not
exceed 235°C.

These parameters are typical for a
surface mount assembly process
for Agilent diodes. As a general
guideline, the circuit board and
components should be exposed
only to the minimum tempera-
tures and times necessary to
achieve a uniform reflow of
solder.

250 [
B /\ Tuax
200 |
3 i
& 150 |
E B Reflow
< o Zone
I 100
g i Preheat Cool Down
i = Zone Zone
'_ -
50 |
ol
0 60 120 180 240 300

TIME (seconds)

Figure 28. Surface Mount Assembly Profile.



Part Number Ordering Information

No. of
Part Number Devices Container
HSMS-282x-TR2* 10000 13" Reel
HSMS-282x-TR1* 3000 7" Reel
HSMS-282x-BLK * 100 antistatic bag

x=0,23,4578,9B,CEFKLMN,PorR

Package Dimensions
Outline 23 (SOT-23)

1.02 (0.040) -
0.89 (0.035)

0.54 (0.021)
*1.03 (0.041) — (0.015) DATE CODE (X
0.89 (0.035) ‘ ’ko'ﬁ ©o15) ®0

PACKAGE 3
MARKING

CODE (XX) f
\x “x / 1.40 (0.055) 265 (0.104)
. 0 (0.083)
+—L

0.60(0.024) | 4 (0.080)_, |
0.45 (0.018) — ™| 78 (. 070)
2.05 (0.080)
1 78 (0.070)

TOP VIEW * 0.180 (0.007)

0.085 (0.003)

o 120 4,‘ 0.152 EO 006)

% 0.086 (0.003)

rﬁ
i< > 0.85 (0.033)
= -

TRV ERN
t o 0.69 (0.027) ‘
1 L. 09
0.013 (0 (—) 0450018 | I
SIDE VIEW END VIEW

* THESE DIMENSIONS FOR HSMS-280X AND -281X FAMILIES ONLY.
DIMENSIONS ARE IN MILLIMETERS (INCHES)

Outline 143 (SOT-143)

092 (0.036)
0.78 (0.031)

‘ DATE CODE (X)
E c
PACKAGE

MARKING f
CODE () [ ™~ XXX / 1.40 (0.055) 2.65 (0.104)

1.20 (0.047) 2.10 (0.083)

—

HE e[ |] v
. 60 (0.024)
0 045 (0.018) 0.54 (0.021)
— 0.37 (0.015)
2.04 (0.080)
1.78 (0.070)
3.06 (0.120) 0.15 (0.006)
‘ 2.80 (0.110) 0.09 (0.003)
1044(0 041)
4 0850033  §
o P L
010 (0.004) | 0.69(0.027)
0.013 (0.0005) 0.45 (0.018)

DIMENSIONS ARE IN MILLIMETERS (INCHES)

11

Outline SOT-323 (SC-70 3 Lead)

PACKAGE
MARKING ~ _,.1:30(0.051) DATE CODE (X)
CODE (XX) REF. ‘
2.20 (0.087) N yxx 1.35 (0.053)
2.00 (0.079) 1.15 (0.045)
1 ‘ 0.650 BSC (0.025)
| 2.20(0.087) 0.425 (0.017)
1.80 (0.071) T
Ll e
0.10 (0.004) ‘
0.00 (0.00) 0.30 m

0.25 (0. 010)4‘ L 1.00 (0.039) \ »‘ L—‘ 0.20 (0.008)
10°

0.15 (0.006) 0.80 (0.031) 030 (b012) 0.10 (0.004)
0.10 (0.004)

DIMENSIONS ARE IN MILLIMETERS (INCHES)

Outline SOT-363 (SC-70 6 Lead)

PACKAGE
MARKING ~ _,.[30(0.051) DATE CODE (X)
CODE (XX) REF. ‘
2.20 (0.087) XXX / 1.35 (0.053)
2.00 (0.079) 1.15 (0.045)
7+‘ ‘——— 0.650 BSC (0.025)
.. 220(0.087) | 0.425 (0.017)

1.80 (0.071) T
0.10 (0.004) ¢ ‘
0.00 (0.00) 0.30 ?EF

p—
‘ ‘¢ 1.00 (0.039) ‘ ‘

— -

0.20 (0.008)

- 10° 0.10 (0.004)
0.25 (0.010) 0.30 (0.012)

0.15 (0.006) 0.10 (0.004)

DIMENSIONS ARE IN MILLIMETERS (INCHES)



Device Orientation

REEL

CARRIER
TAPE
USER
FEED
DIRECTION

COVER TAPE

_..»°.. Agilent Technologies

2%, Innovating the HP Way
TOP VIEW END VIEW
4mm
P (oo o oo
8mm nl ul ul [nl
EEEEIEEINEEE
i O O\l 0 _o||[0 o|| oo

Note: “###" represents Package Marking Code.
Package marking is right side up with carrier tape
perforations at top. Conforms to Electronic
Industries RS-481, “Taping of Surface Mounted
Components for Automated Placement.”
Standard quantity is 3,000 devices per reel.

Tape Dimensions and Product Orientation
For Outline SOT-323 (SC-70 3 Lead)

—— P —»

-—— PO"‘

Olol® ® 0O O -

17-”4" m |e—

w
c
+ + + +
D1
t1 (CARRIER TAPE THICKNESS) Tt (COVER TAPE THICKNESS)
g ~F"8° MAX. Ko \ /"‘\5° MAX.
LAO* LBO*
DESCRIPTION SYMBOL | SIZE (mm) | SIZE (INCHES)

CAVITY LENGTH Ag 2.24+0.10 0.088 + 0.004

WIDTH Bo 2.34+0.10 0.092 + 0.004

DEPTH Ko 1.22+0.10 0.048 + 0.004

PITCH P 4.00 +£0.10 0.157 + 0.004

BOTTOM HOLE DIAMETER Dy 1.00 +0.25 0.039 + 0.010
PERFORATION | DIAMETER D 1.55 +0.05 0.061 + 0.002

PITCH Po 4.00 +0.10 0.157 + 0.004

POSITION E 1.75+0.10 0.069 + 0.004
CARRIER TAPE | WIDTH w 8.00 +0.30 0.315 +0.012

THICKNESS ty 0.255 +0.013 | 0.010 + 0.0005
COVER TAPE | WIDTH c 5.4+0.10 0.205 + 0.004

TAPE THICKNESS Tt 0.062 +0.001 | 0.0025 + 0.00004
DISTANCE CAVITY TO PERFORATION F 3.50 + 0.05 0.138 + 0.002 www.semiconductor.agilent.com

(WIDTH DIRECTION) .

CAVITY TO PERFORATION P 2.00+0.05 0.079 + 0.002 Data subject to change,

2 . T U. . T U . . .
(LENGTH DIRECTION) Copyright © 2000 Agilent Technologies

Obsoletes 5968-2356E, 5968-5934E
5968-8014E (1/00)
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SEMICONDUCTOR®

2N5460 MMBF5460
2N5461 MMBF5461
2N5462 MMBF5462

S
SOT-23 D NOTE: Source & Drain
Mark: 6E / 61U / 61V areinterchangeable

P-Channel General Purpose Amplifier

This device is designed primarily for low level audio and general
purpose applications with high impedance signal sources. Sourced
from Process 89.

AbSO| ute MaXi mum Rat' ngS* TA=25°C unless otherwise noted

Symbol Parameter Value Units
Vbe Drain-Gate Voltage -40 \Y
Vas Gate-Source Voltage 40 \Y
lor Forward Gate Current 10 mA
Ty, Tstg Operating and Storage Junction Temperature Range -55 to +150 °C

*These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.
NOTES:

1) These ratings are based on a maximum junction temperature of 150 degrees C.
2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

Th erm al Ch al’aCter | St| CS TA=25°C unless otherwise noted

Symbol Characteristic Max Units
2N5460-5462 *MMBF5460-5462
Pp Total Device Dissipation 350 225 mwW
Derate above 25°C 2.8 1.8 mW/°C
Reic Thermal Resistance, Junction to Case 125 °C/IW
Reia Thermal Resistance, Junction to Ambient 357 556 °C/IW

*Device mounted on FR-4 PCB 1.6" X 1.6" X 0.06."

02001 Fairchild Semiconductor Corporation 2N5460/5461/5462/MMBF5460/5461/5462, Rev A

COVS4aNIN / TOPSHEININ / 09YSHAAINN / 29SS / TOYS | 09YSNC



Electrical Characteristics

P-Channel General Purpose Amplifier

(continued)

TA = 25°C unless otherwise noted

Symbol Parameter Test Conditions Min | Typ | Max |Units
OFF CHARACTERISTICS
V(BRr)Gss Gate-Source Breakdown Voltage Il =10 MA, Vps =0 40 Vv
less Gate Reverse Current Ves =20V, Vps =0 5.0 nA
Ves =20V, Vps =0, Ta = 100°C 1.0 mA
VGs(off) Gate-Source Cutoff Voltage Vps=15V, Ip=1.0 nA 5460 | 0.75 6.0 \%
5461 1.0 7.5 Y,
5462 1.8 9.0 Y,
Vas Gate-Source Voltage Vps =15V, Ip =0.1 mA 5460 0.5 4.0 \%
Vps =15V, Ip=0.2 mA 5461 0.8 4.5 Y,
Vps =15V, Ip = 0.4 mA 5462 1.5 6.0 Y,
ON CHARACTERISTICS
Ipss Zero-Gate Voltage Drain Current* | Vps =15V, Vgs =0 5460 | -1.0 -5.0 mA
5461 | -2.0 -9.0 mA
5462 | -4.0 -16 mA
SMALL SIGNAL CHARACTERISTICS
Ofs Forward Transfer Conductance Vbs =15V, Ves =0, f = 1.0 kHz
5460 | 1000 4000 |nmmhos
5461 | 1500 5000 |nmhos
5462 | 2000 6000 |nmhos
Jos Output Conductance Vbs =15V, Ves =0, f= 1.0 kHz 75 [mmhos
Ciss Input Capacitance Vbs =15V, Ves =0, f=1.0 MHz 5.0 7.0 pF
Crss Reverse Transfer Capacitance Vbs =15V, Ves =0, f=1.0 MHz 1.0 2.0 pF
NF Noise Figure Vps =15V, Ves =0, 1.0 25 dB
Rc = 1.0 megohm, f = 100 Hz,
BW=1.0Hz
en Equivalent Short-Circuit Input Vbs =15V, Vs =0, f = 100 Hz, 60 115 nV/ICHz

Noise Voltage

BW =1.0 Hz

*Pulse Test: Pulse Width £300 ms, Duty Cycle £ 2%

COVS4aNIN / TOPSHaININ / 09VSHAININ / 291S / TIYS / 091SNC



P-Channel General Purpose Amplifier

(continued)

Typical Characteristics (continued)

Transfer Characteristics
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P-Channel General Purpose Amplifier

(continued)

Typical Characteristics (continued)
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST U OPTOPLANAR™ SuperSOT™-3
Bottomless™ FASTr™ PACMAN™ SuperSOT™-6
CoolFET™ FRFET™ pPOpP™ SuperSOT™-8
CROSSVOLT™ GlobalOptoisolator™ PowerTrench U SyncFET™
DenseTrench™ GTO™ QFET™ TinyLogic™
DOME™ HiSeC™ Qs™ UHC™
ECOSPARK™ ISOPLANAR™ QT Optoelectronics™ UltraFET U
E2CMOS™ LittleFET™ Quiet Series™ VCX™
EnSigna™ MicroFET™ SILENT SWITCHERU

FACT™ MICROWIRE™ SMART START™

FACT Quiet Series™ OPTOLOGIC™ Stealth™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT

RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status

Definition

Formative or
In Design

Advance Information

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

Rev. H2




WALLA WALLA

O Lo G

HP has a good manual, which can be downloaded in PDF format here:

HP 4815A Manua
HP4815A-probe section

KittDa@wwc.edu

http://davidkittle.aswwc.net/adweb/man/index.html [3/4/2005 5:08:18 PM]


http://davidkittle.aswwc.net/adweb/man/HP 4815A Manual.pdf
mailto:KittDa@wwc.edu

S

OPERATING AND SERVICE MANUAL

MODEL 4815A
RF VECTOR IMPEDANCE METER

SERIALS PREFIXED 631

1966

Hewlett-Packard Company

Copyright
Rockaway, New Jersey, U.S. A,

Green Pond Road

Printed: AUGUST 1966

04815-90011



Section 1 Model 4815A

Tables 1-1, 1-2
Table 1-1. Specifications

FREQUENCY RECORDER OUTPUTS

Frequency: 0to 1 volt from 0 to 1K ohm source,

ge: 500k 108 in fi :
Range Hz to 108 MHz in five bands: 500 proportional to dial rotation.

kHz to 1.5 MHz, 1.5 to 4.5 MHz, 4.5 to 14

MHz, 14 to 35 MHz, 35 to 108 MHz. Impedance magnitude: 0 to 1 volt from 1K ohm
Accuracy: +2% of reading, +1% of reading at source.
1.592 and 15.92 MHz. Phase angle: 0 + 0.9 volt from 1K ohm source.
RF monitor output: 150 mV minimum into 50 ACCESSORIES FURNISHED:
ohms. 1. 00600A Accessory Kit.
IMPEDANCE MAGNITUDE MEASUREMENT 2. Rack Mounting Kit.
Range: 1 ohm to 100K ohms; full-scale ranges: 3. Plugin board extender.
10, 30, 100, 300, 1K, 3K, 10K, 30K, 100K
ohms. DIMENSIONS:
n — NOTES
£ 7 - -1 (&) DIMENSIONS IN INCHES
. — e — AND (MILLIMETERS)
Accuracy: 4% of full scale+ (Fomrrm + 750 )% 183 @ nean apRon Aecess.
(552,3) (C) DETACHABLE POWER CABLE.
of reading, where f = frequency in MHz and Z Top . (D) RECOMMENDED CABLE
in ohms; reading includes probe residual impe- o8, CLEARANCE
dance. ‘
. . . oy . A | S
Calibration: linear meter scale with increments |
2% of full scal Liesa $J‘[
00 scale. Lso(zzse.o) © 2 0o (@
PHASE ANGLE MEASUREMENT 19 asze)
~7I6%(425,5)‘-|—‘]
Range: 0to 360 in two ranges: 0 +90°, 180° 1
+ 900. HI REAR
dPbooco
f Z 0

Accuracy: +(3+ ) degrees;

+
30 MHz 25KQ
where f = frequency in MHz and Z is in ohms.

Calibration: increments of 2° WEIGHT: net 39 lbs. (17,6 kg), shipping 50 lbs.

(22,5 kg).
Adjustments: front panel screwdriver adjustments POWER: 105 to 125 v or 210 to 250 v, 50 to 400 Hz,
for Magnitude and Phase Zero. 50 w.

Table 1-2. Additional Information

MEASURING TERMINAL CHARACTERISTICS External oscillator input: Rear BNC connector
accepts excitation signal, 100 mV £10% into
50 ohms; maximum instantaneous rate of
change 1 MHz/s.

Configuration: Both excitation and measuring
circuits are contained in a single sampling
probe attached to instrument by a cable.
Measurement is made between probe center RFI CHARACTERISTICS

pin and ground pin on probe case. Conducted and radiated leakage limits are below

Residuals: indicated impedance includes approx- those specified for MIL-I-6181D, except for RF
imately 0.5 ohm resistance and 8 nH induc- excitation and sampling pulses emitted from
tance in series with the unknown, and 0.3 pF probe. The sampling pulses are approximately
capacitance in parallel with the unknown. 75 mV peak to peak, from 25-ohm source, with

a duration of 3 ns occurring at a maximum repeti-|
tion rate of 1 MHz. Probe may be stored in front
panel probe check socket to obtain full compliance
with MIL-I-6181D.

Impedance: 25 ohms in series with 0. 01 uF,
looking into probe. Probe is constant-current
driving source to circuit being measured.

TEST SIGNAL CHARACTERISTICS SELF-CONTAINED CALIBRATION

Waveshape: sinusoidal. Probe check: 100 ohms +.5% at phase angle of

Level: approximately 4 pA on all ranges except 00 & 2°,
10-ohm scale where it is approximately 13 uA.

1-0



' Model 48154

1-1. DESCRIPTION.

1-2. The Model 4815A RF Vector Impedance Meter
(Figure 1-1) is a general purpose, self-contained in-
strument for measuring complex impedance in a wide
variety of laboratory applications as well as produc-
tion testing of circuits and components. The fre-
quency range is 0.5 to 108 MHz; impedance magni-
tude is measured in 9 ranges from 10 2 to 100 K

full scale; and phase angle between 0° and 360° is
indicated on two ranges.

1-3. Impedance measurement is made at the tip of
a probe that is at the end of a 5 ft. cable, with rf test
signal and measuring circuits brought close to the
probe tip to reduce residual impedances.

14. An internal rf oscillator, 0.5 to 108 MHz
supplies a test signal to the unknown impedance,
12.6 pa on the 10 ohm range and 4 pa on all other
ranges. Provision is made for using an external rf
source, particularly useful when measuring quartz
crystals and other high Q devices.

Section I
Paragraphs 1-1 to 1-9

SECTION 1|
GENERAL INFORMATION

1-5. Dc voltages proportional to magnitude, phase
and frequency are available at the rear panel for
recording equipment.

1-6. Complete specifications are given in Table 1-1.

1-7. Additional information on the Model 4815A is
given in Table 1-2. The characteristics are general
design parameters that are useful in the application
of the Impedance Meter.

1-8. ACCESSORIES FURNISHED.

1-9, Accessory kit number 00600A is supplied with
the 4815A. The kit consists of adapters for probe to
BNC and Type N connectors, a probe socket for use
on circuit boards, a component mounting adapter,
probe holder, probe ground assembly and center pins.
The probe accessories are described in detail in Par-
agraphs 1-9 to 1-16 and shown in Figure 1-1 and 1-2.
Also supplied is a rack mounting kit with hardware
(~hp- Stock No. 5060-0776) and a circuit board exten-
der for servicing.

Figure 1-1. Model 4815A RF Vector Impedance Meter
with 00600A Probe Accessory Kit



Section I
Paragraphs 1-10 to 1-21

1-10. PROBE ADAPTER. This adapter converts
the probe tip to a male type N connector and is avail-
able under accessory number 10206A.

1-11. PROBE TO BNC ADAPTER. With the use of
the 10206A acdessory, this adapter converts the
probe tip to a male BNC connector and is available
under accessory number 10207A.

1-12. PROBE SOCKET. This socket supports the
probe and guides the center pin to the test point. An
excellent ground return is obtained with the socket,
which is available under accessory number 10210A.

1-13. COMPONENT MOUNTING ADAPTER. This

adapter allows many types of components to be mea-
sured with minimum addition of residual impedance

to affect measurements, and is separately available

as accessory number 00601A.

1-14. PROBE GROUND ASSEMBLY is a grounding
device that may be positioned at a convenient point on
the probe barrel. A spring-loaded pin makes ground
contact. This accessory is available as -hp- Stock
No. 187B-21A-8.

1-15. PROBE CENTER PINS. Six additional center
pins are supplied against possible damage or loss.

The small-diameter end of the center pin is inserted
into the mating jack in the probe tip.

00601A
Component Mounting Adapter

%
J

187B-21A-8

Probe Ground Assembly
Figure 1-2.

1-2

~L2% Probe to BNC

04815-200770

Model 4815A

1-16. PROBE HOLDER. This accessory clips onto
the front handle of the 4815A to hold the probe when
not in use, and is available separately as -hp- Stock
No. 5040-0404

1-17. ACCESSORIES AVAILABLE.

1-18. SHIELDED BANANA PLUGS TO FEMALE
BNC. This adapter converts banana post inputs to
shielded BNC, and is available as accessory 10111A.
The adapter has approximately 10 pF shunt capacity.

1-19. INSTRUMENT IDENTIFICATION.

1-20. Each Model 4815A is identified by an eight-digit
(000-00000) serial number on the rear panel. The
five digit number is an identification number unique

to each instrument and the three digit number is a
serial prefix number used to document changes.

1-21. All instruments with the same serial prefix are
the same. The group of instruments to which this
manual applies directly is identified on the title page.
For instruments with serial numbers higher than those
listed on the title page, a Manual Change sheet de-
scribing the changes is included with the manual.

The manual for an instrument having special electrical
modifications will include an insert sheet describing
that modification. I a change sheet or special infor-
mation sheet is missing, the information can be sup-
plied by any Hewlett-Packard Sales and Service Office
listed at the back of this manual.

10207A 5040-0404
Probe Holder

Adapter

10206A
Probe Adapter

XEN
LU

Probe Center Pins

10210A
Probe Socket

Probe Accessories



Section IV Model 4815A
Figure 4-1
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Section IV
Figure 4-3
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We didn't complete the project, but we did get some promising results from our work. Our magnitude
measurements came out fairly well, being off by a constant. Our phase was also quite constant, being off

by 60 degrees.

The magnitude and phase, as output by the HP4815A were:

At 0.5 MHz:
Resistor Value||Meter Reading||Phase
100 kohms 21 kohms -60 °
10 kohms 2.1 kohms -60 °
1 kohms 200 ohms -60 °
100 ohms 21 ohms -60 °

Here are some picuters of our output through the load:

= 1-SEC +

VAV

. Sl

Oscillator Output

2.50M4%

AR

. 2
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Building a Probe for an HP4815A Vector Impedance Meter

. SU~ -S4
Sampling Pulses

V oltage sampling board
Notice the significant number of coax coming off the board
Advice: make a bigger board with better connections
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