(bp HEWLETT

PACKARD

HP 71708A
Microwave Source

HP 70428A
Microwave Source Module

Technical Data

Variable frequency
source with lowest
phase noise
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The HP 71708A microwave
source provides signals with
exceptionally low phase and AM
noise performance from

2.4 to 26.4 GHz. Phase noise
specifications are -113 dBc/Hz
and -125 dBe¢/Hz at 1 kHz and
10 kHz offsets from a 10.2 GHz
carrier. AM noise is as low as
-150 dBe/Hz. Thus the

HP 71708A is an ideal source
for testing microwave receivers,
verifying noise floors of phase
noise measurement systems, or
substituting for the local oscilla-
tor in radar systems.

The HP 71708A consists of a
4/8's width HP 70428A micro-
wave source module and an
HP 70004A celor display/main-
frame.

This system combines:

+ Low phase noise

* Low AM noise

 Qutput frequency range from
2.4 to 26.4 GHz

* 600 MHz frequency resolution

» Optional 0.1 Hz frequency
resolution

* Qutput power up to +16 dBm

Typical phase and AM noise of HP 71708A microwave
source and high quality microwave synthesizer

Modular measurement sys-
tem (MMS) building block

The user interface of the

HP 71708A is built into the
firmware of the HP 70428A mi-
crowave source module. This
allows you to easily integrate
the HP 70428A into existing
MMS systems with multiple
instruments. Through the MMS
user interface, you have com-
plete control of all its functions.

Some of these functions
include:

» Output frequency

+ Qutput power level

* Reference source
configuration

¢ Calibration functions

¢ Tuning sensitivity

In addition to manual operation,

all functions can be controlled
over HP-IB by a computer.
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0.1 Hz frequency resolution

For applications that demand
frequency resolution finer than
600 MHz, add Option 002 and
an HP 8662A/3A synthesized
signal generator. This combina-
tion of instruments provides a
signal from 2.4 GHz to 26.5 GHz
with 0.1 Hz frequency resolu-
tion while preserving much of
the low noise performance of the
HP 71708A. With Option 002,
simply enter the desired output
frequency and the HP 71708A
automatically sets the frequency
of its internal microwave source
and, over HP-IB, the frequency
and power of the HP 8662A/3A.



Microwave Receiver
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HP 70428A microwave source block diagram

Selectable tuning and phase
noise performance

Along with low phase noise, the
HP 717084 provides a DC
coupled tuning port with three
=ensitivity settings. This allows
vou o phase-lock the

HP 7T1708A when using il as a
reference source for phase noise
measurements on synthesized
sources. The three tuning sensi-
tivity settings are directly
coupled to noise performance
and allow the HP T1708A fex-
ibility Lo adapt to your measure-
ment needs.

Built-in output power
calibration

Perodie calibration of the out-
put power of the HP 717084 can
be guickly and easily performed
using built-in calibration func-
tions and an external power
meter. Over HP-1B, the micro-
wave source will automatically
control an HP 4378, HP 438A,
or HP 70100A power meter.
Over MSIB. the HP 71708A
will autematically control

the HP 701 00A.

Microwave receiver noise
measurements

In the past. measuring the
noise of microwave receivers
required two receivers, driven
by a common microwave source.
This was due to the inadequate
phase and AM noise perfor-
mance of the available micro-
wave sources. Using this
method, the noise of the micro-
wave source cancels out and the
combined noise of the two re-
ceivers can be measured. How-
ever, it is difficult to accurately
determine the noise of each of
the individual receivers and two
receivers are required.

With the low phase and AM
noise of the HP 71708A and an
HP 3048A phase noise measure-
ment svstem, this measurement
can be made directly. By driv-
ing the input of the microwave
receiver with the low noise

HP 71 708A, the noise of the IF
signal out of the receiver is
dominated by the noise of its
micrewave conversion and 1F
processing componentis. The
noise of the IF signal can then
be measured using an RF refer-
ence source such as the

HP $662A, and the resulting
absolute noise of the microwave
receiver measured directly.
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Low AM noise

Low AM noise allows the

HP 71708A to be used as a
source for AM noise measure-
ments of signal processing com-
ponents such as amplifiers and
mixers. This low AM noise per-
formance minimizes the degra-
dation of residual PM measure-
ments due 10 AM to PM conver-
sion in the deviee under test or
in the microwave phase detee-
Lter.

Reference chain

The heart of the HP 7T1708A
microwave source ix the refer-
ence chain which conzists of a
10 MHz erystal oscillator,

100 MHz oscillator, and

800 MHz oscillator. Each of
these oscillators can be the pri-
mary reference, providing three
different tuning sensitivities
with corresponding phase noise
performance.

The 600 MHz signal from the
reference chain is multiplied
with a step recovery diode
which generates harmonies
from 2.4 to 26.4 GHz. Te obtaun
a particular harmonic, this ig-
nal is filtered with a YIG tuned
filter. A variable gain GaAs
amplifier boosts the power

of this signal.
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Configuration 1

All oscillators locked

* For those applications that demand the lowest possible noise
at all offsets

» Tuning sensitivity of 0.05 ppm/volt

* Phase noise of -65 dBc/Hz at 10 Hz offset, -113 dB¢/Hz
at 1 kHz offset and 10 GHz carrier frequency

10 MHz 100 MHz 600 MHz
PLL PLL
To
PLL BW PLL BW Multiplier
25 Hz - 10 kHz 1 kHz - 30 kHz
Tune line

Configuration 2

100 MHz and 600 MHz oscillators locked

« For those applications that require the best phase noise >1 kHz
and a moderate tuning range

+ Tuning sensitivity of 1 ppm/volt

¢ Phase noise of -33 dB¢/Hz at 10 Hz offset, -113 dBe/Hz at 1 kHz
offset and 10 GHz carrier frequency

10 MHz 100 MHz 600 MHz
PLL PLL > — >
i To
PLL BW PLL BW | Multiplier
25 Hz - 10 kHz 1 kHz - 30 kHz |
Tune line

Configuration 3

600 MHz free-running oscillator

« For those applications that require a wide tuning range and
a low broadband noise floor

» Tuning sensitivity of 20 ppm/volt

» Phase noise of -20 dB¢/Hz at 10 Hz offset, -100 dBe/Hz at 1 kHz
offset and 10 GHz carrier frequency

Option 002

Option 002 of the HP 71708A first YIG tuned filter is tuned

adds the capability to mix the

internal microwave source with
an external RF source. This op-
tion adds a microwave mixer, a
second YIG tuned filter, a sec-

ond GaAs amplifier, and associ-
ated signal switching. Once the

and the RF source frequency
and power set, the second YIG
tuned filter is tuned to the cor-
rect frequency. The variable
gain GaAs amplifier provides
output power control of this
composite signal.
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¢ Qutput power up to +16 dBm preovides * MMS user interface and modular

sufficient drive level for your test functionality integrates easily into
applications existing MMS systems

+ Adding Option 002 and an HP 8662A/3A *» Low phase noise yields state-of-the-art
extends the superior noise performance microwave receiver measurement
with 0.1 Hz frequency resolution from capability
2.4 GHz to 26.5 GHz

» 10 MHz crystal, 100 MHz and 600 MHz + Variable tuning sensitivity allows you to
oscillator outputs on rear panel optimize the noise performance for your

application

* Low AM noise is ideal for microwave
residual measurements
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HP 71708A/HP 70428A Specifications =——————

Specifications describe the instrument's warranted performance Supplemental Characteristics (shown in italics) are intended to

and apply after a 30 minute warm-up. These specifications are provide additional information, usetul in applying the instrument by
valid over its operating/environmental range unless otherwise giving typical (expected), but not warranted performance
noted. parameters. These characteristics are shown in italics or labeled as

“typical”, "usable to”, or “nominal®.

Microwave source

RF output
Frequency range:
2.4 GHz to 25.8 GHz
Frequency resolution:
600 MHz
Output power:
2.4 to 6.6 GHz:
O to +16 dBm
7.2 t0 25.8 GHz:
0to +10 dBm
Spectral purity:
The internal reference oscillators can be locked together in three configurations, each with different
phase noise performance and tuning bandwidths. All noise levels are in units of dBc/Hz unless
otherwise noted. Spurious and phase noise specifications at any offset can be determined by
drawing a line, on a log-log plot, between specification points given.
Configuration 1 - All oscillators locked
Best phase noise <100 Hz frequency offsets, narrow tuning sensitivity

Spuricus
(dBe)

Output feeguency ' T : : ;
f' T 100D 108t 10K 100K 1M

Custom eir.' . L Oftset from carrigr :{Hz) e
. Tune FHange: : :
ConZS ppm.

! 10
MHZ

00 -
_MH: :

Mz oo

H




Configuration 2 - 100 and 600 MHz oscillators locked
Better phase noise <10 kHz frequency offsets, moderate tuning sensitivity
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Configuration 3 - 600 MHz free-running oscillator
Good phase noise <10 kHz frequency offsets, wide tuning sensitivity

Customer
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' All noise Ievels above -30 dBcsz are 3 dB below S AL expressecl in dB wlth respect to 1 rad%sz
2 All noise levels above -40 dBc/Hz are 3 dB below S L) expressed in dB with respect to 1 rad¥/Hz.

.



AM noise:

Specifications apply for +10 dBm output power. All noise levels in dB¢/Hz. AM noise
specifications at any offset can be determined by drawing a line, on a log-log plot,

between specification points given.
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Supplemental characteristics
Frequency overrange:
26.4 (GHz with degraded output power
Output level entry resolution:
0.1d8
Absolute power accuracy:
+3 dB
Harmonics:
-10 dBc
Frequency switching transients:
Output power can peak at +22 dBm during
frequency swilching
Output power drift:
<1 dB after warm-up
Output power settling time:
<100 ms

Maximum output power vs frequency:

Sraquorey iy

Hpﬁ‘mﬂﬂ Gu"tput Powel I .

TTrw b owmg . adil. oaps Loy oLonrg e Cue ]

Frequency switching speed:
3 saconds, standard; 6 seconds, Option 002
Reference tuning:
Voltage control of the internal reference
oscillators is available through a port on the
front panel.
Tuning range (sensitivity):
Configuration 1:
+0.25 ppm (0.05 ppm/ivolt)
Configuration 2:
+5 ppm (1 ppm/volt)
Configuration 3:
+100 ppm (20 ppm/volt)
Tuning port voitage range:
+5 volts (overrange to £10 volts)
Tuning port input impedance:
2kQ



Option 002 specifications

Requires HP 8662A or HP 8663A as an RF source.
Adds capability to the HP 71708A such that an RF source can be mixed with the microwave source.
The front panel frequency of the RF source is automatically controlied by the HP 71708A over HP-IB.

Option 002 spectral purity:
The following spectral purity table combines the effects of the HP 71708A Option 002,
configuration 1, and HP 8662A/3A when used together as a microwave source. All noise levels are
in units of dBc/Hz unless otherwise noted. Spurious and phase noise specifications at any offset
can be determined by drawing a line, on a log-log plot, between specification points given. To
combing the HP 8662A/3A phase noise with configuration 2 and 3 tables, use the phase noise
numbers from this table for offsets =1 kHz and configuration 2 and 3 tables for offsets <100 Hz.
Configuration 1 - All oscillators locked
Best phase noise <100 Hz frequency offsets, narrow tuning sensitivity

. B T SR Spurious®
Cukiom'er ©o - Offsetfrom carver (Hz) - . o i {dBo)
| Tune Range: | Qutput frequency : "0 to!
. H28ppm ¢ 1T 10 1100 Yk | Bk ¢ 5k ¢ 10k 100k IM | TOM | 40M
TR e : : - L L
S ledn 30 I
42 .10 £
GHz
601078
GHz
7810102
1 GHz
G2 126
4Gz
R -
12810180
- | GHz
18010 265 |
GHz

' All noise levels above -30 dBc¢/Hz are 3 dB below S (f) expressed in dB with respect to 1 rad?Hz.
2Mixing an RF source with the microwave LO in the HP 71708A Option 002 may result in some mixing spuricus
exceeding spurious specifications, see mixing spurious table on page 10.



AM noise of Option 002':

Specifications apply for +10 dBm output power. All noise levels in dBc/Hz. AM noise
specifications at any offset can be determined by drawing a line, on a log-log plot, between

spec|f|cal|on pounts glven

Cnnput frequenﬁyf;

Suppfementa! charactensﬂcs

Dﬁsei !mm camer {Hz} S

Bputious |
!dHﬁ:’ ;

fo!ng spunous

2807

FA82  Zd08 BTIF-P 734 279%

2885 - 3,005, 3587 - 1608

_.'- - 2838
- 4120

LO feedthrough 430-480 MHz offset below
carrier:
<-50 dBc typical

General specifications

HP 71708A system components:
HP 70004A Color Display/Mainframe
HP 70428A Microwave Source Module

Internal reference oscillator:
internal 10 MHz reference oscillator:
10 MHz Quartz oscillator
Aging rate:
<1x10%day after 10 day warm-up
Temperature stability:
<£2x10% gver 0 to 55°C

'AM noise specifications apply when an
HP 8662A or HP 8663A is used as the RF source.
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Rear panel connections:

* 10 MHz [N (+7 dBm required)

* BUFFERED 10 MHz OUT

(Typical +7 dBm)

+ 10 MHz OVEN OUT (Typicat +10 dBm)

» 100 MHz QOUT (Typical -2 dBm)

+ 100 MHz OUT (Typical +8 dBm})

» 600 MHz QUT (Typical +20 dBm)

+ 600 MHz QUT (Typical 0 dBm)

» TUNE SPAN QUT (not specified)

» MULTIPLEXER OUT (not specified})

« TUNE QUTPUT (not specified)
Environmental temperature:

Operational, 0 to +55°C; storage,

-40 to +75°C
Humidity:
QOperational, 0 to 95% relative
humidity at 45°C

Warm-up time:

30 minutes recommended
EMC:

Meets MIL-STD 461B



Power requirements:
HP 71708A - See requirements for
HP 70004A. All power supplied by
the mainframe (HP 70004A).
HP 70428A - Requires as much as 80 watts
of regulated power from mainframe.
Weight:
HP 71708A:
26.8 kg (58.9 Ib) nominal
HP 71708A Option 002:
29.3 kg (64.5 Ib) nominal
HP 70428A:
7.4 kg {16.1 1b) nominal
HP 70428A Option 002:
9.9 kg (21.7 Ib) nominal
Warranty:
One year (extendible with options)
Calibration cycle:
One year recommended

Supported power meters for output power
calibration:

HP 70100A Power Meter

HP 437B Power Meter

HP 438A Power Meter

Supported displays and mainframes.
HP 70004A Color Display/Mainframe
HP 70206A Display with HP 70001A
Mainframe

Supplemental characteristics

10 MHz rear panel output:
Typical Phase Noise Performance

100 MHz rear panel output:

Typical Phase Noise Performance

600 MHz rear panel output:
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Typical Phase Noise Performance




Ordering information

HP 71708A Microwave Source ...................$60,700
Options:

002

0.1 Hz frequency resolution capability ......$25,000
(requires an HP 8662A/3A Option 003)

003

Add HP 8662A Option 003

Synthesized Signal Generator..................$42,500
004

Add HP 8663A Option 003

Synthesized Signal Generator.................. $58,400
+W30

Extended service and repair {std) .............. 51,485
with Option 002...........ccoeeiicviieiicern . $2,110
908

Rack flange kit without handles

(P/N B062-3979) e, $40
910

Provides a total of two sets of

user guides (p/n 70427-90002),

component level information

packets (p/n 70427-90004), and service
documentation disks (p/n 70428-90007

and 70428-90008) ......cccoevvvrieeireerecnennnenen. $1,400
913

Rack flange kit with handles

(P/N B0B2-4073) oo $45
0BW'

Service documentation on a disk

{p/n 70428-90007 and 70428-90008) ............$400

HP 70428A Microwave Source Module ......$50,000
Options:

002

0.1 Hz frequency resolution capability ...... $25,000
{requires an HP 8662A/3A Option 003)

+W30

Extended service and repair (std) .............. $1,250
with Option 002 ... 81,875
910

Provides a total of two sets of

user guides {p/n 70427-90002),
component level information

packets (p/n 70427-80004), and service
documentation disks (p/n 70428-90007

and 70428-90008) ... $1,400
oBW!

Service documentation on a disk

(p/n 70428-90007 and 70428-30008) ............$400

' Requires a PC, Windows 3.0/3.1, 3'2-inch 1.44 Mbyte floppy drive,
4 Mbyte RAM, VGA monitor, and 7 Mbyte available hard disk space.
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