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Abstract

The purpose of this report is to provide users of the LO Reference Distribution
System with detailed procedures for periodic maintenance, and guidance for
troubleshooting in the event of a subsystem failure. Some background
information and important system design considerations are also given.

Those readers who already have a basic understanding of the System may
choose to proceed directly to section 1l — Maintenance Procedures. New users,
or users wishing to modify or redesign any part of the System, are
recommended to read the introductory section of this document.



I. System Description

The LO Reference Distribution System transmits 10 MHz and 500 MHz from the Timing
Center to various remote user stations, over single-mode optical fiber. A simplified
schematic block diagram is shown in figure 1 (for a detailed schematic, refer to
D35260K003 in the GBT drawing archive).
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Figure 1. A simplified block diagram of the LO Reference Distribution System.



Overall System Architecture

From the hydrogen maser, the LO Transmitter module accepts 10 MHz and 100 MHz,
each with nominal levels of +10 dBm. Inside the LO Tx module, the 100 MHz is
frequency multiplied to 500 MHz, filtered, combined with the 10 MHz, and sent out to
the Optical Tx/Rx module where it modulates a laser. The laser output is optically split,
with each of the four outputs spliced to SM fibers which carry the modulated light to each
user station.

At the user station, the optical signal is detected in the LO Ref Laser/Detector module,
and its output is transmitted via coax cable to the adjacent LO Rx module. Inside the LO
Rx module, the incoming 500 and 10 MHz is separated (coming into the module on a
single coax cable, the signals are put onto individual coax cables using a power divider
and filters). The module’s 500 MHz input is used as a reference in a PLL, whose output
is split four ways; two of the outputs are brought to the module’s rear panel for general
use, another is used internally for clocking the incoming 10 MHz, a third establishes a
feedback path for the PLL, and the fourth is output to the module’s rear panel for use as
the returned 500 MHz — part of the round-trip measurement subsystem.

Inside the LO Rx module, the clocked 10 MHz (ECL) is voltage-shifted and filtered to
provide a +2 dBm (50 Ohm) sine wave at the module’s rear panel. A sample of the ECL
10 MHz is applied to a divide-by-two circuit, producing 5 MHz which is also shifted,
filtered, and output to the rear panel (+2 dBm).

Round-Trip Phase Monitoring

Within the LO Tx module at the Timing Center, a sample of the 500 MHz is used,
together with 260 Hz from the RTPM module in a PLL, to create an offset reference
frequency of 500.000260 Hz (more precisely, 10 MHz divided by 38400) to be used in
the RTPM for phase detection. The offset reference is mixed (in the RTPM module) with
the returned 500 MHz from a user station, translating the phase drift information to 260
Hz. The 260 Hz signal is then input to an exclusive-OR gate along with a reference 260
Hz, which produces at its output a 260 Hz square wave whose duty cycle is an indirect
measure of relative phase drift on the 500 MHz round-trip path. By running a digital
counter on the XOR output, the duty cycle can be accurately measured. The counters are
latched and reset once every three seconds, and the transformation from counts to
picoseconds is done in software.. The RTPM module contains its own SIB, providing an
interface to the MCB over which the RT phase, and other information can be exchanged.

History of the GBT RTPM Design

The GBT round-trip phase monitor was modeled after the OVLBI RTPM, which in turn
was taken from the original VLBA design [1]. The VLBA RTPM was designed to accept
a 5 MHz reference, however, the architecture of the OVLBI system made it more
convenient to use a 10 MHz reference instead of 5 MHz. This design change was carried
on to the GBT RTPM in order to maintain compatibility; neither the OVLBI nor the GBT



designs are interchangeable with the VLBA modules, while they still have many of the
component parts in common.

Important Considerations for the Optical Subsystems

The 500 MHz and 10 MHz together (in the documentation referred to as 500/10 MHz)
are input to the Optical Tx/Rx module via a single coax cable. It is very important that
the combined power of the 500/10 not exceed -2.5 dBm to avoid nonlinear operation, and
damage to the laser. The Optical Tx/Rx module contains one laser, followed by an
optical four-way splitter — for providing up to four remote user stations. The noise
margin of the System will not allow for an increase in the number of user stations, or for
a significant increase in the distance between the Timing Center and a user station; 5
kilometers is the predicted limit. Expansion of the System, either in the number of user
stations or distance of transmission, will require the upgrade of laser transmitters from the
Fabry-Perot to a DFB type. The module also houses four PINFET optical detectors, for
converting the returned light to an electrical signal to be used for round-trip phase
detection.

At a remote user station, the incoming light (modulated with 500/10) is input to the LO
Ref Laser/Detector module, where it’s detected, and sent out on coaxial cable to the LO
Rx module. The incoming optical power level is nominally -9 dBm, however the System
will continue to function without significant degradation, with optical power levels
anywhere in the range -10 dBm to -8 dBm.

It is important to keep in mind that the input power to the optical detectors must not
exceed -7 dBm. Optical power incident on the detectors at user stations is attenuated by
not only the fiber loss (typically on the order of 1 dB), but also by the four-way optical
splitter within the Optical Tx/Rx module in the Timing Center. Since the returned optical
signal is not optically split, additional attenuation was needed. The System makes use of
hand-wound (NRAO) optical attenuators in each LO Ref Laser/Detector module.

LO Reference Signal Synchronization

The LO Rx module receives 500 MHz and 10 MHz (500/10) signals from the LO Ref
Laser/Det module on a single coaxial cable, and separates them. The 500 MHz is used as
a reference in a PLL within the module, and is subsequently divided four ways in a 1:4
splitter. One of the splitter outputs is used as a clock input to a resynchronization circuit,
where it clocks the incoming 10 MHz using a D flip-flop, as shown in figure 2. Two of
the splitter outputs are brought to the module’s rear panel to provide 500 MHz for general
use (+8 dBm each). A sample of the synchronized 10 MHz is then applied to a divide-
by-two circuit (the center D flip-flop of figure 2) to generate 5 MHz. The ECL 10 MHz
and 5 MHz are DC-shifted, then low-pass filtered to provide +2 dBm outputs at the
module’s rear panel.
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Figure 2. A simplified schematic of the synchronization circuits in the LO Rx module.

Since some applications require a 5 MHz reference having unambiguous phase, the 5
MHz is sampled at the rising edge of the 1PPS, and phase inverted if necessary. The
phase of the 5 MHz, with respect to the rising edge of the 1PPS, is a parameter that is
constantly monitored using again a D flip-flop (on the right-hand side of figure 2). If the
5 MHz square wave should come up in the “wrong” phase during power up of the
module, the output of the third D flip-flop will reset the divide-by-two circuit, thereby
forcing the 5 MHz phase to be “low” at the rising edge of the 1PPS. The output of the
third flip-flop, the sync monitor, is latched and is able to be read over the MCB. Two
other events can also lead to the latching of the sync fault: (a) the interruption of the
1PPS signal, or (b) disabling the sync circuit (setting sync enable to a logic “high”). If
any one of these three basic events occurs, a sync fault will be latched and reported over
the MCB. The fault latched by the sync monitor (the D flip-flop which monitors the
phase relationship between the 5 MHz and 1PPS) is of most concern, as there are many
possible causes. These are:

« The randomness of initial conditions on the flip-flop inputs upon power-up.

» The absence of 10 MHz. Since the 5 MHz is made from the 10 MHz, a loss of
10 MHz input will naturally lead to the loss of 5 MHz.

» The loss of 500 MHz reference. If the module’s 500 MHz reference input
level drops by more than 6 dB, the module’s VCXO will lose phase lock —
creating a ramping phase modulation on both the 10 MHz and 5 MHz.



Loss of 500 MHz VCXO. If the module’s 500 MHz VCXO output level
decreases by 6 dB, the 10 MHz will not be clocked through the first flip-flop.
A drop in optical power input to the LO Ref Laser/Detector will reduce the
amplitude of 500 MHz and 10 MHz input to the LO Rx module.

A loss of 1PPS signal.

Ambient temperature drift. As temperature changes, two critically-timed
signals may experience different changes in propagation delay, and eventually
resulting in the violation of required setup and hold times at the flip-flop
inputs.. If this occurs between the 500 MHz and the 10 MHz, the LO Rx
module’s 10 MHz output spectrum will be noisy (discussed in detail later in
this report), and the noise will trigger a sync fault. If there is a drift in relative
delay between the 5 MHz and the 1PPS, the required phase relationship can be
violated.

The 1PPS/5MHz sync fault can be cleared remotely, or by pressing a button on the
module’s front panel.

Il. Maintenance Procedures

The LO Reference Distribution System requires occasional cable length adjustments.

Due to seasonal variations in the outdoor temperature, the length of the optical fibers —
between the Timing Center and the GBT, for example — will change enough to misalign
critical signals in the LO Rx module. Critical timing exists between the 500 MHz and the
10 MHz, and between the 5MHz and the 1PPS signals in the LO Rx module. Both pairs
of signals are input to D flip-flops (data, and clock inputs) which have well-defined set-
up and hold requirements.

In addition to the cable length adjustments at the LO Rx module needed for meeting the
setup and hold requirements for the flip-flops, the 500 MHz return path length must be
varied at the input to the RTPM module, just prior to a VLBI run, to center the delay data
in the center of its range. The current data processing software calculated one-way dealy
modulo 1000 psec. In other words, if the data increases beyond 1000 psec, it will
automatically wrap around to zero psec. Similarly, data decreasing below zero will wrap
around to 1000. The VLBI data processing is not able to handle the discontinuities in
RTPM data across the zero-1000 psec boundary, therefore, a path length must be changed
in order to place the current data near 500 psec — the middle of its range. To avoid
disturbing other critical delays in the system, it is important to do this alignment by
varying the length of the 500 MHz return path. This is most conveniently done at the
Timing Center, at the 500 MHz input to the RTPM module.

In summary, there are two cable length adjustment procedures: One set of adjustments is
done at the LO Rx module (at each user station, such as the GBT LO Rack), and the other
adjustment is done at the RTPM module in the Timing Center just prior to a VLBI run.
Detailed procedures for the cable length adjustments are given in the following two
sections.



LO Rx Module Cable Length Adjustments

If the 500 MHz and 10 MHz become sufficiently misaligned — to the extent that the set-
up or hold time is violated, the 10 MHz and 5 MHz outputs from the LO Rx module will
be noisy. To illustrate the increased noise on the 10 MHz output, a coaxial line stretcher
was inserted in the 10 MHz signal path — after the signal separation (500/10) but ahead of
the D flip-flop. As the line was stretched, noise on the 10 MHz module output was seen
to rise and fall cyclically, according to an electrical length of pi radians at 500 MHz (a
half wavelength). Figure 3 below shows the difference between a clean and noisy 10
MHz spectrum, obtained by changing the 10 MHz path length within the LO Rx module..
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Figure 3. Clean and high-noise spectra, obtained by varying 10 MHz path length.

If the 10 MHz becomes noisy, so will the 5 MHz. Noise on the 5 MHz will trigger a fault
on the 1PPS/5MHz Sync monitor.

Adjusting the relative delay between the 10 MHz and 500 MHz will of course affect an
equal delay differential between the 5 MHz and 1PPS signals in the LO Rx module. Care
must be taken to ensure that the setup and hold times at the 1PPS/5MHz flip-flop are
satisfied, with maximum margin. After adjusting the relative delay between the 10 MHz
and the 500 MHz, proceed immediately to the adjustment of 1PPS cable length. A
procedure for alignment of both critical signal pairs (500 MHz and 10 MHz, and 5 MHz
and 1PPS) is as follows:



1. Connect a spectrum analyzer to the LO Rx module’s 10 MHz output, and set up the
spectrum analyzer as follows:

Center frequency 10 MHz

Span 2 MHz
RBW auto
VBW auto
Sweep time auto
Reference level +10 dBm

Input attenuation auto, or 10 dB

2. Locate the coaxial jumper on the rear panel of the LO Rx module, labeled “10 MHz
Loop”. Vary the length of this jumper, using the semi-rigid coax jumpers supplied with
the module, while observing the 10 MHz spectrum. Notice that the spectrum will be
noisy with certain jumper lengths, and clean for other lengths. If a given jumper length
produces a noisy spectrum, another jumper — either 8 inches longer or 8 inches shorter
(corresponding to a half-wavelength at 500 MHz) will also produce a noisy spectrum.
Verify that this is true.

3. After finding two different coax jumper cable lengths (differing by approx 8 inches)
that result in a noisy spectrum, install a jumper cable length that is approximately 4
inches shorter than the longer cable which produced a noisy spectrum. After installing
this cable, the spectrum should be clean.

4. Using a 2-channel oscilloscope, view the rising edge of the 1PPS (at the input to the
LO Rx module) and the module’s 10 MHz output signal (use two coax cables of equal
length, to carry the 1PPS and 10 MHz signals from the LO Rx module to the
oscilloscope, so as to not introduce additional differential delay). Verify that the rising
edge of the 1PPS coincides with a maxima or minima of the 10 MHz sine wave (the
rising edge should be mid-way between zero crossings of the 10 MHz sine wave). If
necessary, vary the length of the 1PPS cable at the input to the LO Rx module.

5. Reset the 1PPS/5MHz Sync Fault monitor by pressing the Sync Fault Reset button on
the LO Rx module’s front panel. Verify that the module’s green 1PPS Sync LED is lit.

RTPM Cable Length Adjustment

This section describes the procedure for changing the 500 MHz path length just prior to a
VLBI experiment, as needed to center the RTPM delay in the middle of its range (near
500 psec). Before each VLBI run, it is necessary to check the RTPM delay to make sure
the data is between 400 and 600 psec. If it is not, it is necessary to make the adjustment
as outlined below.



1. At the Timing Center, find the coaxial cable that is connected the RTPM’s front-panel
”500 MHz Input”, and, at a convenient computer workstation, open a real-time display of
the RTPM data. For a real-time display of round-trip delay, launch CLEO or a similar
software application. CLEO’s menu path is as follows:

CLEO - Utilities/Tools = Site Timing —-> then select the “GBT” tab.

2. Change the 500 MHz cable length as needed to obtain a delay within the range 400
psec to 600 psec. Note that changing the length of this cable will produce only half of the
expected change in the displayed delay, since the signal processing software assumes that
the delay change occurred in both the outgoing and return path. For example, changing
the cable (having a Teflon dielectric) by 2 inches (245 psec delay) will affect a change of
only 122.5 psec on the CLEO display. Using the software application gbtlogview, round-
trip delay can be plotted as a function of time. The graph of figure 4 shows typical delay
data over a three day period.

| SiteTime—Rtpm140—Rtpm_DELAY
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1 1
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t0: Mon—13-Sep—2004/17:01:50

Figure 4. Typical RTPM data over a three day period.
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REV DATE REVISION RECORD DWN AUTH —
- 08-06-04 | Draft 88 GP

OUTPUT
Frequency
500 MHz
Level
+13 £2dBm into 50 ohms
STABILITY
Aging
+1x10°° after 30 days year one,
5x10° year two

.3 X L_o-m <mm_,m three and beyond
Phase Noise L(f)
100 Hz -112 dBc/Hz SMA Female, 1 place
1kHz  -142 dBc/Hz 297" 1.00"
10kHz -150 dBc/Hz = TYe. =] TVP.
20kHz -151 dBc/Hz — — (969
Temperature Stability 0720 — | (© )
5 x do-.». 0° to +50°C (Ref +25°C) %m
Harmonics and Sub-Harmonics 1.94"
-30 dBc 0.000 — TYP.

MECHANICAL H
Dimensions -
A
|
3

— 0.500

— 0.000
—0.200
— 0.450
— 0.700
U - R O

= N W

1.94%2.97 x 1" |
Connectors
SMA and Feedthru capacitor
Packaging
mO_QGﬂ mmm_mQ m"mm_ can Feedthru capaditor, 2 places Ground Turret, 1 place
with threaded inserts on base . #4-40 x 1/4" Insert, 2 places Function
POWER REQUIREMENTS Connector numbers are for reference only, § | Eelectical Tunky
Warm-Up Power they do not appear on unit. Supply Voltage
<6 Watts for 5 minutes o pies g
Total Power
3 Watts at +25°C
Supply Voltage
+15VDC
ADJUSTMENT
Electrical Tuning

-m .
TRENE O oD, @ <<m:~m_>mmoo_m~mm,_:n.
+.1x10 ~ at +3 V at time of shipment, - Austin, Texas

negative slope, input impedance i
>50KQ. mod. Rate DC to 1 kHz 500 MHz-SC Crystal Oscillator

Omﬂ<m.ﬂ>_l PIN: Rev: Date: Drawn: Ref:
Qs 500-13106 | - | 08-06-04 500-04451

100 MHz SC-cut 5" overtone with x5 T 9XKDes | 030K Dec: FSCm:
multiplier stage Dimensions are ininches +0.030" | +0.010" | 62821 | Page1ar1
E——————————

stz — | ©
0050
0000 —
0050 —

eyl — -
STl —
0000

LN




500.008000

500.006000

500.004000

500.002000

500.000000

499.998000

Output Frequency, MHz

499.996000

499.994000

499.992000

Tuning Characteristics of VCXOs

Tuning Voltage

v 2469-9525 6/11/96
AL . 2469-9525 2/19/03
\ —+6025-9650 2/19/03
\ SIN 6024-9650 |
.
§\
Ny
\
0 1 2 3 4 5 6

This graph illustrates the effect of quartz resonator ageing. The tuning characteristic of
oscillator serial number 2469-9525 has been monitored over time, from 1996 though the

present. Notice the lowest curve, which shows a tuning voltage of 1.5 volts for f =

500.000000 MHz as was measured after approximately six years of operation. The upper
curves show acceptable performance, with tuning voltage near 3.0 volts at 500.000000

MHz.

At the time of this writing, a new oscillator is being designed for this application, using
an SC-cut resonator, rather than an AT-cut. The SC-cut should offer significantly longer

MTBFs.
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MC10E131, MO100E13J
SV ECL 4-Bit D Flip-Flop

The MCI10E/100E131 is a quad master-slave D-type flip-flop with
differential outputs. Each flip-flop may be clocked separately by
holding Common Clock (Cc) LOW and using the Clock Enable (CE)
inputs for clocking. Common clocking is achieved by holding the CE
inputs LOW and using Cc to clock all four flip-flops. In this case, the
CE inputs perform the function of controlling the common clock, to
each flip-flop.

Individual asynchronous resets are provided (R). Asynchronous set
controls (S) are ganged together in pairs, with the pairing chosen to
reflect physical chip symmetry.

Data enters the master when both Cc and CE are LOW, and transfers
to the slave when either Cc or CE (or both) go HIGH.

The 100 Series contains temperature compensation.
¢ 1100 MHz Min. Toggle Frequency
Differential Outputs
Individual and Common Clocks
Individual Resets (asynchronous)

Paired Sets (asynchronous)

PECL Mode Operating Range: Vee=4.2Vto 5.7V

with VEg=0V

NECL Mode Operating Range: Voc =0V

with VEg=—-42V to-57V

Internal Input 50 KQ Pulldown Resistors

Metastability Time Constant is 200 ps.

Meets or Exceeds JEDEC Spec EIA/JESD78 IC Latchup Test
ESD Protection: > 2 KV HBM, > 200 V MM

Moisture Sensitivity Level 1

For Additional Information, see Application Note ANDS003/D
® Flammability Rating: UL-94 code V-0 @ 1/8”,

Oxygen Index 28 to 34
® Transistor Count = 240 devices

® o e o o o
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CASE 776 128
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A =Assembly Location h
WL = Wafer Lot O 1]
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ORDERING INFORMATION

Device Package Shipping’

MC10E131FN PLCC-28 37 Units/Rail

MC10E131FNR2 | PLCC-28 | 500/ Tape & Reel

MC100E131FN PLCC-28 37 Units/Rail

MC100E131FNR2 | PLCC-28 | 500 / Tape & Reel

tFor information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specifications
Brochure, BRD8011/D.

© Semiconductor Components Industries, LLC, 2003 1
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MC10E131, MC100E131
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Figure 1. Pinout Diagram Figure 2. Logic Diagram
PIN DESCRIPTION
PIN FUNCTION
Dp - D3 ECL Data Inputs
CEy-CE3 ECL Clock Enables (Individual)
Ro - Rz ECL Resets
Ce ECL Common Clock
Soa, 312 ECL Sets (paired)
Qp-Q3, Qp-05 ECL Differential Outputs
Vee: Veco Positive Supply
Vee Negative Supply
NC No Connect
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MAXIMUM RATINGS (Note 1)

MC10E131, MC100E131

Symbol Parameter Condition 1 Condition 2 Rating Unit
Vece PECL Mode Power Supply VEg=0V Vv
VEe NECL Mode Power Supply Vgg=0V -8 "
Vi PECL Mode Input Voltage VEg=0V Vi< Vee Vv
NECL Mode Input Voltage Vee=0V V) > Vee -6 v
lout Output Current Continuous 50 mA
Surge 100 mA
TA Operating Temperature Range -40 to +85 °C
Tstg Storage Temperature Range -65 to +150 °C
AT Thermal Resistance (Junction-to-Ambient) | 0 LFPM 28 PLCC 63.5 °C/W
500 LFPM 28 PLCC 43.5 °C/W
0)c Thermal Resistance (Junction-to-Case) std bd 28 PLCC 2210 26 °C/W
Vee PECL Operating Range 421057 v
NECL Operating Range -57t0-4.2 \"
Tsol Wave Solder <2to 3 sec @ 248°C 265 %G
1. Maximum Ratings are those values beyond which device damage may occur.
10E SERIES PECL DC CHARACTERISTICS Vgy = 5.0 V; Veg = 0.0 V (Note 2)
-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max [ Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
lgg Power Supply Current 58 | 70 58 70 58 70 58 70 | mA
Vou Output HIGH Voltage (Note 3) 3980 | 4070 | 4160 | 4020 | 4105 | 4190 | 4090 | 4185 | 4280 | mV
VoL Output LOW Voltage (Note 3) 3050 | 3210 | 3370 | 3050 | 3210 | 3370 | 3050 | 3227 | 3405 | mV
Vin Input HIGH Voltage 3830 | 3995 | 4160 | 3870 | 4030 | 4190 | 3940 | 4110 | 4280 | mV
Vi Input LOW Voltage 3050 | 3285 | 3520 | 3050 | 3285 | 3520 | 3050 | 3302 | 3555 | mV
i1 Input HIGH Current Cg 350 350 350 350 | pA
S 450 450 450 450
R,CE 300 300 300 300
D 150 150 150 150
I Input LOW Current 0.5 0.3 05 | 0.25 0.3 0.2 pA

NOTE: Devices are designed to meet the DC specifications shown in the above table, after thermal equilibrium has been established.
The circuitis in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained.

2. Input and output parameters vary 1:1 with Vigc. Vgg can vary -0.46 V / +0.06 V.
3. Outputs are terminated through a 50 ohm resistor to V-2 volts.
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MC10E131, MC100E131

10E SERIES NECL DC CHARACTERISTICS Vgoy= 0.0 V; Vgg = -5.0 V (Note 4)

-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min Typ Max Min Typ Max Min Typ Max | Unit
lgg Power Supply Cur- 58 | 70 58 70 58 70 58 70 mA
rent
Vou Output HIGH Volt- -1020 | -930 | -840 | -980 | -895 | -810 | -910 | -815 | =720 | mV
age (Note 5)
VoL Output LOW Volt- -1950 | -1790 | -1630 | -1950 | -1790 | -1630 | -1950 | -1773 | -1595 | mV
age (Note 5)
Vin Input HIGH Voltage -1170 | -1005 | -840 | -1130 | -970 | -810 [-1060 | -890 | -720 | mv
ViL Input LOW Voltage -1950 | -1715 | -1480 | -1950 | -1715 | -1480 | -1950 | -1698 | -1445 | mV
hH Input HIGH Current pA
Cc 350 350 350 350
S 450 450 450 450
R,CE 300 300 300 300
D 150 150 150 150
I Input LOW Current 0.5 0.3 0.5 | 0.065 0.3 0.2 pA

NOTE: Devices are designed to meet the DC specifications shown in the above table, after thermal equilibrium has been established.

4. Input and output parameters vary 1:1 with V. Vgg can vary -0.46 V / +0.06 V.
5. Outputs are terminated through a 50 ohm resistor to V-2 volts.

100E SERIES PECL DC CHARACTERISTICS V(e =5.0 V: Ve = 0.0 V (Note 6)

The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained.

-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
leg Power Supply Current 58 70 58 70 58 70 67 81 mA
Vou Output HIGH Voltage 3975 | 4050 | 4120 | 3975 | 4050 | 4120 | 3975 | 4050 | 4120 | mV
(Note 7)
VoL Output LOW Voltage 3190 | 3295 | 3380 | 3190 | 3255 | 3380 | 3190 | 3260 | 3380 | mV
(Note 7)
Vi Input HIGH Voltage 3975 3835 | 3975 | 4120 | 3835 | 3975 | 4120 | 3835 | 3975 | 4120 | mV
Vi Input LOW Voltage 3355 3190 | 3355 | 3525 | 3190 | 3355 | 3525 | 3190 | 3355 | 3525 | mV
hH Input HIGH Current  Cg 350 350 350 350 | pA
S 450 450 450 450
R,CE 300 300 300 300
D 150 150 150 150
he Input LOW Current 0.5 ] 0.3 05 | 0.25 0.5 0.2 uA

NOTE: Devices are designed to meet the DC specifications shown in the above table, after thermal equilibrium has been established.

6. Input and output parameters vary 1:1 with Vee. Veg can vary -0.46 V / +0.8 .
7. Outputs are terminated through a 50 ohm resistor to Ve - 2 V.

The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained.
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REMEC 15 - 700 MHz

Hybrid Amplifiers
High Dynamic Range

e D e 7 0 T T N T el e S S e R e R e R R Tl |

Electrical Specifications ©:

Parameter Specification Limit Q BH == 1 3 2

Temperature +25 -55 to +85 L {6

[Frequency Range 15 - 700 MHz

Small Signal Gain 14.8 £ 0.6 dB

Gain vs. Temperature +0.5 / -1.0 dB Max

Gain Flatness 0.8 1.4 dB Max p-p

Reverse Isolation 27 26 dB Min
Output 1.7:1 1.8:1 Max

1 dB Compression +16 +15.5 dBm Min Power Supply Voltage

Output Intercept Point Sustaining » <« s cuvn e n 16.5 Vdc
3rd Order +29 +27 dBm Min Pulse (transient) . ....... 21.0 vdc
2nd Order +39 +37 dBm Min Temperature

Noise Figure 6.5 7.0 dB Max Operating ........ =55 to +125°C

DC Power @ 15 Vdc * 1% 44 45 mA Max Storage . ......... -65 to +150°C

Gain VS. vdc 0‘15 dBNolt Max Max Il‘lput DTiVE ......... 1.4 VRMS

Housing TO-8 (E52-1213) Thermal Rise, junction-to-case . . . .+16°C

Notes:

1. Specifications are guaranteed when tested in a 50 Ohm system. Specifications indicated as typical
are not guaranteed.

Gain (dB) -O- 25°C -%- -55°C -~ +85°C Noise Figure (dB)
18 (dB) 7.0 g
Typical S-Parameter Data - By [l
s s21 s12 S22 & o 11| I\ ml*ll
MHz dB Ang dB Ang dB Ang dB Ang 14 50 camm SR
15 273 11.5 146 -177.0 -39.3 7.7 -19.1 78.0 13 iy 45 iiin
40 -26.1 -18.8 147 1712 -39.2 91 -202 54.7 "Ziemqg 2 248700 2 3 4serqoop *0sermap 2 3 4567300 2 3 45871000
60 -24.9 -355 147 1641 -38.8 10.8 -19.4 4438 P T
80 -23.7 489 147 157.4 -385 13.0 -18.4 38.1 poi m 2
100 -22.5 -60.8 14.8 150.9 -37.9 15.0 -17.6 32.9 o ol s
300 -15.9-134.3 147 875 -324 29 -124 -19.1 oRO=ad 17
500 -14.4 1709 146 244 -289 -33.5 -12.4 -74.4 50 16 (111
700 -18.5 1008 14.7 -41.1 -283 -80.6 -185-1164 | * "y £ B
5!1510 2 3 as587 100 2 315671000 58?!10 2 34587 100 2 315071000
e Input/Output VSWR 25°C a 3rd order intermod dislortion (dBm)
gl v 10
)i 4 = =
027 311 2300 1-2 ”ﬁkﬂv\.fut = i ol 7
{ J 495 &
i R " =TT I Tl
pr— y /\ : 567!10 2 ) 4587 100 2 ]45611000 55?810 2 ) 4587 100 2 :!l501100°
| g%g a4 2nd order intermod dism‘r:ion (dBm)
42
Pin Confi i 40 D
| 3. GND. 3 ||r
4X @ = LLLL
%Eg %gg_- ‘016 4.RFOU! 345!7&10 2 31 4587 120 2 J‘iﬂ‘l’1mo

Dimensions are in inches

Specifications subject to change without notice.
2144 Franklin Drive N.E. - Palm Bay, FL 32905 - TEL: 800-226-1772 - FAX: 321-727-3729 - components@remec.com - WWW.remec.com



mccm F Iatpack Two-Way Power Divider,

Features FP-2
B Broadband, IN Phase Divider
B Low Loss: 0.3 dB Typical |
B Amplitude Balance: 0.05 dB Typical ﬂ H ”
B Impedance: 50 Ohms Nominal 8x 3_192) MIN
B Maximum Power Rating or Input Power: 1 Watt Max. H H ” H
B Internal Load Dissipation: 0.05 Watts Max. T 1 2] Gl T
B MIL-STD-883 Screening Available
3854020
(98505

Description

A Power Divider is ideally a loss less reciprocal device
which can also perform vector summation of two or more
signals and thus is sometimes called a power combiner or
1111113 1

080

I

w

7
M J\ax 90155005 PINS
0.38£013)

e ——— ——— N

T _‘J
e® 250
Pin Configuration -1 &
350 150
: e S g U S
 Pin No. Function | Function 6
] i )
1 % GND OB . r
2 GND GND L ‘_l +
51
3 GND GND (12.5505)
4 OUtpUt c Output D Dimensions in O are in mn

Unless Otherwise Noted: XXX = £0.010 (XX = 3025
XX = #0.02 (X = t0.5)
WEIGHT (APPROX): 0.09 OUNCES 2.55 GRAMS

Insertion Loss Less Coupling 5- 500 MHz dB — — 0.5

500 - 1000 MHz dB — —_ 1.0

Isolation — 5- 500 MHz dB 25 - —

500 - 1000 MHz dB 20 - —

Amplitude Balance —_ 5-1000 MHz dB — - 0.2

- Phase Balance — 5-500 MHz ¢ — — 2
500 - 1000 MHz e — — 3

VSWR 10 - 500 MHz Ratio —- —_ 1.3

5-1000 MHz 15

1. All specifications apply with 50 ohm source and load impedance.



Typical Performance Curves
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M/A-COM Inc. and its affiliates reserve the right to make changes to the product(s)
or information contained herein without notice. M/A-COM makes no warranty,
representation or guarantee regarding the suitability of its products for any
particular purpose, nor does M/A-COM assume any liability whatsoever arising out
of the use or application of any product(s) or information.

Visit www.macom.com for additional data sheets and product information.

Flatpack Two-Way Power Divider, 5 - 1000 MHz
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Ordering Information

~ PartNumber | Package
DS-327 PIN

FP-2

B North America: Tel. (800) 366-2266 2
B Asia/Pacific: Tel.+81-44-844.8296, Fax +81-44-844-8298
B Europe: Tel. +44 (1344) 860 595, Fax+44 (1344) 300 020

tllca / Electronics M/Acw



LM393, LM293, LM2903,
LM2903V, NCV2903

e O T —

Low Offset Voltage
Dual Comparators

The LM393 series are dual independent precision voltage
comparators capable of single or split supply operation. These devices
are designed to permit a common mode range—to—ground level with
single supply operation. Input offset voltage specifications as low as
2.0 mV make this device an excellent selection for many applications
in consumer, automotive, and industrial electronics.

Features

Wide Single—Supply Range: 2.0 Vdc to 36 Vdc

Split-Supply Range: 1.0 Vdc to +18 Vdc

Very Low Current Drain Independent of Supply Voltage: 0.4 mA
Low Input Bias Current: 25 nA

Low Input Offset Current: 5.0 nA

Low Input Offset Voltage: 5.0 mV (max) LM293/393

Input Common Mode Range to Ground Level

Differential Input Voltage Range Equal to Power Supply Voltage
Output Voltage Compatible with DTL, ECL, TTL, MOS, and CMOS
Logic Levels

® ESD Clamps on the Inputs Increase the Ruggedness of the Device
without Affecting Performance

® Pb-Free Packages are Available
Veo + Input - Input Output
0 T 0 o
R2
21k
Q4
3 i a5 I') go rAOM
N NS
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20k M
Fi
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16
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ON Semiconductor®
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PDIP-8
N SUFFIX
CASE 626

SoIC-8
a@ D SUFFIX
CASE 751

Microg8™

% DM SUFFIX
1 CASE 846A

o]

PIN CONNECTIONS

(Top View)

ORDERING & DEVICE MARKING

INFORMATION

See detailed ordering and shipping information and marking
information in the package dimensions section on page 6 of

this data sheet.

Q2 Q15
"

R1 2
46k

5 & L 4 & ® @

Figure 1. Representative Schematic Diagram
(Diagram shown is for 1 comparator)

® Semiconductor Components Industries, LLC, 2004 1 Publication Order Number:

May, 2004 - Rev. 14
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LM393, LM293, LM2903, LM2903V, NCV2903

MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vee +36or+18 Vde
Input Differential Voltage Range Vior 36 Vdc
Input Common Mode Voltage Range Vicr -0.3to +36 Vdc
Output Short Circuit-to-Ground Isc Continuous mA
Output Sink Current (Note 1) Isink 20
Power Dissipation @ Tp = 25°C Pp 570 mwW
Derate above 25°C 1/Raya 57 mW/°C
Operating Ambient Temperature Range Ta °C
LM293 -2510 +85
LM393 0 to +70
LM2903 -40 to +105
LM2903V, NCV2903 (Note 2) -40 10 +125
Maximum Operating Junction Temperature Ty(max) 09
LM393, 2903, LM2903V 150
LM293, NCV2903 150
Storage Temperature Range Tstg -65to +150 °C
ESD Protection at any Pin Vesd \
— Human Body Model 2000
- Machine Model 200

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit

values (not normal operating conditions) and are not valid simultaneously. If these limits are exceeded, device functional operation s not implied,

damage may occur and reliability may be affected.

1. The maximum output current may be as high as 20 mA, independent of the magnitude of V¢, output short circuits to Ve can cause
excessive heating and eventual destruction.

2. NCV2903 is qualified for automotive use.

http://onsemi.com
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LM393, LM293, LM2903, LM2903V, NCV2903

ELECTRICAL CHARACTERISTICS (Vg = 5.0 Vdc, Tigw < Ta < Thigh, unless otherwise noted.)

LM2903, LM2903V,
LM293, LM393 NCV2903
Characteristic Symbol | Min | Typ Max Min | Typ Max Unit
Input Offset Voltage (Note 4) Vio mV
Ta = 25°C - 1.0 15.0 - 2.0 7.0
TiowsTa s Thigh - - 9.0 - 9.0 15
Input Offset Current o nA
Ta=25°C - 15.0 150 - 5.0 +50
Tiow < Ta < Thigh - - +150 - +50 +200
Input Bias Current (Note 5) lig nA
Ta=25°C - 25 250 - 25 250
Tiow < TA < Thigh - - 400 - 200 500
Input Common Mode Voltage Range (Note 5) Vicr Vv
Ta=25°C 0 - Vee -1.5 0 - Voo -1.5
TiowSTaS Thigh 0 - Ve 2.0 0 - Vge -2.0
Voltage Gain AvoL 50 200 - 25 200 - VimV
Ry 215 kQ, Voo = 15 Vde, Ta = 25°C
Large Signal Response Time - - 300 - - 300 - ns
Vin = TTL Logic Swing, Ve = 1.4 Vdc
VgL =5.0Vdc, R =5.1 kQ, Tp =25°C
Response Time (Note 7) trH B 1.3 - - 1.5 - us
Vai £5.0Vde, By =5.1 kQ, T4 =25°C
Input Differential Voltage (Note 8) Vip - - Vee - - Veo Vv
All Vi, =2 Gnd or V- Supply (if used)
Qutput Sink Current Isink 6.0 16 - 6.0 16 - mA
Vin = 1.0 Vde, Vi, =0 Vde, Vg £ 1.5 Vde T = 25°C
Output Saturation Voltage VoL mV
Vin 2 1.0 Vde, Vjn, =0, Igink < 4.0 mA, Ty = 25°C - 150 400 - - 400
Tiow=Ta S Thigh - - 700 - 200 700
Output Leakage Current loL nA
Vin- =0V, Vin, 2 1.0 Vde, Vo = 5.0 Vdc, Tp =25°C - 0.1 - - 0.1 B
Vin- =0V, Vi, = 1.0 Vdg, VO =30 Vdc,
Tiow < TA < Thigh - - 1000 - e 1000
Supply Current lcc mA
Ry =« Both Comparators, Tp = 25°C - 0.4 1.0 - 0.4 1.0
R = = Both Comparators, Voc =30V - - 256 - - 2.5

LM293 Tig = ~25°C, Thigh = +85°C

LM393 Tigy = 0°C, Thigh = +70°C

LM2903 T)ow = —40°C, Thigh = +105°C

LM2903V & NCV2903 Tioy = ~40°C, Thigh = +125°C
NCV2903 is qualified for automotive use.

3.

4.

5.

The maximum output current may be as high as 20 mA, independent of the magnitude of V¢, output short circuits to Ve can cause
excessive heating and eventual destruction.

At output switch point, Vg=1.4 Vdc, Rg = 0 © with V¢ from 5.0 Vdc to 30 Vde, and over the full input common mode range (0 V to
Veec=-15V).

Due to the PNP transistor inputs, bias current will flow out of the inputs. This current is essentially constant, independent of the output state,
therefore, no loading changes will exist on the input lines.

Input common mode of either input should not be permitted to go more than 0.3 V negative of ground or minus supply. The upper limit of
common mode range is Vgg -1.5 V.

Response time is specified with a 100 mV step and 5.0 mV of overdrive. With larger magnitudes of overdrive faster response times are
obtainable.

The comparator will exhibit proper output state if one of the inputs becomes greater than Vg, the other input must remain within the common
mode range. The low input state must not be less than 0.3 V of ground or minus supply.

http://onsemi.com
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VoL, SATURATION VOLTAGE (Vdc) Iig, INPUT BIAS CURRENT (n)

ICC, SUPPLY CURRENT (mA)

LM393, LM293, LM2903, LM2903V, NCV2903

LM293/393
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30 ._.[_-_i TA = +70°C _|
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Figure 2. Input Bias Current versus
Power Supply Voltage
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Figure 4. Output Saturation Voltage
versus Output Sink Current
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Figure 6. Power Supply Current versus

Power Supply Voltage
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/m-cou High Frequency Quadrature Hybrld
500 - 1000 MHz

Features FP-2

Octave Bandwidth

Low VSWR: 1.2:1 Typical
Miniature Size: 1/2” x 3/8” Flatpack ﬂ
Impedance: 50 Ohms Nominal

Input Power: 25 Watts Max @ +25°C, Derated to 1 ”
. Watt @ +85°C i
— B MIL-STD-202 Screening Available

“ H 312
ﬂ ” SR g MR

T — — — ——

385£.020
(9.820,5)

Description 4

3 dB Hybrids are ideal for dividing a signal into two signals
o= of equal amplitude and a constant 90° or 180° phase
—emoo differential and for Quadrature combining or performing

7
summation/differential combining. 080 \
@0

Phasing Diagram

—m——c——

=

l

o
g

e
o

{12.920.5)

Dimensions in O are in nn
Unless Otherwise Noted: XXX = 20010 (XX = £0.25)
XX = 20.02 (X = 205
WEIGHT (APPROXY: 0.09 DUNCES 255 GRAMS

Insertion Loss * Less Coupling 500 1000 MHz dB — —

Isolation — 500 - 1000 MHz dB 18 — —
Amplitude Balance — 500 - 1000 MHz dB — — 1.0
VSWR —_ 500 - 1000 MHz Ratio — - 1:3:

Deviation from — 500 - 1000 MHz

Quadrature

1. All specifications apply with 50 ohm source and load impedance.
2. Average of coupled output less 3 dB,
This product contains elements protected by United States Patent Number 3,484,724,



Typical Performance Curves
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M/A-COM Inc. and its affiliates reserve the right to make changes to the product(s)
or information contained herein without notice. MIA-COM makes no warranty,
representation or guarantee regarding the suitability of its products for any
particular purpose, nor does M/A-COM assume any liability whatsoever arising out
of the use or application of any produci(s) or information.

Visit www.macom.com for additional data sheets and product information.

High Frequency Quadrature Hybrid, 500 - 1000 MHz

V 3.00
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Ordering Information

_ PartNumber
JH-140 PIN

B North America: Tel. (800) 366-2266 2
B Asia/Pacific: Tel.+81-44-844-8296, Fax +81-44-844-8298
W Europe: Tel. +44 (1344) 869 595, Fax+44 (1344) 300 020
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Amplifier

Q print this page

MAV-11 y
g . Absolute
F’e&‘ﬁe”"y GAIN, dB P’g‘:;'rmgé“m Dg;ﬁ;";’ VSWR Maximum DC Power Thermal
y Rating resistance
Output Input NF IP3 Cur- Qjc
- Typ. in 1Guts, | P Device o
fL-fu  Min. paingss (1B (o dB dBm ) o0 (na) (mw) fent Vol(v) oW

Comp.) damage) Typ. Typ. (mA)
50-1000 9.50 +0.70 +18.20 +13.00 4.40 34.00 1.30 1.20 80.00 460.00 60.00 5.50 141.00
Lw=low range(f, to fu/2) U=upper range(fu/2 to fy)

Pin Connections Notes:
: Case » Minimum gain at highest frequency. Full temperature range, except room
Port RF in RF Out DC GND Nat Used temperature for Dash-4 models.
cb 1 3 3 24 - » Thermal resistance @jc is from hottest junction in the device to the mounting
surface of the leads.
3 (M RF * Model number designated by alphanumeric code marking.
uTt
F INDEX « Permanent damage may occur if any of these limits are exceeded. These
TEP / ratings are not intended for continuous normal operation.
X o i a 3 « For Amplifier Selection Guide, please click here.
| | > For Amplifier Environmental Specifications, please click here.
Ly RNy » For Surface Mount Environmental Specifications, please click here.
Re-flow soldering information is available in "Surface Mount" article.
KE » Low frequency cutoff determined by external coupling capacitors.
L/
’ 4 i * Frequency at which output power, NF and IP3 are specified: 500 MHz.
FTYP
3 « Typical Biasing Configuration ERA/MAR/MAV/RAM/VAM
4 Rpias (Required)
j— = L 8 =+ Triangle or dot e
D + + (For ERA/MAR /RAM/LEE
[YP = RFC (Optional)
Cblock Cblock
Case Style - BBB123 (inch,mm ) weight: 0.015 al 1 ;\- ' o
grams. Index (For MAVYAM)
A B Cc D E F GHJ
145 100 04 006 .030 488 *** For RAM modets, Pin 1 isidentified

by & diagonally cut lead.
3.683 2.540 1.016 0.152 0.762 12.395 i bl g

K L M N p Q RST® Prefix letter (optional) designates assembly location.

» Supply voltage must be connected to pin 3 through a bias resistor in order to
prevent damage. See Biasing MMIC Amplifiers. Reliability predictions are
Tolerance: .x .1 .xx+.03 .xxx x.015 inch. applicable at specified current and normal operating conditions.
Material and Finish:
Case material: plastic. Lead finish: tin-lead

* Aqueous washable.

plate or tin plate. « General Quality Control Procedures and Environmental Specifications are
Marking: given in Mini- Circuits Guarantees Quality.
RF output is identified by index mark, model Hi-Rel, MIL description are given in Hi-Rel and MIL

dash number by alphanumeric code.
Special Tolerances:

Lead width +.010 inch; lead thickness +.003

inch.

* Prices and Specifications subjects to change without notice.

Typical Performance Data
FREQ S11 (Input Return S 21 (Power  Sq2 (Isolation Soo (1
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ULy - dl.JC\.lllL.ullUll UL Adupe AILLRZ 77 VY VY VY A L WL ALY CENT VN QLRI AL ITAYAL L Y T L AV A,

Loss) Gain) Out-in) Return Loss)

d8 Mag Ang dB Ang dB Mag Ang dB Mag Ang

50.00 -16.79 0.14 -72.26 12.96 167.00-16.61 0.15 7.30 -18.230.12 -81.1
100.31 -21.58 0.08 -72.34 12.60 169.51 -16.53 0.15 2.12 -25.47 0.05 -86.5
150.62 -23.55 0.07 -71.81 12.50 168.94 -16.54 0.15 -0.24 -31.27 0.03 -84.6
200.93 -24.38 0.06 -73.27 12.44 167.50-16.58 0.15 -1.93 -38.02 0.01 -71.3
251.24 -24.69 0.06 -75.88 12.40 165.73 -16.61 0.15 -3.22 -44.01 0.01 -17.9
301.55 -24.67 0.06 -79.35 12.35 163.77 -16.66 0.15 -4.27 -39.98 0.01 31.8(
351.86 -24.51 0.06 -83.79 12.31 161.75-16.71 0.15 -5.26 -36.10 0.02 46.2;
402.17 -24.24 0.06 -88.42 12.26 159.66 -16.76 0.15 -6.19 -33.77 0.02 50.9!
452.48 -23.94 0.06 -92.70 12.21 157.55-16.80 0.14 -6.98 -32.15 0.02 51.7
502.79 -23.60 0.07 -97.36 12.16 155.43 -16.85 0.14 -7.73 -31.02 0.03 51.6(
553.10 -23.19 0.07 -101.78 12.11 153.30 -16.90 0.14 -8.48 -30.06 0.03 50.2!
603.41 -22.71 0.07 -106.12 12.05 151.17 -16.96 0.14 -9.14 -29.42 0.03 49.5!
653.72 -22.31 0.08 -110.84 11.99 149.09 -17.00 0.14 -9.68 -29.03 0.04 50.4:
698.44 -21.97 0.08 -114.48 11.93 147.26 -17.02 0.14 -10.26 -28.68 0.04 50.4¢
704.03 -21.94 0.08 -114.90 11.92 147.03 -17.03 0.14 -10.31 -28.57 0.04 49.9:
754.34 -21.57 0.08-119.11 11.86 144.95 -17.07 0.14 -10.95 -28.16 0.04 49.8(
804.65 -21.22 0.09 -122.62 11.79 142,90 -17.11 0.14 -11.54 -27.85 0.04 48.7°
854.96 -20.87 0.09 -126.17 11.72 140.87 -17.14 0.14 -12.13 -27.66 0.04 47.7:
905.27 -20.53 0.09 -129.53 11.66 138.85-17.18 0.14 -12.73 -27.37 0.04 46.5;
955.58 -20.19 0.10-132.82 11.59 136.89 -17.22 0.14 -13.25 -27.15 0.04 46.0¢
1000.30 -19.92 0.10 -135.61 11.52 135.12 -17.24 0.14 -13.79 -26.99 0.04 46.0¢
1100.92 -19.36 0.11 -141.565 11.38 131.21 -17.31 0.14 -14.92 -26.81 0.05 43.3¢
1201.54 -18.77 0.12 -146.64 11.24 127.36 -17.38 0.14 -16.02 -26.53 0.05 40.3:
1302.16 -18.27 0.12 -151.74 11.09 123.61 -17.45 0.13 -17.12 -26.37 0.05 38.1¢
1402.78 -17.85 0.13 -156.40 10.95 119.90 -17.52 0.13 -18.22 -26.17 0.05 35.0(
1503.40-17.43 0.13 -160.64 10.80 116.24 -17.59 0.13 -19.31 -26.02 0.05 30.4;
1604.02 -17.03 0.14 -164.69 10.65 112.65 -17.67 0.13 -20.38 -25.82 0.05 26.9;
1704.64 -16.67 0.15-168.52 10.50 109.09 -17.75 0.13 -21.46 -25.43 0.05 23.5¢
1805.26 -16.36 0.15-172.07 10.36 105.62 -17.83 0.13 -22.51 -25.12 0.06 19.3¢
1900.29 -16.10 0.16 -175.39 10.23 102.40 -17.91 0.13 -23.49 -24.63 0.06 16.2¢
2000.91 -15.82 0.16 -179.06 10.08 98.97 -17.99 0.13 -24.60 -24.28 0.06 13.0;
2101.53 -15.60 0.17 177.23 9.94 95.57 -18.08 0.12 -25.66 -23.80 0.06 10.5:
2202.15-15.37 0.17 173.45 9.80 92.27 -18.18 0.12 -26.79 -23.39 0.07 8.49
2302.77 -15.13 0.18 169.71 9.65 88.99 -18.28 0.12 -27.82 -22.98 0.07 5.75
2403.39 -14.89 0.18 166.21 9.51 85.77 -18.39 0.12 -28.86 -22.53 0.07 4.51
2504.01 -14.63 0.19 162.21 9.38 82.59 -18.51 0.12 -29.85 -22.04 0.08 4.00
2604.63-14.34 0.19 158.39 9.25 79.43 -18.63 0.12 -30.79 -21.53 0.08 4.20
2705.25-14.07 0.20 154.34 9.11 76.28 -18.77 0.12 -31.75-21.06 0.09 4.72
2800.28 -13.80 0.20 150.57 8.99 73.29 -18.88 0.11 -32.55 -20.59 0.09 5.03
2900.90 -13.49 0.21 146.62 8.86 70.19 -19.02 0.11 -33.47 -20.06 0.10 5.09
3001.52 -13.21 0.22 142.49 8.73 67.06 -19.16 0.11 -34.23 -19.54 0.11 6.37

——— - = ® INTERNET htip:/fwww.minicitcuits.com
I n l =] I rc ul& P.0.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 - 417-335-5935 - Fax 417-335-5945 *EUROPE * 44-1252-832600 - Fax 44-1252-837010
g 150 9007 CERTIFIED s
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