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1.0 INTRODUCTION

This manual describes the VLA 12-15 GHz (X-Band) Local Oscillator-Mixer, module type F12. 
The emphasis of this manual is on the F12 theory of operation (Section 2) and Alignment and Bench 
Tests (Section 3). Construction details are not included but all drawings used in F12 fabrication are 
listed in the BOM (Bill of Materials) drawing. Section 4 contains the drawings and Section 5 contains the 
Data Sheets for the special-purpose components used in F12. The Appendix (Section 6) lists VLA 
Technical Reports and other reference data which are relevant to the operation of F12.

1.1 F12 ROLE IN THE VLA

The VLA is equipped to receive seven bands consisting of P (400 cm and 90 cm), L (1.4 cm), S 
(13 cm), C (6 cm), X (4 cm), U (2 cm), K (1.3 cm) and is being outfitted for the Q (0.7 cm) band. F12 
is one of the components of the X-Band implementation.

The VLA receiving system uses the superhetrodyne principle. In a superhetrodyne receiver, a local 
oscillator signal (LO) is mixed with the Received Signal (RF) from a tuned pre-amplifier to create two 
signals that are the sum and difference of the RF and LO frequencies; these signals are sometimes called 
side-bands. The lower (difference frequency) side-band is usually amplified as an Intermediate Frequency 
OF) signal and is then detected to produce a base-band output. The function of converting an RF signal 
to another frequency by the superhetrodyne process is sometimes called frequency conversion.

VLA receiver implementation details vary between bands but all bands conform to the 
superhetrodyne scheme outlined above. In the VLA, the preamplifiers are the older A-Rack receivers, 
uncooled P-Band receivers and the newer generation, Single-Band, Front End Receivers. The Single-Band, 
Front End Receiver is typically a Dewar assembly containing cooled, tuned amplifiers and power 
calibration circuitry. Each band has a dedicated front end and mixer that produces an IF signal which 
(through a coaxial selector switch) drives the IF system. The IF and Transmission systems in the B-Rack 
transmit the IF (and other signals) down the waveguide to the Central Control Building where the IF (and 
the other) signals are detected and processed. Implementation details of the other bands, IF and 
Transmission systems are beyond the scope of this manual and therefore will not be described; interested 
readers are referred to the VLA Technical Reports listed in the Apppendix.

The incoming astronomical signal is split into two components (LCP for Left Circular and RCP for 
Right Circular Polarization) by a polarization transducer between the antenna feeds (usually a feed horn) 
and the front end receiver. In the A-Rack F4’s, the LCP and RCP IF signals are separated into four IF 
paths (A, B, C and D) for further amplification and processing. These four signals have independant (but 
identical) paths through the IF, transmission and detector systems. The F12 drawings use the A/B and 
C/D nomenclature to designate the RCP and LCP signals, respectively.
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The local oscillator signals used in the signal conversions at all of the antennas must be coherent 
in phase to preserve the correletion of the received signals. The 5 Mhz antenna oscillators (LI) in each 
of the antennas are therefore phase-locked to a 5 Mhz Master Oscillator in the Control Building. 1 In the 
F12, the 12-15 GHz local oscillator is phase-locked to a harmonic of the antenna oscillator by the use of 
200 MHz and 600 MHz reference signals derived from the 5 MHz antenna oscillator.

The two F12 IF output signals A/B and C/D cover the band of 4.5 to 5.0 GHz and are fed to 
module F9 in the A-Rack where they are selected for input to the IF system by the coaxial selector switch.

1 VLA Technical Report No. 29, page 1-2
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1.2 F12 FUNCTIONS AND CONTROL MODES

Drawing C13165B01 is a block diagram of the F12 module. F12 performs two functions: 1) 
Synthesis of a 12 - 15 GHz, phase-coherent LO signal and 2) Mixing this LO signal with the RF signal 
from the X-Band front end to produce the two 4.5 to 5.0 GHz IF signals.

The local oscillator is an Avantek AV-71251 YIG (Yttrium/Iron/Gamet) microwave oscillator 
module purchased as a commercial component. The YIG oscillator uses a YIG sphere as a magnetically 
tunable resonant cavity; a GaAs FET or Bipolar transistor provides the power to sustain oscillations and 
drive the LO load. YIG oscillators exhibit high spectral purity and tuning linearity. YIG oscillation 
frequency is determined by the cavity size and an external magnetic field created by currents through a 
Tuning coil and an FM coil. The magnetic field results from the composite sum of the two currents.. In 
the F12 application, current through the Timing coil sets the approximate oscillation frequency and 
current through the FM coil is used to phase-lock the oscillator to the reference frequencies. YIG 
frequency control is an important concern in the design of the F12.

The F12 YIG oscillator must be settable to twelve standard frequencies over a 12 to 15 Ghz band. 
These frequencies are tabulated below. Using the 200 MHz and 600 MHz reference frequencies, the loop 
control circuit phase-locks the YIG to harmonics of the antenna 5 MHz oscillator. The standard lock 
frequencies are given by:

Fq = (N x 600) +/- 200 MHz, where N is an integer ranging from 20 to 25. When the YIG is locked 
to a + 200 MHz case, the YIG is defined to be in High Lock. The converse case is defined as Low Lock.

Using the + (High lock) and - (Low lock) symbols as a suffix, YIG lock frequencies are:

11.8 GHz- 12.4 GHz- 13.0 GHz- 13.6 GHz- 14.2 GHz- 14.8 GHz-

12.2 GHz+ 12.8 GHz+ 13.4 GHz+ 14.0 GHz+ 14.6 GHz+ 15.2 GHz+

Note that the frequency intervals are alternately 400 MHz and 200 MHz.

In commanding F12 to operate at one of the standard frequencies, the Tuning coil current is set 
to the N value; the FM coil current will be at about a mid-range level. These two currents will cause the 
YIG to oscillate at a frequency which is approximately N x 600 MHz + or - 200 MHz. The phase-lock 
control circuit then initiates a linear current ramp drive to the FM coil. When the FM coil current 
reaches the level at which the loop can lock (i.e. a current corresponding to the + or - 200 MHz offset 
frequency), the current ramp is stopped at the lock value and the FM coil current is controlled by the 
phase-driven loop control circuitry. The "Al" board contains the Tuning current and phase-lock control 
circuits; these are described in Section 2.4 below.

The YIG Tuning coil current can be set by two means: 1) A front-panel thumbwheel switch or
2) a digital command value from the central control computers via the Monitor and Control system and 
the Data Set. Controlling the current in the Tuning coil is sometimes referred to as coarse tuning. The 
front panel thumbwheel control mode is typically used on the test bench for alignment and in the 
antenna, it is used to verify proper operation of the oscillator and control circuity. Digital control logic 
on the "A2" board selects either the thumbwheel digital code or a value in a Data Set-controlled command 
register. The digital logic board contains the Data Set interface, command register and 
thumbwheel/command register selector logic. This circuitry is described in Section 2.8 below.

The Tuning control argument format is a two digit (eight-bit), BCD code digital value specifying 
the units and tenth’s digit of the commanded YIG frequency in Ghz. This format is common to both
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The YIG oscillator output drives two sets of mixers that convert the RCP and LCP RF signals 
from the X-Band front end to IF signals A/B and C/D that are connected to F9 in the A-Rack. A power 
divider, band-pass filters and isolators are used in this circuitry which is described in Section 2.6.

The "A2" digital board also contains digital and analog circuitry to monitor the states of F12 
control discretes and critical analog signals. The F12 frequency set-point command from the Data Set is 
read out as command echo monitor data to the Data Set to verify the proper operation of the command 
path. The command echo and digital monitor data formats and analog signal multiplexing are described 
in Section 2.9.

AUTO (central computer) and MAN (thumbwheel) control modes and is described in Section 2.8.
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1.3 FRONT PANEL CONTROLS AND INDICATORS

F12 has front panel manual controls to select the YIG frequency and to display the FM coil 
voltage and IF level values. An AUTO/MAN YIG frequency control switch selects either frequency control 
via the Data Set (AUTO) or frequency control via the two-digit thumbwheel switch (MAN). The 
thumbwheel setting indicates the one’s and tenth’s digit (in Ghz) of the selected YIG frequency; the tens 
digit is implied.

A momentary-action, IF LEV/CONT VOLT toggle switch permits the IF level or YIG FM control 
voltage levels to be displayed on a front panel, bipolar bar-graph LED display.

A three-digit, numeric LED display shows the state of the command register which contains the 
computer or manually-commanded YIG frequency. The ten’s digit is hard-wired to display "1".

Front Panel discrete LED’s show the state of the H LOCK (High Lock) and L LOCK (Low Lock) 
phase-lock control circuit and the AUTO/MAN switch.

The YIG and phase-locked IF (200 MHz) signal spectrums may be monitored on the front panel 
LO MON (SMA) and IF MON (BNC) connectors.
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1.4 F12 PHYSICAL DESCRIPTION

F12 is a two-wide module with the control and RF components mounted on a center component 
plate. The control PC board ("Al") and digital logic board ("A2") are mounted on the right side of the 
plate (viewed from the front of F12) and the RF components are mounted on the left side. Figures 1 
and 2 (next two pages) show the two sides of F12 with the covers removed. Figure 3 (following page) 
shows the front and rear panel views.

A front panel PC board ("A3") contains the display components and circuitry.

The rear panel has an AMP 42 pin (PI) control and power connector and six "OSP" RF connectors 
(J7 through J12). These connectors are all blind-mating connectors physically referenced to the module 
guide blocks.

The YIG oscillator module is mounted on long spacers in front of the component plate. The 
spacers provide some thermal isolation for the YIG module, which has an internal heater and temperature 
control system to stabilize the YIG element dimensions.

The YIG Tuning and FM coils are electrically isolated from each other and the YIG internal 
oscillator circuitry. The oscillator circuitry is powered by +15 Volt power and the heater and 
temperature control circuitry is powered by +28 Volt power.

In some cases, the commercial modular RF components were ordered with connectors that permit 
them to be directly connected; this eliminates several semi-rigid coax cable runs. Reducing the number 
of semi-rigid cables makes the RF circuitry more compact and simplifies fabrication by reducing the 
number of semi-rigid interconnect cables to be fabricated. The part numbers listed on the BOM are those 
used in F12. The data sheets contained in Section 5 cover all the normal options for these devices. 
When additional parts are ordered, the BOM part numbers should be used.
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2.0 THEORY OF OPERATION

This section describes the F12 theory of operation. The YIG oscillator characteristics (Section, 
2.1) and its frequency control circuitry (Sections 2.2 through 2.5) are the most important aspects of this 
manual. The RF to IF conversion description (Section 2.6) follows the YIG control circuitry description. 
Section 2.7 describes F12 power levels and spectrums. Section 2.8 describes the "A3" front panel display 
board. Section 2.9 describes the "A2" Monitor and Control board. Section 2.10 describes the commercial 
RF components used in FI2; these consist of RF amplifiers, mixers, isolators, directional couplers, splitters 
and attenuators.

Drawings of interest in the following discussion are the F12 Block Diagram, the Module Wiring 
Diagram, the "Al" Control Board Schematic, the Harmonic Mixer Schematic, the 200 Mhz Phase Detector 
Schematic, the Front Panel Meter Circuit Schematic and the M&C ("A2") Board Logic Diagram. These 
drawings are found in Section 4.0. Section 5 Data Sheets are also important references.

YIG frequency control is a major emphasis of this manual. The YIG frequency control circuitry 
consists of three functional blocks: the "Al" control board, the 200 MHz Phase Detector and the 
Harmonic Mixer. The commercial RF components (amplifiers, filters, attenuators, etc.) used in the 
frequency control circuitry are important but straightforward elements; these components are briefly 
described in the context of their function in the YIG frequency control circuitry. They are more 
completely described in Section 2.10.

The "Al" Control Board (Section 2.2) is described first (after the YIG description) because it 
contains the Tuning coil and FM coil drive circuitry and the mode control logic. This circuitry sets the 
Tuning coil current level, determines the FM coil control modes (Search/Track), and drives the FM coil 
in both modes.

The 200 MHz Phase Detector (Section 2.3) is described next because the two output signals 
determine the operation of the FM coil control circuitry. The Quadrature-Phase signal determines the FM 
coil control modes (Search/Track). The phase-lock circuitry uses the In-Phase signal to control the FM 
coil current in the Track mode.

The Harmonic Mixer description (Section 2.4) follows the phase detector description. The 
Harmonic Mixer mixes the YIG output (11.8 to 15.2 GHz) with the 600 MHz reference to produce a 200 
MHz signal which is the YIG signal N x 600 MHz + or - 200 MHz, where N = 20, ... 25.

Following these three descriptions, Section 2.5 describes the operation of the phase-locked 
frequency control loop.
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2.1 YIG TUNING AND SPECIFICATIONS

The Avantek AV-71251 YIG oscillator operates over a 12 to 18 GHz range; the upper 3 Ghz of 
this range is not used in the F12 application. At this point the reader should review the AV-71251 
Specification and Data Sheets in Section 5.

Although the AV-71251 data sheet does not specifically cite the oscillator’s Q, the Avantek catalog 
states that Avantek YIG oscillators have a Q ranging between 1000 and 8000. This high Q provides a 
high frequency stability and the output has very low AM and FM noise components.

Avantek Data Sheets for each YIG characterize the YIG’s Tuning current at frequencies of 12.0 
GHz and 18.0 GHz. From the YIG Specification Sheet, typical Tuning coil sensitivity is 18 MHz/mA and 
linearity is +/- 0.1%. For the 12.0 to 15.2 GHz (3200 MHz) tuning range, the current span is thus 
3200/18 = 177.77 mA. Average values of Tuning coil current for three randomly selected YIG’s are 
625.33 mA @ 12.0 MHz, 947 mA @ 18.0 GHz and the average sensitivity is 18.65 MHz/mA, in 
reasonable agreement with the Specification Sheet.

From the YIG Specification Sheet, typical FM coil sensivity is 450 kHz/mA. This parameter is not 
characterized on the individual YIG Data Sheets.

The YIG Tuning coil has a 5 KHz, 3dB bandwidth; that is, when the Tuning coil current is 
changed, the YIG output frequency cannot change faster than permitted by this bandwidth. This response 
is not a concern because after a commanded frequency change, the YIG Tuning coil is a DC drive.

The YIG FM coil has a 400 kHz bandwidth and is analagous to the Tuning bandwidth described 
above. Since the FM coil is driven by the phase-lock circuitry, this response is a concern in the phase- 
lock loop dynamics. This concern is discussed in Section 2.5.

The YIG has a Pulling Figure of 1.0 MHz with a return loss of 12 dB. This means that a VSWR 
of 1.7:1 on the YIG output resulting from an impedance mis-match can shift the YIG frequency by 1.0 
MHz. An isolator on the YIG output reduces the YIG sensitivity to output mismatches.

The Magnetic Susceptability (sensitivity to influence by external magnetic fields) at 60 Hz is 50 
kHz/Gauss. The earth’s magnetic field flux density is about 1 Gauss, so variations in the orientation of 
the YIG relative to the earth’s field could change the frequency by about 50 kHz. The steel walls of the 
Vertex Room provide some magnetic shielding from the earth’s magnetic field. The intensity of the 60 Hz 
magnetic fields in the Vertex room has probably never been measured but the bandwidth of the phase- 
lock control circuit is adequate to remove this perturbation.

The YIG output 2nd harmonic is specified to be 12 dB below the output frequency; bench tests 
show that it is typically 20 dB below the output.

Over the 11.8 to 18.0 GHz operating frequency range, the YIG output power is 40 mW (+16 
dBm) and the output varies no more than +/- 3 dB over this range.
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2.2 "Al" CONTROL BOARD

The main functions of the "Al" board are to control the YIG Tuning and FM coil currents. The 
two coil drive circuits are described below. The Tuning coil is driven by an open-loop driver that has 
scaling and offset controls to scale the frequency to the commanded digital values. This circuit is 
described first. The FM coil is driven by a phase-locked, closed-loop controller which is described after 
the Tuning description.

YIG Tuning Coil Drive Circuit

The Tuning coil drive circuit consists of a DAC (U3), an operational amplifier (U4) to scale and 
offset the DAC drive, and a current source consisting of a non-inverting power operational amplifier (U5) 
which drives a power buffer transistor (Q l). Q1 is inside the U5 feedback loop and provides a current- 
sourcing drive to the Tuning coil.

The DAC is a three-digit, Binary-Coded Decimal, Digital-to-Analog converter which converts the 
BCD Tuning coil command to an analog value. The DAC is an Analog Devices DAC-12QZ/CDB, a 
complementary code, unipolar 12-bit unit that is jumpered to operate over an output range of 0.00 to 
+ 10.00 Volts. The two-digit BCD command value is converted to a high-true, l ’s complement code by 
the eight 74L04 inverters on the two upper DAC inputs. The lower digit is not used and the four LSD 
lines float. This usage scales the units (MSD) digit to 1.00 Volt/count and the tenth’s digit to 0.10 
Volt/count. Since the DAC uses a complementary code, the four floating LSD lines are all logical "0’s"; 
the resultant converted LSD value is thus 0.00 Volts. Settling time is 5 usee and a load strobe is not 
required. Two 20 kOhm potentiometers (R42 "Offset Adj" and R43 "Gain Adj") trim the DAC offset and 
scaling.

With this scaling, the DAC outputs are +2.00 Volts for a 12.0 GHz frequency setting and + 5.00 
Volts for a 15.0 Ghz frequency setting. The YIG tuning is a linear function of Tuning coil current with 
an offset current. Therefore, the DAC output must be scaled and offset to properly drive the Tuning coil. 
U4 is a FET-input, operational amplifier (LH0022CD) that performs this function.

Potentiometer R45 is the "Frequency Slope" adjustment for the Tuning coil; this pot adjusts 
amplifier U4’s gain to match the individual YIG’s Tuning coil GHz/Ampere scaling. U4’s gain is 
determined by (R6 + R45)/R2. Taking into account resistance tolerances and the setting of R45, the 
gain may be adjusted over a range of 0.238 to 0.301. These gains thus scale the 3.2 Volt DAC range 
(12.0 to 15.2 GHz) to -0.762 and -0.963 Volts, respectively.

Potentiometer R44 is the "Frequency Offset" adjustment that offsets the output of amplifier U4. 
At a frequency setting of 12.0 GHz, the DAC output is +2.000 Volts. It is necessary to offset the Tuning 
coil drive so that at 12.0 GHz, the YIG is driven with the appropriate current. Each YIG requires a 
slightly different Tuning current at 12.0 GHz; R44 is adjusted to set the drive to the Data Sheet value.

Tuning coil offset is provided by biasing the U4 + input to a value of about -2.0 volts. This 
pulls the U4 output negative because the U4 negative input (the summing junction) will be driven to this 
negative value by the feedback. The offset voltage is determined by a resistive voltage divider (R44, R3, 
and R4) driven by a 6.2 Volt precision voltage reference diode (Dl, a Motorola 1N827A). R44 (500 
Ohms) is the offset adjustment. Taking into account resistance tolerances and extreme settings of R44, 
the amplifier offset may be adjusted between about -2.1 to -1.9 Volts.

U5, an LH0041, is a 0.200 Amp power operational amplifier with overload protection features on
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both the inputs and output. U5 is configured as a voltage follower with PNP power transistor Q1 
(2N3792) inside the feedback loop.

Capacitor C2 (3.3 nF) is a frequency compensation capacitor to eliminate oscillations. With this 
capacitor and the 150 Ohm load (R8), U5 is capable of a signal swing of about 14 volts at 12 kHz.

The YIG Tuning coil current path is: (1) from (+/-15 Volt) common, (2) through RIO (5 Ohms) 
to the emitter of Q1 (2N3972), (3) out the collector to the Tuning coil + terminal, (4) through the coil 
and out the - terminal, (5) off the "Al" board via Jl-D and through R ll  (5 Ohms) to - 15 volts. If Q1 
was a short, the Tuning coil current would be limited to 0.937 Amp by the 16 Ohms series path 
resistance (e.g. coil resistance is 6 Ohms and R ll and RIO are each 5 Ohms). The maximum Tuning 
coil current is about 800 mA @ 15.2 GHz (about 620 mA @ 12.0 GHz, linearly increasing by about 180 
mA to 800 mA @ 15.2 GHz). The YIG tuning coil is thus inherently protected from overcurrent drive.

The 2N3972 data sheet shows a Beta ranging between a minimum of 50 to about 100 at a 
collector current of 1 Amp and a junction temperature of 25 degrees C. Beta increases slightly at a 
Junction temperature of +175 C. With the 2N3972 minimum Beta, the LH0041 must drive (i.e. sink) the 
2N3972 base with 16 mA to cause a collector current of 800 Ma, the required 15.2 GHz Tuning current. 
The Base-to-Emitter voltage will be about -0.7 volts so the LH0041 output will be 1.5 Volts more negative 
than the Emitter. Since the 2N3972 is inside the LH0041 feedback loop, the Base-to-Emitter bias is not 
a value of great concern.

Consider the safety features of the Tuning coil drive circuit. Current limiting was covered above.

When the thumbwheel switches are being actuated, switch transitions and contact bounce can 
cause transient erratic digital values which will be fed through the DAC to the Tuning coil analog circuits. 
Single-pole RC filter R7-C1 has a time-constant of about 30 mS to reduce the effects of these transients. 
Capacitor C5 from the Q1 collector to ground also limits these transients.

Diode D2 inhibits the U4 output from going more positive than about +0.6 Volts. Zener diode 
D3 (Vz = 6.8 Volts) clamps the U5 + input to -6.8 volts in the event of an over-range U4 output. Diode 
D4 (1N4007) clamps the Q1 base to about +0.6 volts in the event of a positive output malfunction of U5. 
Zener diode D5 (Vz = 20 Volts) limits Tuning coil current in the event that Q1 fails open and the -15 
Volt supply exceeds -20 Volts (e.g. a power supply failure).

The Tuning coil circuit has two analog monitor readout signals, Tuning Voltage and Tuning 
Current (octal mux addresses 50 and 53, respectively). The Tuning Voltage monitor is the output of U4 
(LH0022) and the Tuning Current is the Emitter of Q1 through 10 kOhm isolation resistors. The 10 
kOhm resistors reduce the effect of charge transfers caused by analog multiplexer switching. This effect 
is described in Section 2.8.

Section 5 contains data sheets for the DAC-12QZ/CBD, LH0022, LH0041 and 2N3792.

YIG FM Coil Drive Circuit

FM coil current is controlled by a phase-locked control loop (described in Section 2.5); the FM 
coil driver circuit is a major component of the control loop. The FM coil drive circuitry is similar to the 
Tuning coil drive circuit in that it uses an operational amplifier (configured as an integrator) for phase- 
tracking control and a current source to drive the FM coil. Unlike the Tuning coil, which operates at a 
fixed current level, the FM coil drive circuit must provide a varying current as a function of the two 
operating modes. The Quadrature-Phase signal from the 200 MHz Phase Detector determines the 
operating mode.
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The two modes are Search and Track. In the Search mode the control circuit generates an FM 
Coil linear current ramp that causes the YIG oscillating frequency to increase in a corresponding manner. 
When the YIG frequency reaches a Low or High lock point, logic in the control circuit stops the current 
ramp and the FM coil current is controlled by the phase-lock loop which tracks the phase of the 200 
MHz reference frequency. This is the Track mode. If the phase lock is lost, the control logic reverts to 
the Search mode to re-acquire phase-lock.

The 200 MHz Phase Detector signals are described in Section 2.4. Briefly, as a function of phase 
error, the In-Phase signal is a sine wave with an axis crossing at a phase error of zero degrees and the 
Quadrature-Phase signal is a cosine wave with a peak at zero phase error. The Quadrature-Phase signal 
can have either a plus or minus polarity depending upon the selection of either the + or - 200 MHz 
frequency case in the FQ = (N x 600) +/- 200 MHz equation. The sine-cosine relationship of the . In- 
Phase and Quadrature-Phase signals are shown on Figure 4, above.

When the loop is locked, the FM coil is driven by the In-Phase signal and integrated by U9.

Referring to Figure 4, it is evident that if the control loop is opened so that the phase error is 
free to drift, the error would probably increase in either a positive or negative direction. This is the usual 
behavior of control loops that lose their feedback. As the error increases, the In-Phase signal increases. 
Also, the Quadrature-Phase signal decreases from either a + or - maximum at zero error. When the 
phase error is + or - 90°, the Quadrature-Phase signal becomes zero. The FM coil mode control circuitry 
has threshold comparators that sense a low-level condition (at a phase error of about +/-77 degrees). 
When the Quadrature-Phase signal diminishes to this threshold, the loop is considered to be out of lock 
and the FM coil control circuitry is set to the Search mode.

Operational amplifier U6 (RC4136DC, a quad 741) functions as a high-gain threshold comparator 
operating on the Quadrature-Phase signal. The first stage is an inverting amplifier with a gain of 19.6. 
It also functions as a low pass filter with a 1 mS time constant.

The first U6 stage drives two other stages of U6 configured as threshold comparators (no feedback 
resistors, hence open loop operation) with reference voltages of + and - 1.07 Volts. The comparator 
outputs drive five 7406 open-collector buffers through a 1 kOhm resistor and a 4.7 volt Zener diode. 
Three of the buffer’s outputs are wire-Or’ed with a common pull-up resistor. (Ignore the U7-9 output for 
the moment; the functions of the two other buffers are described 
below.) The reference voltages are + and - 55 mV, referred to the 
first stage of U6 (i.e. 1.07/19.6 = 0.055 V). If the Quadrature- 
Phase signal is outside the + or - 55 mV threshold window, one of 
the comparator outputs will swing largely positive, which puts a 
logic low on the 7406 wired-Or output. This low holds the sweep 
oscillator U8 reset.

If the Quadrature-Phase signal is inside the + or - 55 mV 
threshold window, the U7 wired-Or goes to +5 volts, which lifts the 
reset from U8 so that it can oscillate. The square-wave output of 
the 555 drives inverting operational amplifier U9 (OP27EP) which 
is an integrator. The integrator output is a voltage ramp that 
provides a frequency sweeping drive to the FM coil. This ramping 
drive in the Search mode is described below.

The two paragraphs above describe the logic of the 
comparator-555 reset circuit. A high Quadrature-Phase signal does
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not guarantee that the loop is locked but it is an indication that it could be locked. (Phase-lock 
acquisition is described in Section 2.5.) The integrator is always driven by the In-Phase signal; the 
comparator-555 reset logic enables the 555 square-wave drive to be injected into the integrator summing 
junction. This square-wave drive (ignoring the In-Phase drive for the moment) induces a voltage ramp 
on the integrator output.

If the 1 kOhm resistors and Zener diodes were not present, the comparator outputs would swing 
to either the + or - rail, typically about + or - 13 Volts. The amplifier output resistance (about 100 
ohms), 1 kOhm resistor and Zener diode load the outputs which reduce the swing to about 10 Volts; the 
level is not critical. When a comparator output is positive, it sources current to the 1 kOhm resistor and
4.7 Volt Zener diode so the 7406 (U7) sees a logic high input. When a comparator output is negative, 
the Zener diode is forward biased (about 0.6 volts) and the 7406 input (emitter) sinks current to the 
Zener. The - 0.6 volt level is a logic low input to the 7406; if all three of the wired-Or 7406 inputs are 
low, the open-collector outputs rise to +5 volts via the pull-up resistor.

The third 7406 (U7 9-8) is used to force the wired-Or low to inhibit the sweep oscillator (U8) for 
bench alignment purposes. When SI ("Sweep" switch) is set to "Off, the U7 9-8 input goes to +5 V 
through the pull-up resistor which forces the wired-Or low, holding the oscillator reset.

Two other U7 buffers are used to sink current to front panel H LOCK (High Lock) and L LOCK 
(Low Lock) LED’s. If the Quadrature-Phase signal is more negative than the - 55 mV threshold, the H 
LOCK LED is powered. If the Quadrature-Phase signal is more positive than the + 55 mV threshold, the 
L LOCK LED is powered.

The sweep oscillator U7 is an LM555CN timer configured as an astable oscillator with a TTL logic 
level output. The period of the oscillator is given by T = 0.693(R^q + 211^C, and is about 37.7 mS. 
In this configuration, the capacitor charges to 2/3 Vcc at which point the Threshold input is triggered and 
the capacitor begins to discharge. When it reaches 1/3 Vcc, it activates the Discharge input which causes 
the capacitor to resume charging. The 555 output is high during the charge period and low during the 
discharge period. Charge time is given by TCH = 0.693(R28 + R29)C6 and is 19 mS. Discharge time is 
given by Tdis = 0.693(R ^ )^  and is 18.7 mS. C7 is connected to the Control Voltage input. This input 
can be used to modulate toe 555 frequency and in this application, should not be allowed to float. The 
capacitor charges to 2/3 Vcc. The 0.01 uf value is recommended by the 555 data sheet. For additional 
details on the 555, see the LM555CN data sheet in Section 5.

When the 555 is oscillating, the output is a 3.3 Volt, 27 Hz square-wave. When the 555 output 
is a logic low (during the reset state or low periods when it is oscillating), the level is less than +0.01 
volts under the conditions imposed by the integrator drive.

When the Reset input is raised high, the 555 is enabled to oscillate and the output immediately 
jumps to a logic high; when it is set low, the output reverts to logic low within about 500 nS.

The FM coil drive circuit consists of the integrator U9 (OP27EP) that drives a second operational 
amplifier U10 (OP27EP) which functions as a current source. U10 is configured as a voltage follower with 
a power Darlington transistor Q2 (D44C8) inside the feedback loop.

Setting aside for the moment the In-Phase drive, consider the integrator response to the 555 
square wave drive. In this mode, the integrator has two time constants, TRD1 and TR02; the first time 
constant is the dominant factor in ramping as is shown below. TRQ1 is 3.0 mS (TRD1 = R31 x C9) where 
Ra is the resistance of R30 paralleled with R31. The second time constant TRD2 is 4.5 uS (TRD2 = Rj6 
xC9).
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The 3.3 Volt 555 output is AC-coupled to the integrator via capacitor C8. C8 will be charged to 
about +0.010 volts (a negligible value) when the oscillation starts because the 555 output will have been 
low for an indefinite period. Since R31’s low side is connected to the summing junction of U9, it is 
effectively in parallel with R30. Taking this paralleled resistor shunting effect into account, the C8 x 
R30| |R31 time-constant is 0.424 Seconds. Time-constant arithmetic shows that during the first 19 mS 
high output period, the voltage at the C8-R31 junction droops about 90 mV (from the initial 3.3 Volts) 
because C8 is slowly charging. During the next 19 mS low period, C8 discharges slightly so the C8-R31 
junction voltage rises slightly. If the 555 were to continue to oscillate (it doesn’t), C8 would charge to 
+ 1.65 volts in about 75 cycles of oscillation. The effect of the small droop and rise on the integrator 
operation is negligible.

The most important aspect of this AC coupling is that when the 555 starts to oscillate, its output 
immediately jumps from a logic low to logic high (about +3.3 volts) because C8 is not charged. The 
initial input to the integrator is a 3.3 Volt high signal with a duration of 19 mS. Following this high level 
is a low level (about +0.01 volts) of about 19 mS duration. As will be shown below, during the 19 mS 
low period, the integrator output ramps positively, sweeping the FM coil through the 63 MHz lock point 
range.

If the input to a simple (first order) integrator is a constant voltage, the integrator output is given 
by: V t =  - (V-n/T) xt, a constant slope ramp voltage where T is the time constant. The U9 integrator 
is a second-order integrator which has two time constants, TRD1 = R31C9 (3mS) and TRD2 = R^C9 
(4.5 uS). If the input to this second order integrator is a constant voltage, the integrator output is given 
by: V = - V-n(t/T  ̂ + TyT .). The TRD̂ /TR01 ratio is 0.0015, so that (for the ramping function) the 
second time constant is negligible and the integrator can be considered to be of first order.

If diode DIO is not in the circuit, U9’s output is (for the initial high period output of the 555) a 
negative-going linear ramp having a slope of -1.1 V/mS. At 3 mS after ramp start, the output is -3.3 volts 
and at 19 mS (the end of the high period), the output would be -20.9 volts but the operational amplifier 
will be limited at about -13 volts. Now consider the effect of DIO. DIO limits the integrator output 
when it tries to go more negative than -0.6 volts; the circuit then stops being an integrator and becomes 
a simple diode-limited operational amplifier. The amplifier output remains in this limited state for about
18.5 mS, the balance of the 19 mS period.

During the 555 low period following the 555 high output period, the integrator ramps positively 
with a +1.1 V/mS slope from the -0.6 volt level. The integrator output rises linearly to about +13 
volts, the positive limit of output. This limit is reached about 12.4 mS after the ramp starts. Zener diode 
D13 and R37 limit the drive to U10 (another OP27EP) to +12 volts. If the phase-lock circuit did not 
manage to capture lock during this positive ramp, at the end of the 19 mS low period, the integrator 
would ramp negatively to the -0.6 level and the cycle would repeat. The integrator output signal (at TP2) 
is depicted in Figure 5.

During the positive slope current ramp, the YIG FM coil is swept to the lock-point frequency; it 
would continue through the 63 MHz range if the loop fails to lock. Since the FM coil is rapidly driven 
to the lockpoint by ramping, the acquisition is faster and more certain than would be the case if the lock 
circuitry had to do a long range frequency slew. Bench tests show that phase lock is acquired during the 
first 555 cycle.

Operational amplifier U10 (OP27EP) and transistor Q2 are the current source for the FM coil. U10 
is configured as a voltage follower and Q2 is included inside the feedback loop of U10. Q2 is a D44C8, 
a NPN power Darlington transistor having a minimum Beta of 1000 and a low Collector-Emitter saturation 
voltage. VC£( j voltage = 2.0 V @ 10 A. With a collector current of 1 Amp and at a Junction 
Temperature or 25 C, typical Beta is 10,000. This high Beta enables U10 to comfortably provide the

19



fraction of a milliamp required to drive Q2’s base.

Diode D14 limits the U10 drive to Q2 to about 
-0.6 volts, the lowest level from the integrator when it 
is sweeping. Zener diode D15 (1N4747A, V_ = 20 
volts) limits the FM coil current in the event that Q2 
fails open and the + 15 volt power exceeds about 20 
volts (e.g. a power supply failure). Capacitor C14 
(0.001 uF) is used to prevent oscillation of the driving 
circuit.

The FM coil current path is from the +15 V 
power supply to the FM coil + terminal, through the coil, out the - terminal, and through Q2 to common 
via R39. R39 limits the FM coil current to about 150 mA. The FM tuning drop across R39 is divided by 
10 kOhm resistors R25-R26 and the output drives the front panel bar-graph display.

From the above description, the drive to the unity-gain voltage-follower is first a -0.6 volt level 
followed by a positive ramp with a +1.1 V/mS slope ramps from -0.6 volts to +12 volts. We now 
consider the frequency sweep caused by the ramp. During the -0.6V portion of the Q2 input, no FM 
coil current flows because Q2 is negative biased; when the positive-going ramp reaches about +1 volts, 
Q2 begins to sink current through the FM coil. The Q2 Collector-to-Emitter voltage is about 1 volt over 
the current range of the ramp drive. 10 volts is the nominal voltage sweep range above the Q2 
conduction threshold. The FM coil resistance is 1 Ohm so resistor R39 (100 Ohms) limits the FM coil 
current. Considering the series resistance of the FM coil, the Q2 Collector-Emitter drop and the 100 Ohms 
of R39, the maximum FM coil current is about 140 mA and zero mA is the mimimum. The typical YIG 
FM sensitivity (from the Specification Sheet) is 450 kHz/mA so the frequency sweep caused by the 
integrator ramp is about 63 MHz. This is about a 5 MHz/mS sweep rate.

Figure 5 depicts the integrator sweep waveform.

Remember that the lock-point frequency intervals are alternate 200 MHz and 400 MHz; since the 
frequency sweep is 63 MHz, the phase-lock circuitry cannot lock on an undesired lock point.

R46 ("Bal") is the integrator zero offset adjustment The potentiometer is connected across two 
10 Ohm resistors on the lower side of two voltage dividers to +15 volts. The potentiometer ends are 
connected to +0.003 and -0.003 volts, providing a 6 mV range of offset adjustment.

The operation of the integrator in the Track mode is described in Section 2.5.

Section 5 has data sheets for the OP27EP, D44C8, LM555CN and RC4136DC.
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2.3 HARMONIC MIXER

The Harmonic Mixer is an important component of the phase-lock loop and is a micro-strip- 
discrete components PC board circuit housed in an NRAO-designed enclosure (listed in the Drawing List 
in Section 4). The reader should refer to the schematic diagram (in Section 4) during the following 
description.

The Harmonic Mixer mixes harmonics of the 600 MHz reference signal with the YIG output to 
produce a 200 MHz signal, which is either a N x 600 + 200 (High Lock) case or a N x 600 - 200 
(Low Lock) case. After filtering and amplification, the 200 MHz IF signal drives the 200 MHz Phase 
Detector (described in Section 2.4). If there is a phase difference between the 200 MHz reference signal 
and the 200 MHz signal from the Harmonic Mixer, the phase control circuitry on board "Al" adjusts the 
drive to the FM coil which shifts the YIG frequency so as to minimize the phase error.

Following the usual mixer conventions, the 600 MHz signal is input via the LO port, the YIG is 
input via the RF port and the 200 MHz sum and difference output is fed out the IF port. The mixer is 
biased by a DC bias signal from the +15 volt power supply. The "Al" board has a 5 kOhm potentiometer 
(R47) that is used as an adjustable bias source; R1 is a current limiter for the bias input.

D1 is Schottky high barrier mixer diode (sometimes called a "Hot Carrier" diode) that is the non
linear element that mixes the 600 MHz and 12-15 GHz YIG signals. Schottky diodes have a low forward 
drop, fast recovery, a low junction capacitance and a low noise figure. D1 has a forward drop of about 
0.5 volts at 1 mA, a junction capacitance of 0.10 pF, a noise figure of 6.5 dB and is tested at 16 GHz. 
Section 5 contains a data sheet for the TRW A2S124 Schottky mixer diode.

The schematic diagram shows a number of frequency-dependent components such as micro-strip 
stubs and parallel-resonant traps. These provide isolation between inputs and outputs and to suppress 
unwanted harmonic outputs. Mixer circuits have both the input frequencies, the sum and difference 
frequencies of the inputs, and can also have frequencies that are harmonics of the sum and difference 
frequencies. Proper operation of the phase-lock loop requires that unwanted signals be suppressed on the 
Harmonic Mixer inputs and output. The function of these frequency-dependent elements is described 
below.

Parallel-resonant traps are placed in the 600 MHz LO input and IF output paths. The left-most 
trap is tuned to about 200 MHz to keep 200 MHz out of the 600 MHz LO input port. The right-most trap 
is tuned to about 600 MHz to keep 600 MHz out of the IF output port.

Capacitors Cl and C5 are DC blocks to keep the mixer DC bias out of the LO and IF ports. The 
RF port (YIG) input is isolated by an external 10 dB attenuator that is unaffected by the DC bias.

In the LO input-to-mixer diode path, three series 50 Ohm micro-strip lines interconnect the LO 
input (Jl), the blocking capacitor (Cl), the 200 MHz parallel-resonant tank circuit (LI and C2) and two 
1/4 wave (at 13.5 GHz) micro-strip stubs. (The 1/4 wave micro-strip stubs are designated Lambda/4 on 
the schematic diagram.) The first 1/4 wave stub (shown vertically on the drawing) is open at the bottom 
which forces a short circuit at the junction of the two 1/4 wave stubs and the microstrip line from the 
tank. The short-circuit at this junction forces an open-circuit condition at the junction of D1 and the three 
1/4 wave stubs. The IF output-to-mixer diode path is identical to the LO input-to-mixer path with a 600 
MHz parallel resonant tank. The 1/4 wave stubs and the parallel-resonant tank circuits isolate the YIG 
signal from the LO input and IF output.
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A series micro-strip line is also placed in the RF port-to-mixer diode path to isolate the RF port 
from the mixer products. A stub with a shorted end is tapped onto this stub to provide a DC path for the 
diode bias current.

The 200 MHz IF signal level from the Harmonic Mixer varies as a function of the set-up of the 
bias on the mixer diode and the 600 MHz reference signal level. The 200 MHz IF level should be 
between - 50 and -60 dbm. During F12 alignment, this level should be measured at all the standard 
frequencies.

Although it is not a Harmonic Mixer component, the function performed by the 600 MHz K&L 
bandpass filter should be mentioned in this section. The Antenna LO system 600 MHz reference signal 
that drives the LO input of the Harmonic Mixer also carries other LO system signals at low levels, 50 MHz 
being particularly prominant. If these other signals were input to the Harmonic Mixer, the resultant IF 
output spectrum would be much more complex which would complicate the design of the 200 MHz phase- 
lock control circuitry.
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2.4 200 MHz PHASE DETECTOR

The 200 MHz Phase Detector is a subassembly consisting of a Directional Coupler, a two-way 
Power Splitter, two Double-Balanced Mixers and a 90 Degree Power Divider. The reader should review 
the schematic in Section 5. These five components are commercial units manufactured by Mini-Circuits 
and are installed on an NRAO-designed micro-strip PC board. The micro-strip PC board and board I/O 
OSM connectors are housed in an NRAO custom enclosure (listed in the Drawing List in Section 4). 
Data Sheets for these components are included in Section 5 and the components are described in Section 
2.10.

The phase detector inputs are the 200 MHz reference frequency from the Antenna Local Oscillator 
System and the 200 MHz signal from the Harmonic Mixer, filtered by a 16 MHz-wide 200 MHz bandpass 
filter and amplified by a 66 dB gain amplifier. The 200 MHz input from the Harmonic Mixer is at a +
3 dbm level and the 200 MHz reference signal is at a + 10 dbm level. The phase detector outputs are 
the Quadrature-Phase and In-Phase signals mentioned in Section 2.2 above. The directional coupler on 
the phase detector input taps off a low-level sample (at - 9 dbm) of the Harmonic Mixer input for front 
panel spectrum monitoring.

The two-way power splitter equally divides the +3 dbm 200 MHz signal from the Harmonic Mixer 
into two signals which drive the RF ports of the two double-balanced mixers. The power splitter loss is 
less than 1/2 dbm and the two outputs have the same phase. Phase angle is important in the following 
discussion and the phase angle of the splitter outputs are defined as zero phase.

Conventional mixers form the product of two signals in a nonlinear circuit. The outputs contain 
both the input’s sum and difference signals, the two input signals, and may also include harmonics of the 
input signals resulting from the action of the mixer’s nonlinear elements. In contrast, a properly 
constructed, double-balanced mixer output contains only the sum and difference terms; the input signals 
are about 30 dB below the sum and difference signals. The double-balanced mixer is constructed of 
transformers and a diode bridge. Review the description of the Double-Balanced Mixers in the Data Sheets 
of Section 5.

The 200 MHz reference signal from the antenna LO system drives the 90 Degree Power Divider. 
One port is terminated by a 51 Ohm resistor. Two output ports drive the double-balanced mixers at a 
power level of +7 dbm. A very important property of the 90 Degree Power Divider is that one of the 
outputs leads the 200 MHz input by 45 degrees (relative to the 200 MHz reference signal) and the other 
lags by 45 degrees. The net effect is a 90 degrees phase difference between the outputs. The leading- 
phase output drives the In-Phase double-balanced mixer and the lagging-phase output drives the 
Quadrature-Phase double-balanced mixer. The mixer output signals are the sum and difference of the two 
200 MHz inputs. The sum signal is about 400MHz and the difference signal is a low frequency signal 
that converges to a DC value when the difference frequency is zero. The sum signal is not used in the 
phase lock circuitry and the level is reduced by low-pass filters between the mixers and the output ports.

When the loop is out of lock, the difference signals of both the In-Phase and Quadrature-Phase 
mixers are AC signals, which is the frequency difference of the two 200 MHz inputs.

When the loop is in lock, the In-Phase and Quadrature-Phase mixer difference signals are a DC 
value which is a function of the phase difference between the two inputs.

Although the above difference signals sound identical, the functional relationships differ. When 
the loop is locked, the difference component of the In-Phase output is a Sine function of phase difference 
and the difference component of the Quadrature-Phase output is a Cosine function of phase difference.
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The Cosine output can have two polarities, depending upon whether 
lock frequency is a + 200 MHz or - 200 MHz case. The sine and 
cosine relationship is the result of the two mixer outputs being 90 
degrees out of phase (+  and - 45 degrees) relative to the mixer RF 
port inputs. Figure 4 has been repeated to show the relationships 
of these two signals.

The 400 MHz mixer sum signals are reduced by two 
sections of cascaded low-pass RC filters. The cut-off frequency of 
the In-Phase filter is about 1 MHz and the cut-off frequency of the 
Quadrature-Phase filter is about 300 kHz. The difference 
components of these two signals drive the "Al" board phase-lock 
control circuits described in Section 2.2.

Note Figure 4. As a result of the Cosine character of the 
Quadrature-Phase signal, when the phase error is low (or near 
zero), the Quadrature-Phase signal is at a positive or negative peak.
When the phase error increases, the level decreases to zero at + 
or - 90 degrees of phase angle. This behavior provides a convenient way of determining when the loop 
is out of lock. The Quadrature-Phase input to board "Al" drives a comparator (U6) that operates upon 
both the level and polarity of this signal as described in Section 2.2. The comparator first stage amplifier 
also acts as a single-pole, low-pass filter with a -3 dB cutoff frequency of 1000Hz. This filter farther 
reduces the AC component of the Quadrature-Phase mixer output. Note from Figure 4 that it is not 
desirable to permit the threshold voltage values to be very close to zero volts; component tolerance effects 
could introduce ambiguities in the logic decisions.

Note also from Figure 4 that as a result of the Sine character of the In-Phase signal, the signal 
level is zero (or low) when the phase error is zero. The signal increases positively or negatively as the 
error increases and the slope of the sine function is high (at small angles) so that small phase errors are 
indicated by a relatively large change in the signal. This portion of the sine function is an approximately 
linear function of the angle so that the magnitude and polarity of the signal are a convenient measure of 
the phase error. The linear behavior, high slope and phase-polarity detection of the In-Phase signal 
provide a convenient way to control the frequency of an oscillator in a dosed-loop system. The closed- 
loop system alters the frequency of the oscillator so as to null the phase error.

The 200 MHz IF signal level from the Harmonic Mixer varies as a function of the set-up of the 
bias on the mixer diode and the 600 MHz reference signal level. The 200 MHz IF level should be between 
- 50 and -60 dbm.

Vp, the peak level of the In-Phase and Quadrature-Phase signals at the output ports, is about 250
mV.

Kp, the phase detector gain, is Vp/radian and is a parameter important in the phase lock control 
loop. A conservative value of Kp is 0.2V/rad. The phase gain is discussed in Section 2.5.

Section 5 has data sheets for the Directional Coupler (MCL PDC-10-1), the Power Divider (MCL 
PSC-2-1), the Mixer (MCL SRA-1) and the 90 Degree Power Divider (MCL PSCQ-2-250).
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Figure 4, Quadrature and In-Phase 
Signals
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2.5 PHASE-LOCKED CONTROL LOOP

This section describes the operation of the YIG oscillator frequency control circuitry in the Track 
mode. In this mode, the YIG frequency is controlled by adjusting the current in the FM coil so as to null 
the phase error between the 200 MHz reference signal and the 200 MHz output of the Harmonic Mixer.

Phase-Locked Loop Properties

In a phase-locked loop, phase error is measured but frequency is adjusted. Phase is the time- 
integral of frequency. Integrator U9 integrates phase error to correct die VCO control voltage.

YIG frequency is controlled by a second-order phase-locked loop. Compared to a first order loop, 
a second order loop has additional low-pass filtering which reduces instabilities. This additional filtering 
provides "fly-wheel action" (analogous to inertial behavior) and the ability to smooth out fluctuations and 
noise on the inputs. Also, relative to the first order loop, the second-order loop reduces capture range and 
increases capture time. Capture means that the control loop has sensed and nulled the phase error and 
is in control of frequency. Second order loops also permit high loop gain at low frequencies; this is 
directly analagous to the effects of negative feedback in operational amplifier circuits.

Figure 5 is a block diagram of a phase-locked loop with the VCO (voltage-controlled oscillator) 
output phase fed back to the phase detector. The phase detector converts phase error to voltage and the 
VCO converts voltage to the time-derivative of phase (i.e. frequency). Kp is the phase detector constant 
mentioned in 2.4 above. K ^  is the VCO constant.

The filter smooths variations in the phase error voltage.

The YIG oscillator is a form of VCO in that the output frequency is a linear function of FM coil 
current. K ^ ,  the VCO constant, is 36 x 106 rad/Sec-volt.

The lock points are alternately 400 MHz and 200 MHz along the operating range of the F12. In 
setting the YIG to a new operating frequency, the Tuning and FM coil currents are set to a value close 
to the desired lock frequency. The mid-range value of FM coil current in conjunction with the Tuning coil 
current will produce a frequency close to the lock frequency. Since the sweep range is only 63 MHz 
(from 2.2 above), it is not possible for the loop to lock onto an undesired frequency.

Convergence to the Lock Frequency

In the Search mode, the integrator ramp slope is about 1.1 V/mS which produces a frequency 
sweep range of 63 MHz in about 12 mS. The frequency sweep rate is thus 63 MHz/12 mS or about 5 
MHz/mS.

Since the FM coil produces a 
frequency sweep through the desired 
lock frequency, it is not necessary for 
the phase-lock circuitry to search for 
lock over a large frequency range but 
when the swept frequency approaches 
the lock frequency, the phase lock 
circuitry must capture phase lock by 
assuming control of the FM coil 
current. The time-response of the
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Figure 6, Typical Phase-Locked Loop
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threshold comparators and response of the 555 reset (about 500 nS) must be fast enough to shut off the 
current ramping within the capture range of the phase-locked loop. During the sweep, as the sweep 
frequency approaches the lock frequency, the frequency difference decreases and then becomes zero. At 
a zero difference frequency, the Quadrature-Phase signal goes through zero volts and then begins to 
increase, either negatively or positively, following the cosine function. When the Quadrature-Phase signal 
reaches the + or - 55 mV threshold, one of the comparators resets the 555 and the output drops to a logic 
low within about 500 nS. This stops the current ramping. The comparator circuit is an AM detector; thus 
it performs a logic function and is not a factor in the phase-lock loop operation.

Since the 555 output is at a low level, the 555 reset has a minimal effect upon the integrator.
If there is no time delay in the comparator circuitry, the 555 would be reset at the + or - 55 mV 
threshold. The first stage of the comparator is a combination amplifier-low pass filter with a -3 dB cutoff 
frequency of 159 KHz. The amplifier functions as a simple lag circuit that adds about 0.8 mS time, lag 
to the comparator time response.

Consider the current drive to the summing junction from the two signal sources. The 3.3 volt 
drive from the 555 is input through a 200 kOhm resistor and the 225 mV drive from the In-Phase port 
is input through a 3.3 kOhm resistor. The ratio of In-Phase current span to ramping current span is about 
4.5; thus the In-Phase signal is the dominant input to the integrator.

Until the difference frequency is zero, the two mixer’s difference signal outputs are AC signals. 
The integrator’s response to this AC signal is zero because it simply averages the input AC.

Loop Parameters

The performance of the phase-locked loop is a function of WN (the loop natural frequency), Kg, 
Kp, T.j, T ,̂ D (the Damping Factor) and P£ (the maximum permissable phase error response to loop 
perturbations).

Kp, the phase detector constant, is determined by the characteristics of 200 MHz phase detector 
and is 0.2 rad/volt. Kq, the VCO constant, is determined by the characteristics of the FM coil drive circuit 
and YIG FM sensitivity. Kq is 56.5 x 106 rad/sec.

The loop should have high gain at the natural frequency WN; this determines the loop’s time- 
response to phase errors. A W„ of 314 x 103 rad/sec (50 KHz) was chosen. The OP27 has a gain- 
bandwidth product of 8 MHz. Tne switching characteristics of the current driver (D44C8) are a rise and 
delay time of 0.6 uSec, a storage time of 2.0 uSec and a fall time of 0.5 uSec. The characteristics of these 
two devices suggest that they are capable of operation at a loop bandwidth well over 100 KHz.

Using the selected WN, T1 was calculated from WN = (KgKp/T,,)^2. T1 = 49.5 uSec.

T2 was calculated from T2 = 2D/WN. D was chosen to be 1.1 which made T2 = 4.5 uSec.

Stability is a concern in any closed-loop system. Horowitz 2 states that if the loop gain falls off 
at -20 dB/decade in the neigborhood of unity gain, the loop will be stable. The integrator has two time 
constants. T1 is 49.5 uS and is a pole. T2 is 4.5 uSec and is a zero. T2 alters the integrator’s frequency 
response by reducing the rolloff near unity gain; this improves the phase margin, the difference between 
180 degrees and the phase shift around the loop at unity-gain frequency.

2 Art of Electronics, Horowitz and Hill, page 648
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Plotting open-loop gain (the composite of the OP27 open-loop gain vs frequency and the frequency 
response of T1 and T2) shows a unity-gain frequency of about 90 kHz and the slope is -20 dB/decade at 
unity gain.

WN may be calculated from the phase stability specification, P£. A basic VLA specification is that 
the LO system phase error should be no greater than 1 degree/GHz of the observing frequency. F12 is 
the X-Band Local Oscillator (8.4 GHz).

Since the YIG and driving circuitry are a VCO, the phase error induced by perturbations is a 
concern. 120 Hz power supply ripple is probably the most dominant perturbation. If the YIG were not 
controlled by a phase-locked loop, the phase error induced by power supply (and other) perturbations 
would be excessive.

A specification of 1 degree was used in the design of the L6 phase-locked loop. Estimating the 
120 Hz ripple of the +15 power supply to be 15 mV (0.1%) and using Thompson’s model 3, WN may be 
calculated using a PE of 1 degree (pi/180) in the following formula from Gardner.

pe -  d w y c w /

Wm is 120 Hz (754 rad/sec). Dw = K q  x  0.015 V and is 0.834 x 106 rad/sec. Using pi/180 as 
the phase specification in this equation, WN is found to be 3.59 x 105 rad/sec (FN = 114 kHz) which is 
a bit higher than the 76 kHz chosen. This estimate is perhaps unduly pessimistic but does illustrate the 
loop bandwidth concern. Careful spectral analysis of the F12 LO signal shows no discemable phase error. 
For comparison, an FN of 140 kHz was chosen for the L104 which is the VLBA 2-16  GHz Synthesizer. 4

F12 has RFI feedthrough filters on the +5 and 15 volt power to reduce high-frequency noise on 
these lines.

Phase Locked Loop Configuration

Figure 7 (next page) is a block diagram of the YIG phase-locked loop. The YIG Tuning control 
circuits (described in Section 2.2) have been been included for completeness.

The loop contains several RF components (amplifiers, isolator, directional couplers and attenuators) 
which are vital but essentially transparent elements in the loop performance. These components establish 
the proper RF operating conditions for the phase-locked loop. For example: the two amplifiers (WJ A77- 
1 and Aydin-Vector AY-5037-4) raise the 600 MHz and 200 MHz signals to the levels required by the 
mixers in the Harmonic Mixer and 200 MHz Phase Detector. The Midwest 263 attenuator isolates the 
Harmonic Mixer from cable and connector reflections on the line to the Triangle Microwave directional 
coupler that samples the YIG output.

The 200 MHz and 600 MHz bandpass filters are important to the operation of the phase-locked 
loop. Since the loop operates upon the frequency and phase relationships between the 200 MHz LO 
reference signal and the 200 MHz IF output of the Harmonic Mixer, it is desirable to remove signals that 
could obscure the operation of the control loop.

The 600 MHz K&L bandpass filter in the 600 MHz reference signal line remove other (B-Rack)

3 VLA Technical Report No. 8, page 5-2

4 VLBA Technical Report No. 4, page 15
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LO signals which are present on the 600 MHz line at residual levels. A notable example is 50 MHz which 
is extensively used in the B-Rack. The presence of these other signals (e.g. 50 MHz) on the Harmonic 
Mixer’s RF port would complicate the Harmonic Mixer’s IF spectrum and add 200 MHz components which 
are unrelated to the operation of the 200 MHz phase-locked loop.

The K&L 200/16 bandpass filter is used to filter the 200 MHz output of the Harmonic Mixer. 
The Harmonic Mixer mixes the YIG output with the 600 MHz reference signal; this generates an IF which 
may have a number of complex sum and difference terms, one of which is the 200 MHz signal. Since 
the phase-locked loop operates upon the phase relationship between this 200 MHz signal and the LO 
system 200 MHz reference signal, it is important that the Harmonic Mixer's 200 MHz output be filtered 
to remove these other unwanted signals before it is input to the 200 MHz Phase Detector.

A Triangle Microwave CA-912 Directional Coupler on the YIG output line picks off a low level 
signal (-20 dB below the line level) for input to the RF port of the Harmonic Mixer. A second CA-912 DC 
picks of a sample which is connected to the front panel LO MON connector. The isolation provided by 
these directional couplers minimizes the effect of cable and connector reflections between the YIG and the 
mixer and connector.

These RF components are described in Section 2.10 and their data sheets are included in Section
5.
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2.6 X-BAND RF TO IF FREQUENCY CONVERSION

This section describes the second function of FI2, which is the conversion of the two RF (A/B and 
C/D) signals from the X-Band Front End Receiver to two (A/B and C/D) IF signals that are routed to the 
F9 module for further amplification and conversion to the A, B, C and D IF signals.

The Local Oscillator is the YIG Oscillator that (with its frequency control circuitry) was described 
above. The YIG oscillator tunes over the range of 11.8 to 15.2 GHz and has an output power of +13 
dbm. The power splitter separates the LO signal into two +10 dbm signals that drive the LO port on the 
mixers. The RF inputs from the Front End covers an 8.0 to 8.8 GHz band and have a power level of 
-47 dbm/GHz. The IF outputs are two 4.5 to 5.0 GHz signals (A/B and C/D) at a power level of -57 
dbm/GHz.

A 16 GHz low-pass filter is shown on the Module Wiring Diagram (D13165S09). This filter was 
not used in the production versions of F12.

The mixer components are the following commercial modules:

A Passive Microwave PTB2007 isolator that minimizes reflections from the mixer back into the 
YIG. The Module Wiring Diagram shows a PTB 1091 isolator on the YIG output; the PTB 2007 is actually 
used because it has a more convenient connector configuration than the PTB 1091.

A Triangle Microwave YL-2133 two-way power divider that provides two isolated LO signals to the 
mixers. The YL-2133 splits the LO signal into two +10 dbm signals that drive the two mixers (W-J 
M88C). The YL-2133 has excellent amplitude and phase balance; both are important considerations in 
the VLA system which must maintain the integrity of two independent RF signal paths.

Two Watkins-Johnson M88C double-balanced mixers that mix the two RF signals with the LO 
signal to produce two IF signals.

Two Trak 61A6071 isolators that minimize the effect of reflections caused by discontinuities in the 
cables and connectors between the mixers and the F6 inputs.

Two isolator-bandpass filter combinations (Trak 21A9271 Isolator and Reactel 4CO-8400-loco
s ' ,  8.4 GHz bandpass filter) that reject out-of-band outputs of the broadband Front End and minimize 
the effect of reflections caused by discontinuities in the cables and connectors.

Section 5 has data sheets for these components and Section 2.10 describes their important 
characteristics.

The configuration of these components is depicted in the Module Wiring Diagram (D13165S09). 
Figure 1 provides a photographic view of the RF side of the module. Note that the mixer components 
occupy a major portion of the F12 RF space.

Important considerations in frequency conversion are isolation, conversion loss, VSWR, the noise 
content of the mixer output, compression, and rejection of out-of-band signals.

Isolation

Isolation is a measure of the circuit balance within a mixer. When the isolation is high, the 
amount of "leakage" or "feed through" between the mixer ports will be small. The Isolation vs Frequency
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charts on page 558 of the M88C data sheet show that at an LO level of +13 dbm, an RF of 8 GHz and 
an IF of 5 GHz, the LO to IF isolation is about 37 dB and the LO to RF isolation is about 23 dB. The RF 
to IF isolation is not plotted for an IF of 5 GHz but is typically about 23 dB.

In Section 2.1, the YIG Pulling Figure was described and is a measure of the influence of output 
mismatches upon the YIG frequency. The AV-71251 has a Pulling Figure of 5MHz for a return loss of 
12 dB (a VSWR of 1.7:1). The PTB-2007 isolator has a max VSWR of 1.15:1 and an isolation of 23 dB 
which protects the YIG from cable and connector mismatches.

Conversion Loss

A mixer’s conversion loss is the ratio of the mixer's IF power (in an upper or lower sidebnd) to 
RF input power and is normally expressed in dB.

The Watkins-Johnson M88C mixer is a double-balanced mixer and page 557 of the data sheets 
shows that the typical conversion loss is about 7.5 dB and the max is 10.0 dB. Page 559 of the data sheet 
shows plots of conversion loss versus LO power for four combinations of LO and RF frequencies. The third 
plot (down) shows that conversion loss is essentially constant for LO levels above 10 dbm.

A manufacturer’s test data sheet (in Section 5) shows a Conversion Loss is typically of about 7 dB 
for IPs of 4 to 6 GHz.

VSWR

Page 559 of the M88C data sheet shows that with an RF of 8 GHz and an IF of 5 GHz, the RF 
port VSWR is about 1.5:1. Page 560 shows that the LO port VSWR is about 2:1 for an LO level of +13 
dbm and a frequency of about 13 GHz.

Intennodulation

Ideal mixers generate only the desired IF output of FLQ +/- FRf. Practical diode mixers generate 
harmonics of the LO and RF input signals which mix and cause the harmonic modulation products NFrf 
+/- MFlq in the output frequency spectrum.

The double-balanced mixer (DBM) is a circuit that theoretically has only the sum and difference 
signals to the output. Practical double-balanced mixers have a 20 to 30 dB suppression of internally 
generated, even-order harmonic products compared to a single diode mixer.

Page 558 of the M88C data sheet shows that the intermodulation product levels for low-order 
combinations of RF and LO frequencies are more than 45 dB below the l x l  product level. This data 
is for an LO of 18 GHz at a level of +13 dbm and an RF of 10.1 GHz.

Noise

Noise Figure is a measure of the noise content of a device’s output. For a mixer, the Noise Figure 
is the ratio (in dB) of the signal-to-noise ratio at the mixer’s RF input divided by the signal-to-noise ratio 
of one mixer IF sideband output.

Page 557 of the M88C data sheets shows that the mixer's typical Noise Figure (NF) is 8.0 dB and 
the maximum is 10.5 dB for an RF of 10 to 18 GHz and an LO of 10 to 18 GHz.
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Compression

The M88C data sheet cites a 1 dB compression specification for an RF level of +7 dbm and an 
LO level of +13 dbm. Compression is a measure of a Double-Balanced Mixer’s dynamic range. In a DBM, 
as the RF level is increased, the IF output should correspondingly increase in a linear manner. At some 
point, IF outputs begin to depart from this linear behavior; further increases in RF input produce smaller 
increases in IF output and eventually the IF output becomes fairly constant. Additional increases in RF 
input do not produce additional IF output. The 1 dB compression point is where the IF output cannot 
linearly follow the input RF and deviates from linearity by 1 dB.

In the F12 mixer, LO power is about +10 dbm but RF power is about -47 dbm/GHz so the mixer 
is operating far below the RF +7 dbm compression point.

Out-of-Band Signal Rejection

In the F12, out-of-Band signals from the Front-Ends are rejected by the 8.4 GHz Reactel 4CO- 
8400-1000-S12 Bandpass filters.

The M88C mixer’s outputs contain RF and LO sum and difference signals. The difference signal 
(a band covering 4.5 to 5.0 GHz) is the signal used by the LO system for amplification and further 
frequency processing. The sum signal (about 21 GHz) is present in the mixer’s outputs but are rejected 
by the 4750 GHz (4750/795) bandpass filter in F4.
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2.7 F12 SIGNAL LEVELS AND SPECTRUMS

This section lists F12 signal levels. A photograph of the typical YIG spectrum at the front panel 
LO MON connector is shown below.

Reference Signal Inputs

The level of the 200 MHz Reference Signal at J10 is +10 dbm.

The level of the 600 MHz Reference Signal at J9 is -3 dbm.

RF to IF Mixer

The level of the LO input to the (M88C) mixer is +13 dbm.

The levels of the X-band Front-End outputs at J ll and J12 are -47 dbm/GHz.

The levels of the (M88C) Mixer outputs at J7 and J8 are -57 dbm/GHz.

Harmonic Mixer

The level of the RF input to the Harmonic Mixer is -14 dbm.

The level of the 200 MHz IF output of the Harmonic Mixer is - 50 to -60 dbm.

The level of the RF input (YIG LO signal) to the Harmonic Mixer is -14 dbm.

200 MHz Phase Detector

The 200 MHz level at the 
IF input is +3 dbm.

The 200 MHz level at the 
LO input is +10 dbm.

The level of the In-Phase 
and Quad-Phase outputs of the 
200 MHz Phase Detector is 250

The MCL PSCQ-2-250 
Quad Power Splitter output level is 
+7 dbm.
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2.8 FRONT PANEL LED DISPLAY BOARD

This section describes the operation of the front panel display circuitry that is contained on board 
"A3". This board contains an alphanumeric display of the commanded YIG frequency and a bar-graph 
display that indicates the level of bipolar analog signals. A center-off, momentary-action, front panel 
switch selects either the CONT VOLT (YIG FM coil drive voltage) or the IF LEV (YIG output) level for the 
bargraph display. The L LOCK and H LOCK display LED’s are also installed on this board.

The YIG frequency display shows the YIG frequency command selected by the command select 
multiplexer on "A2", the digital control board. When the front panel mode switch is in the AUTO position, 
the display shows the Data Set frequency command from the central control computers. When the switch 
is in the MAN position, the display shows the Thumbwheel switch frequency command.

The YIG frequency display uses three Hewlett-Packard 5082-7300 numeric BCD-code LED display 
chips with an internal decoder/driver and memory. The display chips show digits 0 through 9 plus a 
right-hand decimal point. The BCD input lines are high-true TTL levels. The state on the four inputs 
is loaded into the chip memory by dropping pin 5 to ground and then raising it high. If pin 5 is held low, 
the four input states drive the display decoder to indicate the input state. Pin 5 is hard-wired low on this 
diplay board so the display continuously reflects the BCD command value.

The ten’s digit is hardwired to show the "1" digit; this digit is not commanded and is implicit in 
the command argument. The decimal point input on the units digit is hard-wired to logic ground to 
illuminate this LED. The units digit is driven by the command argument units nibble (MSD) and the 
tenth’s digit is driven by the command argument tenth’s nibble 
(LSD).

The bargraph display uses two National Semiconductor 
LM3914 Dot/Bar Display Driver chips connected to drive two 
side-by side, 10-element Bar Graph LED array chips (Hewlett- 
Packard HDSP-4820). The display forms a twenty-state 
bargraph that indicates the level of the selected bipolar analog 
signal.

A data sheet for the LM3914 driver chip is contained 
in Section 5.

Figure 9 shows a simplified block diagram of the 
LM3914. This device has ten analog comparators to perform 
parallel comparisons of the input analog signal with taps on 
a ten-element voltage divider powered by an internal +1.25 
reference supply connected to the top of the voltage divider 
(Rhi). The low (-, Ref Adj) side of the supply is connected to 
ground. When the analog signal is more positive than a tap 
point, the associated comparator output will switch low and 
sink current from an external LED. Comparators with tap 
voltages less than the input signal will power LED’s; those that 
exceed the signal will not. If the LED’s are a linear array as 
is the case in the F12 display, the display is a bargraph 
representation of the analog signal with 125 mV increments. 
This simple configuration provides a bargraph for an input 
signal ranging from 0.0 to +1.25 volts.

37



A second 3914 may be added to provide a 20-element bipolar display of an analog signal level 
ranging from -1.25 to + 1.25 volts. This is the configuration used in the F12 display. The display 
driver chips are connected to power the LED’s in a left-to-right right manner; as the signal increases 
positively, LED’s will be incrementally illuminated in a right-ward direction. If the signal is more negative 
than -1.25 volts, none of the LED’s will be powered. If the signal is slightly more positive than -1.25 
volts, the left-most LED will be powered. If the signal is more positive than -1.125 volts, the two left
most LED’s will be powered, etc. If the signal is more positive than +1.25 volts, all LED’s will be powered.

Drawing B13165S04 shows the bargraph display circuitry. Data Sheet page 9-170 shows this 
configuration. Note that a voltage divider reduces the signal level by 0.247. An LM337T voltage 
regulator provides a -1.3 volt reference level which is connected to R^, Ref Adj and to RHI and Ref Out 
through a 750 Ohm resistor. These connections translate the top of the voltage divider to ground potential 
and the bottom to -1.3 volts. Potentiometer R12 is used to adjust the regulator to a -1.3 volt output.

The negative voltage LED drivers sink current through a resistor to +5 V; this steals current from 
the LED’s because the driver output levels are below the LED’s minimum forward voltage. When the 
outputs rise, the associated LED’s are powered by +5 volts through the current-limiting resistors. The 
positive voltage LED current is controlled by R16. The LM3914 data sheet describes this current control 
scheme.

The "A3" BOM is included in Section 4.

A voltage-follower buffers the input signal to provide a high input impedance.
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2.9 "A2“ MONITOR AND CONTROL BOARD

Data Set Interface

This section describes the operation of the "A2" board which interfaces the F12 circuitry to the 
Data Set.

All F12 monitor data operations are a response to monitor data message stimulus signals from the 
Data Set. In both the AUTO and MAN modes, the Data Set command stimulus signals can store a 
frequency command value in the nA2" Command Storage Register. In the AUTO mode, the YIG frequency 
is determined by this value. In the MAN mode, the YIG frequency is determined by the setting of the front 
panel Thumbwheel switches but the Command Storage Register value is not altered. When the 
AUTO/MAN switch is returned to AUTO, YIG frequency control will revert to the state stored in the 
Command Storage Register.

The Data Set interface signals are described first since they control the operation of the "A2" board. 

Multiplex Address

The Multiplex Address is conveyed by the state of four (SMA-O, ... SMA-3), low-true, TTL logic 
signals having binary weights of 2° through 23. These lines permit sixteen command and data addresses 
to be decoded; one command and two monitor enables are decoded by the "A2" board logic. SMA-O, .. 
SMA-3 are the lower portion of the eight-bit address byte of Data Set command and data messages. The 
Data Set decodes the upper four bits to select a Data Set digital output or input to/from a device 
controlled by the Data Set.

The SMA-O,... SMA-3 lines also control the channel selection logic of the "A2" analog multiplexers.

Between command or data operations, the Multiplex Address lines are quiescent high (logic "0"
state).

Two low-true enables (ENO and EN1) from decoder L21 are used by the command and digital 
monitor logic. ENO is used to enable commands (address 320g) to be loaded into the Command Register 
and to enable the Command Echo data (address 220g) to be read out to the Data Set. EN1 (address 221g) 
is used to enable digital monitor data to be read out to the Data Set.

Digital Command Output, DIGI-0

The Data Set digital command output used by F12 is DIGO-O, which consists of three low-true 
lines: DIGO-O, CLKO-O and STRO-O. The DIGO-O signal is a serial data line, clocked into an F12 serial 
input command register by CLKO-O. After 24 shift clocks, the data is parallel-loaded into a static storage 
register by the STRO-O signal. In the interval between command messages directed to DIGO-O, the Data 
Sets sets the DIGO-O lines high. DIGO-O addresses are 320g - 337g.

Digital Monitor Data Input, DIGI-1

The Data Set digital monitor data input used by F12 is DIGI-1, which consists of three low-true 
lines: DIGI-1, CLKI-1 and STRI-1. The STRI-1 signal parallel-loads an F12 monitor register. The DIGI- 
1 signal is a serial data line, the output of a serial monitor data register. The DIGI-1 line is clocked into 
the Data Set monitor register by CLKI. In the interval between monitor messages evoked from DIGI-1, 
the Data Set sets the DIGI-1 lines high. DIGI-1 addresses are 220g - 237g.
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Analog Monitor Inputs, ALGI-2

F12 analog data is connected to the Data Set ALGI-2 analog multiplexer input. The associated 
addresses range from 40g through 57g.

The Data Set analog multiplexer is a differential multiplexer and accepts differential or single
ended signals from up to eight sources. The multiplexer has a common-mode noise rejection ratio > 80 
db. Input impedance is greater than 1010 ohms. Settling time to less than one bit error is less than 18 
microseconds but the Data Set provides 30 microseconds of settling time. 30 microseconds after the start 
of an analog to digital conversion sequence, the Analog to Digital converter sample/hold is set to the hold 
mode and the conversion sequence is started.

Analog inputs from single-ended sources must have a low (-) signal return line connected to 
analog common at the signal source. Since the Data Set is a differential multiplexer, the low signal 
returns from different devices are isolated from each other and common-mode noise rejection is not 
reduced.

Command and Monitor Enable Decode Logic (Sheet 1)

The four (low-true) Mux address bits (SMAO- through SMA3-) are inverted to high-true format by 
open-collector buffer C01. The buffer output levels swing between 0 and +5 volts. A 7406 buffer and 
pull-up resistors are used in place of a simple inverter in the event that it becomes necessary to use analog 
multiplexer chips with overvoltage protection (typically an HI 508A). These multiplexers require a logic 
1 greater than 4.0 volts.

The Command and Digital Monitor enables are decoded by a 1-of-eight decoder L21, a 74LS138. 
(See a TTL data book for details on the operation of the 74LS138.) The low-true ENO and EN1 outputs 
are decodes of mux addresses 00g and 01g, respectively.

Enable ENO permits the CLKO-O clock to load the DIGO-O command data into the Command 
Storage Register as described below.

Enables ENO and EN1 permit the CLKI-1 clock to unload the Command Echo and Monitor Data 
registers to the Data Set DIGI-1 input as described below.

The Command Echo address 220g is 100g less than the command address 320g. This assignment 
is for convenience in remembering the Command Echo address.

The Data Set Command format is shown below.

Data Set Command Format

LSD MSD

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Funct CBO CB1 CB1 CB3 CB4 CB5 CB6 CB7 SBO SB1 SB2 SB3 SB4 SB5 SB6 SB7 NU NU NU NU NU NU NU NU

Weight . 1 . 2 . 4 . 8  1 2 4 8  ............................  .............................

CBO, CB1, etc. are Command Bits 0, 1, etc. SBO, etc. denotes spare, unassigned command bits. NU denotes 
unused command bits. - denotes that the bit has no weighted value.
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The command register logic consists of two serial-in parallel-out shift registers and two parallel- 
input storage registers. Three sets of gates, enabled by ENO (described above), load the registers under 
control of the Data Set DIGO-O lines. Two 74LS02 low-true AND-gates (C9-10 and C9-4) enable the low- 
true serial data (DIGO-O) and the low-true clock (CLKO-O) to serially shift the 24 command argument bits 
into 74LS164’s E41 and E49. The DIGO-O state on the A-B inputs and the contents of the 74LS164’s are 
shifted to the right on the rising (trailing) edge of the register clock. The command MSD shifts completely 
through the register and is not used.

5 microseconds after the serial loading has been completed, the trailing edge of the 5 microsecond 
low-true strobe STRO-O parallel-loads the 16-bit contents of the serial register (E41 and E49) into the 
static storage registers E30 and E19. Figure 10 (next page), depicts the digital command timing 
operations.

Command Select Multiplexer

Two quad, 2:1 parallel multiplexers (E10 and E01, 74LS157*s) select either the Command Storage 
Register value or the Thumbwheel command value for control of the F12 Tuning Coil current.

When the Select input to these multiplexers is low, the 1A, 2A, 3A and 4A inputs (Command 
Register bits) are selected for output to the 1Y, 2Y, 3Y and 4Y outputs. A high on the Select input selects 
the Bl, B2, B3 and B4 (Thumbwheel switch) inputs. The front panel AUTO/MAN switch provides a logic 
ground to the 74LS157’s Sel inputs (pin 1) when the switch is in the AUTO position. The multiplexer 
STRB (strobe) input is tied to logic ground to continuously enable the multiplexers. The state of the 
Command Select Multiplexer output is read back to the control computers on the MSD of the Command 
Echo data. The Command Echo format is described below.

Digital Monitor Logic

Two types of Digital Data are read from the "A2" board by the Data Set, Command Echo and 
Digital Monitor data.

The lowest two bytes of the Command Echo are readouts of the contents of the command storage 
registers, E10 and E01 (EOl’s contents are spare command bits). The upper byte (MSB) is the output of 
the Command Select Multiplexer described above. This byte reflects the actual command applied to the 
YIG Tuning coil circuit and will be either the (Data Set) Command Register or Thumbwheel Switch value, 
depending upon the state of the AUTO/MAN switch. The Command Echo readout provides a confirmation 
to the central control computers that the command issued by the control computers is correctly loaded 
into the command register.

Digital Monitor Data is read out of the F12 to indicate the status of the Phase Lock loop and the 
state of the AUTO/MAN switch. This data is indicated by three discretes: LOW LOCK WARN, HIGH LOCK 
WARN and A/M (the state of front panel AUTO/MAN switch). The balance of the digital monitor bits are 
available for future use but at present are not used.

Command Register Logic
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The Data Set Digital Monitor Data and Command Echo formats are shown below.

Data Set Digital Monitor Data Format

LSD MSD

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Funct MO M1 M2 M3 M4 M5 M6 M7 M10 Ml 1 M12 M13 M14 M15 M16 M17 M20 M21 M22 M23 M24 LLU HLW A/M

W e i g h t ...............................................................   DM DM DM

MO, M1, etc., are spare Monitor Data Bits 0, 1, ... 24, not assigned to any functions.
DM denotes discrete monitor bits as follows: LLW = Low Lock Warn, 1 = Warn, HLW denotes High Lock Warn, 1 = 
Warn, A/M denotes AUTO/MAN switch mode, 1 = Manual mode.

Command Echo Monitor Data Format

LSD MSD

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Funct CBO CB1 CB1 CB3 CB4 CB5 CB6 CB7 SBO SB1 SB2 SB3 SB4 SB5 SB6 SB7 CS0 CS1 CS1 CS3 CS4 CS5 CS6 CS7

Weight .1 .2 .4 .8 1 2 4 8 ............................. .1 .2 .4 .8 1 2 4 8

CBO, CB1, etc. are Data Set Command Bits 0, 1, etc. SBO, etc. denotes spare command bits, no assigned 
function. CS0, CS1, etc. denotes the Command Select Multiplexer output bits.

The Command Echo and Digital Monitor data readout logic are identical except for the enables; 
Command Echo is enabled by ENO and Digital Monitor data is enabled by EN1.

The monitor data readout logic is similar to the digital command logic - a set of three serial shift 
registers. Three parallel-input, serial-output shift registers (74LS165’s) are parallel-loaded and serially 
unloaded to the Data Set under control of the Data Set DIGI-0 input lines. Three gates, enabled by ENO 
or EN1, permit the low-true STRI-1, DIGI-1 and CLKI-1 signals to read the selected digital data. If enabled 
by ENO (or EN1), Gate C17-1 (or C17-13) impresses the 20 microsecond STRI-1 strobe on either of the 
two sets of 74LS165 Shift/Load (S/L) inputs. This loads the register with the state on the three register’s 
A through H inputs. 100 microseconds after the rise of STRI-1, the CLKI-1 shift clocks on gate C9-13 (or 
C17-4) start the serial unload of the 24 monitor data bits in the register to the Data Set DIGI-1 input via 
gate C49-3 (or C49-6).

Since 21 of the 24 bits of the Digital Monitor data register (L12, J12 and G12, Mux 221g) are not 
tied to ground or to a pull-up resistor, they may be either a high or low, but will probably be read out 
as l ’s.

Figure 10 (previous page) shows the timing of the digital monitor data logic.

The DIGI line is driven by open-collector buffers (7406’s) that are driven by gates C49-6 or C49-
3) which are enabled by ENO or EN1. The buffer pull-up resistor is in the Data Set and all the other 
monitor data sources (e.g. F-Rack F14’s) on the DIGI-1 line sink current through this resistor as they input 
digital monitor data to the Data Set. The 74LS165 Clock Inhibit inputs are tied to logic ground which 
permits the shift clocks to unload the register. The LSB serial inputs L3-10 and L12-10 are connected to 
ground so that the registers fill with zero’s during unload. This would not be a problem as the shift 
register is always parallel-loaded by STRI-1 at the start of a new shift sequence.
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If the CLKI-1 signal is viewed on an oscilloscope, a curious feature will be seen: there are two 
pauses in the clock train. These have a duration of one bit period and occur after eight shift clocks. This 
pause is an artifact of the Data Set monitor shift logic. The monitor data is not stored in a register in the 
Data Set. The serial stream of data from the F14 is merged directly into the Data Set’s message output 
logic. The pause is used to inject the Data Set’s serial parity bit into the message data stream.

A natural question is: is there a possibility of time contention between Data Set command and 
monitor operations which could obscure the readout of the command echo monitor data? The answer is 
"no"; the Data Set command and monitor operations are widely separated in time so there is no possibility 
of conflict.

Analog Signal Multiplexing and Conditioning (Sheet 2)

The "A2" board has sixteen channels of analog signal conditioning and multiplexing that are read 
out as analog monitor data by the Data Set. This data is indicative of the performance of the F12 module. 
The following is a description of the signal conditioning and multiplexing. The analog signals are 
tabulated at the end of this section.

The Data Set uses a dual-stage analog multiplexing scheme; an 8-input Data Set analog 
multiplexer selects analog data from up to 8 analog multiplexers in modules such as FI2. The upper four 
(of 8) address bits enable one of the eight Data Set analog multiplexer inputs and the SMA-O, ... SMA-3 
lines control the selection logic of the "A2" analog multiplexers.

Analog Signal Conditioning

Each analog multiplexer channel has an RC filter that provides charge-transfer isolation to reduce 
perturbations to signal sources during sampling. The multiplexer chips (HI-508’s) have break-before- 
make properties but circuit wiring and chip capacitances (although small) can retain charges between 
actuation of the multiplexer channels. The Data Set defaults the four multiplex address lines to address 
151Q (Hex F) between command or monitor operations; the stored charge associated with this address state 
is the charge that exists on this capacitance when an analog signal is selected. The 0.1 uF capacitors in 
the RC filter will be charged to the signal source voltage; this capacitor must charge the multiplexer- 
wiring capacitances. The worst-case scenario would be to assume that a channel filter capacitor is charged 
to +10 volts and the multiplexer default address (F16) had selected a -7.5 volts source; the worst case 
signal swing on a multiplexer output is thus 17.5 volts. Estimating 50 pF for the HI-508 chip and wiring 
capacitances and using a Data Set multiplexer "on" capacitance of 100 pF, the filter capacitor charge is 
reduced by about 2.5 mV, about a 1/2 count error in the converted value. This (worst case) 2.5 mV 
charge must be replaced by the signal source through the 1000 ohm filter resistor. The charge time 
constant is about 50 ns so the output, wiring and Data Set input capacitance is charged within about 1 
uS. The Data Set A/D shifts to the "Hold" mode 30 us after the multiplex address goes true; thus there 
is more than adequate time for analog settling before A/D conversion is initiated.

It is particularly important to protect the YIG frequency control circuitry from multiplexer charge- 
transfer perturbations.

Voltages greater than 10 volts are divided by a resistive divider across the filter capacitor. These 
are 15 and 28 volt power supply voltages.

Clamping diodes on the HI-508 inputs and outputs clamp over-range inputs or outputs to the 
+ 15V or -15V chip inputs. Chip damage under these conditions is unlikely because the 1000 ohms (or 
5110) ohm resistors in the RC filter circuits will limit "On" channel current to less than the 20 mA limit.
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Analog Signal Multiplexing

The "A2" board has two 8-channel, single-ended, analog multiplexer chips which sample sixteen 
F12 analog signals. One multiplexer chip selects one of the lower eight signals and the second selects one 
of the upper eight signals. The multiplexer chips have internal one-of-eight decoders which drive the 
analog switches. The decoder has an enable input which permits the decoder outputs to drive the analog 
switches. The three lower Multiplex Address bits SMA-O, SMA-1 and SMA-2, respectively activate (via the 
one-of-eight decoder) one of the channels on each multiplexer and the most significant bit SMA-3, enables 
either the lower or upper multiplexer decoder as a function of the logic level. The two multiplexer 
outputs are tied together and drive the + (signal high) input of the Data Set multiplexer.

The negative (signal low) input to the Data Set multiplexer is connected to the F12 +/- 15 V 
Common. Since the Data Set is located in another slot, there is probably a small common-mode difference 
between the F12 and Data Set analog common. Since the Data Set analog inputs are differential and have 
a high common-mode rejection (about 80 db), the use of the F12 analog common signal for the signal low 
input to the Data Set multiplexer has a negligable effect upon the converted values. An HI-508 data sheet 
is included in Section 5.

10 Volt Reference

A precision +10 volt reference on the "A2" board provides a means of checking the Data Set A/D 
converter gain drift. The Harris HA1608 +10 volt reference and trim circuitry are installed on dip header 
L48. The +10 volt output is connected to the Channel 2 input of multiplexer L30. Analog ground is 
connected to channel 1 of L30. The signal levels read via these two channels provide a means of checking 
the Data Set A/D converter gain and zero drifts.

F12 Analog Signals 

Hux Addressg Function

40 Analog Gnd.
41 +10 Volt Ref.
42 +5 Volt PS
43 +15 Volt PS (+15/2)
44 -15 Volt PS (-15/2)
45 +28 Volt PS (+28/4)
46 Not used, Gnd.
47 IF Level
50 YIG Tuning Voltage
51 FM Coil Control Voltage
52 Phase detector In-Phase
53 YIG Tuning Current (V/5)
54 Spare
55 Spare
56 Spare
57 Spare

Two data overlay print-outs (next page) show typical F12 analog and digital values. The TST 
overlay shows IF level, YIG Tuning Voltage and current, FM Voltage and 200 MHz Phase Detector In- 
Phase level.

The Monitor Word 1 DCS=01 DS=4 overlay (next page) shows all analog and digital monitor data 
from Data Set 4 which controls the F12 and F14 modules. The (decimal) level of the F12 analog data 
is listed in rows A040 and A050. Unassigned multiplexer channels are not printed. Rows D220 are 
Hexadecimal values of the Command Echo (D220) and Monitor data (221).

Normal Value

0.000 Volts 
+10.000 
+5.000 
+7.500 Volts 
-7.500 Volts 
+7.000 Volts 
0.000 Volts 
+/- 3 Volts 
-3 to - 4 Volts 
+ 5 Volts 
0.0 Volts 
-3 to -4 Volts

Data Range

+/- 20 mV 
+/- 20 mV 
+/- 100 mV 
+/- 200 mV 
+/- 200 mV 
+/- 400 mV

+/- 1 to +/- 5 Volts

0 to +10 Volts 
+/- 20 mV
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TST SDT ZZZ DB DWR CAL CRYO FEX FRO LOX PA SYSTMP

k i l l :<c r > clears the sc reen and returns to the Menu List. 92.239 19h46ml0=

JPL X-BAND ANTENNA 1 DCS 5 MODE XFER SW CAL

A B C D 00040093 OFF NORM

CAL 4 .04 4.06 3.39 3.37 AB CD

GTP 2.98 2.98 2.98 2.98 BAND SEL. C C C C

ALC 2.03 2.22 3.35 3.20 BAND SET. C C

PK.DET. 0.54 0.46 0.66 0.43 FIRST LO 13.0 AUTO LO LOCK

SYS/CAL. 11 .14 11.08 13.27 13.33
VACUUM 10.00 -0 .02

DEWAR 17 K 55 K 306 K

8GHz GND +5V + 15V +28V -15V +10V .REF

FE -0.70 -1. ©8 2.090 -4.820 2.060 0.93

LO 0.00 4. 96 14.990 27.700 -15.010 9.99

STAGE 1 OTHER I NOISE SOURCE V

AB BIAS -0.28 -0.80 0.850 NORMAL -4 .520

CD BIAS -0.31 -0.70 0.400 SOLAR -4 .740

LED VOLTAGE 5.225 LO

CRITICAL +15V. 0 .600 -15V. 0 .610 IF LEVEL -1 .57

CURRENTL PUMP 0 .01 REFRIG. 6 .95 TUNING VOLTAGE -3 .52

CONTROL VOLTAGE 3 .30

K ANTENNA = 1 PHASE DETECTOR -0 .00
YIG CURRENT -0. 704

WORD B = NORM WORD C = MAN

00040091

MONI TOR WORD 1 DCS-05 DS=4

CA000)

(AO10)
(A02O)

(A030)

(A040) -0.005 9.995 4.960 7.495 -7.505 6.925 -0.005 -i.575

(A050) -3.520 3 .295 -0.005 -3.520

(A06O) 10.005 -0.020 0.170 0.550 3.060 6.945 -0 .280 -0.300

(A07O) -0.310 -0.700 5.225 0.010 0.015 0.000 0 .090 0.O45

(A100) -0.710 -0.930 -1.185 -1.130 -1.045 1.025 -1 .080 -1.205

( A110 ) -1.075 -1.350 -0.330 -0.005 -0.005 0.000 9.380 0.015

CA120) 0.570 0.700 —0.050 0.170 0.450 3.390 0.535 0.405

(A130) 0.550 0 .090 0.470 0.000 0.000 0.000 0.020 0.015

(A140) 0.000 9.980 -9.975 -0.020 7.480 -7.475 4.960 6.915

(A1S0) 7.525 -7.500 -0.005 -0.160 -0.265 0.000 0.000 0.000

(A160)

(A170)

(D200) FFFFFF

(D210)

(D220) 300030 5FFFFF 666666 000000 050B07 1F3FFF 1F3FFF

< D230)
<0240)

<D250)

(D260)

(D270)

Figure 11, TST and MW1, DS4 Overlays
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2.10 COMMERCIAL RF COMPONENTS

Data Sheets for the commercial RF components used in F12 are included in Section 5. This 
section summarizes the important characteristics of these components. Internal circuit details are not 
described; interested readers should refer to the manufacturer’s catalogs and application notes.

AVANTEK AV-71251 YIG OSCILLATOR

The Avantek AV-71251 characteristics were described in Section 2.1.

ISOLATORS

Trak PTB2007

The YIG output is isolated by a Passive Microwave PTB2007 Isolator. The PTB2007 isolator is 
specified to operate over a frequency band of 12.4 to 18.0 GHz and have a minimum isolation of 23 dB. 
The isolator’s maximum insertion loss floss caused by its loading of the input) is 0.3 dB and the maximum 
VSWR is 1.15. From Section 2.1 remember that the YIG has a Pulling Figure of 1.0 MHz with a return 
loss of 12 dB (i.e. a VSWR of 1.7:1). This is the frequency sensitivity of the YIG to mismatches on its 
output. The 23 dB of isolation and low VSWR provided by the PTB2007 eliminates this perturbation of 
YIG frequency. PAMTEICs test data sheets for eleven PTB2007*s in the Data Sheet Section (5) show input 
and output VSWR’s ranging from 1.06 to 1.15 and an isolation ranging from 24 to 30 dB. NRAO lab tests 
of eleven PTB2007*s (not all units were from the same lot as above) show an isolation > 30 dB and an 
insertion loss < 0.3 dB.

Trak 21A9271

The 21A9271 Isolator is characterized over a frequency range of 8.0 to 12.4 GHz. This isolator 
is used between the J ll and J12 inputs from the X-Band receiver and the mixer’s RF inputs. The X-Band 
receiver’s outputs cover the 8.0 to 8.8 GHz. The 21A9271 impedance is 50 Ohms. Maximum insertion 
loss is specified to be 0.5 dB and isolation is specified to be 20 dB, minimum. VSWR is specified to be 
1.3:1, maximum. A manufacturer’s test data sheet (in Section 5) for 3 units shows an insertion loss of 
0.45 dB, an isolation of 21 dB and input and output VSWR’s of 1.25:1.

Trak 61A6071

The 61A6071 Isolator is characterized over a frequency range of 4.0 to 8.0 GHz. The 61A6071 
impedance is 50 Ohms. Maximum insertion loss is specified to be 0.5 dB and isolation is specified to be
18 dB, minimum. VSWR is specified to be 1.3:1, maximum. A manufacturer’s test data sheet (in Section
5) for 22 units shows an insertion loss of 0.5 dB, an isolation of 18 dB and a VSWR 1.30:1.

POWER DIVIDERS

Triangle YL-2133

The YL-2133 two-way power divider is characterized over the 12.0 to 18.0 GHz frequency range 
and has excellent amplitude and phase balance - important considerations in the VLA system which must 
retain the integrity of two independent RF signal paths. The YL-2133 uses stripline construction and the 
resistive element is a ceramic pad. The YL-2133 impedance is 50 Ohms. The maximum input and output 
VSWR are specified to be 1.50 and 1.40, respectively. The maximum insertion loss is specified to be 0.6 
dB and the minimum isolation is specified to be 20 dB. Phase and amplitude balance are specified to 
be within +/- 6 degrees and 0.3 dB, respectively.
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A YL-2133 manufacturer’s test data sheet (in Section 5) for eight YL-2133’s shows that these unit’s 
VSWR’s were less than 1.5:1, the insertion loss was less than 0.5 dB and the isolation was greater than
19 dB. Amplitude balance was +/- 0.2 dB and the maximum phase unbalance (for one unit) was +/-
5 degrees with an average of +/- 3.6 degrees.

MCL PSC-2-1

The Mini-Circuit PSC-1 is a two-way, 0-degrees power splitter that is used to generate the In- 
Phase signal in the 200MHz Phase Detector module. The PSC-1 is characterized over a frequency range 
of 0.1 to 400 MHz. At an input power level of 0 dbm and frequency of 200 MHz, the insertion loss is 
specified to be 3.3 and 3.1 dB, input to outputs 1 and 2, respectively. The amplitude imbalance (between 
outputs 1 and 2) is 0.02 dB. Isolation (output to output) is 29 dB. Input VSWR is 1.15:1 and outputs 
1 and 2 output VSWR’s are each 1.09:1.

In the 200 MHz Phase Detector, the PSC-2-1 input level is +3 dbm.

MCL PSCQ-2-250

The Mini-Circuits PSCQ-2-250 is a two-way, 90 degrees power splitter that is used to generate the 
Quadrature-Phase signal in the 200 MHz Phase Detector module. The PSCQ-2-250 is characterized over 
a frequency range of 150 to 250 MHz. At an input power level of 0 dbm and frequency of 200 MHz, the 
insertion loss is specified to be 2.89 and 3.46, input to outputs 1 and 2, respectively. The amplitude 
imbalance (between outputs 1 and 2) is 0.57 dB and isolation (output to output) is 38 dB. Output 1-2 
phase is 89.60 degrees.

In the 200 MHz Phase Detector, the PSCQ-2-250 input level is +10 dbm and the output levels to 
the MCL SRA-1 mixers are +7 dbm.

The PSCQ-2-250 is packaged in a small case with projecting pins, suitable for installation on a PC
board.

ATTENUATORS

Midwest 263 Attenuator (10 dB)

The Midwest 263 attenuator is characterized for frequencies up to 18 GHz. The attenuation is 
10 dB, +/- 0.3 dB. Maximum VSWR is 1.15:1 for frequencies up to 4.0 GHz.

Midwest 294 Attenuator (3 dB)

The Midwest 294 attenuator is characterized for frequencies up to 2.0 GHz. The attenuation is 
3 dB, +/- 0.3 dB. Maximum VSWR is 1.15:1 for frequencies up to 2.0 GHz.

AMPLIFIERS

Aydin-Vector AY5037-4

The Aydin-Vector AY5037-4 amplifier is used to amplify the 200 MHz IF signal from the Harmonic 
Mixer. The amplifier is specified to have a gain between 62 and 70 dB gain at 200 MHz, deliver an 
output power of +9 dbm and have maximum input and output VSWR’s of 1.6:1 and a maximum noise 
figure of 5 dB.
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A typical manufacturer’s test data sheet (in Section 5) shows a gain of 67.9 dB and an output 
power of +10.6 dbm. The input VSWR is 1.17:1 and the output VSWR is 1.60:1. Noise figure is 4.5 dB.

Watkins-Johnson A77-1

The Watkins-Johnson A77-1 amplifier is used to drive the LO input of the Harmonic Mixer. The 
guaranteed specifications cover operation over a 2 to 700 MHz frequency range. The small signal gain 
is 16.0 dB, with a gain flatness of +/- 0.3 dB. Power output is rated at +16.5 dbm with 1 dB of 
compression. Max input and output VSWR is less than 1.5:1.

The A77-1 is packaged in a TO-8 can that is installed on an Avantek TB1 printed circuit board 
mounted in an Avantek TC2 case.

BANDPASS FILTERS

Reactel 4CO-8400-1000-S12

The Reactel 4CO-8400-1000-S12 filter is used in the RF input paths from the X-Band receivers and 
is used to reject out-of-band signals from the wide-band receivers.

The Reactel 4CO-8400-1000-S12 bandpass filters are specified to have a center frequency of 8.4 
GHz, a bandwidth of 1.0 GHz (at +/- 1 dB response frequencies), and a VSWR less than 1.5:1 over this 
band. The insertion loss is specified to be 1 dB at the center frequency. The filter’s impedance is 50 
Ohms.

A manufacturer’s test data sheet for twenty-four units shows a +/- 1 dB bandwidth of 7.9 to 8.9 
GHz and a VSWR less than 1.5:1 over a bandwidth of 7.93 to 8.84 GHz. Section 5 contains this data 
sheet and an associated plot of frequency response and VSWR.

K&L 4B120-600/50-OP

The K&L 4B120-6(X)/50-OP Bandpass Filter is used to filter the 600 MHz reference signal from the 
Local Oscillator system to insure that this signal is free from residual components that might affect the 
Harmonic Mixer's output spectrum.

The Manufacturer’s specifications for this filter are: a center frequency of 600 MHz, a 3 dB 
bandwidth of 574 to 625 MHz and a VSWR of 1.5:1. Manufacturer’s test data for two units show an 
average bandwidth of 581 to 618 MHz and an insertion loss of 0.85 dB. A Data Sheet and frequency 
response plot for these two filters are included in the Data Sheet Section (5).

K&L 4B120-20Q/16-OP

The K&L 4B120-200/16-OP Bandpass Filter is used to filter the 200 MHz output of the Harmonic 
Mixer. In addition to the 200 MHz IF signal, the Harmonic Mixer may generate a number of complex 
signals that must be removed by filtering so that the 200 MHz Phase Detector input is only this single 
mixing product.

The Manufacturer's specifications for this filter are: a center frequency of 200 MHz, a 3 
dB bandwidth of 192 to 208 MHz and a VSWR of 1.5:1. Manufacturer’s test data for two units show an 
average bandwidth of 189.5 to 209.5 MHz and an insertion loss of 1.2 dB. A Data Sheet and frequency 
response plot for these two filters are included in the Data Sheet Section (5).
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DIRECTIONAL COUPLERS

MCL PDC-10-1

The Mini-Circuit MCL PDC-10-1 Directional Coupler is used in the 200 MHz Phase Detector module 
to provide a sample of the 200 MHz signal from the Harmonic Mixer for monitoring on the front panel 
IF MON connector.

The PDC-10-1 is characterized over a 0.5 to 500 MHz frequency range. Coupling to the CPL 
output is -11.5 +/- 0.5 dB with a flatness of +/- 0.6 dB. Directivity is 32 dB typical and 25 dB, 
minimum. Typical VSWR is 1.2. The PDC-10-1 is packaged in an extremely small metal case with pin 
connections to the phase detector PC board.

In the 200 MHz Phase Detector, the PDC-10-1 input level is +3 dbm.

The PDC-10-1 is packaged in a small case with projecting pins, suitable for installation on a PC
board.

Triangle Microwave CA-912

Two Triangle Microwave CA-912 Directional Couplers are used to sample the YIG oscillator outputs 
to drive the Harmonic Mixer and the front-panel LO MON OSM connector.

CA-912 Directional Couplers are sub-miniature stripline components featuring a high directivity 
and low VSWR. The impedance is 50 Ohms. The CA-912 is specified to operate over a 12.4 to 18.0 GHz 
frequency band and has a -20 dB +/- 0.8 dB coupling of the input to the CPL output, a minimum 
directivity of 15 dB, a maximum VSWR of 1.40:1 and a maximum insertion loss of 0.4 dB.

MIXERS

MCL SRA-1 Double Balanced Mixer

The Mini-Circuits SRA-1 double-balanced mixer is used in the 200 MHz Phase Detector to generate 
the In-Phase and Quadrature-Phase signals.

The SRA-1 is characterized over a 0.5 to 500 MHz frequency range at an LO input level of up 
to +7 dbm and an RF input of up to +1 dbm. The conversion loss is 5.5 dB, typical and 7 dB, maximum. 
The LO-RF isolation is 50 dB, typical and 30 dB, minimum. The LO-IF isolation is 40 dB, typical and 25 
db, mimimum. With a 200 MHz RF input at a 4 dbm level, the RF port VSWR is 1.28:1, the LO port 
VSWR is 1.35:1 and the IF port VSWR is 1.86:1. The maximum DC output is 261 mV with an offset of 
0.13 mV.

The SRA-1 is packaged in a small case with projecting pins, suitable for installation on a PC board. 

Watkins-Johnson M88-C

The Watkins-Johnson M88C double-balanced mixers are used to convert the two front end RF 
signals to IF signals using the YIG signal as an LO.

Since the M88C mixers are double-balanced mixers, the RF-LO sum and difference frequencies are 
the dominant outputs. The RF and LO signals and products of combinations of these two signals are
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present at minimal levels. (See the double-balanced-mixer discussion in Section 2.4) The M88C is 
specified to operate over an IF range of 1 to 8 GHz, an LO up to 18 GHz and an RF up to 18 GHz. The 
M88C may operate as an up-converter or a down-converter. The YIG 11.8 to 15.2 GHz LO drive to the 
M88C is a +10 dbm level. The resultant IF signal is a 4.5 to 5.0 GHz signal. Referring to the M88C 
data sheets for up-conversion under these conditions, the typical conversion loss is 8.0 dB and the max 
conversion loss is 10.0 dB. The typical noise figure for these conditions is 8.0 dB and the maximum noise 
figure is 10.5 dB. The minimum LO to RF isolation is 15 dB and the typical is 28 dB. The minimum LO 
to IF isolation is 16 dB and the typical is 32 dB.

The RF port VSWR is about 2.5:1 and the LO port VSWR ranges from about 2:1 at an LO of 12 
GHz to 3.3:1 at an LO of 15 GHz.

At the frequencies cited above, the second harmonic of the LO at the RF port is about -29 dbm 
with an LO signal level of +13 dbm.

There are many combinations of RF and LO frequency combinations that may be considered for 
intermodulation effects. From the bottom table on data sheet page 558, intermodulation products are seen 
to be below 58 dB relative to the 1 x 1 (RF x LO) at an RF level of -10 dbm and an LO level of +13 dbm. 
These minute intermodulation products are probably of no concern as they would probably be removed 
by filters further down the LO system path.

TRW/AERTECH A2S124 Mixer Diode

The TRW/AERTECH AS124 mixer diode is a Schottky high barrier mixer diode (sometimes called 
a "Hot Carrier" diode) that is the non-linear element in the Harmonic Mixer which mixes the 600 MHz 
and 12 - 15 GHz YIG signals. Schottky diodes have a low forward drop, fast recovery, a low junction 
capacitance and a low noise figure. The AS124 has a forward drop of about 0.5 volts at 1 mA, a junction 
capacitance of 0.10 pF, a noise figure of 6.5 dB and is tested at 16 GHz.
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3.0 F12 ALIGNMENT AND BENCH TESTS

This section describes the bench alignment tests that are principally concerned with the "Al" board 
and the RF components.

Check the power wiring before applying power to the module. The YIG and other components 
are expensive.

Apply DC power to the module and verify that it is within the F-Rack tolerances.

"A2" Control Board Tests

Before testing the "Al" board, it is necessary to verify that the digital board is functioning properly. 
Malfunctions in the digital board could confuse tests of the "Al" board and module.

Testing the digital board entails verifying that the command, address and monitor data data 
circuitry are functioning properly.

1) All eight outputs of the address decoder outputs should be tested (even though some of them are 
not used) by setting address states which range over all eight addresses. Testing all eight states verifies 
that the address wiring is correct and that the decoder chip internal logic is functioning correctly.

2) The command register should be checked to verify that the Data Set commands are correct. All 
command register bits should be exercised to verify that there are no stuck bits, etc. Suggested arguments 
are all l ’s, all O’s, alternate l ’s and O’s and the complement of the alternate l ’s and 0’s.

3) The digital monitor data outputs should be checked for proper operation. Since the command 
argument is output as an echo on the two LSB’s, this data should be checked in conjunction with the 
command argument tests above.

4) The command select multiplexer should be checked by verifying that both the command register 
and Thumbwheel states are properly selected. Verify that the Auto/Man switch selects the designated 
command source. This verifies module and switch wiring. The command select multiplexer should be 
tested with the command register arguments suggested above. Verify that all Thumbwheel states are 
properly routed through the multiplexer.

The command select multiplexer outputs are read out as digital monitor data on the MSB of the 
command echo. Verify that these eight bits are correct.

5) Verify that the states of the Man/Auto, High Lock Warn and Low Lock Warn discretes are correct 
on the digital monitor data output.

6) Set the +10 volt reference to +10.000 by adjusting the 100 kOhm potentiometer on Dip Header 
L48.

7) Verify that all sixteen channels of analog monitor data are properly read out by the analog 
multiplexer. After setting up the RF circuitry, check the multiplexer again to verify that the IF Level, YIG 
Tuning coil voltage and current, the FM voltage and In-Phase level are correctly multiplexed.
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"Al" Control Board Tests

Verify the 200 MHz and 600MHz reference signal levels. The 200 MHz level should be -3 dbm 
and the 600 MHz level should be +10 dbm.

1) Set the AUTO/MAN switch to Manual.

2) Monitor the TP 1 voltage with a DVM. Set the Thumbwheel switches to 0.0 (i.e. the setting for 
a command of 10.0 GHz). Adjust the "OFFSET ADJ" potentiometer (R42) for 0.000 Volts, + /-  0.001 volts.

3) Set the Thumbwheel switches to 5.0 (i.e. the setting for a command of 15.0 GHz). Adjust the 
"GAIN ADJ" potentiometer (R43) for +5.000 volts + /-  0.001 volts at TP1.

4) Connect a frequency counter to the front panel LO MON connector. Set the Thumbwheel switches 
to 2.0 (i.e. the setting for a command of 12.0 GHz) and turn off the ON/OFF sweep select switch on the 
PC board.

Adjust the "FREQ OFFSET" control (potentiomenter R44) for a 12.0 GHz reading on the frequency
counter.

Set the Thumbwheel switches to 5.0 (i.e. the setting for a command of 15.0 GHz).

Adjust the "FREQ SLOPE" control (potentiometer R45) for a 15.0 GHz reading on the frequency
counter.

Repeat the "FREQ OFFSET" and "FREQ SLOPE" adjustments until the two frequencies are within 
+ /-  5.0 MHz of the commanded values.

5) Monitor TP3 with an oscilloscope (5VDC/div, 10 mS/div). Turn on the PC board ON/OFF sweep 
select switch.

Set the Thumbwheel to 5.1 (i.e. the setting for a command of 15.1 GHz, not a standard 
frequency).

Adjust the "BAL" control (potentiometer R46) for a symmetrical ramping waveform on the 
oscilloscope.

6) Verify that the frequency counter is still connected to the LO MON connector.

Set the Thumbwheel switches to 1.8 (i.e. the setting for a command of 18 GHz, not a standard 
frequency but within the YIG operating range).

Adjust "H.M. BIAS" potentiometer (R47) for a LOW LOCK indication on the front panel. If the loop 
does not lock, adjust "FREQ OFFSET" potentiometer (R44) plus or minus 1/2 turn for a proper lock.

Adjust "FREQ OFFSET" (R44) for a middle scale reading on the bargraph display while holding 
the I.F. LEV/CONT VOLT switch in the CONT VOLT position.

Adjust the H.M. BIAS potentiometer (R47) for a maximum scale reading while holding the I.F. 
LEV/CONT VOLT switch in the I.F. LEV position.

7) Check all the standard frequencies listed below for correct High or Low Lock.
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Adjust the H.M. BIAS control (R47) for an optimum IF level at all the frequencies. It may be 
necessary to repeat the sequence through the frequency list to determine the best H.M. BIAS setting.

8) With a power meter, check the power level at the LO MON connector at all the frequencies listed 
below. The power level should be -3 dbm over these standard frequencies. This test measures the YIG 
output level over the operating frequency range.

9) With a power meter, check the power level at the IF MON connector at all frequencies listed 
below. The power level should be -13 dbm. This test measures the 200 MHz level input to the 200 MHz 
Phase Detector over the operating frequency range.

F12 Standard Lock Frequencies

Using the + (High Lock) and - (Low Lock) symbols as a suffix, YIG lock frequencies are:

11.8 GHz- 12.4 GHz- 13.0 GHz- 13.6 GHz- 14.2 GHz- 14.8 GHz-

12.2 GHz+ 12.8 GHz+ 13.4 GHz+ 14.0 GHz+ 14.6 GHz+ 15.2 GHz+

F12 output Frequency (in MHz) = N x 600 +/- 200, where N = 20, 21, 22, 23, 24 and 25.

10) The following alignment procedure adjusts the YIG drive circuitry so that all F12’s have similar 
tuning-frequency characteristics. This procedure normalizes the individual YIG’s characteristics to a 
uniform operating range.

With the side plate covers installed and at a stabilized operating temperature, plot the FM coil 
control voltage against YIG frequency for the standard frequencies listed above. The FM coil control 
voltage is read from the analog monitor data (address 518).

Plot the FM coil voltage values as a function of YIG frequency on linear graph paper. Frequency 
is plotted along the horizontal axis and control voltage along the vertical axis. Draw a curve through each 
of the data points; the curve may not be smooth and in some cases may be concave or convex. Draw a 
best-fit (by eye) straight line through the above curve. Since the circuits that drive the Tuning and FM 
coils are very linear, the curve represents the tuning characteristics of the YIG oscillator.

The straight line drawn above represents the average value of YIG frequency versus FM coil 
current. Ideally, this straight line should have a zero slope and should be + 5 Volts + /-  1 Volt.

11) If the straight line in 10) above exceeds the + 5 Volt + /-  1 Volt tolerance, the potentiometer 
settings described above may have to be readjusted.

A) Remove the module left plate for access to the "Al" control PC board. First attempt to reduce 
the slope of the straight line by adjusting R43 ("Gain Adjust"). If the straight line slopes up with 
increasing frequency, it indicates that the YIG’s differential sensitivity to the applied magnetic field (delta 
frequency/delta magnetic field) is less than the nominal value. U4’s gain is thus too low and increasing 
amounts of current drive are required as frequency is increased. If the straight line slopes down with 
increasing frequency, the YIG’s differential sensitivity is greater than the nominal value. Slightly increase 
(or decrease depending upon the slope) U4’s gain by adjusting R43 and record a new set of FM coil 
voltage versus frequency values. Plot them on a new piece of graph paper and construct a new curve and 
best straight line through the curve. Repeat the procedure until the straight line slope is small.
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B) After reducing the straight line slope, adjust R44 ("Freq Offset") to move the straight line up 
or down so that all frequency versus FM coil voltages are within the + 5 Volt + /-  1 Volt tolerance band.

C) After completing A) and B) above, install the module left plate. To verify the settings at the 
operating temperature, after the module temperature has stablized, repeat the measurements of 10) above 
and plot the curve and straight line. Save this data in the module maintenance files.
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4.0 DRAWINGS

This section contains F12 functional drawings such as the module block diagram, module wiring 
diagram, PC board schematics, BOM’S, etc. These drawings are listed below. For convenience, C and D 
size drawings have been reduced to B-size, foldout sheets. A-size drawings have not been reduced.

A list of F12 fabrication drawings follows the list of functional drawings. Fabrication drawings 
are not included in this manual.

X-Band system drawings are listed in Section 6.

F12 Functional Drawings

C13165B01 12-15 GHz L.O. Module Block Diagram
D13165S09 12-15 GHz L.O. Module Wiring Diagram
A13165Z05 12-15 GHz Module BOM

C13165S01 12-15 GHz L.O. Cont. P.C. Schematic
C13165P01 12-15 GHz L.O. Control P.C. Assembly
A13165Z04 12-15 GHz L.O. Control PCB BOM

B13165S06 12-15 GHz L.O. Harmonic Mixer Schematic
A13165Z07 12-15 GHz L.O. Harmonic Mixer BOM

B13165S03 12-15 GHz L.O. 200 MHz Phase Detector Schematic
A13165Z06 12-15 GHz L.O. 200 MHz Phase Detector BOM

B13165S04 12-15 GHz L.O. Front Panel Meter Schematic
B13165P04 12-15 GHz L.O. Front Panel Assembly
A13165Z03 12-15 GHz L.O. Front Panel Meter BOM

D13165L02 12-15 GHz L.O. M and C Board Logic Diagram
C13165P02 12-15 GHz L.O. M and C Board Wire Wrap Assembly
A13165P11 12-15 GHz Dip Header Assembly

F12 Fabrication Drawings

B13165AB02 12-15 GHz L.O. Front Panel PCB Artwork
B13165M06 12-15 GHz L.O. Front Panel Drill Drawing
B13165M38 12-15 GHz L.O. Front Panel Meter Lens Drawing
C13165AA06 12-15 GHz L.O. Front Panel Silkscreen
C13165A0B7 12-15 GHz L.O. Front Panel Silkscreen Dimensions

B13165P05 12-15 GHz L.O. 200 MHz Phase Detector Assembly Drawing
B13165AB05 12-15 GHz L.O. 200 MHz Phase Detector Artwork
B13165M10 12-15 GHz L.O. 200 MHz Phase Detector Drill Drawing
B13165AA20 12-15 GHz L.O. 200 MHz Phase Detector Decal
C13165M08 12-15 GHz L.O. 200 Mhz Phase Detector Chassis, Lids

B13165M07 12-15 GHz L.O. Harmonic Mixer Chassis Chassis and Lid
B13165AB03 12-15 GHz L.O. Harmonic Mixer P.C. Artwork
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D13165AB01 12-15 GHz L.O. Control P.C.B Artwork
C13165M05 12-15 GHz L.O. Control P.C. Board Drill Drawing

B13165M04 12-15 GHz L.O. OSP Rear Module Panel
B13165M30 12-15 GHz L.O. Wire Wrap Support Block
B13050M18 Module Side Plates
B13165M15 12-15 GHz L.O., Ay-Vector Mounting Bracket
B13165M14 12-15 GHz L.O., P.C. Card Brackets
B13165M16 12-15 GHz L.O., YIG Osc Mount Bracket
C13050M22-1 Module Cover, Perforated
C13165M17 12-15 GHz L.O., Module Center Plate
D13165M09 12-15 GHz L.O., Front Panel Mech Drawing
D13165M18 12-15 GHz L.O., Module Bar Supports
C13165M70 Module Pull

B13165M03 12-15 GHz L.O., OSP Bin Panel
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X ELECTRICAL X MECHANICAL BOM A13165ZQ5 REV - DATE 09-10-92 PAGE 2 OF 4 

MODULE F12 NAME 12-15 GHZ MODULE DWG# _______________ SUB ASSY ________________________ DWG# ____________

BILL OF MATERIAL
NATIONAL RADIO ASTRONOMY OBSERVATORY

SCHEM. DWG# D13165S09 LOCATION _________ QUA/SYS. ________ PREPRD BY K. TATE______  APPRVD BY

ITEM # REF DES MANUFACTURER PART NUMBER DESCRIPTION TOTAL
QTY.

1 K&L MICROWAVE 4B120-600/50-O/OP BANDPASS FILTER, 600 MHZ 1

2 WATKINS JOHNSON A77-1 AMPLIFIER, L.O. 1

3 AVANTEK TC2 & TB1 CASE & P.C.B. FOR A77-1 1

4 OMNI SPECTRA OSM-218 ADAPTER, SMA

5 NRAO DWG 0B13165SO6 MIXER, HARMONIC 1

6 MIDWEST 294-3 ATTENUATOR, 3db 1

7 K&L MICROWAVE 4B120-200/16/O/OP BANDPASS FILTER, 200 MHZ 1

8 OMNI SPECTRA OSM-219 ADAPTER, SMA 1

9 AYDIN VECTOR AY-5037-4 AMPLIFIER, I.F. 1

10 NRAO DWG //B13165S03 PHASE DETECTOR, 200 MHZ 1

11 MIDWEST 263-10 ATTENUATOR, lOdb 1

12 TRIANGLE MICROWAVE CA-912 DIR. COUPLER , 12-18 GHZ 2

13 ASTROLAB 29519 ADAPTER, RIGHT ANGLE SMA 1

14 TRAK MICROWAVE 61A6071 ISOLATOR, 4-8 GHZ 2

15 TRAK MICROWAVE 21A9271 ISOLATOR, 8-12 GHZ 2

16 REACTEL 4CO-8.4G-1GS12 BANDPASS FILTER, 8.4 GHZ 2

17 WATKINS JOHNSON M88C MIXER 2

18 TRIANGLE MICROWAVE YL-2133 POWER SPLITTER, 12-15 GHZ 1

19 PAMTECH PTB2007 ISOLATOR, 12-15 GHZ (INPUT 
SMA MALE, OUTPUT SMA FEM.)

1

20 AVANTEK AV-71251 YIG OSCILLATOR, 12-18 GHZ 1



X_____  ELECTRICAL X MECHANICAL BOM 4 A13165ZQ5_________ REV - DATE 09-10-92 PAGE 3 OF 4

BILL OF MATERIAL
NATIONAL RADIO ASTRONOMY OBSERVATORY

ITEM # REF DES MANUFACTURER PART NUMBER DESCRIPTION TOTAL
QTY.

21 OMNI SPECTRA OSM 201-1 CONNECTOR, SMA 12

22 OMNI SPECTRA OSM 210-1 CONNECTOR, SMA 1

23 OMNI SPECTRA OSM 531-3 CONNECTOR, SMA 3

24 KINGS KC-152-19 CONNECTOR, BNC 1

25 ALCO MTA-106D SWITCH (F.P.) 1

26 C&K 7105SYCBE SWITCH (F.P.) 1

27 HEWLETT-PACKARD HP-5082-4860 LED (F.P.) 1

28 DIGITRAN 23102-2 SWITCH, DECADE (F.P.) 1

29 NRAO DWG #B13165AB02 PCB, DISPLAY 1

30 OMNI SPECTRA OSP-4503-7941-00 CONNECTOR, OSP 6

31 OMNI SPECTRA OSP-4506-7941-02 CONNECTOR, OSP 6

32 NRAO DWG |jfD13165AB01, REV. A PCB, CONTROL 1

33 TRW/CINCH 50-36A-30 CONNECTOR, PCB EDGE 1

34 TRW/CINCH 50-44A-30 CONNECTOR, PCB EDGE 1

35 NRAO DWG 0D13165LO2 BOARD, M&C 1

36 VIKING 3VH50/1JN5 CONNECTOR, PCB EDGE 1

37 K&L MICROWAVE M12-A CLIP, R.F. FILTER 4

38 ERIE 1201-054 FILTER, FEED THRU 1

39 H&H SMITH 8260 STANDOFF, YIG MOUNT, 1.75"L 4

40 H&H SMITH 8325 STANDOFF, M&C BOARD, .75"L 2

41 H&H SMITH 8324 STANDOFF, CONTR. PCB, ,63"L 2

42 SOUTHCO 445-12-204-10 FASTENER 4
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X ELECTRICAL __________ MECHANICAL BOM 4 A13165Z04______  REV - DATE 09-10-92 PAGE 2 OF__4

MODULE F12 NAME 12-15GHZ LO CONT. PCB DWG# ______________  SUB ASSY ________________________ DWG// ____________

BILL OF MATERIAL
NATIONAL RADIO ASTRONOMY OBSERVATORY

SCHEM. DWG// C13165S01 LOCATION _________ QUA/SYS. ________ PREPRD BY K. TATE______  APPRVD BY

ITEM # REF DES MANUFACTURER PART NUMBER DESCRIPTION TOTAL
QTY.

1 R2 TRW RN-55C RESISTOR 10K, 1/8W, IX 1

2 R3 TRW RN-55C RESISTOR 4020, 1/8W, IX 1

3 R4 TRW RN-55C RESISTOR 2.IK, 1/8W, IX 1

4 R5,R22,R23,R50 ALLEN-BRADLEY RC07GF102J RESISTOR IK, 1/4W, 5X 4

5 R6 TRW RN-55C RESISTOR 2430, 1/8W, 1% 1

6 R 7 ,R24,R33,R37 ALLEN-BRADLEY RC07GF202J RESISTOR 2K, 1/4W, 5% 4

7 R8 ALLEN-BRADLEY RC20GF151J RESISTOR 150, 1/2W, 5X 1

8 R 9 ,R15-R18,R21, 
R25,R26,R38,R40,R41

ALLEN-BRADLEY RC07GF103J RESISTOR 10K, 1/4W, 5X 11

9 R10.R11 DALE RH-10 RESISTOR 5.0, 10W, IX

10 R12,27,R28 ALLEN-BRADLEY RC07GF512J RESISTOR 5.IK, 1/4W, 5X 3

11 R13 ALLEN-BRADLEY RC07GF472J RESISTOR 4.7K, 1/4W, 5X 1

12 R14 ALLEN-BRADLEY RC07GF104J RESISTOR 100K, 1/4W, 5X 1

13 R19.R20 ALLEN-BRADLEY RC07GFI34J RESISTOR 130K, 1/4W, 5X

14 R29 ALLEN-BRADLEY RC07GF274J RESISTOR 270K, 1/4W, 5X 1

15 R30 ALLEN-BRADLEY RC07GF333J RESISTOR 33K, 1/4W, 5% 1

16 R31 ALLEN-BRADLEY RC07GF204J RESISTOR 200K, 1/4W, 5X 1

17 R32 ALLEN-BRADLEY RC07GF332J RESISTOR 3.3K, 1/4W, 5X 1

18 R34.R35 ALLEN-BRADLEY RC07GF302J RESISTOR 3K, 1/4W, 5% 2

19 R36 ALLEN-BRADLEY RC07GF301J RESISTOR 300, 1/4W, 5% 1

20 R42.R43 BOURNS 3262W TRIM POT 20K, 1/4W, 10X 2



X_____  ELECTRICAL _________ MECHANICAL BOM A13165Z04_________ REV - DATE 09-10-92 PAGE 3 OF 4

BILL OF MATERIAL
NATIONAL RADIO ASTRONOMY OBSERVATORY

ITEM f REF DES MANUFACTURER PART NUMBER DESCRIPTION TOTAL
QTY.

21 R44.R45 BOURNS 3262W TRIM POT, 500, 1/4W, 10% 2

22 R46.R47 BOURNS 3262W TRIM POT, 5K, 1/4W, 10% 2

23 R48, R49 ALLEN-BRADLEY RC07GF100J RESISTOR, 10, 1/4W, 5% 2

24 C1.C8 SPRAGUE CSR-13, 2289 CAPACITOR, 15/if, 20 VDC 2

25 C2 MALLORY CK05BX332K CAPACITOR, .0033/if 1

26 C 3 ,C4,C 6 ,CIO-Cl2,Cl5 MALLORY CK05BX104K CAPACITOR, 0.1/if 7

27 C5,C7,C17 MALLORY CK05BX103K CAPACITOR, .01/if 3

28 C9 C.D.E. WMF1S15 CAPACITOR, .015/if, 100 VDC 1

29 C14 MALLORY CK05BX102K CAPACITOR, .001/if 1

30 C16 SPRAGUE CSR13E106KL CAPACITOR, 10/if, 25 VDC 1

31 D1 MOTOROLA 1N827A DIODE, REFERENCE, 6.2V 1

32 D2.D10 G.E. 1N4148 DIODE

33 D3 MOTOROLA 1N5235B DIODE, ZENER, 6.8V 1

34 D4 MOTOROLA 1N4005 DIODE, ZENER, 6.8V 1

35 D5 MOTOROLA 1N5357B DIODE, ZENER, 20V 1

36 D6.D7 MOTOROLA 1N5230B DIODE, ZENER, 4.7V

37 D13 MOTOROLA 1N5242B DIODE, ZENER, 12V 1

38 D14 G.E. 1N456 DIODE 1

39 D15 MOTOROLA 1N4747A DIODE, ZENER, 20V 1

40 Ql THERMALLOY 6001B-2 HEAT SINK 1

41 Q2 THERMALLOY 6073B HEAT SINK 1

42 Ql MOTOROLA 2N3792 TRANSISTOR 1
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X_____  ELECTRICAL X MECHANICAL BOM A13165ZQ7_______ REV - DATE 09-10-92 PAGE__2__OF—2

MODULE F12 NAME HARMONIC MIXER______  DWG# ______________  SUB ASSY _______________________  DWG# ------------

BILL OF MATERIAL
NATIONAL RADIO ASTRONOMY OBSERVATORY

SCHEM. nUG* Bl3165S06 LOCATION _________ QUA/SYS. ________ PREPRD BY K. TATE______  APPRVD BY

ITEM # REF DES MANUFACTURER PART NUMBER DESCRIPTION TOTAL 
QTY. |

1 C1.C5 AMERICAN TECHNICAL CERAMICS ATC-100B-201-JP300X CAPACITOR 2 1

2 C2 AMERICAN TECHNICAL CERAMICS ATC-100B-200-JP300X CAPACITOR 1

3 C3 AMERICAN TECHNICAL CERAMICS ATC-100B-4R7 CAPACITOR 1

4 C4 AMERICAN TECHNICAL CERAMICS ATC-100B-5R6 CAPACITOR 1

5 C6 SPECTRUM CONTROL 51-712-003 CAPACITOR, FEED THRU 1

6 D1 TRW/AERTECH A2S124 DIODE, MIXER 1

7 J1-J3 OMNI SPECTRA 2052-5674-00 CONNECTOR, SMA 3

8 J4 CAMBION 160-2051-01-01-00 TERMINAL 1

9 LI NRAO INDUCTOR, 20nh, 5 TURNS, 
#30, .06" ID, 0.1" LONG

1

10 L2 NRAO INDUCTOR, 15nh, 4 TURNS, 
#30, .06" ID, 0.1" LONG

1

11 R1 ALLEN-BRADLEY RC05GF512J RESISTOR, 5.IK, 1/8W, 5% 1

12 RODGERS RT/DUROID 5870 PCB, 1 OZ. CU. BOTH SIDES 
ROLLED, .020" THK, 1" X 2"

1
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X ELECTRICAL X MECHANICAL BOM A13165ZQ6_______ REV - DATE 09-10-92 PAGE__2__OF— 2

MODULE F12 NAME 200 MHZ PHASE DETECT. DWG# ______________  SUB ASSY ________________________ DWG# ------------

BILL OF MATERIAL
NATIONAL RADIO ASTRONOMY OBSERVATORY

SCHEM. DWG7* B13165S03 LOCATION _________ QUA/SYS. ________ PREPRD BY K. TATE______  APPRVD BY

ITEM # REF DES MANUFACTURER PART NUMBER DESCRIPTION TOTAL
QTY.

1 MINI-CIRCUITS LAB PDC-10-1 COUPLER, DIRECTIONAL 1

2 MINI-CIRCUITS LAB PSC-2-1 DIVIDER, POWER 1

3 MINI-CIRCUITS LAB SRA-1 MIXER 2

4 MINI-CIRCUITS LAB PSCQ-2-250 DIVIDER, POWER, 90° 1

5 J1.J5 OMNI SPECTRA OSM-244-2 CONNECTOR, SMA 5

6 R1-R3 ALLEN-BRADLEY RC05GF510J RESISTOR, 51, 1/8W, 5% 3

7 R4.R5 ALLEN-BRADLEY RC05GF511J RESISTOR, 510, 1/8W, 5% 2

8 C1.C2 AMERICAN TECHNICAL CERAMICS ATC-100B-101-JP300X CAPACITOR, CHIP 2

9 C4 AMERICAN TECHNICAL CERAMICS ATC-100B-151-JP300X CAPACITOR, CHIP 1

10 C5 AMERICAN TECHNICAL CERAMICS ATC-100B-751-JP50X CAPACITOR, CHIP 1
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X ELECTRICAL X MECHANICAL BOM 4 A13165ZQ3_______ REV A DATE 09-09-92 PAGE 2 OF__3

MODULE F12 NAME FRONT PANEL METER DWG# _______________ SUB ASSY ________________________ DWG# ____________

BILL' OF MATERIAL
NATIONAL RADIO ASTRONOMY OBSERVATORY

SCHEM. DWG#_B13165S04______  LOCATION _________ QUA/SYS. ________ PREPRD BY K. TATE______  APPRVD BY

ITEM # REF DES MANUFACTURER PART NUMBER DESCRIPTION TOTAL
QTY.

1 Cl SPRAGUE 196D47SX9035JA1 CAPACITOR, 4.7uf TANTALUM 1

2 C2 CENTRALAB CZ TYPE 30C105M CAPACITOR, luf MONOLITHIC 1

3 D1.D2 DIALIGHT 521-9250 LED, GREEN DIF 2

4 PI TEXAS INSTRUMENTS C931602 IC SOCKET, 16-PIN, LW PROF 1

5 R1 ALLEN-BRADLEY RC42GF200J RESISTOR, 22, 2W, 5Z 1

6 R2-R11 ALLEN-BRADLEY RC07GF471J RESISTOR, 470, 1/4W, 5% 10

7 R12 BOURNS 3339P-1-102 TRIM POT, IK 1

8 R13 ALLEN-BRADLEY RC07GF270J RESISTOR, 27, 1/4W, 5X 1

9 R14 ALLEN-BRADLEY RC07GF121J RESISTOR, 120, 1/42, 5X 1

10 R15 ALLEN-BRADLEY RC07GF751J RESISTOR, 750, 1/4W, 5X 1

11 R16 ALLEN-BRADLEY RC07GF222J RESISTOR, 2.2K, 1/4W, 5X 1

12 R17 ALLEN-BRADLEY RC07GF102J RESISTOR, IK, 1/4W, 5% 1

13 R18.R19 ALLEN-BRADLEY RC07GF151J RESISTOR, 150, 1/4W, 5X 2

14 R20 ALLEN-BRADLEY RC07GF105J RESISTOR, 1M, 1/4W, 5% 1

15 R21 ALLEN-BRADLEY RC07GF364J RESISTOR, 360, 1/4W, 5X 1

16 U1.U2 NATIONAL LM3914N LED BAR GRAPH DRIVER 2

17 U3 NATIONAL LM337T NEG. VARIABLE REG. 1

18 U4-U6 HEWLETT PACKARD 5082-7300 DISPLAY, MULT. SEGMENT 3

19 U7.U8 GENERAL INSTRUMENT MV54164 10 SEGMENT LED BARD GRAPH 2

20 P2 ROBINSON NUGENT ICA-246-S-G SOCKET, 24-PIN, ICA SERIES 1



X_____  ELECTRICAL X MECHANICAL BOM fl A13165Z03_________ REV A DATE 09-09-92 PAGE 3 OF 3

BILL OF MATERIAL
NATIONAL RADIO ASTRONOMY OBSERVATORY

ITEM # REF DES MANUFACTURER PART NUMBER DESCRIPTION TOTAL
QTY.

21 KEYSTONE 1591-2 STANDOFF, THREADED 4

22 U3 THERMALLOY, INC. 43-77-2 SPACER, INSULATOR 1

23 KEYSTONE 3053 SPACER, INSULATOR FOR SCREW 1
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5.0 DATASHEETS

This section contains Data Sheets for specialized components. For convenience, the data sheets 
are grouped into major sub-assembly sets as follows: Control Board ("Al"), Monitor and Control Interface 
("A2"), Front Panel Meter Board ("A3"), 200 MHz Phase Detector, Module Plate RF Components and 
Harmonic Mixer. Each set is headed by a cover sheet which lists the sub-assembly data sheets.

"Al" Board

DAC-12QZ/CBD D/A Converter, Analog Devices
LH0022CD High Performance FET Op Amp, National
RC4136DC, Quad 741 General Purpose Operational Amplifier, Raytheon
LH0041CJ Power Operational Amplifier, National
2N3792 Silicon PNP Power Transistor, Motorola
LM555CN Timer, National
OP27EP, Precision Operational Amplifier, Precision Monolithics 
D44C8 Power Darlington Transistors, NPN Silicon, Motorola
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□ANALOG 
DEVICES

Low Cost General Purpose 
Digital to Analog Converter

FEATURES 
Low Cost 
12-Bit Resolution 
V4LSB Linearity 
±30ppm/° C TC
20ppm/% Power Supply Rejection 
Programmable Output Ranges 
Small Size -  2" x 2" x 0.4"

GENERAL DESCRIPTION
The DAC-12QZ is a low-cost/high performance 12-bit digital- 
to-analog converter designed for general purpose OEM applica
tions. The completely self-contained module includes weighted 
resistor networks, monolithic current switches, temperature 
compensated reference and an externally programmable out
put amplifier. Performance specifications include 1/2LSB line
arity error, 5/is settling time for full scale conversion 30ppm/
°C temperature coefficient and 20ppm/% power supply 
rejection.

INPUT CODING
The internal switches of the complementary binary and com
plementary BCD models are driven directly without need of a 
strobe. The complementary codes for each model are:

MODEL -F.S. Zero ♦F.S.
DAC-12QZ/CB 1111 1111 1111 OOOO OOOO OOOO1111 1111 1111 0111 1111 1111 0000 0000 0000
DAC-12QZ/CBD 1111 1111 n i l  0110 0110 0110

1111 1111 1111 10101111 1111 011001100110

OUTPUT PROGRAMMING
The scale factor is programmed by connecting external jumpers 
between module pins. With either model, the user can select 
any one of five output ranges, including bipolar outputs. The 
choices are:

Unipolar 0 to +5V, 0 to +10V 
Bipolar ±2.5V, ±5V, ±10V 

The external jumpers at the module pins determine the output 
amplifier feedback resistance, allowing use of one Sk resistor,

or both, either in series to provide 10k, or parallel to provide 
2.5k. Offset of exactly one-half full scale for bipolar applica
tions is provided by connecting another jumper to the sum
ming junction of the output amplifier. To maintain constant 
load on the reference zener, the bipolar offset output should 
be grounded when using the module in a unipolar mode.

DAC-12QZ Block Diagram

Information furnished by Analog Devices is believed to be accurate 
and reliable. However, no responsibility if assumed by Analog Devices 
for its use; nor lor any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by implica
tion or otherwise under any patent or patent rights o l Analog Devices.

P.O. Box 280; Norwood, Massachusetts 02062 U.S.A. 
Tel: 617/329-4700 TWX: 710/394-6577
Telex: 924491 Cables: ANALOG NORWOOD MASS

(typical @ +25°C and rated supply voltages, unless otherwise noted)

RESOLUTION 12 Bits
DIGITAL INPUTS TTL Compatible

‘O’ E <+0.8V ® -O.lmA
T+2V<E<+6V ® + 1.0mA (open input

equivalent to digital “ 1” )
INPUT CODES

Unipolar Complementary Binary (CB)
Complementary BCD (CBD)

Bipolar Complementary Offset Binary
Complementary Offset BCD

OUTPUT RANGES 0 to +5V ® 10mA
0 to +10V ® 5mA

(User Programmable; See Figure 1) ±2.5V, ±5V® 10mA
±10V® 5mA

OUTPUT IMPEDANCE 0.02 n
CONVERSION SPEED 5jis to 0.01% (for 10V step)

Slewing Rate 15V//IS
LINEARITY ERROR ±WLSB
TEMPERATURE COEFFICIENT

Gain ±30ppm/ C of Reading, max
Zero ±50jiV/°C (Unipolar), max

±100MV/°C (Bipolar), max
Differential Linearity ±10ppm/°C F.S., max

TEMPERATURE RANGE
Operating 0 to +70°C
Storage -55°C to +125°C

POWER REQUIREMENTS + 15V ±5% ® 20mA
-15V ±5%® 30mA
+ 5V ±10%® 20mA

POWER SUPPLY SENSITIVITY
Gain ±20ppm/%) ±15V only;
Zero ±5ppm/% 1 tracking supplies

ADJUSTMENTS (USER PROVIDED)
Gain (20k, 20 turn pot) ±0.3% F.S.
Zero (20k, 20 turn pot) ±30mV

OUTLINE DIMENSIONS 2" x 2” x 0.4

' Recommended Power Supply: Analog Devices model 923. 
Specifications subject to change without notice.

ORDERING GUIDE!

Model DAC-12QZ/XXX

-----CB

-----CBD

OUTLINE DIMENSIONS 
AND PIN CONNECTIONS

D im ensio ns show n in inches and (m m ).

POTENTIOMETER CONNECTIONS

Z ER O  GAIN

OUTPUT PROGRAMMING

Output Range External Pin Connections

±2.5V 2 1 .2 3 . & 27 24 & 26

±5V 21 & 27 24 & 26

±10V 21 & 27 23 & 26

+5V 23 & 27 24 & 26 2 1 4  5

♦ 10V 24 & 26 21 & 5

C o n ne ct p in s as i iO ic a tc d  fo r selected o utpu t.

|—0 - 9—VW-<

Figure 1. Output Amplifier



Operational Amplifiers/BuffersNational 
Semiconductor

LH0022/LH0022C High Performance FET Op Amp 
LH0042/LH0042C Low Cost FET Op Amp 
LH0052/LH0052C Precision FET Op Amp
General Description
The LH0022/LH0042/LH0052 are a family of 
FET input operational amplifiers with very closely 
matched input characteristics, very high input 
impedance, and ultra-low input currents with no 
compromise in noise, common mode rejection 
ratio, open loop gain, or slew rate. The internally 
laser nulled LH0052 offers 500 microvolts maxi- 

• mum offset and 5jiV/°C offset drift. Input offset 
current is less than 500 femtoamps at room tem
perature and 500 pA maximum at 125°C. The 
LH0022 and LH0042 are not internally nulled but 
offer comparable matching characteristics. All de
vices in the family are internally compensated and 
are free of latch-up and unusual oscillation prob
lems. The devices may be offset nulled with a 
single 10k trimpot with neglible effect in CMRR.

The LH0022, LH0042 and LH0052 are specified 
for operation over the -55°C to +125°C military 
temperature range. The LH0022C, LH0042C and 
LH0052C are specified for operation over the 
-25°C to +85°C temperature range.

Features
■ Low input offset current-500 femtoamps max. 

(LH0052)

■ Low input offset d rift- 5/iV/°C max (LH0052)
■ Low input offset voltage — 100 microvolts-typ.
■ High open loop gain -  100 d8 typ. '
■ Excellent slew rate — 3.0 V/jis typ.
■ Internal 6 dB/octave frequency compensation
■ Pin compatible with standard 1C op amps (T0-5 

package) - - .......................

The LH0022/LH0042/LH0052 family of 1C op 
amps are intended to fulfill a wide variety of appli
cations for process control, medical instrumenta
tion, and other systems requiring very low input 
currents and tightly matched input offsets. The 
LH0052 is particularly suited for long term high 
accuracy integrators and high accuracy sample 
and hold buffer amplifiers. The LH0022 and 
LH0042 provide low cost high performance for 
such applications as electrometer and photocell 
amplification, pico-ammeters, and high input im
pedance buffers.

Special electrical parameter selection and custom 
built circuits are available on special request.

For additional application information and infor
mation on other National operational amplifiers, 
see Available Linear Applications Literature.

Schematic and Connection Diagrams O u al-ln-L in e  Package

. . r x r r

> -L<

i <-

<-

E
* -■  

< -

WVNI
Order Number LH0022D, 

LH0022CD, LH0042D, LH0042CD. 
LH0052D or LHOOS2CO 

Sm  Pacfcage 014E

M etal C a n  Package

" S B
NMMVMTM

"* ‘ w i n
Order Number LH0022H, LH0022CH, 

LH0042H, LH0042CH, 
LH0052H or LH00S2CH  

See Package H08A

•Previously Calltd NH0022/NH0022C
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Absolute Maximum Ratings

Supply Voltage ±22V
Power Dissipation (see graph) 500 mW
Input Voltage (Note 1) ±15V
Differential Input Voltage (Note 2) i30V
Voltage Between Offset Null and V" t0.5V
Short Circuit Duration Continuous 
Operating Temperature Range

LH0022, LH0042, LH0052 -55°C to +125 C
LH0022C, LH0042C, LH0052C -25°C to +85°C

Storage Temperature Range -65°C to +150^C
Lead Temperature (Soldering, 10 sec) 300 C

DC Electrical Characteristics for LH0022/LH0022C (Note 3)

PARAM ETER CONDITIONS

LIM ITS

UNITSLH0022 LH0022C

MIN TYP MAX MIN TYP MAX

Input Offset Voltage Rs £  100 k l l ;  Ta  -2 5  C. 2 0 4 0 3.5 6 0 mV

V S ■ H 5 V

RS < 100 k f i . VS • H 5 V 50 70 mV

Temperature Coefficient of Rs £  100 kll 5 10 5 15 #iV/“ C

Input Offset Voltage

Offset Voltage Drift with Time 3 4 jiV/week

Input Offset Current (Note 4) 0.2 2.0 10 50 pA

2 0 0 5 nA

Temperature Coefficient of Doubles every 10°C Doubles every 10°C

Input Offset Current

Offset Current Drift with Time 0.1 0 1 pA/week

Input Bias Current (Note 4) 5 10 10 25 pA

10 25 nA

Temperature Coefficient of Doubles every 10°C Ooubles every 10’ C
Input Bias Current i

Differential Input Resistance 1012 10'2 n

Common Mode Input Resistance I0 '2 10’2 n

Input Capacitance 4 0 4 0 pf

Input Voltage Range V j * i 15V 112 113 5 ♦12 •135 V

Common Mode Rejection Ratio Rs <£ 10 kJ2. V ,N » MOV 80 90 70 90 dB

Supply Voltage Rejection Ratio R* £ lO kU . i5 V <  Vs < 115V 80 90 70 90 dB

Large Signal Voltage Gam R t • 2 k l l .  V qu t  '  - 10V. 100 200 75 160 V'm V

T A ■ 25°C. Vs » H 5 V

R t • 2kI7 . VOUT “ MOV. 50 50 V/mV

V* ■ 115V *

Output Voltage Swing R l  - 1 kil, T A • 25°C, HO ♦125 no 112 V

V* * J15V

R L - 2 k f l .  V ,  ■ M5V HO no V

Output Current Swing VOUT * ilOV. J A - 25gC •10 H 5 no 115 mA

Output Resistance 75 75 n

Output Short Circuit Current 25 25 mA

Supply Current V , "  M 5V 2.0 2 5 24 2 8 mA

Power Consumption V f  ■ 115V 75 85 mW
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DC Electrical Characteristics for lhoo42/lhoo42c (Notes)

Parameter Conditions
Limit*

LH0042 LH0042C Unite
Min. Typ Max. Min tvp Max.

Input Offset Voltage R8 < 100 kq 5.0 20 6.0 20 mV
Temperature Coefficient of R8 < 100 kQ 5.0 ' 10 #<V/*CInput Offset Voltage

Offset Voltage Orlft with Time 7.0 10 yV/weeK
Input Offset Current (Note 4) 1.0 5.0 2.0 10 pA
Temperature Coefficient of
Input Offset Current

ry Dout les ev< ry 10*C

Offset Current Orlft with Time 0.1 0.1 pA/weeK
Input Bias Current (Note 4) 10 25 15 50 pA
Temperature Coeffleient of Doubles every 10*C Doubles eve ry 19*C
Input Blaa Current

Differential Input Resistance 1012 1012 Q
Common Mode Input Resistance 10« 1012 Q
Input Capacitance 4.0 4.0 pF
Input Voljage Range ±12 ±13.5 ±12 ±13.5 V
Common Mode Rejection Ratio R8 < 10KQ, V,N -  ±10V 70 86 70 80 dB
Supply Voltage Rejection Ratio R$ < 10KQ, ±5V < Vs < ±15V 70 86 70 80 dB
Large Signal Voltage Gain R8 < 2KQ, V0Ut -±10V 50 150 25 100 V/mV
Output Voltage Swing Rl -1 K Q ,T a -25*C ±10 ±12.5 ±10 ±12 V

Rl -2KQ ±10 ±10 V
Output Current Swing Vqut -  ±10V ±10 ±15 ±10 ±15 mA
Output Resistance 75 75 Q . .
Output Short Circuit Current 20 20 mA
Supply Current 2.5 3.5 2.8 4.0 mA
Power Consumption 105 120 mW

DC Electrical Characteristics For lhoo52/lhoo52c (Note 3)

Limits
Parameter Condition* LH0052 LH0052C Unite

Min. t vp . Max. Min. Typ. Max.
Input 0f«s«t Voltage Rs < 100KQ, Vs -  *15V 0.1 0.5 0.2 1.0 mV

Ta .25 *C
RS < 100KQ, Vs -  ±15V 1.0 1.5 mV

Temperature Coefficient of R8 < 100KQ, V8 ■ ±15V 2.0 5.0 5.0 10 Mvrc
Input Offeet Voltage

Offset Voltage Drift with Time 2.0 4.0 yV/week
Input Offaet Current (Note 4) 0.01 5.0 0.02 1.0 PA

500 100 PA
Temperature Coefficient of Doubles ever 10*C Doubles ever 10*C
Input Offset Current >. ,
Offaet Current Drift with Time <0.1 <0.1 pA/weeK
Input Blaa Current (Note 4) 0.5 2.5 1.0 5.0 pA

2.5 0.5 nA
Temperature Coefficient of Doubles every 10*C Doubles even 10*C
Input Blaa Current /
Differential Input Resistance 1012 1012 Q
Common Mode Input Realatance 10« 1012 Q
Input Capacitance 4.0 4.0 PF
Input Voltage Range V8-  ±15V ±12 ±13.5 ±12 ±13.5 V
Common Mode Rejection Ratio RS < 10 KQ, VIN -  ±10V 74 90 70 90 dB
Supply Voltage Rejection Ratio R8 < 10KQ, ±5V < Vs < ±15V 74 90 70 90 dB
Large Signal Voltage Gain RL * 2 KQ, Vqut 10 V 100 200 75 160 V/mV

VS «±15V. TA*25*C
Rl -2KQ, Vqut-±  10V 50 50 V/mV
V8 ’« ±15 V

Output Voltage Swing Rl «1KQ, Ta «25*C ±10 t12.5 ±10 ±12 V
VS «±15V
Rl »2KQ, Vs -±15V ±10 ±10 t V

Output Current Swing Vqut ■ ±10V, tA * 25*C ±10 ±15 ±io ±15 mA
Output Resistance 75 75 Q
Output Short Circuit Current 25 25 mA
Supply Current V8 -±15V 3.0 3.5 3.0 3.8 mA

—_____  Power Consumption V8 «±15V 105 114 mW
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AC Electrical Characteristics For an am plifiers <ta = 2 5 * C f V s  = ± 1 5 V )

p a r a m e t e r CONDITIONS

LIM ITS

UNITSLH0022/42/52 LH0022C/42C/52C

MIN TVP MAX MIN TYP MAX

SJew Rat* Voltage Follower 1.5 3.0 1.0 3.0 V/*is

Large Signal Bandwidth Voltage Followtr 40 40

Snail Signal Bandwidth 1.0 10 MHl

R iu  Tim* 0.3 1.5 0.3 1.5 m

Overshoot 10 30 15 40 %

Settling Time (0.1 %l A V in • 10V 45 45 MS

Overload Recovery 4.0 m

Input No im  Voltage R , • 10 K fl. f# - 10 H i 150 150

Input Noise Voltage Rt  • 10 k f l. f0 - 100 Ht 55 55

Input Noise Voltage R , -  10 k f l. f . -  1 kHr 35 35 nV/VM7

Input Noise Voltage Rs - 10 k n . fo -  10 kHz 30

Input Noise Voltage BW • 10 H« 10 10 kMx, R ,  - 10 k il 12 12 *iVrm»

Input Noise Current BW • 10 Ml to lO kH i < 1 pArm*

Not* 1: For supply voitagu m u  tn*n n o v .n w  — --------- — -----
N«U i :  Rating H Htm  for minimum lo u rc  rw .M n u  of 10 M l. (Of lou rc . r w i l m «  M  thin 10 U l ,  m .. ,m um d .ff.r.nti.1 

input voltaga i* t5 V . .  .  _  .  _ ,
N o t .] ' U n lm  othcmiN HMClflod. t h * .  ipKiliM tiorw  .pply tor i5 V  < V s < t20V»nd -55 C < T A < i l j r C l o r  in . 
LH0022 m d LH0052 .n d  -W C  < T A < *85‘ C lor tn . IH0022C .nd LH0052C T v P ^  n h m  g>v.n lor T *  ■ 25 C.
Not* 4 : Input current, n  • ttrong function ol w m p .r.tu r., Ou. to h i *  ipMd m ung th .y  n  NMCiInd • |unct.pn um p .r,tu r. 
T ; • 25* C, self heating wilt c n m  an increase in current in manual tut*.

Auxiliary Circuits (Shown for TO-5 pin out)

Protecting Inputs From 1 150V Transients

Boosting Output Drive to * 100 mA

Typical Applications

Precision Voltage Comparator
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Typical Applications (Cont d)

Picoamp Amplifier for pH Meters 
and Radiation Detector*

Precision Subtractor for 
Automatic Test Gear

Ultra Low  Laval Currant Source

True Instrumentation Amplifier

Re-Zeroing Amplifier

3-315

Typical Applications (Cont d)

Picoamp Amplifier for pH Meters 
and Radiation Detectors

Sensitive Low Cost "V TV M "

True Instrumentation Amplifier Precision Integretor

Precision Sample and Hold

Cl-1.11 nf HyftvN  

Re-Zeroing Amplifier

3-315
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Typical Performance Characteristics

Maximum Power Dissipation
Input Offset Current 
vs Temperature

Input Bies Current vs 
Tempereture
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Offset Error (Without 
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4136 Quad 741 General Purpose Operational Amplifier

GENERAL DESCRIPTION
The RM4136 and RC4136 includa four independent high gain 
operational amplifiers internally compensated and constructed 
on a single silicon chip using the planar epitaxial processes. 

These amplifiers meet or exceed all specifications for 741 
type amplifiers. Excellent channel separation allows the use of 
the 4136 quad amplifier in all 741 operational amplifier ap
plications providing the highest possible packaging density. 

The specially designed low noise input transistors allow the 
4136 to be used in low noise signal processing applications 
such as audio preamplifiers and signal conditioners.

SCHEMATIC DIAGRAM

DESIGN FEATURES
e Unity Gain Bandwidth, 3MHz
e Continuous Short Circuit Protection
e No Frequency Compensation Required
e No Latch-up
e Large Common Mode and Differential Voltage Ranges
e Low Power Consumption
e Parameter Tracking Over Temperature Range
e Gain and Phase Match Between Amplifiers

CONNECTION INFORMATION

-INPUT (A) d  

+INPUT (A) 

OUTPUT (A) Q  

OUTPUT (8) d  

+1NPUT (B) C  

-INPUT ( B i d

-vccCZ

_ ]
-INPUT (D)

u ♦INPUT (0)

o OUTPUT (0)

a +VCC

a OUTPUT (C)

o ♦INPUT (C)

=i -INPUT C

DC and OB  
Dual In-line Package 

(Top Viaw) 

Order Part Not.: 
RM 4136DC, RV4136 DB, 
RC4136D C, RC4136D C

RAYTHEON. RAYTHEON COMPANY • SEMICONDUCTOR DIVISION • 350 ELLIS STREET • MOUNTAIN VIEW. CALIFORNIA

Quad 741 General Purpose Operational Amplifier 4136

ABSOLUTE MAXIMUM RATINGS
Supply Voltage ......................................................... RM4136: ±22V

RV4136, RC4136: ±18V
Internal Power Dissipation (Note 1) ................................  800mW
Differential Input Voltage ......................................................... ±30V
Input Voltage (Note 2) ...............................................................  ±15V

Storage Temperature Range........................... -65°C to +150°C
Operating Temperature Range . .  RM4136: -55°C to +125°C 

RC4136: 0°C to +70OC 
RV4136: -40°C to +85°C

Lead Temperature (Soldering, 60s) .................................. 300°C
Output Short-Circuit Duration (Note 3 ) ..................  Indefinite

ELECTRICAL'CHARACTERISTICS (VCC -  tisv. T a  -  +25<>C unless otherwise noted.)

PARAM ETER CONDITIONS
RM4136 RV4136, RC4136

UNITS
MIN TYP MAX MIN TYP MAX

Input Offset Voltage RS <  10 kf2 0.5 5.0 0.5 6.0 mV

Input Offset Current 5.0 200 5.0 200 nA

Input Bias Current 40 500 40 500 nA

Input Resistance 0.3 5.0 0.3 5.0

Large-Signal Voltage Gain Rl_ > 2 kft 

V0ut -  *10V 50,000 300,000 20,000 300,000 V/V

Output Voltage Swing R |_>  10kft ±12 ±14 ±12 ±14 V

R t > 2  kft ±10 ±13 ±10 ±13 V

Input Voltage Range ±12 ±14 ±12 ±14 V

Common Mode Rejection Ratio R S < 1 0 k ft 70 100 70 100 dB

Supply Voltage Rejection Ratio R S<  10 kft 10 150 10 150 pV/V

Power Consumption - R l * °°, All Outputs 210 340 210 340 mW

Transient Response 
(unity gain)

Risetime
Overshoot

Vjn -  20 mV 
Rl_ = 2 kft 

C l <  100 pF
0.13
5.0

0.13

5.0
MS
%

Unity Gain Bandwidth • 3.0 3.0 MHz

Slew Rate (unity gain) R l_ > 2 k f t 1.5 1.0 V//JS

Channel Separation 
(open loop)
(Gain -  100)

f -  10 kHz 

RS -  1 kft 105 105 dB

f -  10 kHz 
Re -  1 kft 105 105 dB

The following specifications apply for -55°C < T a  < +125°C for RM4136; 0°C < T a  < +70°C for RC4136.

Input Offset Voltage R s <  10 kft 6.0 7.5 mV

Input Offset Current 500 300 nA

Input Bias Current 1500 800 nA

Large-Signal Voltage Gain R L > 2 k f t  

Vout -  ±10V 25,000 15,000 V/V

Output Voltage Swing RL>2kn ±10 ±10 V

Power Consumption T a  -  High 180 300 180 300 mW

T  a  “  Low 240 400 240 400 mW

N O TES:
1. Rating applies for case temperature to + 25°C : derate linearly at 6 .4 m W /°C for ambient temperature! above +25°C.
2. For supply voltages less than ±15V the absolute maximum Input voltage is equal to the supply voltage.
3. Short-circuit may be to ground or one amplifier only. I c e  “  45m A (typical).

RAYTHEONJ RA YTH EO N  COM PAN Y • S EM IC O N D U C T O R  DIVISIO N • 350 E L U S  S T R E E T  • MOUNTAIN VIEW . CA LIFO R N IA
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4136 Quad 741 General Purpose Operational Amplifier
TYPICAL ELECTRICAL DATA

RAYTHEON RAYTHEON COMPANY • SEMICONDUCTOR DIVISION • 350 ELLIS STREET • MOUNTAIN VIEW, CALIFORNIA
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Quad 741 General Purpose Operational Amplifier 4136
TYPICAL ELEC TR IC A L DATA

Channel Separation

VO OUTPUT VOLTASIIVKMSI

ELEC TR IC A L CHARACTERISTICS COMPARISON (vCc -  ±isv. t a -  +25°C)

PARAM ETER RC4136 (typ) RC741 (typ) LM324 (typ) UNIT

Input Offset Voltage 0.5 2.0 2 mV

Input Offset Current 5 10 5 nA

Input Bias Current 40 80 55 nA

Input Resistance 5 2 Mfl

Large-Signal Voltage Gain 

(R[_- 2k«)

300.000 200,000 100,000 V/V

Output Voltage Swing

(R|_ “ 2 kft)
±13V ±13V l+ V cc- 1-2VI 

to -V c c
V

Input Voltage Rang? ±14V ±13V l+Vcc -  1.5VI 
to -V cc

V

Common-Mode Rejection Ratio 100 90 85 dB

Supply Voltage Rejection Ratio 10 30 10 MV/V

Transient Response 
(gain •  1) Risetime 0.13 0.3 MS

Overshoot 5 5 %
Unity-Gain Bandwidth 3 0.8 0.8 MHz
Unity-Gain Slew Rate 1.0 0.5 0.5 V/ns
Input Noise Voltage 

(fO “  1 kHz)

10 22.5 nV/s/Hz

Output Short-Circuit Current ±45 ±25 mA

RAYTHEON COMPANY • SEMICONDUCTOR DIVISION • 350 ELLIS STREET • MOUNTAIN VIEW. CALIFORNIA



4136 Quad 741 General Purpose Operational Amplifier

4136 vs. 741
Although the 324 is an excellent device for single-supply ap
plications where ground-sensing is important, it i* a poor sub
stitute for four 741 's in split-supply circuits.

The simplified input circuit of the 4136 exhibits much lower 
noise than that of the 324 and exhibits no crossover distortion 
as compared with the 324 (see illustration). The 324 shows 
serious crossover distortion and pulse delay in attempting to 
handle a large-signal input pulse.

f «  10k Hz —  
V -  8V/pk-pk

- son hi —  ■ K 'V H P ’S H r  ■ ■ ■v=8v/pk-pk n n v j n w i  mmmmm
w m a a m

Comparative C roat-over Dletortton

R L -  2 k f t  

A v  *  O d B

Vc c - ±5V

Output VottaM Swing 
Function of Fr»qu«ncj

•••
requency

i i mr
Vs - t16V
Ta- 26*c 
rl > 2<n

l\
M S

IK 10K I00K 

FREQUENCY -  Hi

Open Loop Voltage Gain aa a 
Function of Frequency

typical Charactartadca Curvaa Compartaon

Voltage Followar
La rg^SI gnal Pulaa Raaponaa

Input Common Moda 
Voltage Range aa a 
Function of Supply Voltage

SUPPLY VOLTAGE IV UNIT VOLUME 1X10001

RAYTHEON J  RAYTHEON COMPANY • SEMICONDUCTOR DIVISION • 350 ELLIS STREET • MOUNTAIN VIEW, CALIFORNIA
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Quad 741 General Purpose Operational Amplifier 4136

4136 TYFMCAL APPLICATIONS

Stereo Tone Control

V c c -rl5V

Low Frequency Sine Wave Generator with Quadrature Output Triangular-Wave Generator

IN T E G R A T O R

Cl

RAYTHEON! RA YTH EO N  COM PAN Y • SEM IC O N D U C T O R  DIVISIO N  • 350 E L U S  S T R E E T  • MOUNTAIN VIEW . CA LIFO RN IA
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OUTPUT

400 Hz Low peta Butterworth Active Filter

10K

INPUT
0.33t



4136 Quad 741 General Purpose Operational Amplifier
4136 TYPICAL APPLICATIONS

Vo Rapt Follower

+V|N

I

Comparator Witt) Hysteresis

+V|N O——

Squarewavs Oscillator

Power Amplifier

AC Coupled Non-Inverting Amplifier

AC Coupled inverting Amplifier
100K 9 V+

I--- wv---10K

1 kHz Bandpass Active Filter

DC Coupled 1kHz 
Low-Paia Active Filter

Voltage Control lad Oscillator (VCO) 

0.0S«F

RAYTHEON! RAYTHEON COMPANY • SEMICONDUCTOR DIVISION • 350 ELUS STREET • MOUNTAIN VIEW, CALIFORNIA
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Quad 741 General Purpose Operational Amplifier 4136

RAYTHEON COMPANY • SEM ICONDUCTO R DIVISION • 350 ELU S S TR E E T  • MOUNTAIN VIEW, CALIFORNIA
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4136 Quad 741 General Purpose Operational Amplifier

4136 TYPICAL APPLICATIONS
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22



National 
£A  Semiconductor

Operational Amplifiers/Buffers

LH0021/LH0021C 1.0 Amp Power Operational Amplifier 
LH0041/LH0041C 0.2 Amp Power Operational Amplifier
General Description
The LH0021/LH0021C and LH0041/LH0041C are 
general purpose operational amplifiers capable of 
delivering large output currents not usually asso
ciated with conventional 1C Op Amps. The LH0021 
will provide output currents in excess of one 
ampere at voltage levels of 112V; the LH0041 
delivers currents of 200 mA at voltage levels 
closely approaching the available power supplies. 
In addition, both the inputs and outputs are pro
tected against overload. The devices are compen
sated with l  single external capacitor and are free 
of any unusual oscillation or latch-up problems.

Features
■ Output current 1.0 Amp (LH0021)

0.2 Amp (LH0041I
■ Output voltage swing +12V into lOfZ (LH0021)

±14V into 100n (LH0041) 
a Wide full power bandwidth 15 kHz
a Low standby power 100m W at±15V
a Low input offset

voltage and current 1 mV and 20 nA

■ High slew rate
■ High open loop gain

3.0V//JS 
100 dB

The excellent input characteristics and high out
put capability of the LH0021 make it an ideal 
choice for power applications such as OC servos, 
capstan drivers, deflection yoke drivers, and pro
grammable power supplies.

The LH0041 is particularly suited for applications 
such as torque driver for inertial guidance systems, 
diddle yoke drive'r for alpha-numeric CRT displays, 
cable drivers, and programmable power supplies 
for automatic test equipment.
The LH0021 is supplied in a 8  pin TO-3 package 
rated at 20 watts with suitable heatsink. The 
LH0041 is supplied in both 12 pin TO -8 (2.5 
watts with clip on heatsink) and a power 8 pin 
ceramic DIP (2 watts with suitable heatsink). The 
LH0021 and LH0041 are guaranteed over the 
temperature range of -55°C to +125°C while the 
LH0021C and LH0041C are guaranteed from -25°C 
to +85“C

Schematic and Connection Diagrams

'sc*

Order Number 
LH0021K or LH0021CK 

See Package K08A

LH0041Q o r LH0041CQ 
See Package H12B

Li>—
— a,,

ntme 
Order Number 

LH0041CJ 
See Package HY08A
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A b s o l u t e  M a x i m u m  R a t i n g s

Supply Voltage 
Power Dissipation 
Differential Input Voltagd 
Input Voltage (Note 1)
Peak Output Current (Note 2) LH0021/LH0021C 

LH0041/LH0041C  
Output Short Circuit Duration (Note 3)
Operating Temperature Range LH0021/LH0041

LH0021C/LH0041C
Storage Temperature Range
Lead Temperature (Soldering, 10 sec)

±18V 
See curves 

±30V 
i15V  

2.0 Amps 
0.5 Amps 

Continuous 
-S5°C to +125°C 

-25°C to +85°C 
-65°C to +150°C 

/  300°C

DC Electrical Characteristics fo r  LH 0 0 2 1/LH0 0 2 1C  (N o te  4)

PARAMETER

Inpul Offset Voltage

Voltage D u ll w ith Temperature 

O*!«•« Voltage D u ll with Time 

OffMt Voltage Change with Output Power 

Input Offset Current

Offset Current D rift with Temperature 

Offset Current D rift with Time 

Input Bias Current

Input Resistance

Input Capacitance

Common Mode Rejection Ratio

Input Voltage Range

Power Supply Reaction Ratio

Voltage Gam

Output Voltage Swing

Output Short Circuit Current 

Power Supply Current 

Power Consumption

Rs <  10012. Tc * 2 5 X  
Rs <  ioon

Tc • 25 C 

T , • ?5 C

Rs <  100 11. AVcm ■ '10V  

V» *
Rs <

•15V

100II. AV , • MOV 

•15V. V0 * *10V
■ I k i l .T c * 25'C.

•*5V. V0 ■ ‘ 10V
■ 10011.
• t15V, R|. ■ ioon
» i15V. «L •  ,o n - TC "  2S*C 
> M 5V .TC - 75 C R»c • 0 512 

S15V. V0uT • 0

• t15V. VOUT ■ 0

•135 
•11 0

I AC Electrical Characteristics fo r  LH 0 0 2 1/LH0 0 2 1C  (T a = 2 5 -c ,  v s = ± i5 v ,  c c = 3 o o o p f )

Slew Rete Av - ♦!. Rt  • 10011 0.8 3.0 10 30 v im

Power Bandwidth T . • R l > 10011 20 20 kHt

; Small Signal Transient Response 0 3 1 0 03 1 5 Hi

Small Signal Overshoot . 5 20 10 30 %

Settling Time (0.1%) AV,N • 10V. Ay • 4 4

Overload Recovery Time 3 3

Harmonic Distortion f •  1 kHx. P0 -  0 5W 0 2 02 %

Input Noise Voltage Rt -5 0n . B W - 10 Hi to 10kHi 5 5 uV rms

Input Noise Current B W • 10 Hi to 10 kHt 005 005 nA rms

•
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DC Electrical Characteristics for lhoo 4 i/lh o o 4 i c  (Note 4)

Input Offset Voltage

Voltage D rift w ith Tempereture 

Offset Voltage Orift with T»me 

Offset Voltage Change with Output Power 

Offset Voltege Adjustment Range 

Input Offset Current

Offset Current Drift with Tempereture 

Offset Current Drift with Time 

Input Bias Current

Input Resistance

Input Capacitance

Common Mode Rejection Ratio

Input Voltege Range

Power Supply Rejection Ratio

Voltage Gam

Output Voltage Swing 

Output Short Circuit Current

Power Supply Current 

Power Consumption

CONDITIONS
LIMITS

UNITSLM0041 LH0041C
MIN TYP MAX MIN TYP MAX

r 8 <  ioon. Ta • 25 C 10 3.0 • 3 0 6 0 mV

r s <; ioon 5.0 7.5 mV

R ,<  10012 3 5 n v f c

5 5 mV /week

15 15 pV/watt

(Note 5) 20 20 mV

Ta • 25 C 30 100 50 200 nA
300 500 nA

0 1 1.0 0.2 10 nA/°C

2 2 nA/week

J A - 25“C 100 300 200 500 nA

1.0 1.0 mA

Ta • 25“C 03 1.0 0 3 10 MH

3 3 p f

Rs <  10012. AVCM- i  10V 70 90 70 90 dB

Vs -  H 5V ♦12 112 V

Rs <  ioon. AVS-  110V 80 96 70 90 dB

Vs •  t is v .  Vo ■ MOV
Rt  - 1 k fl.  r A - 25°C 100 200 100 200 V/mV

Vs • ? 16V. Vo • * 10V
Rl  •  10012 25 20 V/mV

vs * 1 15V, Rt  - 10012 *13 0 140 113.0 ♦14 0 V

Vs • .♦ 16V. Ta 25nC 200 300 200 300 mA

(Note 6)

V5 • H 5V. VOUT -  0 25 3 5 3 0 40. mA

Vs -  115V. V q u t * 0 75 105 90 120 mW

AC Electrical Characteristics for lhoo4 i /lh o o 4 i c  ox= 25*c, vs =±i5v, cc = 3000pr

Slew Rate A v -  ♦ !, Rl • 10012 1.5 3.0 1.0 3 0 V/#i»

Power Bandwidth Rl -  10012 20 20 kH*

Small Signal Transient Response 0 3 10 0 3 1.5 MS

Small Signal Overshoot 5 20 10 30 %

Settling T im e (0.1%) AV,n • 10V. A v ■ 4 4 MS

Overload Recovery Time 3 3 MS

Harmonic Distortion I -  1 kHt. P0 •  0.5W 0 2 0.2 %

Input Noise Voltage Rs - 50n. B W - 10 H i to 10 kH i 5 5 pV/rms

Input Noise Current B.W ■ 10 H» to 10 kHj 005 0.05 nA/rms

Non 1: Rating applies fo r  supply voltages above 115V. For supplies less than i1 5 V , rating is equal to  supply voltage.

N oti 2 : Rating applies fo r  LH0041G and LH 0021K w ith  R§C “  0 ^ -
Note 3: Rating applies as long as package power rating is not exceeded.
Note 4 : Specifications app ly  fo r i5 V  <  V s  118V, and -55°C  <  T £  *  < 125tfC fo r LH 0021K and LH0041G, and -2 5  C <  
TC £  +85°C  for LH 0021C K , LH0041CG and LH0041CJ unless otherwise specified. Typical values are fo r 25" C only.

Note 5 : TO-8 "G " packages only.
Note 6 : Rating applies fo r  " J "  DIP package and for TO-8 "G ”  package w ith  R sc  * 3 .3  ohms.
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Typical Performance Characteristics

OUTPUT VOLTAGE (V)

Short Circuit Current vs 
Temperature LH 0041/LH0041C

LH0041G, Mac

Safe Operating Area -  LH0021Power Derating-LH0021

Larga Signal Frequency 
Response

No Load Supply Current
3.1

Output Voltage Swing
Open Loop Frequency 
Response

Voltage Follower Pulse 
Response

12

II II 21
SUPPLY VOLTACE <*-V>

Input Biei Current

I II II
SUPPLY VOLTAGE ItV)

Short Circuit Current vs 
Temperature LH0021/LH0021C

Package Power Dissipation 
LH0041/LH0041C

Voltage Gain
120
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Typical Performance Characteristics (cont d)

Input NoiM Voltege

I " '
Voltage Range

Input Noise Current Distortion vs Frequency

z
I »0
1

_ V t -  -1SV .
A y-11

-C c - lO N e F

Rt-im 
(LN0021 ONLY)

J IM
FREQUENCY (Hi) FREQUENCY (Hi)

Typical Applications

3-308

Typical Applications (Cont d)

Dual Tracking One Amp Power Supply CRT Deflection Yoke Driver

Programmable High Current Source/Sink

Power Comperetor
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Auxiliary Circuits

Operation from Single Supplies

LH 00410 Offset Voltage Null Circuit *LH0041/LH0021 Offset Voltage Null Circuit 
(LH0041CJ Pin Connections Shown)*

LH0041G Unity Gain with 
Short Circuit Limiting

LH0021 Unity Gain Circuit with 
Short Circuit Limiting

Operation from Non-Symmatrical Supplies

•Fo r additional o ffset null c ircu it techniques see Netional Linear Applications Handbook.
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MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

2N3789
thru

2N3792

SILICON PNP POWER TRANSISTORS

. .  . designed for mediumspeed switching and amplifier applications. 
These devices feature:

•  Total Switching Time © 3 A *  1 yn (typ)

•  T ^p  Gain Ranges:
^  hpE (min) -  15 and 30 @ 3 A (2N3789, 2N3790)

25 and 50 1 A (2N3791. 2N3792)

•  Low VcE(sat) “  0*6 v  (*VP) ® *C ■ 4 0 A . •B ■ 0 4 A
•  Excellent Safe Area Limits

•  Complementary NPN types available -  2N3713 thru 2N3716

10 AMPERE

POWER TRANSISTORS 
PNP SILICON

6040 VOLTS 
160 WATTS

MAXIMUM RATINGS

Characteristic Symbol
2N3789
2N3791

2N3790
2N3792 Unit

Collector-Base Voltage VCB 60 80 Volts
Collector-Emitter Voltage v CEO 60 80 Volts
Emitter-Base Voltage _ v Ep 7.0 7.0 Volts
Collector Current (Continuous) •c 10 10 Amps

Base Current (Continuous) >8 4.0 4.0 Amps
Power Dissipation pO 150 160 Watts

Thermal Resitance Ojc 1.17 1.17 °C/W

Junction Operating and 
Storage Temperature Range T j.T ltfl -66 to +200 °C

FIGURE 1 -  POWER TEMPERATURE DERATING CURVE

0 25 50 75 100 125 150 175 200

lc CASE TEMPERATURE C C)

Safe Area Limits are indicated by Figures 15. 16. Both lim its are applicable and 
must be observed.

N0TIS
1 DIMENSIONING ANOTOUMNCINGKR ANSI 

Y14 SM. 1*2 
1 CONTROLLING DIMENSION MCM 
3 AU RULES AN0 NOTES ASSOCIATED WITH 

REFERENCED T0-2MAA OUTLINE SHALL APRV

CASE 1-06 
T0204AA

(TO-I)
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2N3789 thru 2N3792

E L E C T R IC A L  C H A R A C T E R IS T IC S  (Te = 2S-c unless otherwise noted)

Characteristic

Collector-Emitter Sustaining Voltage* 
dC ■ 200 mAdc, lB ■ O)

Collector-Emmiter Cutoff Current
IVce  *  60 Vdc, VflE •*1 B  Vdc) 2N3789. 2N3791
(VCE •  80 Vdc. VBE ■ -I B Vdc) 2N3790. 2N3792
IVCE • 60 Vdc, VBE •  -1.S Vdc. TC -  lSO*tl 2N3789, 2N3791
IVCE ■ 80 Vdc. VBE ■ I S Vdc, Tc -  I N f t l  2N3790. 2N3792

Emitter-Base Cutoff Current 
(Veb  •  7 Vdc)

OC Current Gain*
IIC •  1 Adc. Vce  "  2 Vdc)

(•C "  3 Adc. Vce  ■ 2 Vdc)

Collector-Emittar Saturation Voltage* 
IIC - 4  Adc. IB ■ 0.4 Adc)
IIC -  5 Adc. IB -  O S Adc)_______

2N3789. 2N3790 
2N3791. 2N3792 
2N37B9. 2N3790 
2N3791. 2N3792

Base Emitter On Voltage* 
( IC -5 A .  Vce *  2 Vdc)

d c *  io Adc. v c e  *  4 vdc)

2N3789. 2N3790 
2N3791. 2N3792 
All Types

Current Gain -  Bandwidth Product
IVCE " 10 »C * 0 6 Adc. f ■ 1 MHi)

wive cycle •  00 c

FIGURE 2 -  TYPICAL SWITCHING TIMES ANO TEST CIRCUIT
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2N3789 thru 2N3792

FIGURE 3 -  CURRENT GAIN VARIATIONS

FIGURE 4 -  CURRENT GAIN VARIATIONS

FIGURE S -  SATURATION VOLTAGES FIGURE C -  TEMPERATURE COEFFICIENTS
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2N3789 thru 2N3792

S A F E  O P E R A T IN G  A R EAS

FIGURE 7 -  2N3789, 2N3791

V c i. COiLECTOR EMITTER VOLTAGE VOtTS)

The Safe Operating Area Curve* indicate lc — V« lim its 
below which the device will not go into secondary breakdown. 
Collector load lines for specific circuits must fa ll w ithin the ap
plicable Safe Area to avoid causing a collector em itter short.

(Duty cycle of the excursions make no significant change in 
these safe areas.) To insure operation below the maximum T,. 
the power temperature derating curve must be observed for 
both steady state and pulse power conditions.

FIGURE 9 -  CUT-OFF REGION TRANSCONDUCTANCE

ftM. UTERNAl BASE EMITTER RESISTANCE <0HMS)
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m  National Industrial Blocks
^Semiconductor
LM555/LM555C Timer
General Description
The LM555 is a highly stable device for generating 
accurate time delays or oscillation. Additional terminals 
are provided for triggering or resetting if desired. In the 
time delay mode of operation, the time is precisely con
trolled by one external resistor and capacitor. For astable 
operation as an oscillator, the free running frequency and 
duty cycle are accurately controlled with two external 
resistors and one capacitor. The circuit may be triggered 
and reset on falling waveforms, and the output circuit 
can source or sink up to 200 mA or drive TTL circuits.

Features
■ Direct replacement for SES55/NE555
■ Timing from microseconds through hours
■ Operates in both astable and monostable modes

■ Adjustable duty cycle
■ Output can source or sink 200 mA
■ Output and supply TTL compatible
■ Temperature stability better than 0.005% per °C
■ Normally on and normally off output

Applications
■ Precision timing
■ Pulse generation
■ Sequential timing
■ Time delay generation
■ Pulse width modulation
■ Pulse position modulation
■ Linear ramp generator

Schematic Diagram

Order Num ber LM655H. LM555CH 
See NS Package H08C

TOP VIEW

Order Number LM555CN 
See NS Package N08B 

Order Number LM555J or LM555CJ 
See NS Peckage J08A
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Absolute Maximum Ratings
Supply Voltage +18V
Power Dissipation (Note 1| 600 mW 
Operating Temperature Ranges

LM555C 0°C to +70° C
LM555 -55°C to +125°C

Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics r rA -  25°c, v cc -  +5V to +15V, unless otherwise specified)

PARAMETER CONDITIONS

LIMITS

UNITSLM555 LM555C

MIN TYP MAX MIN TYP MAX

Supply Voltage 4.5 18 4.5 16 V

Supply Current VCc - 5 V .  RL - - 3 5 3 6 mA
Vce -  15V. Rl - - 10 12 10 15 mA
(Low State) (Note 21

Timing Error, Monostable
Initial Accuracy 0.5 1 %
D rift with Temperature Ra . R , -  Ik  to 100k, 30 50 ppm/°C

C -  0.1mF. (Note 3)
Accuracy over Temperature 1.5 1.5 %
Drift with Supply 0.05 0.1 %/V

Timing Error, Astable
Initial Accuracy 1.5 2.25 %
D rift with Temperature 90 150 ppm/°C
Accuracy over Temperature 2.5 3.0 %
D rift with Supply 0.15 030 W

Threshold Voltage 0.667 0.667 x V cc

Trigger Voltage Vcc -  15V 4.8 5 5.2 5 V

Vcc -  5V 1 45 1.67 1.9 1.67 V

Trigger Current 0.01 0 5 0.5 09 *iA

Reset Voltage 0.4 0.5 1 0.4 0.5 1 V

Reset Current 0.1 0.4 0.1 0.4 mA

Threshold Current (Note 4) 0.1 0.25 0.1 0.25 *iA

Control Voltage Level Vec -  15V 9.6 10 10.4 9 10 11 V
Vec -  5V 2.9 3.33 3.8 2.6 3.33 4 V

Pin 7 Leakage Output High 1 100 1 100 nA

Pin 7 Sat (Note 5)
Output Low Vcc ’  15V, 1, •  15 mA 150 180 ■s mV
Output Low Vce -4 .5 V . 1, -4 .5  mA 70 100 80 200 mV

Output Voltage Drop (Low) Vce * 15V
•s in k  * 10 mA 0.1 0.15 0.1 0.25 V
•s in k  ■ 50 mA 0.4 0.5 0.4 0.75 V
•s in k  ■ 100 mA 2 2.2 2 2.5 V
•s in k  ■ 200 mA 2.5 2.5 V
Vcc *  5V
•s in k  ■ 8 mA 0.1 0.25 V
•s in k  “  5 mA 0.25 0.35 V

Output Voltage Drop (High) •sounce *  200 mA, VCc *  15V 12.5 12.5 V
•s o u rc e  “  100 mA, VCc *  15V 13 13.3 12.75 13.3 V>in>

3 3.3 2.75 3.3 V

Rise Time of Output 100 100 ns

Fall Time of Output 100 100 ns

Note 1: For operating at elevated temperature! the device m u tt be derated based on a +150°C maximum junction  temperature and a thermal 
resistance o f +45°C/W junction  to  case fo r TO-5 and +150°C/W junction to ambient fo r both packages.
Note 2: Supply current when ou tpu t high typ ica lly  1 m A less at V c c  *  5V.

Note 3: Tested at V c c  “  5V and V c c  "  15V.
Note 4: This w ill determine the m aximum velue o f Ra  + R fl ,o r 15V operation. The m aximum tota l (R /\ + '*  20 M il.
Note 5: No protection against excessive p in  7 current is necessery providing the package dissipation rating w ill not be exceeded.

9-34



Typical Performance Characteristics
Minimum Pulta W idth 
Required lo r Triggaring

LOWST VOLTAGE LEVEL OF TRIGGER FULSE (X Vec)

Supply Currant n  
Supply Voltaga

SUFFLY VOLTAGE (V)

High O utpu t Voltaga.vs 
O utpu t Sou re* Currant

Low O utpu t Voltaga »« 
O utput Sink Currant

= I P E Vcc * 10V

= = i i N 3 ts-c 5  5 : 1

=
S« ijil

jijj

g

Output Propagation Dalay vs 
Voltaga Laval o f Triggar Pulia

O utput Propagation Oalay vs 
Voltaga Laval o f Triggar Pulia

LOWEST VOLTAGE LEVEL OF TRIGGER FULSE IX Vec)

Discharge Transistor (Pin 71 
Voltaga vs Sink Currant

o n  i . i  1.1 i t  ioo

Discharga Transistor (Pin 7) 
Voltaga vs Sink Currant

Iunk (mA) FIN 1
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it
I SOU NCI I * * )

Low Output Voltaga vs 
Output Sink Currant

II

Low  O utpu t Voltaga vs 
O utpu t Sink Currant

Applications Information
MONOSTABLE OPERATION

In this mode of operation, the timer functions as a 
one-shot (Figure 1). The external capacitor is initially 
held discharged by a transistor inside the timer. Upon ap
plication of a negative trigger pulse of less than 1/3 Vcc 
to pin 2 , the flip-flop is set which both releases the short 
circuit across the capacitor and drives the output high.

The voltage across the capacitor then increases exponen
tially for a period of t  -  1.1 RaC, at the end of which 
time the voltage equals 2/3 Vcc . The comparator then 
resets the flip-flop which in turn discharges the capacitor 
and drives the output to its low state. Figure 2 shows 
the waveforms generated in this mode of operation. 
Since the charge and the threshold level of the com
parator are both directly proportional to supply voltage, 
the timing internal is independent of supply.

iii.n irp i

Vcc-sv
T N t-tlW D IV . 
», • I.IIU 
C • M b '

T „  Tim: I . f t  tw o,
M*#t Ti m : 0«tf>l »WDi».
S«u» Tmm I w a  Valap IVfOk.

FIGURE 2. Monostabla Wavaforms

During the timing cycle when the output is high, the 
further application of a trigger pulse will not effect the 
circuit. However the circuit can be reset during this time 
by the application of a negative pulse to the reset 
terminal (pin 4). The output will then remain in the low 
state until a trigger pulse is again applied.

When the reset function is not in use, it is recommended 
that it be connected to VCc t0  avoid any possibility of 
false triggering.

Figure 3  is a nomograph for easy determination of R, C 
values for various time delays.
NOTE: In monostable operation, the trigger should be 
driven high before the end of timing cycle.

ASTABLE OPERATION
If the circuit is connected as shown in Figure 4 (pins 2 
and 6  connected) it will trigger itself and free run as a

llullOOui I m  10 mi 100 m  I ■ 111 IM i 

I,-T IM E  DELAY

FIGURE 3. Tima Oalay

multivibrator. The external capacitor charges through 
Ra + Rb and discharges through RB. Thus the duty 
cycle may be precisely set by the ratio of these two

FIGURE 4. Astabia

In this mode of operation, the capacitor charges and 
discharges between 1/3 Vcc and 2/3 Vcc . As in the 
triggered mode, the charge and discharge times, and there
fore the frequency are independent of the supply voltage.

Figure 5  shows the waveforms generated in this mode

TIM! ■ 2bt/0IV IMi— Ti m
I ,  • 1.1 in
S - l ‘n
I 'u w

FIGURE 5. Astabia Wavaforms

The charge time (output high) is given by: 
t , -  0.693 (Ra + R„)C

And the discharge time (output low) by: 
t2 -0 .6 9 3  (RB)C

Thus the total period is:
T  - 1,  + t j  -0 .6 9 3  (Ra + 2 R b)C

9-36



Applications Information (Continued)

The frequency of oscillation is:
1 1.44

" T " ( R a + 2 R b )C

Figure 6  may be used for quick determination of these 
RC values.

Rb
The duty cycle is: D -----------------

Ra + 2Rb

• 1 t I I  IN  Ik I Oh tOOk 
I  -  FREE-RUNNING FREQUENCY (Hi)

FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a 
frequency divider by adjusting the length of the timing 
cycle. Figure 7 shows the waveforms generated in a 
divide by three circuit.

*K  * IV TN Ti m : I* * !  (V O.
TIM • 2W0IV »*«• Tim; Out*.' 2V/On 
Ra • 11 I I I  T,tm Cwmii 2V/On.
(•U U

FIG URE 7. Frequency Divider

nA • i . i  hit 
C • I1I.P

FIGURE 9. P u lu  W idth Modulator

PULSE POSITION MODULATOR

This application uses the timer connected for astable 
operation, as in Figure 10, with a modulating signal 
again applied to the control voltage terminal. The pulse 
position varies with the modulating signal, since the 
threshold voltage and hence the time delay is varied. 
Figure 11 shows the waveforms generated for a triangle 
wave modulation signal.

FIGURE 10. PulM P otition  Modulator

PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode 
and triggered with a continuous pulse train, the output 
pulse width can be modulated by a signal applied to pin 
5. Figure 8 shows the circuit, and in Figure 9  are some 
waveform examples.

0*»cc

FIGURE B. Pulaa W idth M odulator

*«•»»
TIME • I  t aWDIV
a. • i.i in 
a, • m i
C'UU

FIGURE 11. Pula* Poaition Modulator

LINEAR RAMP

When the pullup resistor, RA, in the monostable circuit 
is replaced by a constant current source, a linear ramp is

Applications Information (Continued)

generated. Figure 12 shows a circuit configuration that 
will perform this function.

Figure 13 shows waveforms generated by the linear ramp. 

The time interval is given by;

2/3 Vcc Re (Ri + Ra>C 

^CC ""Vbe (Ri + R2 I

«cc * »v '•» t"» :  Iw l  )V/0»
TIM • 2lut/0IV Trwr 0«t*i »V/0n
H4 .  47 mi Tract: Vatu* IV/Dn.
ft, • IN hit
A, - I.? I l l
C ■ IJ t» '

FIGURE 13. Linaar Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors RA and Rs may be
connected as in Figure 14. The time period for the out

put high is the same as previous, t, = 0.693 RA C. 
For the output low it is t2 *

[R ~ 2R 

* “ b “  " a

1
Thus the frequency of oscillation is f « ---------

t, + t 2

-o •*«

a.
Ilk

C
I I  I. F

FIGURE 14. 5 0 *  Duty Cycla Oscillator

Note that this circuit will not oscillate if RB is greater 
than 1/2 RA because the junction of RA and RB cannot 
bring pin 2 down to 1/3 Vcc and trigger the lower 
comparator.

ADDITIONAL INFORMATION
Adequate power supply bypassing is necessary to protect 
associated circuitry. Minimum recommended isO.IfjF in 
parallel with 1/iF electrolytic.

Lower comparator storage time can be as long as 10ms 
when pin 2 is driven fully to ground for triggering. This 
limits the monostable pulse width to 10ms minimum.

Delay time reset to output is 0.47jjs typical. Minimum 
reset pulse width must be 0.3^s, typical.

Pin 7 current switches within 30 ns of the output 
(pin 3) voltage.
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low-noise____________  

PRECISION 
OPERATIONAL AMPLIFIER

OP-27

FEATURES
•  Lew Noise..................

•  Low D rift...................

•  H ig h s p e e d .................

. . . .  SOnVM (0.1 Hi to 10Hz)
{ ......” ... SnV/̂HT

...............................  0.2,.V/* C
. ............ 2.8V/fii Slew Rat*
{ . . . .  (MHzGain Bandwidth

• Low .......................................  10j«V
•  Excellent CMRR ......................... 12MB at VCM of ± 11V
• High Open-Loop Gain...................................  1.* Million
•  Fit! 725. OP-07. OP-OS, ADS10, AD517, S534A aockats

GENERAL DESCRIPTIO N
The OP-27 preclalon operational amplifier combines the low 
offset and drift of tha OP-07 with both high-speed and low- 
noise. Offsets down to 25>iV and drift of 0.6»»V/*C maximlm 
make tha OP-27 Ideal for prociaion instrumentation applica
tions. Exceptionally low noiae. en -  3.5nV/>/ H* . at 10Hz, a 
low 1/f noiae comer frequency of 2.7Hz, and high gain (1.8 
million), allow accurate hlgh-gain amplification of low-level 
signals. A gain-bandwidth product of 8MHz and a 2.8V/*isec 
slew rate provldea excellent dynamic accuracy in high-speed 
data-acquisition systems.
A low Input blaa current of ±10nA la achieved by use of a 

ORDERING IN F O R M A T IO N t

Ta - 2TC 
Voe “ AX
(*V)

PACKAGE
OPERATING

TEMPERATURE
RANGE

HERMETIC
TO -tt
•-PIN

HERMETIC
OIP

•-PIN

PLASTIC
OIP

•-PIN
OP27AJ- OP27AZ* MIL

25 OP27EJ OP27EZ OP27EP IND/COM

60 OP27BJ* OP27B2* MIL
eo OP27FJ OP27FZ OP27FP IND/COM

OP27CJ* OP27CZ* MIL
100 OP27GJ OP27GZ OP27GP IND/COM

> with MIL-STD-S63B Proeaaamg. 16 ordar add IM 3  as •  Suftis 10 
tlw part numbar. 8m  Saclion 3 lor acraanlng ptocadura. 

fAI eonmarcial and mduatrlal lampaf atura ranga parta ara available with burnm 
pat MR.-STD-S83. Saa Ordaring Information. Saclion 2.

blas-current-cancellatlon circuit. Over the military temper
ature range, this circuit typically holds lB and los to ±20nA 
and l5nA respectively.
The output atage haa good load driving capability. A guaran
teed awing of ± 10V Into 6000 and low output distortion make 
the OP-27 an excellent choice for professional audio applica
tion. •
PSRR and CMRR exceed 120dB. These characteristics, 
coupled with long-term drift of 0.2MV/month. allow the circuit 
designer to achieve performance levels previously attained 
only by dlacrete designs.
Low coat, hlgh-volume production of OP-27 Is achieved by 
uaing an on-chlp zener-zap trimming network. Thla reliable 
and atable offaet trimming scheme has proved Its effective
ness over many years of production hiatory.
The OP-27 provides excellent performance in low-noiae 
high-accuracy amplification of low-level signaia. Appllca- 
tlona Include atable Integrators, preclalon summing ampli- 
flera. preclalon voltage-threahold detectors, comparators, 
and profeaalonal audio circuits such aa tape-head and 
microphone preampliflera.
The OP-27 la a direct replacement for 725, OP-OB. OP-07 and 
OP-OS amplifiers; 741 types may be directly replaced by 
removing the 741’a nulling potentiometer.

PIN  C O N N E C T I O N S __________________

•Aidl e

-O «OVT
-*E

v-E
: t>

3-
OUT

t-P IN  HERMETIC DIP 
(Z-Sufflx)

EPOXY MINI-DIP 
(P-Suftlx)
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A B SO LUTE M AXIMUM RATINGS (Note 4)
Supply Voltage ................................................... ±22V
Internal Power Dissipation (Note 1 ) .......................  SOOmW
Input Voltage (Note3) ...............................................  ±22V
Output Short-Circuit Duration............................  Indefinite
Differential Input Voltage (Note 2) ........................... ±0.7V
Differential Input Current (Note 21 ......................... ±25mA
Storage Temperature Range.................. -65* C to +150* C
Operating Temperature Range

OP-27 A, OP-27B, OP-27C (J, Z) .......  -55* C to+ 125* C
OP-27E, OP-27F, OP-27G (J, Z) .........  -25*Cto+85*C
OP-27E, OP-27F, OP-27G (P) ..................0*Cto+70*C

Lead Temperature Range (Soldering, 60 sec) ......... 300*C
DICE Junction Temperature.................. -65* C to +150* C

NOTES:
1 Saa labia for maximum amblant lamparalura rating and darallng lactor

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT

PACKAGE TYPE__________ FOR RATINQ TEMPERATURE

TO-W (J)___________________«0*C_____________7.1mW/*C______
S-PIn Harmallc PIP IZI________ 7S*C_____________S.7mW/’ C

S-Pfn Ptaatlc DIP (P) 62* C 5 SmW/*C

2. Tha OP-27'a mpula ara prolactad by back-to-back dlodat. Curranl limiting 
raaiatora ara not uaad In ordar to achlava low nolaa. If dlffarantlal Input 
voftaga axcaada ±0.7V, tha Input currant should ba llmitad to 25mA.

3. For supply voltagai lata than ±22V, tha abaoluta maximum Input voltaga la 
aqual to tha a up ply voltaga.

4. Abaoluta maximum ratings apply to both DICE and packagad parts, unlass 
otharwiaa notad. *

ELECTRICAL CHARACTERISTICS at Vs -  ±15V, TA -  25° C. unless otherwise noted.

PARAMETER SYMBOL CONDITIONS MIN
OP-27 A/E 

TYP MAX MIN
OP-27B/F 

TYP MAX MIN
OP-27C/Q

TYP MAX UNITS

Input Offset Voltage Vot (Note 1) - 10 2S - 20 •0 - 30 100 *v

Long-Term V0* 
Stability

VQj/Tlme (Note 2) - 0.2 1.0 - 0J 1A 0.4 2.0 mV/Mo

Input Offset Current •os - 7 35 - 5 so - 12 75 nA

Input Bias Current - ±10 ±40 - ±12 ±55 - ±15 ±60 nA

Input Noise Voltage •"P-P
0.1Hz to 10Hz 
(Notes 3.5) - 0.00 0.15 - o.oe 0.16 - 0.09 0.25 MVp-p

Voltage Density •«
f0 -  10Hz (Note 3) 
l0 -30Hz (Note 3) 
f0 -1000Hz (Note 31

-
3.5
3.1
3.0

5 i
4.5
3J

3J 
3.1 
3 JO

si
45
3J

“ 3.5
3.3
3.2

6.0
5.6
4.5

nV/v^Hz"

Input Noise 
Current Density «n

f0 -  10Hz (Notes 3.0) 
f0 -  30Hz (Notes 3.6) 
fQ-  1000Hz (Notes 3. •)

“ 1.7
1.0
0.4

4.0
2 J 
0.5

“ 1.7
14
0.4

4.0
23
0.6

1.7
1.0
0.4 06

pa/ / hT

Input Resistance — 
Differential-Mode " in (Note 4) 1.5 6 - .12 5 0.6 4 - MO

Input Resistance — 
Common-Mode - 3 - 2.5 - 2 - on

Input Voltage Range IVR ±11.0 ±12.3 - ±11.0 ±12.3 - ±11.0 ±12.3 - V

Common-Mode 
Rejection Ratio

CMRR VCM-±11V 114 125 100 123 100 120 - dB

Power Supply 
Rejection Ratio

PSRR Vt -±4VtO±16V - - 10 - 1 10 - 2 20 *V/V

Large-Signel 
Voltage Gain Avo

R|.2 2kn.Vo-±10V 
Rt ieoon. v0 -± io v

1000
800

1600
1500 :

1000
000

1800
1500 _

700
600

1500
1500 V/mV

Output Voltage 
Swing v0

Rl 2 2kn 
RL 2 0000

±12.0
±10.0

±13.0
±11.5

- ±12.0
±100

±13.5
±11.5 _ ±11.5

±10.0
±13.5
±11.5

V

Slew Rate SR Rt  2 2kn (Note 4) 1.7 2.5 - 1.7 2.5 - 1.7 2.6 - V/*s

Gain Bandwidth Prod. G8W (Note 4) 5.0 •  0 - 5.0 5.0 - 5.0 6.0 - MHz

Open-Loop Output 
Resistance R0 v0 -o . lo -0 - 70 - 70 - - 70 - n

Power Conaumption *d Vo - 90 140 - •0 140 - 100 170 mW

Offset Adjustment 
•Range

Rp-iottn - ±4.0 ±4.0 - ±4.0 mV

NOTES:
1. Input offset voltage measurements ara performed -  0.3 aeconds after 

application of power. A/E gredea guaranteed fully warmed-up.
2. Long-term input offaet voltage stability refers to the average trend line of 

vos v> Time over extended periods after the first 30 daya of operation. 
Excluding the initial hour of operation, changee in Vo t during the first 30

days are typically 2.5*V — refer to typical performance curve.
Sample tested.
Guaranteed by design.
See test circuit and frequency response curve for 0.1Hz to 10Hz tester. 
See test circuit for current noise measurement.
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MAXIMUM OUTPUT VOLTAGE 
vi LOAD RESISTANCE

TYPICAL PERFORMANCE CHA RAC TE R IS TIC S

OPEN-LOOP VOLTAGE GAIN MAXIMUM OUTPUT SWING
VI SUPPLY VOLTAGE v i  FREQUENCY

SMALL-SIGNAL OVERSHOOT 
vi CAPACITIVE LOAD

SMALL-SIGNAL TRANSIENT 
RESPONSE

I H f £ = = 3 H I
■ ■ ■ ■ ■ ■ ■ ■ ■ I

s s s a a s s s s :

AVCL * *» 
Vf  • tlfV  
TA -2TC

LARGE-SIGNAL TRANSIENT 
RESPONSE

i i i R s s m i i

■ ■ ■ m i l

M B
*VCL • - '.C l •  1W 
v# • HIV
T » . jrc

COMMON-MODE INPUT RANGE 
v* SUPPLY VOLTAGE

SHORT-CIRCUIT CURRENT 
v* TIME CMRR v* FREQUENCY

OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER

TY PIC A L PERFORM ANCE C H A R A C TE R IS TIC S

LOW-FREQUENCY NOISE

t.tHt  TO tOHt rtAK-TO-*f AK NOISE

NOTE:
Observation tlm * limited to tO seconds.

OPEN-LOOP VOLTAGE GAIN vi 
LOAD RESISTANCE

I I I
“ rA -
_  v, .

i ;ii
B*C--------

/

100 Ik 10k 100k
IOAO NISISTAMCI ini

PSRR VI FREQUENCY

A P PLIC ATIO NS INFO RM A TIO N  
OP-27 Serial units may be Inserted directly Into 725,0P-06, 
OP-07 and OP-05 sockets with or without removal ot external 
compensation or nulling components. Additionally, the OP- 
27 may be fitted to unnulled 741-type sockets; however, If 
conventional 741 nulling circuitry is in use, it ahould be modi
fied or removed to emure correct OP-27 operation. OP-27 
offset voltage may be nulled to zero (or other desired letting) 
using a potentiometer (see Offaet Nulling Circuit).
The OP-27 provides stable operation with load capacitancea 
of up to 2000pF and ± 10V swings; larger capacitances should 
be decoupled with a son resistor Inside the feedback loop. 
The OP-27 is unity-galn stable.
Thermoelectric voltages generated by dissimilar metals at 
the Input terminal contacta can degrade the drift perfor
mance. Best operation will be obtained when both Input 
contacts are maintained at the same temperature.
OFFSET VOLTAGE ADJUSTMENT 
The Input offset voltage of the OP-27 Is trimmed at wafer 
level. However, If further adjustment of V0s is necessary, a 
10kn trim potentiometer may be used. TCVojIs not degraded 
(see Offset Nulling Circuit). Other potentiometer values from 
1k(l to 1MO can be used with a alight degradation (0.1 to

0.2(iV/*C) of TCVqs- Trimming to a value other than zero 
createa a drift of approximately (VOs/300) (iW* C. For exam
ple, the change In TCVqs will be 0.33«iV/* C if Vos ii adjusted 
to 100/iV. The offset-voltage adjustment range with a lOkn 
potentiometer la ±4mV. If smaller adjustment range is re
quired. the nulling sensitivity can be reduced by using a 
smaller pot In conjuctlon with fixed resistors. For example, 
the network below will have a ±280pV adjustment range.

4.IH1 s 
/-------------A V -------------O

NOI8E MEASUREMENTS
To meaaure the 80nV peak-to-peak noise specification of the 
OP-27 In the 0.1 Hz to 10Hz range, the following precautions 
must be observed:

(1) The device has to be warmed-up for at least five minutes. 
Aa shown In the warm-up drift curve, the offset voltage 
typically changes4pV due to Increasing chip temperature 
after power-up. In the 10-second measurement Interval, 
theae temperature-induced effects can exceed tens-of- 
nanovolts.
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(2) For similar reasons, the device has to be well-shielded 
from air currents. Shielding minimizes thermocouple 
effects.

(3) Sudden motion In the vicinity of the device can also "feed- 
through' to Increase the observed noise.

(4) The test time to measure 0.1 Hz-to-IOHz noise should not 
exceed 10 leconds. As shown in the noise-tester frequency- 
reaponse curve, the 0.1 Hz corner is defined by only one 
zero. Th« tsst time of 10 seconds acts as an additional 
zero to eliminate noise contributions from the frequency 
band below 0.1Hz.

(5) A nolse-voltage-density test Is recommended when 
measuring noise on a large number of units. A 10Hz 
nolse-voltage-density measurement will correlate well 
with a 0.1 Hz-to-IOHz peak-to-peak noise reading, since 
both result* are determined by the white noise and the 
location of the 1/1 corner frequency.

U N ITY-G A IN  BUFFER APPLICATIO NS  
When Rf S 100(1 and the input is driven with a fast, large signal 
pulae (> IV), the output waveform will look as shown in the 
pulsed operation diagram below.
During the fait feedthrough-like portion of the output, the 
Input protection diodes effectively short the output to the 
Input and a current, limited only by the output ahort-clrcuit 
protection, will be drawn by the algnal generator. With 
Rf 2  600(1. the output ia capable of handling the current 
requirements (lL̂  20mA at 10V); the amplifier will stay in ita 
active mods and a smooth transition will occur.
When R, > 2k(l. a pole will be created with Rf and the 
amplifier's Input capacitance (8pF) that creates additional 
phase shift and reducea phaae margin. A email capacitor 
(20 to SOpF) in parallel with R| will eliminate this problem.

PULSED OPERATION

COMMENTS ON NOISE
The OP-27 is a very low-noise monolithic op amp. The out
standing Input voltage noise characteristics of the OP-27 are 
achieved mainly by operating the input stage at a high quies
cent current. The Input blaa and offset currents, which would 
normally increase, are held to reaeonable values by the input- 
biaa-current cancellation circuit. The OP-27 A/E haa Is and 
los of only ±40nA and 35nA respectively at 25* C. This is 
particularly important when the Input has a high source- 
reslstance. In addition, many audio amplifier designers 
prefer to use direct coupling. The high Ig. Vos. TCVos of 
previous designs have made direct coupling difficult, if not 
Impossible, to use.
Voltage noise Is inversely proportional to the square-root of 
blaa current, but current noise is proportional to the square- 
root of bias current. The OP-27's noise advantage disappears 
when high aource-reslstors are used. Figures 1. 2, and 3 
compare OP-27 observed total noise with the noise perfor
mance of other devices in different circuit applications. 
Total noise -  [(Voltage noise)2 + (current noise x Rs)2 + 
(resistor noise)2]  1/2
Figure 1 shows nolse-versus-source-resistance at 1000Hz. 
The same plot applies to wideband noise. To use this plot, just 
multiply the vertical scale by the square-root of the 
bandwidth.

NOISE vs SOURCE RESISTANCE 
(INCLUDING RESISTOR NOISE) 

AT 1000Hz.

?
I -  
* .

H| - KXtnCC RESIST AMCC ini
Figure 1

At Rs < ikn. the OP-27's low voltage noiae is maintained. 
With R$> Ikn , total noiae increases, but is dominated by the 
resistor noise rather than current or voltage noise. It Is only 
beyond Rs of 20kn that current noise starts to dominate. The 
argument can be made that current noise is not important for 
applications with low-to-moderate source resistances. The 
crossover between the OP-27 and OP-07 and OP-OS noise 
occurs in the 15-to-40kn region.
Figure 2 shows the 0.1 Hz-to-IOHz peak-to-peak noise. Here 
the picture is less favorable; resistor noise is negligible, cur
rent noise becomes important because it is inversely propor
tional to the square-root of frequency. The crossover with the 
OP-07 occurs In the 3-to-5kn range depending on whether 
balanced or unbalanced source resistors are used (at 3kO the 
Ig. i0s error also can be three times the Vqs spec.).

iii'iBSSSi ■ Sail! S r i i
im iBiaaiiiiiH
IIIH K 3 II II IM

l i n i n g

■m il■mi!
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m i n

m
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PEAK-TO-PEAK NOISE (0.1 to 
10Hz) vs SOURCE RESISTANCE 
(INCLUDES RESISTOR NOISE).

Figure 2

10Hz NOISE vs 
SOURCE RESISTANCE 

(INCLUDES RESISTOR NOISE).

Figure 3 " * ’ ,ou"c , in>

Therefore, for low-frequency applications, the OP-07 is bet
ter than the OP-27/37 when Rs> 3kn. The only exception is 
when gain error ia important. Figure 3 illustrates the 10Hz 
noise. As expected, the results are between the previous two 
figures.

For reference, typical source resistances of some signal 
sources are listed In Table 1.

Table 1

d e v ic e

SOURCE 
IMPEDANCE COMMENTS

Strain gauge <5000 Typically usad In low-frequency 
applications.

Magnetic
tapehead

<19000 Low It very Important to reduce 
self-magnetization problems when 
direct coupling is used. OP-27 1, 
can be neglected.

Magnetic
phonograph
cartridges

«tS00fi Simitar need for low la In direct 
coupled applications. OP-27 will not 
Introduce any selt-magnettiaiion 
problem.

Linear variable
differential
transformer

<ISOOn Ueed In rugged servo-leedbsck
applicationa. Bandwidth of interest is 
400Hz to SkHz.

OPEN-LOOP GAIN

FREQUENCY „  AT- OP-07 OP-27 OP-37

3Hz lOOdB 124dB 125dB

10Hz 100dB 120dB 125d8

30Hz 90dB 110dB 124dB

For further Information regarding noise calculations, see 
“Minimization of Noise In Op-Amp Applications". Application 
Note AN-15.

AUDIO APPLICATIONS
The following applicationa Information has been abstracted 
from a PMI article In the 12/20/80 Issue of Electronic Design 
magazine and updated.
Figure 4 Is an example of a phono pre-amplifier circuit using 
the OP-27 for A,; R,-Rr C rC 2 form a very accurate RIAA 
network with standard component values. The popular method 
to accompliah RIAA phono equalization is to employ 
frequency-dependent feedback around a high-quality gain 
block. Properly chosen, an RC network can provide the three 
necessary time constants of 3180,318, and 75/is.1 
For initial equalization accuracy and stability, precision 
metal-fllm resistors and film capacitors of polystyrene or 
polypropylene are recommended since they have low voltage 
coefficienta, diaslpation factora, and dielectric absorption.4 
(High-K ceramic capacitors should be avoided here, though 
low-K ceramica—such as NPO types, which have excellent 
dissipation factors, and somewhat lower dielectric absorption — 
can be considered for small values.)
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The OP-27 brings a 3.2nW\/ Hz voltage noise and 0.45 
pA/\/ Hz current noise to this circuit. To minimize noise 
Irom other sources. Ra is set to a value of 100fl, which 
generates a voltage noise of 1.3nV/\/ Hz . The noise In
creases the 3.2nV/\/Hz of the amplifier by only 0.7dB. With 
a 1 kfl source, the circuit noise measures 63dB below a 1 m V 
reference level, unweighted, in a 20kHz noise bandwidth. 
Gain (G) of the circuit at 1kHz can be calculated by the 
expression:

G  « 0.101 ( 1 + ^ - )

For the value^sfrown. the gain is just under 100 (or 40dB). 
Lower gains can be accommodated by increasing Rj, but 
gains higher than 40dB will show more equalization errors 
because of the BMHz gain-bandwidth of the OP-27.
This circuit Is capable of very low distortion over its entire 
range, generally below 0.01% at levels up to 7V rms. At 3V 
output levels, it will produce less than 0.03% total harmonic 
distortion at frequencies up to 20kHz.
Capacitor Cjand resistor Reform a simple - 6dB-per-octave 
rumble filter, with a corner at 22Hz. As an option, the switch- 
selected shunt capacitor C4, a nonpolarized electrolytic, 
bypasses the low-frequency rolloff. Placing the rumble fil
ter's high-pass action after the preamp has the desirable 
result of discriminating against the RIAA-amplifled low- 
frequency noise components and pickup-produced low- 
frequency disturbances.
A preamplifier for NAB tape playback is similar to an RIAA 
phono preamp, though more gain is typically demanded, 
along with equalization requiring a heavy low-frequency 
boost. The circuit in Fig. 4 can be readily modified for tape 
use, as shown by Fig. 5.

Figure S

While the tape-equalization requirement has a flat high- 
frequency gain above 3kHz (Tj “  50m s), the amplifier need 
not be stabilized for unity gain. The decompensated OP-37 
provides a greater bandwidth and slew rate. For many appli
cations. the idealized time constants shown may require

trimming of R| and Rj to optimize frequency response for 
nonideal tape-head performance and other factors.5

The network values of the configuration yield a 50dB gain at 
1kHz, and the dc gain is greater than 70dB. Thus, the worst- 
case output offset is just over 500mV. A single 0.47»iF output 
capacitor can block this level without affecting the dynamic 
range.
The tape head can be coupled directly to the amplifier input, 
since the worst-case bias current of 80nA with a 400mH, 100 
pin. head (such as the PRB2H7K) will not be troublesome.

One potential tape-head problem is presented by amplifier 
bias-current transients which can magnetize a head. The 
OP-27 and OP-37 are free of biaa-current transients upon 
power up or power down. However, It is always advantageous 
to control the speed of power supply rise and fall, to elimi
nate transients.
in addition, the dc resistance of the head should be carefully 
controlled, and preferably below 1k(l. For this configura
tion, the bias-current-induced offset voltage can be greater 
than the 100*i V maximum offset if the head resistance is not 
sufficiently controlled.
A simple, but effective, fixed-galn transformerless micro
phone preamp (Fig. 6 ) amplifies differential signals from low- 
impedance microphones by 50dB, and has an input Impe
dance of 2kn. Because of the high working gain of the circuit, 
an OP-37 helps to preserve bandwidth, which will be 110kHz. 
As the OP-37 Is a decompensated device (minimum stable 
gain of 5), a dummy resistor, Rp. may be necessary, if the 
microphone is to be unplugged. Otherwise the 100% feed
back from the open input may cause the amplifier to oscillate. 
Common-mode input-noise rejection will depend upon the 
match of the bridge-resistor ratios. Either close-tolerance 
(0.1%) types should be used, or R4 should be trimmed for best 
CMRR. All resistors should be metai-film types for best sta
bility and low noise.
Noise performance of this circuit is limited more by the input 
resistors R1 and R? than by the op amp, as Rt and R2 each 
generate a 4nV'y' Hz noise, while the op amp generates a 
3.2nV/\/Hz noise. The rms sum of these predominant noise 
sources will be about 6nV/i/ Hz . equivalent to 0.9pV in a 
20kHz noise bandwidth, or nearly 61dB below a 1mV input 
signal. Measurements confirm this predicted performance.
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OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER

For applications demanding appreciably lower noise, a high- 
quality microphone-transformer-coupled preamp (Fig. 7) 
Incorporates the internally-compensated OP-27. Ti is a 
JE-115K-E 150n/15kn transformer which provides an opti
mum source resistance for the OP-27 device. The circuit has 
an overall gain of 40dB, the product of the transformer's 
voltage setup and the op amp's voltage gain.

C1
iaoo»f

M
tun noon

OUTPUT
r n

yijO-
Flgur* 7

i  V

Al \  0

ISOk

*T1* JENSEN Jf-IISK-f 
JENSEN TRANSFORMERS 

-  10730 SwfW* aM.
N. HoMyw*o4 Ca. tlSOI

Gain may be trimmed to other levels, If desired, by adjusting 
R2 or R,. Because of the low offset voltage of the OP-27, the 
output offset of this circuit will be very low, 1.7mV or less, fora 
40dB gain. The typical output blocking capacitor can be

eliminated in such cases, but is desirable for higher gains to 
eliminate switching transients.
Capacitor C2 and resistor R2 form a 2*is time constant in this 
circuit, as recommended for optimum transient response by 
the transformer manufacturer. With C2 in use. At must have 
unity-galn stability. For situations where the 2/js time con
stant is not necessary, C2can be deleted, allowing the faster 
OP-37 to be employed.
Some comment on noise is appropriate to understand the 
capability of this circuit. A 150n resistor and Rt and R2gsin 
resistors connected to a noiseless amplifier will generate 220 
nV of noise In a 20kHz bandwidth, or 73dB below a ImV 
reference level. Any practical amplifier can only approach 
this noise level: It can never.exceed It. With the OP-27 and T, 
specified, the additional noise degradation will be close to 
3.6dB (or-69.5 referenced to 1mV).

1. Lips hi tz, 8.P.. “On RIAA Equalization Notwosks." JAES, Vol. 27. Juno 1970, 
p. 456-481.

2. Jung. W.Q.. 1C Op Amp Cookbook, 2nd Ed.. H.W. S*m» and Company. 
1900.

3. Jung. W.Q.. Audio 1C Op Amp Applications. 2nd Ed.. H.W. Sams and 
Company. 1978.

4. Jung, W.Q.. and Marah. R.M.. “Picking Capacitors,” Audio. Fobruary & 
March. 1980.

5. Otala. M., “Foodback-Gonaratod Phaaa Noniinaanty In Audio Ampiifiars." 
London AES Convention. March 1980. praprint 1978.

8. Stout. O.F.. and Kaufman. M.. Handbook o f Operational Amphliar Circuit 
Daatgn, Now York. McGraw Hill, 1976.
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MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

POWER DARLINGTON TRANSISTORS 
NPN SILICON

for general purpose power amplification and switching such as 
output or driver stages in applications such as switching regulators, 
converters and power amplifiers.

•  Low Collector-Emitter Saturation Voltage —
vCE(sat) 8 2.0 V (Max) @ 10 A

•  High DC Current Gain — 1000 (Min) @ 5.0 Adc

•  Complementary Pairs Simplifies Designs

MAXIMUM RATIN G S

Rating Symbol
D44E

Unit
1 3

Collector-Emitter Voltage v CE0 40 80 Vdc

Emitter Base Voltage veb 7.0 Vdc

Collector Current — Continuous •c 10 Adc
Peak(1) 20

Total Power Dissipation Po Watts
@ TC * 25°C 50
®TA .25*C 1 57

Operating and Storage Junction Tj. -55 t 150 °C
Temperature Range T«tg

THEMMAL CHARACTERISTICS
Characteristic Symbol Max Unit

Thermal Resistance. Junction to Cese R«JC 2.5 •C /W

Thermal Resistance, Junction to Ambient r* j a 75 •C /W

Maximum Lead Temperature for Soldering 
Purpose*: 1 /8 *  from Case for 5 Seconds

Tl 275 •c

(1) PuIm Width < 5.0 m«. Duty Cycle < 50%

DARLINGTON 
10 AMPERE

POWER TRANSISTORS 
NPN SILICON

40-80 VOLTS 
60 WATTS

rww iv 
1 CONTOUMG OMCMSON MCm

CASE 221A-04 
TQ-220ABlO COLLECTOR CURRENT (AMPS)
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D 44E  Series

ELECTRICAL CHARACTERISTICS (Tc « 2S»C unless otherwise noted)

Charect eristic Symbol Min T,P M e. Unit

OFF CHARACTERISTICS

Collector Cutoff Current 
(VCE « Rated VCEO. VBE s 0)

'CES 10 mA

Emitter Cutoff Current 
(VEB* 7 0 Vdc)

'EBO “ ~ 1 0 mA

ON CHARACTERISTICS (1)

DC Current Gain 
(1C * 5.0 Adc. VCE * 5 0  Vdc)

hFE 1000 -

Collector-Emitter Saturation Voltage v CE(sat) Vdc
OC * 5.0 Adc. Ifl * 10 mAdc) — —
dC « 10 Adc. Is * 20 mAdc) 2 0

Base-Emitter Saturation Voltage v BE(sat) - - 2 5 Vdc
dC *5 .0  Adc. Ig * 10 mAdc)

DYNAMIC CHARACTERISTICS

Collector Capacitance CCB0 pP
(Vcb * 10 Vdc. ft9 tt « 1 0 MHi) 130

SWITCHING CHARACTERISTICS

Delay and Rise Times 
(lC « 10 Adc. I01 * 2 0  mAdc)

td M , 0 6

Storege Time 
(lC * 10 Adc. le i » *B2 a 20 mAdc)

is 2 0 **s

Fall Time 
OC * 10 Adc. le i * 'B2 r 20 mAdcl

‘ f 0.5 M*

SAFE OPERATING AREA INFORMATION
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"A2" Board

HI-508-5 8-Channel CMOS Analog Multiplexer, Harris 
HA-1608 + 10V Adjustable Voltage Reference



(J) H A R R IS
Single 8/Differential 4 Channel 

CMOS Analog Multiplexer

HI-508/509
Features
• Ron............................... i8on
• Wide Analog Signal Range.........................±15 V

• TTL/CMOS Compatible............2.4 V (Logic "1”)

• Faat Access.............................................. 250 n*

• Fast Settling (0.01%).................................600 ns

• 44V Maximum Power Supply

• Break-Belore-Make Switching

• No Latch-Up

• Replace* DG508A/DG508AA and 

DG509A/DG509AA

Applications
• Data Acquisition Systems

• Precision Instrumentation

• Demultiplexing

• Selector Switch

Description
These monolithic CMOS multiplexers each include an array of eight analog switches, 
a digital decode circuit (or channel selection, a voltage reference for logic thresholds, 
and an ENABLE input for device selection when several multiplexers are present. 
The Dielectric Isolation (Dl) process used in fabrication of these devices eliminates 
the problem of latch-up. Also, Dl offers much lower substrate leakage and parasitic 
capacitance than conventional junction-isolated CMOS (see Application Note 521). 
Combined with the low ON resistance (180(1 typical), these benefits allow low static 
error, fast channel switching rates, and fast settling.
Switches are guaranteed to break-befo re-make, so that two channels are never shorted 
together.
The switching threshold for each digital input is established by an internal +5V 
reference, providing a guaranteed minimum 2.4 V for "1" and Maximum 0.8 V for ”0”. 
This allows direct interface without pull-up resistors to signals from most logic families: 
CMOS, TTL, OTL and some PMOS. For protection against transient overvoltage, the 
digital inputs include a series 2000 resistor and a diode clamp to each supply. 
The Hi-508 is an eight channel single-ended multiplexer, and the HI-509 is a four chan
nel differential version. The recommended supply voltage is ±15 V; however, 
reasonable performance is available down to ±7 V. Each device is available in a 16 
pin plastic or ceramic DIP, a 20 pin ceramic LCC or 20 pin plastic LCC (PLCC) package. 
If input overvoltage protection is needed, the HI-508A/509A multiplexers are recom
mended. For further information, see Application Notes 520 and 521.
The HI-508/509 is offered in both commercial and military grades, suitable for 
spacecraft/military applications. For additional Hl-Rel screening including 160 hour 
burn-in, specify the " - 8” suffix. For further information see Application Notes 520 
and 521. For MIL-STD-883 compliant parts, request the 508/883 or 509/883 data sheet.

Pinouts

*o
EN

VSUP 
IN I 
IN 2 
IN 3 
IN 4 
OUT

*1
*2 
GNO 
♦Vsup 
IN 5 

]  IN 6 
3 IN 7 
3 INB

HI1-508 (ceramic) 
HI3-508 (plastic)

Ao [ T ~ ^  16 ] A|
£N [ 2 15 ] GND IN 4A

■v s u p  C 3 14 3 ♦vsup OUT A
IN IA  c 4 13 3 IN IB (Nr.)

IN 2A C 5 12 3 IN 2B INB

IN 3A C 6 I I 3 IN 3B IN 4B

IN 4A C 7 10 3 IN 4B
OUT A C 8 g 3 OUT B

HI1-509 (ceramic) 
HI3-509 (plastic)

4-509 (LCC) 
4P509 (PlXiC)

Functional Diagrams
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HI-508/509 Specifications

ABSOLUTE M A XIM U M  RATINGS (Note 1)

VSupply(+ ) to VSupply ( - )  44 v
VSupply<+) to GND 22 V
Vsupply(- ) to GND 25 V 
Digital Input Overvoltage:

VEN'VA{ v I ^ ^ i  -2v}
or 20 mA, whichever occurs first. 

Analog Signal Overvoltage (Note 7)

VRVS{v lS ^ - l  - i v }

Continuous Current, S or D: 20 mA
Peak Current, S or D 

(Pulsed at 1 ms, 10% duty cycle max): 40 mA 
Power Dissipation* (Cerdip) 1.09 W
Operating Temperature Range:

HI-508/509-2,-8 -5 5 °C  to +125°C
HI-508/509-4 -2 5°C  to +85°C
HI-508/509-5 0°C to +75°C

Storage Temperature Range -6 5°C  to +150°C

•Derate 10.9 mW/°C above Ta =75°C

ELECTRICAL CHARACTERISTICS Unless Otherwise Specified:
Supplies= +15 V, -15  V; VAH(Logic Level High) = +2.4 V, Va l  (Logic Level Low) 
= +0.8 V. For Test Conditions, consult Performance Characteristics Section.

PARAMETER
ANALOG CHANNEL CHARACTERISTICS 
•Vs, Analog Signal Range 
•RON. On Resistance (Note 2)

ARON. Any TWo Channels
•|S (OFF), Off Input Leakage Current (Note 3)

'ID (OFF), Oft Output Leakage Current (Note 3) 
HI-508 
Hi-509

*ID (ON), On Channel Leakage Current (Note 3) 
Hi-508 
Hi-509

•IDIFF, Differential Off Output Leakage Current 
(HI-509 Only)
DIGITAL INPUT CHARACTERISTICS
*Val, Input Low Threshold
*Vah ,. Input High Threshold
•lA. Input Leakage Current (High or Low) (Note 4)
SWITCHING CHARACTERISTICS 
*tA, Access Time

•tOPEN, Break-Before-Make Interval 
Ton (EN), Enable TurrvOn

*tOFF (EN), Enable TunvOff

ts. Settling Time to 0.1% 
to 0.01%

■Off Isolation" (Note 5)
Cs (OFF), Channel Input Capacitance 
Cn (OFF) Channel Output Capacitance Hi-508 

HI-509
Ca, Digital Input Capacitance
Cps (OFF). Input to Output Capacitance______
POWER REQUIREMENTS 
*l+, Positive Supply Current (Note 6) 
*1-, Negative Supply Current (Note 6)) 
Pp, Power Dissipation_____________

Full
+25°C

Full
+25°C
+25°C

Full
+25°C

Full
Full

+25-C
Full
Full
Full

Full
Full
Full

+25°C
Full

+25-C
+25#C

Full
+25-C

Full
+25°C
+25“C
+25-C
+25#C
+25-C
+25°C
+25°C
+25-C

Full
Full
Full

Hf-508/H 1-509
- 2. -»

MIN. TYP. MAX

5001000
5001000
5001000

HI-508/509 
-4 , -5

MIN. TYP. MAX

‘ 100% totted lor Dash & Leakage current* not tested at -55*C.

of the circuit mav be impaired. Functional opera
tion under any of these conditions is not necessar
ily implied.

2. VouT •  ± 10V- •OUT ■ -1  mA- 
a  Ikn  nanoamps is the practical lower limit lor high 

speed measurement in the production test

TRUTH TABLES 
HI-508

A2 A1 A0 EN
"O N ”

CHANNEL

X X X L NONE
L L L H 1
L L H H 2
L H L H 3
L H H H 4
H L L H 5
H L H H 6
H H L H 7
H H H H 8

HI-509

A1 A0 EN
"O N "

CHANNEL
PAIR

X X L NONE
L L H 1
L H H 2
H L H 3
H H H 4

4. Digital Input leakage is primarily dus to the clamp 
diodes (see Schematic). Typical leakage is less 
than 1 nA at 2S*C 

& VEN -  08 V. Ri -  1 K. Cl  -  15 pF. VS -  7 
VRMS. I -  100 kHz. Worst case isolation occur* 
on channel 4 due to proximity of the output pin*. 

6. Ve n . Va  -  0 V or 2.4 V.

7. Signal voltage at sny analog input or output (S or 
D) will be clamped to the supply rail by internal 
diodes. Limit the resulting current as shown under 
absolute maximum ratings. If an overvoltage con-
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HI-508/509

Performance Characteristics and Test Circuits (continued)
ON CHANNEL CURRENT vs. VOLTAGE

? *0

T » -55 C

/ TA

TA • 25°C 

1
■ ♦ 125°C------

TEST
CIRCUIT

N 0- 5 ON CHANNEL CURRENT 
vs. VOLTAGE

♦4 18 18 tlO  ±12 114 118 
V|N - Volt»gt AcrossSwntch

TEST
SUPPLY CURRENT 

vs. TOGGLE FREQUENCY

SUPPLY CURRENT vs. TOGGLE FREQUENCY

ACCESS TIME vs. LOGIC LEVEL (HIGH)

TEST 
CIRCUIT 

NO. 7

ACCESS TIME 
vs. LOGIC LEVEL (HIGH)

<j> +15V~

‘Similar connection for HI-509

Switching Wav

"V c

3«V ADORESS 
DRIVE (Va)

ACCESS TIME

l«

v INP f \V/01
I

5,0N

0UTPU
V/0IV

Sg ON J
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Hi-508/509

Performance Characteristics and Test Circuits
Unless Otherwise Specified; Ta  = 25°C, VSupply *  ± 15 V,
VAH = 2.4 V, VAL -  0.8 V.

TEST CIRCUIT 
NO. 1

ON RESISTANCE 
vs. ANALOG INPUT VOLTAGE, TEMPERATURE

ON RESISTANCE vs.
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE

ImA

-^G D —

NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE

LEAKAGE CURRENT VS. TEMPERATURE
TEST CIRCUIT 

NO. 2*

OUT"° O --p

'I1°

TEST CIRCUIT 
NO. 3*

♦ 10V-ZT-
X

- v OUT

------ O EN

1 5
o ±

♦2.4V

TEST CIRCUIT 
NO. 4*

ISlOFF)

iiov§
i f

*TWo measurements per channel:
+10 V/-10 V and -10 V/+10 V.

(Two measurements per device for Id (OFF) : 
+10 V/-10 V and -10 V/+10 V.)

LOGIC THRESHOLD 
vs. POWER SUPPLY VOLTAGE

% ±8 ±10 112 114 116 US 120 
Powtr Supply Volt«9« (Volts)

POWER SUPPLY CURRENT 
vs. TEMPERATURE

OFF ISOLATION vs. 
FREQUENCY
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HI-508/509

Switching Waveforms (continued)
TEST 

CIRCUIT 
NO. 8

ADDRESS DRIVE BREAK-BEFORE-MAKE DELAY (tOPEN)

ADDRESS
0R IVE(VA)

BREAK-BEFORE-MAKE
DELAY(tOPEN)

V* INPUT
?v/oiv

-UU

\ /
r r

OUTPUT
IV/OIV V

/

ENABLE DRIVE

-i Durri

'OFF 
IENI 1

TEST 
CIRCUIT 

NO. 9

ENABLE DELAY (tON(EN).tOFF(EN)

ENABLE DELAY 
(tON(EN).tOFF(EN))

)
ENABLE
om vi

H + f +++f H + t

_  s TNM
OFF

M
r * i ON -  

OUTP 
2V/0

b
V I

Schematic Diagrams

ADDRESS DECODER

Delete A2 or A2 
Input for HI-509

ADDRESS INPUT BUFFER 
LEVER SHIFTER

All N-Channel Bodies to V -
All P-Channel Bodies to V+ Unless Otherwise Indicated
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K.
HI-508/509

Schematic Diagrams (continued)

TTL REFERENCE CIRCUIT MULTIPLEX SWITCH

Applications

32 CHANNEL BUFFERED MULTIPLEXER

CHAN N EL

. Ap A i  A2 A 3 A4 SYSTEM ENABLE

C H A N N EL SELECT  
’ Optional; Provides Greater Isolation for AC Signals.
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3 0  H A R R I S HA-1608
+10V Adjustable Voltage 

Reference

FEATURES DESCRIPTION

• MONOLITHIC CONSTRUCTION

• INITIAL ACCURACY +10Vi 0.010V

• OUTPUT VOLTAGE ERROR,TOTAL ±.1/4 LSB

• LOW NOISE 20p V p
• WIDE INPUT RANGE 12V TO 30V

• LOW POWER DISSIPATION 30mW

• OUTPUT SHORT CIRCUIT PROTECTION

• ADJUSTABLE OUTPUT

APPLICATIONS

AN ECONOMICAL EXTERNAL REFERENCE FOR: 
HI-5608; 0AC08; A01408; A05S9

VOLTAGE REGULATOR REFERENCE

PORTABLE BATTERY OPERATED EQUIPMENT

NEGATIVE 10V REFERENCE

HA-1608 it i monolithic +10V adjustable voltage reference featuring 
accuracy and temperature stability specifications detailed exclusively 
for 8 bit data conversion systems. A stable +10V output is provided by 
a reference zener and buffer amplifier coupled with laser trimmed feed
back and zener bias resistors. Long term stability is ensured through 
integration of all reference components into a monolithic design. Flex
ibility of HA-1608 is provided through an externel trim control which 
allows the user to adjust the output voltage for binary or BCD applica
tions without affecting overall performance.

These devices provide a total output voltage error of i  1/4 LSB for 8 
bit D/A or A/D converters. Low standby power (0.3mW> makes HA- 
1608 a natural selection for portable battery operated equipment, 
comparator references, and reference stacking circuits. These devices 
can also be used on -10V references.

HA-1608 is packaged in 8 pin metal cans (TO-99) and the pinout 
is arranged for convenient replacement of other less accurate 
regulators in applications demanding minimal change with temperature 
and time. HA-1608-2 is specified for -55°C to +125°C operation 
while the HA-1608-5 operates from 0°C to +75°C.

PINOUT FUNCTIONAL SCHEMATIC
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SPECIFIC A TIONS

ABSOLUTE M AXIM UM  RATINGS (Note 1)

Input Voltage 40V Operating Temperature Range

Output Short Circuit Ouration Indefinitely HA-1608-2 -550C to *I250C

Power Dissipation 500mW HA-1608-5 0°C to W5°C

Storage Temperature Range -65°C to +150°C

ELECTRICAL CHARACTERISTICS (Note 21 (V|n *+ 15V, I I -  OmA, unless otherwise specified)

PARAMETER

HA-1608-2 
-55°C to ♦ 125°C

HA-1608-5 
0OC to +75°C

TEMP MIN TYP MAX MIN TYP MAX UNITS

POWER INPUT CHARACTERISTICS 

Input Voltage Range, V|N Full 12 15 30 12 15 30 V

Quiescent Current, Iq 25°C
Full

1.9
3.0

1.9
3.0 mA

REGULATED OUTPUT CHARA/S 

Output Voltage, Vo 25°C 9.990 10.00 10.010 9.990 10.00 10.010 V

Output Load Current, I I Full 10 20 10 20 mA

Line Regulation (V|fj * 12V to 30V) 25°C
Full

0.006
0.015

0.006
0.015 %/V

Load Regulation 0 l * Open to 10mA) 25°C
Full

0.006
0.015

0.006
0.015 %/m A

Output Voltage Error Total 
lL * OmA
(Relative to 8-bit accuracy, 
see Definition -#3)

Full ±1/4 LS8 £1/4 LSB

Output Noise Voltage, EN 
0.1Hz to 10Hz

Full 35 35 f' vp-p

Dynamic Load Settling Time to ± 0. IS 
to 1 0 .01%

25°C
25°C

2.5
5

2.5
5

Warm-up Time (to± 0.01%) 25°C
Full

1
3

1
3 sec

NOTES:
1. Absolute maximum ratings are limiting values beyond which 

the serviceability of the circuit may be impaired. Functional 
operetion under any of these conditions is not necessarily 
implied.

2. The specified electrical characteristics apply to suggested 
hook-up only.
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HI-508/509

Applications (continued)

ONE OF 8 DECODER

ACTIVE LOW ACTIVE HIGH

Die Characteristics

Transistor Count 
Die Size
Thermal Constants

Tie Substrate to: 
Process:

ffja
•jc

243 
86 x 79 mils

|2"C /W  \  por Ceramic Dip 
37°C/W J
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DEFINITIONS

1. Output Noise Voltage - the output noise voltage in a specified 
frequency bend.

2. Quiescent Current, Iq - the current required from the supply 
to operate the device at no load condition after the device is 
warmed-up.

3. Output Voltage Error Total - Includes effects of Noise Voltage, 
Line Regulation, and AVqTC relative to 8-bit (10V output) 
resolution where: 1 LSB * one part in 256 or 39mV for a 
+ 10V output.

4. Line Regulation (S/VI -  the ratio of the change in output

voltaqe to the change in line voltage producing it; line reg
ulation (%/V) • |(AV0/10V) * 100|/AV|N.
Load Regulation (S/mA) - the ratio of the change in output 
voltage to the change in load current producing it; load reg
ulation (S/mA) * KAVo/IOV) x 100l/AmA.

6. Dynamic Load Settling Time - the time required for the output 
to settle to within the specified error band for a change in 
the load current of 1mA.

PERFORMANCE CURVES

h

OUTPUT VOLTAGE TRIM VS. RsOUTPUT WIDEBAND NOISE VS. BANDWIDTH

OUTPUT NOISE I0.1HI TO IOHj )

APPLICATIONS_________
TYPICAL HOOK-UP WITH NEGATIVE 10 VOLT REFERENCE

OUTPUT TRIM

•NOTE: R \  potentiometer value can be ‘ NOTE: The value ol R may reduce the
10K to 100K R2 can rente from 10K output current availabla to leia then that 
t0 2M specified on the data sheet.

♦10V REFERENCE
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“A3" Board and Front Panel

LM3914N Dot/Bar Display Driver, National 
HP 5082-7300 Numeric Indicator, Hewlett-Packard 
HDSP-4820 10 Element Bar Graph Array, Hewlett-Packard 
23102-2 Decade Switch, Digitran



National 
SlA  Semiconductor
LM3914 Dot/Bar Display Driver
G e n e r a l  D e s c r i p t i o n

The LM3914 is a monolithic integrated circuit that 
senses analog voltage levels and drives 10 LEDs, pro
viding a linear analog display. A single pin changes the 
display from a moving dot to a bar graph. Current drive 
to the LEDs is regulated and programmable, eliminating 
the need for resistors. This feature is one that allows 
operation of the whole system from less than 3V.

Industrial Blocks

The circuit contains its own adjustable reference and 
accurate 10-step voltage divider. The low-bias-current 
input buffer accepts signals down to ground, or V , yet 
needs no protection against inputs of 35V above or 
below ground. The buffer drives 10 individual com
parators referenced to the precision divider. Indication 
non-linearity can thus be held typically to 1/2%, even 
over a wide temperature range.

Versatility was designed into the LM3914 so that 
controller, visual alarm, and expanded scale functions 
are easily added on to the display system. The circuit 
can drive LEDs of many colors, or low-current incan
descent lamps. Many LM3914s can be "chained" to form 
displays of 20 to over 100 segments. Both ends of the 
voltage divider are externally available so that 2 drivers 
can be made into a zero-center meter.

The LM3914 is very easy to apply as an analog meter 
circuit. A 1.2V full-scale meter requires only 1 resistor 
and a single 3V to 15V supply in addition to the 10 
display LEDs. If the 1 resistor is a pot, it becomes the 
LED brightness control. The simplified block diagram 
illustrates this extremely simple external circuitry.

When in the dot mode, there is a small amount of 
overlap or "fade" (about 1 mV) between segments. This 
assures that at no time will all LEDs be "OFF", and

thus any ambiguous display is avoided. Various novel 
displays are possible.

Much of the display flexibility , derives from the fact 
that all outputs are individual, DC regulated currents. 
Various effects can be achieved by modulating these 
currents. The individual outputs can drive a transistor as 
well as a LED at the same time, so controller functions 
including "staging" control can be performed. The 
LM3914 can also act as a programmer, or sequencer.

F e a t u r e s

■ Drives LEDs, LCDs or vacuum fluorescents
■ Bar or dot display mode externally selectable by user
■ Expandable to displays of 100 steps
■ Internal voltage refirence from 1.2V to 12V
■ Operates with single supply of less than 3V
■ Inputs operate down to ground
■ Output current programmable from 2 to 30 mA
■ No multiplex switching or interaction between outputs
■ Input withstands ±35V without damage or false 

outputs
■ LED driver outputs are current regulated, open- 

col lectors
■ Outputs can interface with TTL or CMOS logic
e The internal 10-step divider is floating and can be 

referenced to a wide range of voltages

The LM3914 is rated for operation from 0°C to +70°C. 
The LM3914N is available in an 18-lead molded (N) 
package and the LM3914J comes in the 18-lead ceramic 
DIP.

The following typical application illustrates adjusting of 
the reference to a desired value, and proper grounding 
for accurate operation, and avoiding oscillations.

T y p i c a l  A p p l i c a t i o n s 0V to 5V Bar Graph Meter

N o t* 1: Grounding m ethod it  typical o f 
• I I  use*. The 2.2 i iF  tantalum  or 10 /iF  
alum inum electro ly tic  capacitor it  needed 
if  leads to  the LED supply are 6 "  or 
longer.
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A b s o l u t e  M a x i m u m  R a t i n g s

Power Dissipation (Note 5) 
Ceramic DIP (J)
Molded DIP (N)

Supply Voltage 
Voltage on O utpu t Drivers

Inpu t Signal Overvoltage (Note 3) 135V 
1W Divider Voltage - 1 0 0 m V to V + 

625 mW Reference Load Current 10 mA 
25V Storage Temperature Range -5 5 °C  to + 1 5 0 “ C 
25V Lead Temperature (Soldering, 10 seconds) 300°C

E l e c t r i c a l  C h a r a c t e r i s t i c s  < N o te n

PARAMETER CONDITIONS (Note 1) MIN" TYP MAX UNITS

COMPARATOR

Offset Voltage, Buffer and First 
Comparator

0 V < V R LO -  V r H|< 1 2 V ,  

•l e d  *  1 mA

3 10 mV

Offset Voltage, Buffer and Any Other 
Comparator

0 V < V r L O - V r h I< 1 2 V ,

•l e d  *  1 mA

3 15 mV

Gain (A Il ED/A\/|N) lL (R E F ) '2 m A , iL E D - 'O m A 3 8 mA/mV

Input Bias Current (at Pin 5) 0 V <  V |N <  V+ -1.5V 10 50 nA

Input Signal Overvoltage No Chang* in Display -35 35 V

VOLTAGE-DIVIDER

Oivider Resistance Total, Pin 6 to 4 6.5 10 15 kH

Accuracy (Nota 2) 0.5 2 %

VOLTAGE REFERENCE

Output Voltage 0.1 m A <  Il (REF) < 4  mA, 
V+ - V LEd -5 V

1.2 1.28 1.34 V

Line Regulation 3V <  V+ <  18V 0.01 0.03 %/v

Load Regulation 0.1 mA <  Il (REF) <  ^  mA, 
V * -  VLE0 -  5V

0.4 2 %

Output Voltage Change With 
Temperature

0*C <  Ta  <  +70*C. Il (REF) • 1 mA, 
V+ ■ 6V

1 %

Adjust Pin Current 75 120 nA

OUTPUT DRIVERS

LED Current v + * V tE D  ■ 5V. Il (REF) ■ 1 rnA 7 10 13 mA

LED Current Difference (Between 
Largest and Smallest LED Currents)

V l e d  "  5V. I l ED *"2 mA 
V LED ”  5V, 1 LED ■ 2° mA

0.12
1.2

0.4

3

mA

mA

LED Current Regulation 2 V < V LE O < 1 7 V  lL E 0 ‘ 2m A 

•LED ■ 20 mA

0.1
1

0.25
3

mA

mA

Dropout Voltage 'LED(ON) -  20 mA, V LED ■ 5V. 
AILED ■ 2 mA

1.5 V

Saturation Voltage 'LED ■ 2 0 mA. lU R EF) *  0.4 mA 0.15 0.4 V

Output Leakage, Each Collector (Bar Model (Note 4) 0.1 10 HA

Output Leakage 

Pins 10-18 
Pin 1

(Dot Model (Not* 41

60
0.1
150

10
450

HA

»A

SUPPLY CURRENT

Standby Supply Current 
(A ll Outputs Off)

V+ -  5V, IL(REF) *  0.2 mA 

V * -  20V. I l (REFI "  1.0 mA

2.4

6.1

4.2

9.2

mA

mA

Note 1: Unless otherwise stated, all specifications apply w ith  the fo llow ing  conditions:

3 v DC <  v + <  20 v o c  v r e f , v R H i,  v n u 0 <  <v - i . 5 v t  

3 V d c  <  V LED <  V + 0 V <  V |N < V + -1 .5 V

—0.015V  <  V R j_o ^  12 V q q  T/v *  + 25°C. Il (REF) “  0.2 m A , V|_£D “  3.0V. pin 9 con ne c te d  to  p in  3 (Bar M od e l. 

—0.015V <  V R H | <  12 V DC

For higher power dissipations, pulse testing is used. *■

Note 2: Accuracy is measured referred to  +10.000 V d c  ** P 'n ^ rh 0.000 V d c  ** P 'n A t lower full-scale voltages, buffer and comparator 
offset voltage may add significant error.
Note 3: Pin 5 Input current m u tt tie lim ited  to  23 m A. The addition o f a 39k resistor in series w ith  pin 5 allows i  100V signals w ithou t damage 
Note 4: Bar mode results when p in  9 i t  w ith in  20 m V o f V * . Dot mode re tu lti when pin 9  is pulled at least 200 m V below V * or le ft open circu it. 
LED No. 10 (pin 10 ou tpu t current) is disabled if  p in  9 is pulled 0.9V or more below V l e D '
Note 5: The m aximum junction temperature of the LM3914 is 100°C. Devices must be derated fo r  o p e ra tio n  at e leva ted te m p era tu res . Ju n c tio n  
to  ambient thermal resilience i t  75“ C/W fo r the ceramic DIP (J package! and 120“ C/W for the molded DIP IN package).
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Definition of Terms

Accuracy: The difference between the observed threshold 
voltage and the ideal threshold voltage for each com
parator. Specified and tested with 10V across the internal 
voltage divider so that resistor ratio matching error 
predominates over comparator offset voltage.

Adjust Pin Current: Current flowing out of the reference 
adjust pin when the reference amplifier is in the linear 

! region.

; Comparator Gain: The ratio of the change in output 
| current (ILED) the change in input voltage (V |n ) 
| required to produce it for a comparator in the linear 

region.

Dropout Voltage: The voltage measured at the current 
source outputs^required to make the output current 
fall by 10%.

j Input Bias Current: Current flowing out of the signal 
I input when the input buffer is in the linear region.

LED Current Regulation: The change in output current 
over the specified range of LED supply voltage (Vl e d ) 
as measured at the current source outputs. As the 
forward voltage of an LED does not change significantly 
with a small change in forward current, this is equivalent 
to changing the voltage at the LED anodes by the 
same amount.

Line Regulation: The average change in reference output 
voltage over the specified range of supply voltage (V+).

Load Regulation: The change in reference output voltage 
(VREF) ° ver the specified range of load current 
dL(REF)).

Offset Voltage: The differential input voltage which 
must be applied to each comparator to bias the output 
in the linear region. Most significant error when the 
voltage across the internal voltage divider is small. 
Specified and tested with pin 6 voltage (V r ^ i ) equal 
to pin 4 voltage (VRL0^-

L
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Typical Performance Characteristics
Operating Input Bias 
Current vs Temperature

Reference Adjust Pin 
Current vs Temperature

Output Characteristics

'linen ■

Supply Current vs 
Temperature

LED Current vs 
Reference Loading

Total Divider Resistance 
vs Temperature Common-Mode Limits

Input Current Beyond 
Signal Range (Pin 5)

LED Current-Regulation 
Dropout

1.4

LED Driver Saturation 
Voltage

LED Driver Current 
Regulation

Reference Voltage vs 
Temperature

0 25 so rs 
TEMPERATURE I Cl
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Block Diagram (Showing Simplest Application)

Functional Description
The simplified LM3914 block diagram is to give the 
general idea of the circuit's operation. A high input 
impedance buffer operates with signals from ground to 
12V, and is protected against reverse and overvoltage 
signals. The signal Is then applied to a series of 10 
comparators; each of which is biased to a different 
comparison level by the resistor string.

In the example illustrated, the resistor string is connected 
to the internal 1.25V reference voltage. In this case, for 
each 125 mV that the input signal increases, a com
parator will switch on another indicating LED. This

resistor divider can be connected between any 2 voltages, 
providing that they are 1.5V below V+ and no less than 
V~. If an expanded scale meter display is desired, the 
total divider voltage can be as little as 200 mV. Ex- 
panded-scale meter displays are more accurate and the 
segments light uniformly only if bar mode is used. At 
50 mV or more per step, dot mode is usable.

Internal Voltage Reference

The reference is designed to be adjustable and develops 
a nominal 1.25V between the REF OUT (pin 7) and

9-167

Functional Description (Continued) Mode Pin Functional Description

REF ADJ (pin 8) terminals. The reference voltage is 
impressed across program resistor R1 and, since the 
voltage is constant, a constant current h then flows 
through the output set resistor R2 giving an output 
voltage of:

Since the 120 pA current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of this current with V and load 
changes.

Current Programming

A feature not completely illustrated by the block 
diagram is the LED brightness control. The current 
drawn out of the reference voltage pin (pin 7) determines 
LED current. Approximately 10 times this current will 
be drawn through each lighted LED, and this current 
will be relatively constant despite supply voltage and 
temperature changes. Current drawn by the internal 10- 
resistor divider, as well as by the external current and 
voltage-setting divider should be included in calculating 
LED drive current. The ability to modulate LED 
brightness with time, or in proportion to input voltage 
and other signals can lead to a number of novel displays 
or ways of indicating input overvoltages, alarms, etc.

Mode Pin Use

Pin 9, the Mode Select input controls chaining of multiple 
LM3914s, and controls bar or dot mode operation. The 
following tabulation shows the basic ways of using this 
input. Other more complex uses will be illustrated in 
the applications.

Bar Graph Display: Wire Mode Select (pin 9) directly 
to pin 3 (V+ pin).

Dot Display, Single LM3914 Driver: Leave the Mode 
Select pin open circuit.

Dot Display, 20 or More LEDs: Connect pin 9 of the
first driver in the series (i.e., the one with the lowest 
input voltage comparison points) to pin 1 of the next 
higher LM3914 driver. Continue connecting pin 9 of 
lower input drivers to pin 1 of higher input drivers for 
30,40, or more LED displays. The last LM3914 driver 
in the chain will have pin 9 wired to pin 11. All 
previous drivers should have a 20k resistor in parallel 
with LED No. 9 (pin 11 to VleD>-

This pin actually performs two functions. Refer to the 
simplified block diagram below.

Block Diagram of Mode Pin Function

OUTPUT NO 9 OUTPUT NO 10

*H igh  fo r  bar

Dot or Bar Mode Selection

The voltage at pin 9 is sensed by comparator 01. nom
inally referenced to (V+—100 mV). The chip is in bar 
mode when pin 9 is above this level; otherwise it's in 
dot mode. The comparator is designed so that pin 9 
can be left open circuit for dot mode.

Taking into account comparator gain and variation in 
the 100 mV reference level, pin 9 should be no more 
than 20 mV below V+ for bar mode and more than 
200 mV below V+ (or open circuit) for dot mode. In 
most applications, pin 9 is either open (dot mode) or 
tied to V + (bar mode). In bar mode, pin 9 should be 
connected directly to pin 3. Large currents drawn 
from the power supply (LED current, for example) 
should not share this path so that large IR drops are 
avoided.

Dot Mode Carry

In order for the display to make sense when multiple 
LM3914s are cascaded in dot mode, special circuitry 
has been included to shut off LED No. 10 of the first 
device when LED No. 1 of the second device comes on. 
The connection for cascading in dot mode has already 
been described and is depicted on the following page.

As long as the input signal voltage is below the threshold 
of the second LM3914, LED No. 11 is off. Pin 9 of 
LM3914 No. 1 thus sees effectively an open circuit so 
the chip is in dot mode. As soon as the input voltage 
reaches the threshold of LED No. 11, pin 9 of L M 3 9 1 4  

No. 1 is pulled an LED drop (1.5V or more) below 
V le d -  ^ * 's cor|dition is sensed by comparator C2, 
referenced 600 mV below V|_£q. This forces the output 
of C2 low, which shuts off output transistor Q2, ex
tinguishing LED No. 10.
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Mode Pin Functional Description (Continued)

V led  '* *ensed v'a 1,16 20k resistor connected to pin 11. 
The very small current (less than 100 /jA I that is divert
ed from LED No. 9 does not noticeably affect its
intensity.

An auxiliary current source at pin 1 keeps at least 
100 /iA flowing through LED No. 11 even if the input 
voltage rises high enough to extinguish the LED. This 
ensures that pin 9 of LM3914 No. 1 is held low enough 
to force LED No. 10 off when any higher LED is il
luminated. While 100 juA does not normally produce 
significant LED illumination, it may be noticeable 
when using high-efficiency LEDs in a dark environ
ment. If this is bothersome, the simple cure is to shunt 
LED No. 11 with a 10k resistor. The IV  IR drop is more 
than the 900 mV worst case required to hold off LED 
No. 10 yet smal^eTiough that LED No. 11 does not 
conduct significantly.

Other Device Characteristics

The LM3914 is relatively low-powered itself, and since 
any number of LEDs can be powered from about 3V, it 
is a very efficient display driver. Typical standby supply 
current (all LEDs OFF) is 1.6 mA (2.5 mA max). 
However, any reference loading adds 4 times that current 
drain to the V+ (pin 3) supply input. For example, an 
LM3914 with a 1 mA reference pin load (1.3k). would 
supply almost 10 mA to every LED while drawing only

10 mA from its V + pin supply. At full-scale, the 1C is 
typically drawing less than 10% of the current supplied 
to the display.

The display driver does not have built-in hysteresis so 
that the display does not jump instantly from one LED 
to the next. Under rapidly changing signal conditions, 
this cuts down high frequency noise and often an annoy
ing flicker. An "overlap" is built in so that at no time 
between segments are all LEDs completely OFF in the 
dot mode. Generally 1 LED fades in while the other 
fades out over a mV or more of range (Note 2). The 
change may be much more rapid between LED No. 10 
of one device and LED No. 1 of a second device 
"chained" to the first.

The LM3914 features individually current regulated LED 
driver transistors. Further internal circuitry detects when 
any driver transistor goes into saturation, and prevents 
other circuitry from drawing excess current. This results 
in the ability of the LM3914 to drive and regulate LEDs 
powered from a pulsating DC power source, i.e., largely 
unfiltered. (Due to possible oscillations at low voltages a 
nominal bypass capacitor consisting of a 2.2 n F solid 
tantalum connected from the pulsating LED supply to 
pin 2 of the LM3914 is recommended.) This ability to 
operate with low or fluctuating voltages also allows the 
display driver to interface with logic circuitry, opto- 
coupled solid-state relays, and low-current incandescent 
lamps.

Cascading LM3914s in Dot Mode
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Typical Applications (Continued)

Zero-Center Meter, 20-Segment
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Typical Applications (Continued)

Expanded Scale Meter, Dot or Bar

6VAcT0 iovac 
CENTERTAPPEO 

(-0-5 MAX)

rOBAR I
I Application Example: Grading 5V Regulators

*This application illustrates that the LED 
supply needs practically no filte ring

C alibration: With a precision m eter be
tween pins 4 and 6 adjust R1 fo r voltage 
V q  o f 1 .20V. Apply 4.94V to p in  5, and 
adjust R4 until LED No. 5 just lights. 
The adjustments are non-interacting.

R3 R4 JL 
3.40k Ik “

HIGHEST NO. 
LED ON

COLOR VOUT(MIN)

10 Red 5.54
9 Red 5.42
8 Yellow 5.30
7 Green 5.18
6 Green 5.06

5V
5 Green 4.94
4 Green 4.82
3 Yellow 4.7
2 Red 4.58
1 Red 4.46

"Exclamation Point" Display
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Typical Applications (Continued)

Indicator and Alarm, Full-Scale Changes Display From Dot to Bar

' V * 3V

Bar Display with Alarm Flasher

■V l EO 5V

IED 
NO. 1

/t/ a j A / AJ A / AJ AJ

16 IS 14 1) 12

AJ k
LED 
NO. 10

I T

LM3914

v *  Rio sic r mi r e f  o u t  r e f a o j  m o p e

H

-W r
Full-scale causes the fu ll bar display to 
flash. If  the junction o f R1 and C1 is 
connected to  a d ifferent LED cathode, 
the display w ill flash when that LED 
lights, and at any higher input signal.

i
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Typical Applications (Continued)

Adding Hysteresis (Single Supply, Bar Mode Only) V4
(5V)

Operating with a High Voltage Supply (Dot Mode Only)

The LED currents are approxim ately 10 
m A. and the LM3914 outputs operate in 
saturation for m inim um  dissipation.

1N4002

-W-
r j /V /V />/ />/ A/ r j r j / ! / r j

r i r i r ^ r i r y f  1f  \ f  1r
LEO
NO

i t 17 i t IS 14 13 12 11 10

“n r

LM3914

REF REF
V* R10 SIC rhi out aoj mode

"TO F
3.4V*

*This p o in t is partia lly  regulated and - j "  
decreases in voltage w ith  temperature.
Voltage requirements of the LM3914 
also decrease w ith  temperature. 2N2905

T T

!"p-
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Typical Applications (Continued)

20*Segment Meter with Mode Switch

The exact w iring arrange
ment o f this schematic 
shows the need for Mode 
Select (pin 9) to  sense the 
V *  voltage exactly as it 
appears orr p in 3.

IT
■AAAr—j

oSSl—f

h  12 13 )4 Is I t  I ;  | i  9
*  I— — HI 24V

r Programs LEDs to 10 mA

Application Hints
Three of the most commonly needed precautions for 
using the LM3914 are shown in the first typical applica
tion drawing (see page 9-108) showing a 0 V -5 V  bar 
graph meter. The most difficult problem occurs when 
large LEO currents are being drawn, especially in bar 
graph mode. These currents flowing out of the ground 
pin cause voltage drops in external wiring, and thus 
errors and oscillations. Bringing the return wires from 
signal sources, reference ground and bottom of the 
resistor string (as illustrated) to a single point very near 
pin 2 is the best solution.

Long wires from V|_ed ,0  *-ED anode common can 
cause oscillations. Depending on the severity of the 
problem 0.05 juF to 2.2 decoupling capacitors from 
LED anode common to pin 2 will damp the circuit. If 
LED anode line wiring is inaccessible, often similar 
decoupling from pin 1 to pin 2 will be sufficient.

If LED turn ON seems slow (bar mode) or several LEDs 
light (dot mode), oscillation or excessive noise is usually 
the problem. In cases where proper wiring and bypassing 
fail to stop oscillations, V+ voltage at pin 3 is usually 
below suggested limits (see Note 2, page 9-1081. Ex
panded scale meter applications may have one or both 
ends of the internal voltage divider terminated at rela

tively high value resistors. These high-impedance ends 
should be bypassed to pin 2 with at least a 0.001 fjF 
capacitor, or up to 0.1 fjF in noisy environments.

Power dissipation, especially in bar mode should be given 
consideration. For example, with a 5V supply and all 
LEDs programmed to 20 mA the driver will dissipate 
over 600 mW. In this case a 7.5S2 resistor in series with 
the LED supply will cut device heating in half. The 
negative end of the resistor should be bypassed with a 
2.2 pF solid tantalum capacitor to pin 2 of the LM3914

Turning OFF of most of the internal current sources is 
accomplished by pulling positive on the reference with a 
current source or resistance supplying 100 jjA or so. 
Alternately, the input signal can be gated OFF with 
a transistor switch.

Other special features and applications characteristics will 
be illustrated in the following applications schematics. 
Notes have been added in many cases, attempting to 
cover any special procedures or unusual characteristics 
of these applications. A special section called "Applica
tion Tips for the LM3914 Adjustable Reference" has 
been included with these schematics.
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Application Hints (Continued)

APPLICATION TIPS FOR THE LM3914* ADJUSTABLE REFERENCE

Greatly Expanded Scale (Bar Mode Only)

Placing the LM3914s internal resistor divider in parallel 
with a section (~230fi) of a stable, low resistance 
divider greatly reduces voltage changes due to 1C resistor 
value changes with temperature. Voltage V i should be 
trimmed to 1.1V first by use of R2. Then the voltage V 2 
across the 1C divider string can be adjusted to 200 mV, 
using R5 without affecting V i .  LED current will be 
approximately 10 mA.

Non-Interacting Adjustments for Expanded Scale Meter 
(4.5V to 5V, Bar or Dot Mode)

This arrangement allows independent adjustment of LED 
brightness regardless of meter span and zero adjustments.

First, V i  is adjusted to 5V, using R2. Then the span 
(voltage across R4) can be adjusted to exactly 0.5V 
using R6  without affecting the previous adjustment.

R9 programs LED currents within a range of 2.2 mA to 
20 mA after the above settings are made.

Adjusting Linearity of Several Stacked Dividers

Three internal voltage dividers are shown connected in 
series to provide a 30-step display. If the resulting analog 
meter is to be accurate and linear the voltage on each 
divider must be adjusted, preferably without affecting 
any other adjustments. To do this, adjust R2 first, so 
that the voltage across R5 is exactly 1V. Then the 
voltages across R3 and R4 can be independently adjusted 
by shunting each with selected resistors of 6 k fi or 
higher resistance. This is possible because the reference 
of LM3914 No. 3 is acting as a constant current source.

The references associated with LM3914s No. 1 and No. 2 
should have their Ref Adj pins (pin 8 ) wired to ground, 
and their Ref Outputs loaded by a 620H resistor to 
ground. This makes available similar 20 mA current 
outputs to all the LEDs in the system.

If an independent LED brightness control is desired (as 
in the previous application), a unity gain buffer, such as 
the LM310, should be placed between pin 7 and Rl, 
similar to the previous application.

Greatly Expanded Scale (Bar Mode Only)
Non-Interacting Adjustments for Expanded Scale Meter 
(4.5V to 5V, Bar or Dot Mode)

Adjusting Linearity of Several Stacked Dividers
Rl
M l M ft
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Other Applications

■ "Slow" -  fade bar or dot display (doubles resolution)
■ 20 step meter with single pot brightness control
■ 10-step (or multiples) programmer
■ Multi-step or "staging" controller
■ Combined controller and process deviation meter
■ Direction and rate indicator (to add to DVMs)
■ Exclamation point display for power saving

■ G ra d u a tio n s  can be added to  d o t d isp lays. D im ly  
l ig h t  every  o th e r L E D  using a resistor to  g round

■ E le c tro n ic  "m e te r  re la y " -d is p la y  co u ld  be c irc le  o r 
sem i-c irc le

■ M o v in g  " h o le "  d is p la y - in d ic a to r  LE D  is d a rk , rest o f 
bar l i t

■ D rives vacu u m -flu o re sce n t and LCDs using added 
passive parts

Connection Diagram

Dual-ln-Line Package

LED NO. 1

DIVIDER
(LOW END)

SIGNAL INPUT —

DIVIDER _6  
(HIGH END)

REFERENCE OUTPUT —

REFERENCE ADJUST —

MODE SELECT —

LED NO. 7

12
—  LED NO. 8

LED NO. 9

10
—  LED NO. 10

TOP VIEW

Order Number 3914J 
See NS Package J18A 

Order Number LM3914N 
See NS Package N18A
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n o t  h e w l e t t\ltlM  PACKARD
HEXADECIMAL 
AND NUMERIC 

INDICATORS

5082-7300
5082-7302
5082-7304
5082-7340

TE C H N IC A L DATA JANUARY 19(

Features
HEXADECIMAL 5082-7340 

0-9, A-F, Base 16 
Operation 
Blanking Control. 
Conserves Power 
No Decimal Point

NUMERIC 5082-7300/-7302 
0-9, Test State, Minus 
Sign, Blank States 
Decimal Point 
7300 Right Hand D.P.
7302 Lelt Hand D.P.

DTL/TTL COMPATIBLE 
INCLUDES DECODER/DRIVER WITH 5-BIT 
MEMORY 

8421 Positive Logic Input 
4 « 7 DOT MATRIX ARRAY 

Shaped Character, Excellent Readibility 
STANDARD DUAL-IN-LINE PACKAGE 
INCLUDING CONTRAST FILTER 

15.2 mm x 10.2 mm (0.6 inch x 0.4 inch) 
CATEGORIZED FOR LUMINOUS INTENSITY 

Assures Uniformity of Light Output from 
Unit to Unit within a Single Category

Description
The HP 5082-7300 series solid state numeric and hexa
decimal indicators with on-board decoder/driver and memory 
provide 7.4 mm i0.29 inchi displays for reliable, low-cost 
methods of displaying digital information.

The 5082-7300 numeric indicator decodes positive 8421 
BCD logic inputs into characters 0-9. a " sign, a test pat
tern. and four blanks in the invalid BCD states. The unit 
employs a right-hand decimal point.

Package Dimensions

The 5082-7302 is the same as the 5082-7300, except that the 
decimal point is located on the left-hand side of the digit.

The 5082-7340 hexadecimal indicator decodes positive 8421 
logic inputs into 16 states. 0-9 and A-F. In place of the 
decimal point an input is provided for blanking the display 
all LED's off', without losing the contents of the memory. 

Applications include terminals and computer systems using 
the base-16 character set.

The 5082-7304 is a (±11 overrange display including a right- 
hand decimal point.

Applications
Typical applications include point-of-sale terminals, instru
mentation, and computer system

5 6 ? •

Q-Q-Q-Q-

LUMINOUS
INTENSITY
CATEGORY

r * -

I (0 012 OC

.SrLwi r

0 5 0 08 TYP 
1 10 020 0.0031 

2 5 0 13 TYP 
<0 10 0 0051

Pin

Function

5082-7300 
and 7302 
Numeric

5082-7340
Hexadecimal

1 Input 2 Inpul 2
2 Input 4 Input 4
3 Input 8 Input 8
4 Decimal

Point
Blanking
Control

5 Latch
Enable

Latch
Enable

6 Ground Ground
7 VCC Vcc
8 Input 1 Input 1

1 Dimensions »n fr iihmetres and
■inches-

2 Unless otherwise specified the
tolerance on an dimensions is
•038 mm -• 0015 -rich

3 Digit center line •S -0 25 mm
•0 01 inch ' from package center
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Absolute Maximum Ratings
Description Symbol Min. Max. Unit

Storage temperature, ambient T, -4 0 +100 •c
Operating temperature, case" '11 Tc -2 0 +85 •c
Supply voltage151 Vcc -0 .5 +7.0 V

Voltage applied to input logic, dp and enable pins V i .V dp.V e -0 .5 +7.0 V

Voltage applied to blanking^nput^ V, -0 .5 V

Maximum solder temperature at 1.59mm (.062 inch) 
below seating plane; t 5 seconds 230 •c

Recommended Operating Conditions
Description Symbol Min. Nom. Max. Unit

Supply Voltage Vcc 4.5 5.0 5.5 V

Operating temperature, case Tc -20 +85 °c
Enable Pulse Width tw 120 nsec

Time data must be held before positive transition 
of enable line tsETUP 50 nsec

Time data must be held after positive transition 
of enable line tHOLD 50 nsec

Enable pulse rise time t tL H 200 nsec

Electrical/Optical Characteristics (Tc = -20°C to +85°C, unless otherwise specified).

Description Symbol Test Conditions Min. Typ.14' Max. Unit

Supply Current Icc Vcc=5.5V (Numeral 
5 and dp lighted)

•'1.12-' 170 mA
Power dissipation Pt 560 935 mW

Luminous intensity per LED 
(Digit average)l5,‘ ' 1, Vcc=5.0V, Tc=25° C 32 70 jicd

Logic low-level input voltage VIL

Vcc=45V

0.8 V
Logic high-level input voltage V IH 2.0 V
Enable low-voltage; data being 
entered VEL 0.8 V

Enable high-voltage; data not 
being entered V eh 2.0 V

Blanking low-voltage; display 
not blanked '71 V ,L 0.8 V

Blanking high-voltage; display 
blanked1,1 V.H 3.5 V

Blanking low-level input current'71 111 Vcc=5.5V, V ,L=0.8V 20
Blanking high-level input current'71 IsH Vcc=5.5V, VBH=4.5V 2.0 mA
Logic low-level input current III Vcc=5.5V, V,l=0.4V -1 .6 mA
Logic high-level input current IlH VCc=5.5V. V,H=2.4V +250 nA
Enable low-level input current I el Vcc=5.5V. Vel=0.4V -1 .6 mA
Enable high-level input current I eh Vcc=5.5V, Veh=2.4V +250 txA
Peak wavelength A pea k Tc=25°C 655 nm
Dominant Wavelength A* Tc=25°C 640 nm
Weight 0.8 gm

Notes: 1. N om ina l therm a l resistance o f a d isp lay m ounted  in a socke t w h ich  is so ldered in to  a p rin ted  c ircu it board: B ja=50°C /W ;
Wk =15°C /W ; 2. B( * o f a m ounted d isp lay shou ld  n o t exceed 35° C /W  fo r opera tion  up to  T, = +85° C. 3 Voltage values are w ith  respect to  
device g round , p in  6. 4 A ll typ ica l values at Vl ( =5.0 Volts. T c=25°C . 5 These d isp lays are categorized fo r lum inous in tens ity  w ith  the in 
tens ity  ca te g o ry  designa ted  by a le tte r loca ted  on the back of the d isp lay con tiguous  w ith  the H ew lett-Packard logo m ark ing  6 The 
lu m in o u s  in te n s ity  a t a spec ific  case tem pera tu re , l» (T r) m ay be ca lcu la te d  from  th is  re la tionsh ip : K (T , )=U  (25° C) e ( ' 0,88/' c T r - 2S°c-| 
7. A pp lies  o n ly  to  7340. 8 The dom inan t w avelength. \ j ,  is derived from  the C IE c h ro m a tic ity  d iagram  and represents the s ing le  w ave
leng th  w h ich  de fines the co lo r o f the device 

|______________________________________________________________________
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Figure 1. T im ing Diagram o f 5082-7300 
Series Logic.

LOO 1C 

INPUT

Figure 2. B lock Diagram of 5082-7300 
Series Logic.

Figure 3. Typical B lanking C ontro l 
Current vs. Voltage fo r 
5082-7340.

Tc - CASE TEMPERATURE -  C 

Figure 4 . Typical B lanking C ontro l 
Input Current vs. 
Temperature 5082-7340.

V, -  CATCH ENABLE VOLTAGE -  V

i 5. Typ ica l Latch Enable Input 
Current vs. Voltage fo r the 
5082-7300 Series Devices.

TRUTH TABLE
BCD DATA111

6082-7300/7302 5082-7340
x . x4 * * *1

L L L L f  f 0

L L L H i 1

L L H L 2

L L H H

L H L L L j
H

L H L H C c

L H H L h j” ,

L H H H "1 i

H L I L 8

H L L H Q

H L H L B H
H L H H (BLANK! B
H H L L (BLANK) !

H M L H - 0

H H H L (BLANK) F

H H H H (BLANK) p

ON VW - L
OFF V o ,-H

111 LOAD OATA V, - L
LATCH OATA V, -H
DISPLAY-ON V , - I
DISPLAY-OFF V, -H

U JA-
Vm -  LOGIC VOLTAGE -  V

Figure 6. Typica l Logic and Decimal 
Point Inpu t Current vs. 
Voltage fo r the 5082-7300 
Series Devices. Decimal 
Point Applies to  5082-7300 
and -7302 O nly.

Notes:

1. H -  Logic High; L *  Logic Low. W ith the enable inpu t at logic high 
changes in BCD input logic levels or D.P. inpu t have no e ffect upon 
display m em ory, displayed character, or D.P.

2. The decimal po in t input, DP, pertains on ly  to  the 5082-7300 and 
5082-7302 displays.

3. The blanking con tro l input, B, pertains on ly  to  the 5082*7340 
hexadecimal display. B lanking inpu t has no e ffect upon display 
memory.
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ENT BAR GRAPH ARRAY
RED HDSP 

IGH-EFFICIENC Yi RED HDSP

RFORMANCE GREEN1 HDS 
EMERALD GREEN HDSI 

MULTICOLOR HDSI 
ULTICOLOR HDS

TE C H N IC A L DATA JANUARY 1986

Features
• CUSTOM MULTICOLOR ARRAY CAPABILITY

• MATCHED LEDs FOR UNIFORM APPEARANCE

• END STACKABLE

• PACKAGE INTERLOCK ENSURES CORRECT 
ALIGNMENT «•

• LOW PROFILE PACKAGE

» RUGGED C O N S TR U C TIO N - 
RELIABILITY DATA SHEETS AVAILABLE

• LARGE, EASILY RECOGNIZABLE SEGMENTS

• HIGH ON-OFF CONTRAST, SEGMENT TO 
SEGMENT

• WIDE VIEWING ANGLE

• CATEGORIZED FOR LUMINOUS INTENSITY

• HDSP-4832M836/-4840/-4850/-4890 
CATEGORIZED FOR DOMINANT 
WAVELENGTH

Applications
• INDUSTRIAL CONTROLS
• INSTRUMENTATION
• OFFICE EQUIPMENT
• COMPUTER PERIPHERALS
• CONSUMER PRODUCTS

Package Dimensions

Description
These 10-element LED arrays are designed to display infor
mation in easily recognizable bar graph form. The packages 
are end stackable and therefore capable of displaying long 
strings of information. Use of these bar graph arrays elimi
nates the alignment, intensity, and color matching problems 
associated with discrete LEDs. The HDSP-4820/-4830/ 
-4840/-4850/-4890 each contain LEDs of just one color. 
The HDSP-4832/-4836 are multicolor arrays with High- 
Efficiency Red, Yellow, and Green LEDs in a single pack
age. CUSTOM MULTICOLOR ARRAYS ARE AVAILABLE 
WITH MINIMUM DELIVERY REQUIREMENTS. CONTACT 
YOUR LOCAL DISTRIBUTOR OR HP SALES OFFICE 
FOR DETAILS.
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A bsolute M axim u m  Ratings191
Parameter HDSP-4820 HDSP-4830 HDSP-4840 HDSP-4850 HDSP-4890

Average Power Dissipation per LED 
(T *  25°C)!1) 125 mW 125 mW 125 mW 125 mW 125 mW

Peak Forward Current per LED 150 mAl2) 90 mAPl 60 mAPl 90 mAl3l 90 mAPl

DC Forward Current per LED 30 mAl<) 30 mAPl 30 mAPl 30 mAi7l 30 mAl7l

Operating Temperature Range -40° C to +85° C -20’ Cto +85” C

Storage Temperature Range -40° C to +85“ C

Reverse Voltage per LED fr 3.0 V

Lead Soldering Temperature
(1.59 mm (1/16 inch) below seating plane!®)

260°Cfor3sec

^ D e r a t e  m ax im um  average pow er above T a = 25“ C at 1 67 m W /*C . This d e ra tin g  assum es w ors t case Rh j -a = 600” C /W /LED.
2. See F igure  1 to  es tab lish  pu lsed  op e ra tin g  cond itions ,
3 . See Figure 6 to establish pulsed operating conditions.
4. D erate m a x im um  DC c u rre n t above T a = 63 ” C at0.81 m A /" C per LED. T h is  d e ra tin g  assum es w o rs t case R m j-a  = 600 C, W /LED. W ith  

an im proved the rm a l des ign , op e ra tio n  a t h ig h e r tem pera tu res w ith o u t de ra tin g  is possib le . See Figure>2. w ith  an
5. Derate m ax im um  DC  cu rre n t above T a = 50“ C at 0.6 mA/ •  C per LED. This d e ra ting  assum es w ors t case Rh j -a = 600 C, W 'LED. W itn  an 

im proved  the rm a l des ign , o p e ra tio n  at h ig h e r tem pera tures w ith o u t de ra ting  is poss ib le  See F igu re  __
6. Derate m ax im um  DC  c u rre n t above T a = 70” C at 0.67 m A /” C per LED. T h is  d e ra tin g  assum es w o rs t case Rh j -a = 600 C, W /LED W ith  

an im proved  the rm a l des ign , o p e ra tio n  a t h ighe r tem peratures w ith o u t de ra tin g  is possib le . See F igure  8
7. D erate m a x im um  DC  c u rre n t above  T a = 37“  C at 0.48 m A /“ C  per LED. Th.s d e ra tin g  assum es w o rs t case Rh j -a = 600 C /W /LED . W ith  

an im proved  the rm a l des ign , o p e ra tion  at h ig h e r tem peratures w ith o u t d e ra tin g  is possib le . See F igure  9.
8. C lean o n ly  in  w ater, Isop ropano l, E thano l, Freon TF o r TE lo r equ iva len t) and G enesolve D I-15 io r  e q u iv a le n t
9. A b so lu te  m a x im um  ra tin g s  lo r  th e  HER, Y e llow , and Green e lem ents o f the m u lt ic o lo r  arrays are id e n tica l to  the HDSP-4830/-4840/ 

-4850 m axim um  ra tings.

in ternal Circuit D iagram
M ultico lor Array  
S egm ent Colors

N1/
b *

1/
r C i

V
N d r

— p  
r
1/
N i T
P
N . 'i
V
N h &

V
M i &
V
K I f i
t

PIN FUNCTION PIN FUNCTION
1 ANO DE-a 11 CATHODE-j
2 ANODE- b 12 CATHO DE-i
3 AN O D E-c 13 CATHOOE-h
4 AN O D E-d 14 CATHODE- g
5 AN O D E-# 16 CATHO DE-f
6 A N O D E -» 16 CATHO DE-1
7 A N O D E -j 17 CATHOOE-d
8 ANODE- h 18 CATHODE-c
9 ANODE- i 19 CATHODE-b
10 ANODE- j 20 CATHO DE-*

Segment
HDSP-4832 

Segment Color
HDSP-4836 

Segment Color

a HER HER

b HER HER

c HER Yellow

d Yellow Yellow
e Yfellow Green

f Yellow Green

g Yellow Yellow

h Green Yellow

i Green HER

1 Green HER

Electrical/O ptical Characteristics a t  Ta  =  25° C141
RED HDSP-4820

Parameter Symbol Test Conditions Min. Typ. Max. Units

Luminous Intensity per LED 
(Unit Averaget1’ 1 If If = 20 mA 610 1250 n cd

Peak Wavelength XPEAK 655 nm

Dominant Wavelength*21 \d 645 nm

Forward Voltage per LED Vf If =  20 mA 1.6 2.0 V

Reverse Voltage per LED Vr Ir — 100 ftA 3 12151 V

Temperature Coefficient Vf per LED AVf/°C -2.0 mV/°C

Thermal Resistance LED Junction-to-Pin r 0 j - pin
300 °C/W /

LED
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Parameter Symbol Test Conditions Min. iyp. Max. Units

Luminous Intensity Per LED 
(Unit Average)!1) f  v V :

lr  =* 10 mA r
250 1600 Itcd

Peak Wavelength kpEAK 556 nm

Dominant Wavelength!2-3' <■:: " *d > • t jjh  ,W  ? V 558 nm

Forward Voltage Per LED Vf IF = 10 mA 2.2 2.5 V

Reverse Voltage Per LED VR Ir -1 0 0 mA 3 50^

Temperature Coefficient Vp Per LED |v AVf/ ° c - 2.0 mV/°C

Thermal Resistance LEO j 
Junction-to-PIn $  R0J-PIN

-------------------------- -----
300

..
-C/W/LED

NOTES:
1. The bar g raph arrays are ca tego rized  fo r  lu m in o u s  in tens ity . The ca te g o ry  is d e s igna ted  b y  a le tte r lo ca te d  on the  s ide  o f the  package.
2. The d om inan t wavelength, Xa, is d e riv e d  fro m  the CIE ch ro m a tic ity  d iagram  and is tha t s ing le  w ave leng th  w h ic h  de fines the co lo r o f the

3. The HDSP-4832/-4836/-4840/-4850/-4890 bar graph arrays are categorized by dom inant w avelength w ith  the ca tegory designated by 
a num ber adjacent to  the in tensity ca te g o ry  letter. O nly the ye llow  elements of the HDSP-4832/-4836 are ca tegorized  lo r  color.

4. E lectrica l/op tica l ch a ra c te ris tics  o f  th e  H ig h -E ffic ie n c y  Red e lem ents o f the  H D SP-4832/-4836 are id e n tic a l to  the HDSP-4830 
characteristics. C haracteristics o f Y e llow  e lem ents of the HDSP-4832/-4836 are iden tica l to  the HDSP-4840. C haracte ris tics  o f G reen 
elem ents of the H0SP-4832/-4836 are  iden tica l to  the HDSP-4850.

5. Reverse voltage per LE D  should be  lim ite d  to  3.0 V Max.

Parameter Symbol Test Conditions Min. Typ. Max. > Units

Luminous Intensity per LED 4. 
(Unit Average)1" . lv lF= 10 mA 900 3500 v; ’ jicd

Peak Wavelength ..apeak ..........
635 nm

Dominant Wavelength121 , iv Ad 626 nm

Forward Voltage per LED & VF If *  20 mA 2.1 2.5 V

Reverse Voltage per LED Vr Ir «  100 mA 3 30151 V

Temperature Coefficient Vf per LED AVf/°C % • *"» 1* > -2.0 mV/®C

Thermal Resistance LED Junctfon-to-Pfn • r 6 j - p in

......

300 °C/W /
LED

Parameter Symbol Test Conditions Min. Typ. Max. Units

Luminous Intensity per LED 
(Unit Average)"1 &,<v« If =  10 mA 600 1900 ;jcd

Peak Wavelength *PEAK 583 nm

Dominant Wavelength1*'31 Xd 581 585 592 nm

Forward Voltage per LED Vf If =  20 mA ’ 2.2 2.5 V

Reverse Voltage per LED VR Ir * 1 0 0 mA 3 4 0 l5 | V

Temperature Coefficient Vf per LED AVf/*C - 2 .0 m W C

Thermal Resistance LED Junction-to-Pin 4  :
' - v  •

r 6 j-pin
'W z K jz  ■-

300 #C/W/
LED

Parameter Symbol 

Luminous Intensity per LED

Peak Wavelength ** ' X p e a k  

Dominant Wavelength11’ 1 :.K*- ; Ad 

Forward Voltage per LED Vf 
Rever’se Voltage per LED ; >: Vr 

Temperature Coefficient Vf per LED AVf/°C

Test Conditions 

IF ■ 10 mA

If *  10 mA 

Ir ® 100 *»A

Min. Typ. Max.

600 1900 

566

571 577 

2.1 2.5 

3 50I5I 

-2.0

Units

MCd

nm

nm

V

V

mV/*C

Thermal Resistance LED Junction-to-Pin r 6 j-pin
^ 7 ^ ’ *: ^  L *

300
p  . ‘ . " / V f

•C /W /
LED

EMERALD GREEN HDSP-4890
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HDSP-4820

iB o

t „  -  PULSE DURATION -  »SEC 

Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration

45

< 40

• 35
Z
cc 30

o 25

X
2 20

2 15

i 10

8 5

0

V
\

-A " 85* C/W/SI V
■ a A '

A \

20 30 40 SO 60 70 SO 90 

Ta -  AMBIENT TEMPERATURE -  C

Figure 2. Maximum Allowable D.C. Current per LED vs. 
Ambient Temperature. Deratings based on Maximum  
Allowable Thermal Resistance, LED Junctlon-to-Amblent 
on a per LED basis. = 100° C

Figure 3. Relative Efficiency (Luminous Intensity per Unit 
Current) vs. Peak Segment Current

!l« 
II

28

Figure 4. Forward Current vs. Forward Voltage

I ,  -  SEGMENT DC CURRENT -  mA 

Figure 5. Relative Luminous Intensity vs. D.C. Forward Current

For a Detailed Explanation on the Use of Data Sheet Information and R e c o m m e n d e d  
Soldering Procedure*, See Application Note 1005.
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H D S P -4830/-4840/-4850/-4890

Ip -  PULSE DURATION -  i/SEC 

Figure 6. HOSP-4830/-4840/-4850/-4890 M axim um  Tolerable Peak C urrent vs. Pulse Duration

£ 25 
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\

eo<r C/WA
\ >

i f % \
A

#■ '4r
i f ;

10 20 30 40 50 (0 70 SO 90 

T* -  AMBIENT TEMPERATURE - 'C

Figure 7. HDSP-4830 M axim um  A llow able D.C. C urrent per LED 
vs. Ambient Tem perature. D eratings Based on M axim um  A llow a
ble Thermal Resistance Values, LED Junctfon-to -A m blen t on a 
per LED basis. T j m a x  ~ 100° C.

\
• \

w c j W /S E
A

A-.V '

0 10 20 30 40 50 60 70 80 90 100 

T» -  AMBIENT TEMPERATURE -  ’ C

Figure 8. HDSP-4840 M axim um  A llow able D.C. C urren t per LED 
vs. A m bien t Tem perature. Deratings Based on M axim um  A llow a
ble Therm al Resistance Values, LED Junc tion -to -A m b ien t on a 
per LED basis. T j  MAX =  100° C.
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y r ,

R 0 j -A " 00* c K/3E 1 ^
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TA -  AMBIENT TEMPERATURE -  -C

Figure 9. HDSP-4850/-4890 M aximum A llowable D.C. Current per 
LED vs. Am bient Tem perature. D eratings Based on Maximum 
Allowable Thermal R esis tance  Values, LED Junc tlon -to -A m b ien t 
on a per LED basis. T j m a x  -  100 C.

10 20 30 40 SO 60 70 SO 90 100 

Ipeak -  PEAK SEGMENT CURRENT -  mA

Figure 10. Relative E ffic iency (Lum inous In tensity per U n it C ur
rent) vs. Peak Segm ent C urrent

For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005.
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HDSP-4830/-4840/-4850/-4890

|
z

§
i
i

Figure 11. Forw ard C urren t vs. Forward Voltage F igure  12. H D S P-4830/-4840/-4850 -4890 Relative L u m inous  
In te n s ity  vs . D.C. F o rw ard  C urren t

Electrical
These versatile bar graph arrays are composed of ten light 
emitting diodes. The light from each LED is optically 
stretched to form individual elements. The diodes in the 
HDSP-4820 bar graph utilize a Gallium Arsenide Phosphide 
(GaAsP) epitaxial layer on a Gallium Arsenide (GaAs) Sub
strate. The HDSP-4830/-4840 bar graphs utilize a GaAsP 
epitaxial layer on a GaP substrate to produce the brighter 
high-efficiency red and yellow displays. The HDSP-4850/ 
-4890 bar graph arrays utilize a GaP epitaxial layer on a 
GaP substrate. The HDSP-4832/-4836 multicolor arrays 
have high efficiency red, yellow, and green LEDs in one 
package.

These display devices are designed to allow strobed opera
tion. The typical forward voltage values, scaled from Figure4 
or 11 , should be used for calculating the current limiting 
resistor value and typical power dissipation. Expected maxi
mum Vf values, for the purpose of driver circuit design and 
maximum power dissipation, may be calculated using the 
following Vf max models.

Refresh rates of 1 KHz or faster provide the most efficient 
operation resulting in the maximum possible time averaged 
luminous intensity.

The time averaged luminous intensity may be calculated 
using the relative efficiency characteristic shown in Figures 
3 and 10. The time averaged luminous intensity at Ta = 
25°C is calculated as follows:

lv TIME avg ;
If avg

If spec avg ^peak 1 lv SPEC

Example: For HDSP-4830 operating at Ipeak = 50 mA, 1 of 4 
Duty Factor

t)IPEak = 1-35 iat Ipeak = 50 mA’

HDSP-4820 (Red)
Vf max = 1.75 V + Ipeak (12.5111 

For: Ipeak 5 mA
lv TIME AVG =

12.5 mA
(1.35)2280 Mcd = 3847 Mcd

HDSP-4830/-4840 (High Efficiency Red/Yellow)

Vf max = 1.75V + Ipeak (38m  
For Ipeak S 20 mA 

Vf max = 1.6V + I dc 145111 
For: 5 mA < loc S 20 mA

HDSP-4850/-4890 (Green/Emerald)
Vf max = 2.0V + Ipeak <500)

For: Ipeak > 5 mA

For Further Information Concerning Bar Graph Arrays and Suggested Drive Circuits, 
Consult HP Application Note 1007 Entitled "Bar Graph Array Applications".
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SERIES 23000 "S N A P -IN ” SLIM SW ITCH
T h e  u n it  that costs  less to  b u y ,  less to  in s ta ll an d  less to  m a in ta in .

10 S T A N D A R D  D I A L  P O S IT IO N S

Series 23000 SLIMSW1TCHES are especially made for applications where cost is the primary consideration in selecting a control 
component. They are also ideal for use where maximum panel density, good reliability, error-proof positive setting action and 
large (.170 high) easily read in-line characters are desired.

Series 23000 SLIMSWITCHES are not recommended for use in applications where high temperature, high humidity or contam
inated environments exist.

Series 23000 SLIMSWITCHES are truly the state-of-the-art economy leaders o f the “ thumbwheel”  switch industry.

Their high package density saves on precious panel space...Snap-in mounting saves on installation and replacement costs... Exclusive, 
self-locking stainless steel snap-on assembly strap minimizes assembly and module replacement time...

And the purchase price is our lowest ever... Check our price list and you will see what we mean!

Stack as many modules of the same or different output code configurations together as you wish. Put an end bracket on each 
end o f the assembly and snap-on the assembly strap. Snap the entire assembly into a precut hole in your control panel. All 
without the use o f a single tool. That's simplicity and economy!

O r... ' •

I f  you do not want to set up your own modularized system of assembling switches to meet all o f your digital switch requirements 
yourself, just tell us what your requirements are and we will assemble them for you.

Series 23000 SLIMSWITCHES are available from local stock at your nearest Digitran distributor or from the factory.

Specifications
Mechanical & Electrical:
Number of standard dial positions: 10

Operating Force: 4 to 8 ounces

Life: Over 1,000,000 detent operations at 25°C. (77 °F .)

Weight: 1/4 ounce per module (approximately)

Dial character height: .170 (4 .32 ) for standard dials

Standard finish and color: Case, wheel and end brackets, black 
unless otherwise specified. Dial markings, white on black 

Rated electrical loads: 28V AC  or 28VDC at 50 milliamps 
resistive at 25°C. (77°F.). Non-switching current: 2 amps 1 

Contact resistance: Less than 100 milliohms original value 
between common and output terminal(s)

Insulation resistance: 1000 megohms minimun^per MIL-STD- 
202, Method 302, Test Condition A, between any two non- : 
connected terminals - \  •*

Dielectric withstanding: 500 VRMS

Terminations: Solder connections standard. Connector com- 
patability on some types-;;

Environmental:
Operating temperature: — 20°C. to 65°C.

Shock: 100 G ’s, 6 miliseconds duration, sawtooth 

Vibration: oG’s at 70-2000 cps. 10-70 cps: .06 inches double 
amplitude (R e f: MIL-STD-202, Method 204, Test Condition B.)

Materials:
Printed circuit board: Laminate per M ILP  13949, type GF 
or GE, plated with nickel 

Contacts: Precious metal alloy 

Structural parts: ABS thermoplastic

.. •• . • i  ■' %

Important Notice : , v . .
Do not allow flux or cleaning agent to enter rwitch. Use only 
40% isopropyl alcohol in distilled water for cloaning agents.
For additional information about recommended cleaning ; 
method, contact Digitran. " , r

(30.861 * “

— .075

f

1.911

" 1

I1!
|

c
iliji

1

lull !

J

.057
(1.45)

745(191 
I 060 1271 
I 375(351
1 690(431
2 005(511 
2.370 (59»
2 635 4671 
2.950 (751
3 265 (83) 
3 580(911

649 (16.51 
964(24 5) 

1.279(32.51 

1594 140 51
1 909(48 51 
2.224 (56 51
2 539(64 51
2 854 (72.51 
3.169(80 51
3 484 <88.51

Notes:
&  For details o f printed circuit board, terminals and 

electrical output, see drawing o f specific module.

2. Dimensions in parenthesis are in millimeters.

3. Assembly will accept panel thickness o f .002 (1.58), 
.079 (2), .118 13). .125 (3.2). .158 ( I).



TRUTH TABLE 14 (continued from page 8).

Series Symbol Part Number Terminations List Price

700
710/107 S* 14.00 |

$ ■ 7 2 1 8 ®
* 721/107 S ' 1 16.00 |

8000

* 8021 s 7.50 |

9000
* 9021 S or DC1 14.00 |

12000 M ? & m .
13000 13010 S or DC1 | 9.00 |

19000 | 19010 | SorDCI I 10.00 I

-23000 23010 s

28000 28010 | Sor DC35 | 7.00 |

29000 | 29010 1 S [ 4.50 |

# With provision for components (Diodes, Resistors, etc.)

Truth Table 15
COMMON C CONNECTED TO:

T

BINARY CODED D ECIM AL, PLUS COMPLEMENT. 
WITH BINARY 10 A T  ZERO, ONE COMMON

Standard Dial: 0-9
10 Positions

Series Symbol Part Number I Terminations I List Price

300 i W
9000 * 9069 I  SorDCI |\ iToo^
13000 !Mbrv,,»,V y-
19000 *  -  I| 19069 SorDCI | 15.00 |;

inti (Diodes. Resistc

i y lu t b ' . '

Truth Table 16
COMMON C 

CONNECTED TO
7

COMPLEMENT OF BINARY CODED DECIMAL, 
ONE COMMON 

Standard Dial: 0-9 

10 Positions

Series Symbol Part Number Terminations List Price

300 ;^ Q o ;v :

* | 368 S 9.00

700 l i i M a
1 7635/107 J S or DC27 12.00

* 7616/107 ]I s | 14.00 |
8000

Iin1

9000 9129 ■ s; 1 11.00 I

12000 12628 S or DC27 | i eToo |
13000 1 1

11

| 13129 1 s 1 7.00 |
19000 w m i ' m m *

_ * 1 | 19068 1 . s [ 10.00 I
23000 m m m m m
28000 | 28115 \ Sor DC8 6.00 |

m m m rn rn m m m k o m
29000 29102 s 4.00 ]

*  With provision for components (Diodes, Resistors, etc.)

f t  I l i P :

1. Terminals available where indicated: S-direct solder only, DCXX"connector only, S or DCXX*direct solder or connector, WW*wire wrap.
P*pin, WL*wire leads only. "  2. See pages 20 through 22 for "Additional Pricing information^, v 3* See page 22 for Quantity Discount Schedule.
4. See pages 1 and 2 for "H o w  T o  O rder", "H o w  T o  Use The Price List* and "O u r Assembly Part Numbering System".. . V. * n. }





200 MHz Phase Detector

MCL PDC-10-1 Broadband Directional Coupler, Mini-Circuits 
MCL PSC-2-1 Power Divider, Mini-Circuits 
MCL SRA-1 Mixer, Mini-Circuits
MCL PSCQ-2-250 90 Degree Power Divider, Mini-Circuits



most widely-used

Frequency Mixers
LEVEL 7 (+7 dBm LQ up to +1 dBm RF)

case style selection
outlne atwngs see pogei 4-9

GRA 2M3ie 009 OKA* 
OKA-4 
G ltA I

»SCA_1Sfckr
SKA-1W
SKA-1-1
SKA-2
SKA-2CM
SKA-1
SKA-4

•SKA-S
SKA-4
SKA-4

FREQUENCY CONVERSION LOSS MH2 dB
LO/RF

Mu
5-500 00-500

025 200 DC-200
003100 OC-100
0005-10 OC-10

Mid-Band Total 
m Rang* 

Typ. Mas. Typ. Ma*.
55 70 6 5  85
5 5  75 6 5  85
55 75 65 8.5
6 5  75 70 85

55 7 0 65  85

LO-RF ISOLATION. dB

Typ. M *i Typi Mm. Typ. MWv
50 45 45 30 35 25
60 50 45 35 35 25
60 50 45 30 35 25
60 50 50 40 45 35

LO-IF ISOLATION. dB

Typ Mta Typ Mm Typ MUv
45 35 40 25 30 20
45 - 35 40 30 30 20
60 45 40 25 30 20
60 50 50 40 45 35

45 35 40 25 30 20
'IS  35-----30 25------30 55"

30 20
30 20
30 20

PRICE. $

1295 (6-49)
1595 (6-49)
22 95 (5-24)
25.95 (5-24)

~T5 30-------35 25“
1-750 
1 500 
1-1000 
51000 
025-200 
51250 
5-1500 
003-100 
0005 10

□  set jj-
rnu i  AOtt

5 2000 
800-1250 

SKA-2000 .100 2000 
SKA 2 4 0 0 ^  750-2400 
SKA 3500^500-3500 

1-500 
10-1000 
10-1000 
01-400 
025-200 

S8I-11 5-2000
01-250 
05-200 
5 600 
5-600 
21000

TAK-4
TAK-4R
TAI-7

DC-750 
DC-500 
5-500 

DC-1000 
DC-200 
5 500 

10-600 
DC-100 
DC 10

10 600 
50-90 

DC-600 
DC-400 

DC-1000 
DC-500 
5-500 
DC-500 
DC-400 
DC-200 
10-600 

DC 250 
DC-200 
DC-600 
DC-600 
5-500

50 40 40 20

45 30 30 20

50 40 40 20 
45 40 30 25

70 85 

60 95

55 7 0
60 7 5
6 5 7 5
55 70
55 75
7.0 8.5
5.5 7 0
55 65
55 7 5
60 70
55 75

75 95 
65 80

7.5 9.0 
65 85

45 35 40 25

60 50 50 35 40 35

55 50 45 40

25 20
30 20
30 20
25 15
30 20
45 35

45 40 30 20 25 15
30 20 30 20 30 20
_  _  -  -  30 20
30 8 30 I  30 820 8 20 8 20 8
45 35 40 25 30 20
50 45 40 35 35 25
40 25 25 18 19 15
45 30 40 25 30 20
45 35 40 30 30 20
45 40 30 20 25 15
55 45 45 30 35 25
50 45 40 30 40 30
55 45 45 30 30 20
45 40 40 25 30 25
45 30 35 20 30 20

34 95 (1-24)
4.50 (10-49) 
5 95 (10-49)
6.95 (10-49)
6.50 (10-49)
7.50 (10-49)

16.95 (5-49) 
1895 (1-4) 
15 95 (5-24) 
18 95 (1-4)
15.95 (5-24) 
2095 (1-4)

l *  low range ftto 10 U M =m id range (101 to y2) 
m = mid band (2tto ly/2)

• SPA-5 cat* ity le la A06.
•  HTR8 tested. 3 year guarantee 
D NON-W)NETC
1 For quc*ty control procedure*, envrnnmental specifications. 

c tx j H-Rel. ML and TX descrpton see TcOe oI Contents.
2 Aosokjte Maxrrvm Ratngs.

PF power SO mW. pec* f  current 40 mA. see Table o* Contentv
3 PAM-42 protected inder patent 4 430.758
4 Pnces and specifications suoject to cnange witnout notice

U = upper range (fy/2 to y

schematic

pin connections
see cose style outtne drowng

- 1TX 
- 1 -1

-1W
-2CW

-3
-11-12
-2000
-2400t
-3500t

a a e a s
1 3.4 1 1 1 
3.4- 1 3.4- 3.4- 3 
2.5.67 2.5.67 2.5.67 2.5.67 2.5.67
2 2.5.67 - 2.5.67 2.5.67

LO 
Rf 
*GNDCASE GND
*pn» mutt De connected togetner eatetncey f (LO -  t, J3F *  8)

Q M in i - C i r c u i t s

-i-i
-3

a a
1 3.4
J.4- 1
2.5.67 2.5.67
- 2.5.67

1 
8
3
2.5.672.5.67

1a a a
1 3.4 i a 
3.4* 1 3.4- 5.6- 
2.5.67 2.5.67 2.5.67 2.3.47
2 2.5.67 - 3.4.7

P.O. BOX 350166. Brooklyn. New York 11235-0003 (718) 934-4500
FAX (718) 332-4661 TELEX 6852844 or 620156

500 KHz to 500 MHz C3 Mini-Circuits
00-09

mixer harmonic intermodulation
(re lative to  oesred IF ou tput)

Rf
CAL

RF
CAL

0 >94 - 36 51 42 61 ' 42 60 58 62 54 72 u 0 >84 28 42 28 52 27 43 30 48 35 48

>94 23 - 39 12 46 22 51 35 56 48 72 0 1 >84 22 - 36 13 40 21 47 30 44 36 49

2 74 68 54 71 55 73 55 74 55 64 50 77 12 82 75 60 76 60 73 59 73 58 69 49 69

3 81 47 41 49 40 53 42 55 42 56 *4 64 3 >84 65 62 67 66 69 56 73 55 69 53 68

4 >94 73 75 76 71 77 67 76 66 76 62 75 § 4 >84 >76 >76 >76 >76 >76 >76 >76 >76 >76 >76 >76

5 >94 70 66 67 52 71 49 66 49 71 52 65
&

5 >84 >76 >76 >76 >76 >76 >76 >76 >76 >76 >76 >76

6 >94 84 77 >86 >86 >86 81 >86 82 84 82 83 6 >84 >78 >76 >76 >76 >76 >76 >76 >76 >76 >76 >76

7 >94 83 65 79 65 78 75 76 60 77 55 73 7 84 >78 >78 >76 >76 >76 >76 >76 >76 >76 >76 >76

8 >94 86 85 >88 81 >86 >86 >86 >86 >86 84 >86 8 >84 >78 >78 78 >78 >76 >76 >76 >76 >76 >76 >76

9 93 87 84 86 80 82 73 85 75 86 84 78 9 82 77 >78 >78 >78 >78 >76 >76 >76 >76 >76 >76

10 >93 >87 >87 86 >87 >88 >88 >86 >86 >86 >86 >86 10 >82 >76 78 78 >78 78 >78 >76 > 76* >76 >76 >76

0 1 2 3 4 5 6 7 8 9 10 10

Harmonic LO Order
t conation* R f - 185 100 ^  HPUT P -  ♦0.0006M 

L O -155 010 P -  ♦ 6.92D6M
f  -  30.090 MHZ F AMPUT. — -6.18 D0M

Harmonic LO O rder

f*»t conditions R f - 185 100 N41Z f^UT P -  -99e08M 
L O -155 010 t*iZ MMT P -  + 6 92D0M 
F-30090**1Z f  AA^JT - - 15.97 DBM

typical performance curves
(production unit)

w u- i C^Ntnl-Cirowlta ______ iwu-
IwflL a t j p  - B l

i ]



very broadband

Directional Couplers
6 to 30dB 
10KHz to 2000 MHz

NOTES:
A l  -  ft -  2V M -0
• includes theoretical power loss at coupled port.
■ Denotes 75 ohm models, avalabte orty wtth 75 ohm BNC
• a  ctecttanct I  -  30 to 100 tA *

•« tt  dr oc tend
t  Models PDC-20-t ZDC-201 ZMDC-20-1:

I  ■ 25-50 MHz, M ■ 50-300 MHz. U ■ 300-400 MHz
•  Model 2FDC-20-5 above 1000 MHz. coupling ftatness 2 1.5dB
A Models POC-10-21ZFDC-10-21: Upper ronoe coupling *  0.7506
1. For quaity control procedure*, see Table of Contents.
2. For envtonmentd specifications. see Table of Contents.
3. For connector types and cose mounting options, 

see cose style outline drawing.
4 Prices ond specifications subject to change without notice.
5 Alt models ore licensed under Ui. Potent 3.426.298
6 For Moae1P0C-20-3B. tx*actional

M LC-15370/18, NSN GUIDE
MCI NQ 
TOC-10-1 
POC-10-2 
TOC-10-21 
TOC-10-22
ro c -15-6
PDC-20-3
TDC-10-1
ZDC-10-1-BNC
Z D C - 2 0 - 1
ZDC-20-3-BNC
rFDC-io-i
zroc-10-2
ZF0C-20-3 
ZFDC-20-5 
ZKOC 20-3

NSN
5986-01-178-4406 002 

008
5985-01-130-0177 003
5985-01*190-7738
598601-1470160
5985-01-076-8477 001
5986-01-226-3428 
598601-125-3467 
5986-01-178-4405 
5986-01-096-5007 
5985-01-179-5122 
598601-208-5694 
5985-01-146-0478
5985-01-097-2192
5986-01-193-8515

M U M  5370/18*

' in t i  a *  not QPl

pin and coaxial connections
■m  case ityie oullln* drawing

s«m________
TOOCrocroc
ZHJC
2M X
ZDC

roc
[•xcaot 20-4. -5 )  

2TOC20-4, - 5

ft* note 6
Cpfou,

i — ! ■ ■ ■  •  —  PO. BOX 350166. Brooklyn. New York 11235-0003 (718) 934-4500
^ J m i n i ' V l l C U I I b  FAX (718) 332-4661 TELEX 6352844 or 620156



2WAY-0C

P o w e r  S p l i t t e r / C o m b i n e r s 50 ohms

LPS-109 10to500IVHz

FREQUENCY
(MHZ)

132.5
157.0
206.0
255.0
304.0

353.0
402.0
426.5
451.0
500.0

INSERTION LOSS

3.W
3.16
3.19
3.20

3.22
124
3.27
3.28

3.34
3.36
3.36 
3.40 
3.49

3.29 
3.25 
3.28 
3 29 
330

3.33
3.34 
336 
3.39 
3.42

3.48 
3.52 
3 63

AMPLITUDE 
UNBALANCE (dB) 

1-2 
0.10 
0.09 
0.09 
0.09 
0.09

0.12
0.12
0.12
0.12
0.14

ISOLATION
(dB)

49.87
42.08
37.67 
35.19 
33.43

32.10
31.06 
29.55
28.67 
28.29

28.41
28.79
28.93
28.84
27.07

FREQUENCY
(MHz)

34.5 
59.0
83.5 

108.0

132.5
157.0
206.0
255.0
304.0

353.0
402.0
426.5
451.0
500.0

1.14
1.13
1.13
1.13
1.13

1.12
1.13
1.14 
1.16 
1.20

P9C-2-1 0.1 to 400MHz

FREQUENCY
(MHz)

INSERTION LOSS 
(dB) (dB)

AMPLITUDE 
UNBALANCE (dB)

ISOLATION«»>
FREQUENCY

(MHZ)

100.0
141.2 
200.0

251.9
296.3 
3408
370.4

3.37
3.26
3.24 
3-22 
316

3.1B 
3 JO
3.24
3.27

3.32
3.34
340
3-42
348

3.38 
3.25
3.23 
3.22 
3.16

3.1B
3.20
3.24 
3.29 
3.33

3.35
3.39
3.45
3.46 
3.53

0.01
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.02
0.02

003
0.05
0.06
0.06
0.06

24.33 
29.63 
37.19 
41.80 
47.10 •

43.53 
37.27 
32.42 
30.09 
28 94

28 80
29.45
29.74
28.61
26.04

10.0
17.3
200
50.0

66.7
100.0
140.8
190.2
227.2

276.6
313.6 
3504
375.3 
400.0

1.14
1.14
1.15

1.161J0
1.24
1.30

1.12
1.12
1.12

■......H I *  ;  " 1 ^  P.O. BOX 350166. frooktyn. New York 11235-0003 (718) 934-4500
30 U j n f l l m - W l r c i m s  FAX C718> 332-4661 TQfX 6852844 or 620156

C3Mini-Circuits

j--------------------------------------------------
PSCQ-2-250 150 to 25CMt

F R E Q U E N C Y  fMH*l

FREQ. INSERT. AMP. PHASE ISOL
(MHz) LOSS (db) UNBAL (D «g.) (dB)

SH S-2 «*■)
150.00 3.39 2.89 0.50 90.00 38.75
155.00 3.31 2.99 0.32 89.80 38.63
160.00 3.23 3.07 0.16 89.70 38.53
165.00 3.16 3.13 0.03 89.50 38.50
170.00 3.10 3.20 0.10 89.40 38.40

175.00 3.05 3.27 0.22 89.20 38.46
180.00 3.01 3.33 0.32 89.30 38.36
185.00 2.96 3.37 141 89.40 38.25
190.00 193 3.41 0.48 89.40 38.17
200.00 2.89 3.46 0.67 89.60 37.84

210.00 2.89 3.51 0.62 89.50 37.63
220.00 2.92 3.53 0.61 89.40 37.32
230.00 196 3.50 154 89.60 36.85
240.00 3.05 3.46 0.41 89.90 36.11
250.00 3.18 3.36 0.18 90.30 35.14

PSCQ-2-400 250 to 400M-tz

FREQ. INSERT. AMP. PHASE ISOL
(MHZ) LOSS (dB) UNBAL <&•«•) (dB)

SH S-2 (dB)

250.00 3.18 3.20 0.02 89.58 28.76
261.60 3.09 3.32 0.23 89.53 28.50
273.30 3.00 3.41 0.41 89.48 28.24
280.80 2.95 3.46 041 89.43 28.08
292.40 2.89 3.53 164 89.40 24.76

304.00 2.86 3.61 178 89.83 24.47
311.50 2.65 346 0.80 89.59 2428
323.10 2.84 3.69 0.85 89.78 23.90
342.30 2.87 3.73 0.86 89.86 23.27
350.10 2.89 3.73 184 89.70 2199

361.40 2.93 171 178 89.58 2186
373.00 3.00 3.69 0.69 89.34 22.09
380.90 3.06 345 0.59 89.15 21.78
392.10 3.16 3 59 144 89.05 21.23
400.00 3.24 3.54 0.30 89.06 20.88

PSCQ-2-450 350 to 450fvKz

FREQ. INSERT. AMP. PHASE ISOL
(MHz) LOSS (dB) UNBAL (Deg.) <<«)

SH S-2 (dB)
380.00 3.01 161 0.60 90.33 26.76
355.30 3.02 3.62 0.60 90.33 26.51
360.50 3.04 343 0.59 90.37 26.26
366.80 3.05 3.62 087 90.39 26.00
371.00 107 162 0.55 90.39 25.72

381.50 110 161 0.51 90.42 25.14
39100 3.17 158 0.41 90.42 24 53
400.00 3.22 3.56 134 90.46 24.03
410.50 3.30 3.50 120 90.49 23.35
41180 3.34 3.47 113 ' 90.82 23.00

421.00 3.40 3.44 0.04 90.80 22.63
426.30 3.46 3.39 0.07 90.87 22.25
43150 3.53 136 117 90.47 21.87
442.00 170 3.29 141 90.37 21.09
450.00 3.84 3.21 0.63 90.84 20.46

In Stock...Immediate Delivery 51



.'-.••oicai P e r io r m a n c e  a t  2 5 ° C  (C o n t .)

Characteristics Output Power Test Conditions

Harmonics of fL R-Port 1-Port

<L 
2 ft 
3 f L 
4 f L 
5 fL

-10 dBm 
-18 dBm 
-24 dBm 
-30 dBm 
-36 dBm

-12 dBm 
-15 dBm 
-21 dBm 
-31 dBm

fL »2G H z a t+13 dBm

fL
2 »U
3 f L

-18 dBm 
•22 dBm 
•34 dBm 
-37 dBm

f(_ ■ 4.5 GHz at +13 dBm

*L
2 fL

-9 dBm 
-29 dBm

f(_ -  9 GHz at +13 dBm

f L
2 fL

-21 dBm 
-21 dBm

f(_ " 4 GHz at +13 dBm

R PORT VSWR LO @ +13 dBm

i N IK □ \<f.l
«1C*X • v — Z J k —| { » ..!

*■-*' i
- j  t u 1 ! i i - H

< i i n u u it a *• « 1 10 12 M 1* U

Driva Level: The maximum recom
mended drive level is +20 dBm.

. fKOuwcr ■ cm , rnouxcT ou

f .  fttOUMO • CM*

V \

rRtouucv-CMi

V81*

• M l  CHI

CONVERSION LOSS vs FREQUENCY & TEMPERATURE LO @ +13 dBm

'.m-V Vi*1*'r t " n:
I I  4 4 I  M I t  M 14

559

T y p ic a l  P e r f o r m a n c e  a t  2 5 ° C  (C o n t .)

CONVERSION LOSS vs FREQUENCY LO @ + 13 dBm L-PORT VSWR

S 3
riMOCHt

% raiouNCT ■ chi

I!*
i§:

I /JlMOOMi I l/-l»*L»C

js f r W i *
.  > BOUNCY • CHI

------- !------- 1----- JTiM.OCm T------1 I

±

% rnouiNCT - cni % fhouincy • CHi

r N
•a«•—4' " i X  /

! ! •

- ---1---- .If-ltCM.
--r- yr~ ■

M frlt Chi V im p  cm ^  j

560



DHNSON C O .
Pfl USA

FINAL TEST RESULTS 
FOR WJ FM88 MIXER SERIAL NO. 32018

PASS
CONVERSION LOSS(dB) (LO AT +13dBm)

RF+/-IF= 
IF (MHa) =»

LO(NOT SHOWN) 
1000 2000 4000 6000 8000

RF (MHz) 
2000- ____ ____ ___ ____ ___

6.2 ---- 6.5 7.4 7.0
3000 6.8 ---- ---- ---- ---

6.6 6.7 7.2 7.8 8.8
4000 6.9 ---- ---- ---- ---

7.4 7.4 ---- 8.3 9.2
5000 7.6 6.5 --- ---- ----

7.7 6.7 7.4 8.3 8.3
6000 6.2 6.5 2.2 ---- ---

6.2 5.7 6.3 ---- 8. S
7000 S.7 5.5 6.1 ---- ---

6.2 5.5 5.9 8.6 7.9
8000 6.0 5.5 ---- 5. 1 ---

6.5 5.8 6.7 8.3 ---
9000 6.3 5.6 6.0 4.7 ----

6.7 6.9 6.5 8.2 8.0
10000 6.9 5.9 6.3 7.3 7.6

7.7 7.2 6.8 8.3 7.9
11000 ---- 6.7 6. 3 7. 1 6.9---- 7.2 6.9 8. 4 ---
12000 ---- 6.3 7.1 ---- 4.3

---- 7. 1 6.9 8. 1 ---
13000 ---- 6.0 6.4 7.7 6.4

---- 7.0 6.6 ---- ---
14000 ---- 6. 1 6.5 7. 1 6.6

---- 7.4 6.6 ---- ---
13000 ---- 6.3 6.7 7.3 7.0____ 7.9 ---- ---- ---
16000 ---- 6.6 6.7 7.5 ---

____ 8.0 ---- ---- ———-
17000 ---- 7.8 7.8 JB.B 8.6— — ---- ---- -T— — ---
18000 ---- 9.1 a". 9 10.3 10. 1

---- ---- — - —— - — —

ISOLATIONS (dB) (LO AT +13dBm>
LO(MHz)

L-I L-R
2000 22 21
3000 26 25
4000 30 30
5000 31 33
6000 30 32
7000 29 35
8000 29 38
9000 33 39
10000 39 32
11000 40 30
12000 36 30
13000 43 26
14000 43 27
15000 38 28
16000 33 27
17000 31 26
18000 31 24

DATE:101496
DATE: _____  FM8B S/N 320



l '  -  B A N D  4.0 GHz - 8.0 GHz

Modal No. 
Isolator /  Circulator

Fraauancy
GHz

Isolation 
dB Min.

Loss 
dB Max.

VSWR
Max.

Langth x Width x Haight 
Inchas

STANDARD BANDW IDTHS

CTD2011 CTD2012 4.00-6.00 20 .4 1.20 1.00 x 1.00 x 50

CTA2013 CTA2014 4.20-4.40 23 .3 1.15 .75 x .75 x .50

-  CTC2015 CTC2016 4.40-5.00 23 .3 1.15 .75 x .75 x .50

CTB2017 CTB2018 5.40-5.90 23 .3 1.15 .63 x .63 x .50

CTB2019 CTB2020 5.90-6.40 23 .3 1.15 .63 x .63 x 50

CTS2029 CTF2030 6.20-8.40 20 .4 1.25 1.00 x 1.00 x .50

3-TF2031 CTF2032 6.00-8.00 23 .4 1.15 1 .00 x 1.00 x .50

CTF2033 CTF2034 7.05-10.00 23 .4 1.15 1.00 x 1.00 x .50

BROADBAND A N D  OCTAVE BANDW IDTHS

CTH2035 CTH2036 4.00-8.00 18 .4 1.28 1.00 x 1.00 x .50

CTH2037 CTH2038 4.30-8.30 18 .4 1.28 1.00 x 1.00 x .50

CTH2039 CTH2040 4.30-9.30 17 .5 1.35 1.00 x 1.00 x .50

CTH2041 CTH2042 5.2-10.2 17 .5 1.35 1.00 x 1.00 x 50

X  B A N D 8.0 GHz - 12.4 GHz

M od.I No. 
Isolator /  Circulator

Fraquancy
GHz

Isolation 
dB Min.

Loss 
dB Max.

VSWR
Max.

Langth i  Width x Haight 
Inchas

XTD2009 XTD2010 7.0-10.0 20 .4 1.25 .75 x .75 x .55

XTG 2011 XTG2012 7.0-11.0 20 .4 1.25 1.00 x 1.00 x .50

XTB2013 XTB2014 7.2- 7.8 23 .3 1.15 .75 x .75 x .55

_ XTE2015 XTE2016 7.5-10.0 20 .4 1.25 .75 x .75 x .55

XTB2017 XTB2018 7.9- 8.4 23 .3 1.15 .75 x .75 x .55

XTE2019 XTE2020 8.2-10.2 23 .3 1.15 .75 x .75 x .55

XTE2021 XTE2022 8.0-12.4 20 .4 1.25 .75 x .75 x .55

XTC2023 XTC2024 8.5- 9.6 23 .3 1.15 .75 x .75 x .55

XTB2025 XTB2026 10.7-11.7 23 .3 1.15 .75 x .75 x .55

XTC2027 XTC2028 11.7-13.2 20 .4 1.25 .75 x .75 x .55

XTE2029 XTE2030 11.8-14.8 20 .4 1.25 .75 x .75 x .55

P  B A N D 12.4 GHz - 18.0 GHz

s

Modal No. 
Isolator /  Circulator

Fraauancy
GHz

Isolation 
dB Min.

Loss 
dB Msx.

VSWR
Max.

Langth x Width x Haight 
Inchas

------>  PTB2007 PTB2008 12.0-14.0 23 .3 1.15 .55 x .55 x .55

PTB2009 PTB2010 13.0-15.0 23 .3 1.15 .55 x .55 x 55

PTH2011 PTH2012 11.0-18.0 18 .5 1.30 .63 x .75 x .55

PTE2013 PTE2014 12.0-15.2 20 .4 1.25 .63 x .75 x .55

PTE2015 PTE2016 12.4-16.0 20 .4 1.25 .63 x .75 x .55

PTG2017 PTG2018 12.4-18.0 20 .5 1.25 .63 x .75 x .55

PTA2019 PTA2020 14.0-14.5 23 .3 1.15 .55 x .55 x .55

PTC2021 PTC 2022 14 4-16.4 23 .3 1.15 55 x .55 x .55

PTC2023 PTC2024 16.0-18.0 23 .3 1.15 .55 x .55 x .55

PTC2025 PTC2026 16.4-18.4 23 .4 1.15 .55 x .55 x .55

PTB2027 PTB2028 17.0-18.0 23 .4 1.15 .55 x .55 x .55

PTB2029 PTB2030 18.0-19.0 23 4 1.15 .55 x .55 x .55

PAjiivc Microwave TECHnoloqtj
CANOGA PARK. CALIFORNIA
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FIXED  ATTENUATORS  
SMA

MINIATURE* MINIATURE DOUBLE FEMALE

A TTEN U ATIO N  VALUE LENGTH A
1-20 dB 1.20

21-60dB 1 49

MINIATURE DOUBLE MALE

.360 OIA.

f R

— ------Y~i
>------<

>— < — >-------

--------- A---------

A TTEN U ATIO N  VALUE LENGTH A
1-20 dB 1.33

21-60 dB 1 62

.<?a 4 . ' r*~ '% * '■ -::'
* £ ;̂ V Tv ’i

| A TTEN U ATIO N  VALUE LENGTH A i
1-20 dB :.0 -  1

21-60 aB 1.35 I

DC TO 18 GHz HIGH PERFORMANCE 
SPECIFICATIONS
M O D ELSIH J 263M AND 263F 
FREQUENCY RANGE: DC TO 18GHz 
CONNECTOR TYPE: STAINLESS STEEL 
SMA PER MIL-C-39012
ATTENUATION VALUES: 1 THRU 60dB IN 1dB 
INCREMENTS
ATTENUATION ACCURACY: 1 - 10dB i0.3dB E  
11 - 20dB ±0.5dB C 21 - 40dB ±1.0dB U 
41 - 60dB ±1.5dB
MAXIMUM VSWR: DC TO 4.0 GHz 1.15 B 
4.0 TO 12.4 GHz 1.25B 12.4 TO 18GHz1.35 
MAXIMUM INPUT POWER: 2 WATTS AVERAGE A" 
+25°C DERATED LINEARLY TO 0.5 WATTS AT 
♦125#C
OPERATING TEMPERATURE RANGE:
-65°C TO +125°C

* U .S . P ilen t num be. 3.824.506

TYPE II*
DC TO 8.0 GHz HIGH PERFORMANCE 
SPECIFICATIONS
MODELS 292. 292M AND 292F 
FREQUENCY RANGE: DC TO 8.0 GHz 
CONNECTOR TYPE: STAINLESS STEEL 
SMA PER MIL-C-39012
ATTENUATION VALUES: 1 THRU 30dB IN 1dB 
INCREMENTS
ATTENUATION ACCURACY: 1 - 10dB ±0.3dBE 
11 - 20dB ±0.5dB B 21 - 30 dB ±1 .OdB 
MAXIMUM VSWR: 1.07 +0.015fGHz 
MAXIMUM INPUT POWER: 2 WATTS AVERAGE AT 
+25°C DERATED LINEARLY TO 0.5 WATTS AT 
♦125°C
OPERATING TEMPERATURE RANGE:
-65°C TO +125°C

DC TO 2.0 GHz HIGH PERFORMANCE 
SPECIFICATIONS
MODELSt294l 294M AND 294F 
FREQUENCY RANGE: DC TO 2.0 GHz 
CONNECTOR TYPE: STAINLESS STEEL 
SMA PER MIL-C-39012
ATTENUATION VALUES: 1 THRU 30dB IN 1dB 
INCREMENTS
ATTENUATION ACCURACY: 1 - 20dB ±0.3dB C 
21 - 30dB ±0.5dB 
MAXIMUM VSWR: 1.15
MAXIMUM INPUT POWER: 2 WATTS AVERAGE AT 
+25'C  DERATED LINEARLY TO 0.5 WATTS AT 
+125°C
OPERATING TEMPERATURE RANGE:
-65°C TO +125°C

DC TO 18 GHz INEXPENSIVE 
SPECIFICATIONS
MODELS 444. 444M AND 444F 
FREQUENCY RANGE: DC TO 18 GHz 
CONNECTOR TYPE: STAINLESS STEEL 
SMA PER MIL-C-39012
ATTENUATION VALUES: 1 THRU 30dB IN 1dB 
INCREMENTS
ATTENUATION ACCURACY:
DC TO 12.4 GHz 12.4 TO 18 GHz
1-4dB +0.75dB 1-4dB +0.75dB
5-8dB ±0.75dB 5-8dB ±1.00dB
9-12dB +1.00dB 9-12dB ±1.25dB
13-20dB ±1.50dB 13-20dB +1.50dB
21-30dB +2.0dB 21-30dB +2.0dB
MAXIMUM VSWR: DC TO 4.0 GHz 1.25 ■
4.0 TO 12.4 GHz 1.45 ■  12.4 TO 18 GHz 1.65 
MAXIMUM INPUT POWER: 2 WATTS AVERAGE AT 
+ 25°C DERATED LINEARLY TO 0.5 WATTS AT 
♦125°C
OPERATING TEMPERATURE RANGE: -65°C TO  
+125°C

ATTEN U ATIO N  VALUE i LENGTH A
1-10 dB 36 I
20 dB 1 02 !

DC TO 18 GHz SPECIFICATIONS
MODELS 451. 451M AND 451F 
FREQUENCY RANGE: DC TO 18 GHz 
CONNECTOR TYPE: STAINLESS STEEL 
SMA PER MIL-C-39012
ATTENUATION VALUES: 1 THRU 10dB IN 1 dB 
INCREMENTS AND 20dB
ATTENUATION ACCURACY: 1 - 6 dB ±0.3dBC
7 - 10dB AND 20dB ±0.5dB
MAXIMUM VSWR: DC TO 4.0 GHz 1.12 D
4.0 TO 8.0 GHz 1.15 C 8.0 TO 18 GHz 1.20
MAXIMUM INPUT POWER: 2 WATTS AVERAGE AT
+25°C DERATED LINEARLY TO 0.5 WATTS AT
+125°C

DC TO 12.4 GHz SPECIFICATIONS
MODELS 452. 452M AND 452F
FREQUENCY RANGE: DC TO 12.4 GHz
CONNECTOR TYPE: STAINLESS STEEL
SMA PER MIL-C-39012
ATTENUATION VALUES: 1 THRU 10dB in 1dB
INCREMENTS AND 20dB
ATTENUATION ACCURACY: 1 - 6dB ±0.3dBB
7 * 10dB AND 20dB ±0.5dB
MAXIMUM VSWR: DC TO 4.0 GHz 1.12 B
4 0 TO 8.0 GHz 1.15 ■  8.0 TO 12.4 GHz 1.20
MAXIMUM INPUT POWER: 2 WATTS AVER AGE AT
+25°C DERATED LINEARLY TO 0.5 WATTS AT
♦125°C
OPERATING TEMPERATURE RANGE: -65°C TO
♦125°C

U.S. Patent num ber3.824.506appliestoallType II Fixed Attenuators.



OCTAVE AND BROAD BANDW IDTH  
CIRCULATORS AND ISOLATORS
TRAK octave and broad bandwidth circulators and 
isolators represent the state-of-the-art in miniaturi
zation of broadband ferrite components. These devices 
are enclosed in steel cases to provide magnetic shield
ing and to make them extremely rugged.

Only distributed parameter matching is used to assure 
greater stability and more uniform characteristics than 
units designed with lumped-constant matching. Mini
aturization of TRAK units has been accomplished 
while maintaining microwave characteristics equal to

CIRCULATORS

or better than those of other manufacturers. Use of 
ferrite materials from TRAKs own ferrite lab helps 
assure high quality and on-time delivery. TRAKs unique 
designs provide the utmost in phase linearity, repeat
ability and freedom from “glitches."

Applications include EW systems, radar systems, micro
wave landing systems, communications systems, 
navigation equipment, missiles, telemetry systems 
and transponders.

_ POWER RATINCL-

FREQ
RANGE I0HU

MODEL* ISOLATION INSERTION 
LOSS 

dB m»ji

VSWR OPERATINO
TEMP.

•c

PEAK
POWER

KW

AVERAGE
POWER
WATTS

HEAT SINK 
TEMP.

•c

OUTLINE 
P* F-7

1.0-2.0 50A1101 15 0.6 1.40 0 to  + 50 0.2 100 +35 E-1

2.0-40 50A3001 18 0.5 1.30 •10 t o + 70 0.6 125 +40 F-1

2.6-5.2 50A3011 18 0.5 1.30 -25 to  + 8 0 1.0 125 +45 F-1

3.0-6.0 50A6301 18 0.5 1.40 -45 to  + 85 1.0 125 +50 G-1

4.0-8.0 50A6001 18 0.5 1.30 •45 to  + 95 2.0 125 +50 G-1

5.0-10.0 50A6071 18 0.5 1.30 -55 to  + 95 0.5 125 +50 G-1

6.0-12.0 50AQ201 16 0.7 1.35 -55 to + 95 0.5 75 +50 G-1

6.0-12.4 10B9201 20 0.5 1.30 •55 t o + 1 1 0 0.5 75 +50 H-1

6.0-16.0 50A2001 17 0.5 1.35 -40 to  + 95 0.5 65 +50 H-1

12.0-18.0 10B2201 18 0.5 1.30 -55 t o + 110 2.0 50 +50 H-1

8.0-18.0 50A2051 14 0.6 1.50 -54 to  + 95 0.5 65 +50 H-1

18.0-22.0 10A8101 18 0.7 1.30 •54 to  +95 0.5 65 + 50 H-1

ISOLATORS
.POWER RATINGL-

FREQ
RANGE IGHD

M00EL* ISOLATION 
OS nun.

INSERTION
LOSS

admix

VSWR OPERATINO
TIMP.

•c

PEAK
POWER

KW

AVERAGE
POWER
WATTS

HEAT SINK 
TIMP.

•9 .

OUTLINE 
Pa F-T

1.0-2.0 60A1101 15 0.6 1.40 0 to  + 50 0.2 1.0 +35 E-1

2.0-40 60A3001 18 0.5 1.30 -10 to  +70 0.6 1.0 + 40 F-1

2.6-5.2 60A3011 18 0.5 1.30 -25 to  + 8 0 1.0 . ' 0 +45 F-1

3.0-6.0 60A6301 18 0.5 1.40 -45 to  + 85 0.1 1.0 +50 G-1

4.O-8.0 18 0.5 1.30 I •45 to  + 95 2.0 1.0 + 50 G-1 —

1 5.0-10.0 60A6071 16 0.5 1.30 -55 to + 95 0.5 2.0 +50 G-1

8.0-12.0 60A9201 16 0.7 1.35 1 •55 to  + 95 0.1 1.0 +50 G-1

— * 8 .0 -1 2 .4 2009201 20 0.5 1.30 I ■55 t o + 1 1 0 0.5 3.0 +50 H-1 -

8.0-18.0 60A2001 17 0.5 1.35 ; •40 to  + 95 0.5 * 3.0 +50 H-1

7.5-18.0 60C2051 14 0.9 1.50 ! •54 to  + 95 0.5 3.0 +50 H-1

12.0-18.0 20B2201 18 0.5 1.30 1 -55 t o + 1 1 0 2.0 3.0 +50 H-1

8.0-18.0 60A2051 14 0.6 1.50 1 -54 to  + 95 0.5 3.0 + 50  ' H-1

18.0-22.0 20A 8 1 0 1 _ J 18 0.7 1.30 1 •54 to  +95 0.5 3.0 +50 I H-1

E-1

weight
1.4 oz. (nominal)

weight
1.0 oz. (nominal)



Tubular Filters Bandpass

Features To Order

K&L tubular bandpass filters are 
available in five different series 
ranging in size from V* inch 
diameter to 1V* Inch diameter to 
cover the frequency range of 15 
MHz to 5.0GHz. K&L uses a .05 
Chebychev design to yield low 
insertion loss in the passband and 
high attenuation levels in the 
stopband. The tubular filter design 
is made up of small resonating 
sections. These sections are 
capacitively coupled to provide the 
specified passband response and 
selectivity required. This coupling 
structure provides a DC block.

In choosing the best tubular filter 
to meet the user's needs, K&L 
recommends the use of the Vi inch 
diameter; model B120. This series 
has convenient size, broad fre
quency range, versatility of design, 
and is the most economical.

The two larger series, V* inch dia
meter and 11/« inch diameter, offer 
the user lower insertion loss, lower 
frequency operation, and higher 
power capabilities. The two smaller 
diameter filter series, fa inch 
diameter and V* inch diameter, 
offer the user miniature size and 
volume, higher frequency opera
tions and less weight.

Mechanical
For sizes and connectors, see 
page 66.

£  B121 -  500/T80 -  O /O  
1 2 3 4  5 6 7  8 9

1. Number of sections
2. B— Bandpass
a  Size designation 

250— .250"
380— .375"
120— .500"
340— .750"
110 — 1.250”

4. Circuit Indicator
5. Center Frequency
6l Supplemental codes.

(See page 32)
7. Bandwidth 
& Input connector 
9. Output connector

NOTE:
For a detailed explanation of changes 
to K&L’s part numbering system, see 
page 32

6 2 C3 3

Bandpass Tubular Filters
Kfbecifications

'/lodel
Diameter
Inches

Frequency
Range
(MHz)

3dB BW 
(% of 
Center 
Freq.) VSWR

No. of 
Sections

Impedance 
(Ohms (2))

Avg.
Power
(Watts) Shock Vibration Humidity

Temp.
Range

B250 1/4 200-
6,000(3)

3—70°/o(1)
1.5:1

or
Less

2-8
50
75 2 30G. 11ms

10 G 

5-2.000 Hz
0-95%

-  55‘C to i 

+ 85"C !

B380 3/8 200-
4,000

3-70°/o(1)
15:1
or

Less
2-8

50
75 5 30G. 11ms

10 G 

5-2.000 Hz
0-95%

-55*C to 

+ 85‘ C

B120* 1/2 50-
3,900

1-70%
1.5:1
or

Less
2-12

50
75 18 30G. 11ms

10 G 

5-2.000 Hz
0-95%

-  55‘C to 

+ 85‘C

| 8340 3/4 25-
1,700

1-80%
15:1
or

Less
2-12

50
75 40 30G. 11ms

10 G 

5-2,000 Hz
0-95%

-55 ‘C to 

+ 85*C

8110 *1-1/4 15-
1,000

1-80%
1.5:1

or
Less

2-12
50
75 200 30G. 11ms

10 G 

5-2,000 Hz
0-95%

-55 ’C to 

+ 85’ C

■Mott v a r i i t l le  •  F i l l  moat applications • Immediate dalivary

(1) For frequency below 400MHz. %3dB Bandwidth range from 3%  to 40%
(2) 50 Ohms standard
(3) For frequency above 6.000MHz. combline and interdigital filters are better suited

..lsertion Loss /  Loss Constant

LOSS CONSTANT VS. FREQUENCY VS. MODEL

Center Frequency (MHz)
Model 15 26 41 51 66 101 201 401 1,001 2,001 4,001

25 40 50 65 100 200 400 1,000 2,000 4,000 6,000
’’250 5.0 5.0 4.0 3.5 3.0 2.5

380 4.0 3.0 2.5 2.0 1.8
i B120 4.0 3.5 3.0 2.5 2.0 1.8 1.6
IB M 3.5 3.0 2.2 id 1.6 1.4 1.2
[B110 2.6 2.5 2.4 2.2 1.8 1.6 1.3 1.2

To determine the maximum inser
tion loss of the tubular filter at 
center frequency the following 
formula is used:
Insertion loss at Center 
frequency =
(Loss constant) (No. of sections + %3(JB BW Vi) + 0.2

EXAMPLE:
Center frequency = 500MHz
3dB Bandwidth = 80MHz
Number of sections = 5
Filter model: B120
Find the insertion loss at Center
frequency
From the table the Loss constant is 
shown to be 2.0 
Number of sections = 5 
The percent 3dB bandwidth is:

3dB BW(100) _  (80X100) _ m%  
Center freq. 500
By substituting in the formula we find 
the insertion loss =

(2) (5+’/j) 
16

+ 0.2 = 0.88dB

P*on«30l 749 2424 • TWX 710 864 96tJJ • 63
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Tubular Filters

The length of a tubular filter is 
determined by adding the "A” and 
"B" dimensions. The “B" dimen
sion is obtained from the table 
below and the "A" dimension is 
obtained from Length vs. Frequen
cy tables on the following page.

Example: A 4-section bandpass 
filter Model B120with a center 
frequency of 1,200MHz and with 
SMA connectors has an “A” 
dimension of 2 inches, and a ”B"

He— B ----“T 8---------------- A --------
dimension of .08 inches. The total 
length is 3.6 inches since there 
is a connector at each end of the 
filter.

Connector Length Table

CONNECTOR STYLE
Connector

Code 1/4 Dla.
“B” 

3/8 Dla.
DIMENSION (Inches)
1/2 Dla. 3/4 Dla. 1V« Dla. Fig.

Frequency
Range

N NR* 1.28 1.28 1.4 1.7 * *

NP NR* 1.23 1.23 1.31 1.65 * *

B NR* 1.0 1.0 1.35 1.42 DC* 1 GHz

BNC Male BP NR* .93 .93 1.45 1.35 DC-1 GHz

T NR* 1.0 1.0 1.35 1.42 DC-10 GHz

TP NR* .93 .93 1.45 1.35 DC-10GHZ

SMC Female (Screw On) S .6 .73 .73 .73 .73 DC-4 GHz

SP NR* .81 .81 .81 .81 DC-4 GHz
A .6 .73 .73 .73 .73 DC-4 GHz

SMB Male (Snao On) ■'■■■•*/ AP NR* .81 .81 .81 .81 DC-4 GHz

“F” Female F NR* NR* 1.05 1.05 1.05 DC-800 MHz

SMA Female (Standard) v " v 0 .6 .8 .8 .8 .8 DC-20 GHz

DO NR* .6 .6 .6 .6 2 DC-3 GHz

SMA Female (Riqht Anqle Square) EO .55 .65 .65 .65 .65 5 DC-3 GHz

SMA Male (Standard) OP .73 .85 .85 .85 .85 DC-20 GHz

SMA Male (Right Angle) DP NR* .6 .6 .6 .6 2 DC-3 GHz

SMA Male (Riaht Anqle Square) EP .55 .65 .65 .65 .65 5 DC-3 GHz

Cable RG 188 (Riaht Anale Standard) C .45 .5 .5 .5 .5 1 DC-3 GHz

Cable. RG 188 (Straiaht) cs .45 .55 .55 .55 .55 4 DC-3 GHz

L .40 .45 .45 .45 .45 6 DC-20 GHz

PC Mount (Riaht Anale) P * * * * *

RT. ANGLE CABLE 6‘ RG-I88/U RT. ANGLE SMA-FEMALE OR MALE

LE
FIGURE I 

STRAIGHT CABLE

FIGURE 2 

RT. ANGLE FLUSH MOUNT

6 6

NR* = Not Recommended 

* For PC Mount, contact factory.

FIGURE 6

Phrmft 101 /4q?4;'4« rwx MO 864 9683* FAX 101 749 5 W (E H

Tubular Filters
Approximate* Dimension "A'
•Vrif d im ensions am  contact factory for exact d im ensions

- Length vs. Frequency

No. of 
Sections

Frequency (MHz)

150-200 201-300 301-400 401-3.000 3.001-
6.000

2 1 Vi P i P i t
3 2*4 2 Vi 1V» *4
4 3K 3*> 3% 2 r .
5 4% 4% 3J4 2% 1*
6 5 Vi 5 4'.4 3 1 *4
7 ex 5*4 4 * 3V» 2
8 714 6’ ; 5% 4 2-4
9 8 * 7% 5*4 4%

10 9V4 8 6% 5

Frequency (MHz)

Sections 100- 201- 301- 801- 2.001- 4.001- 7.001- 11.001-
200 300 600 2.000 4.000 7.000 11.000 20.000

2 1',4 »'• 1 1 V#
3 2% 1U IV, 1V» M 1 5/8
4 3*4 Pi 1 3 J 1/41
5 4 2li 2 2 1% 1% 7/8 3/8*
6 4*4 2’ 4 2% I’/, i 1 P2*
7 5 Vi 3 * 2V, 2V,
8 7% 4'<4 3 2*4
9 8 4* 3’/, 3V,

10 8*/4 5% 4 3fc

No. of 
Sections

Frequency (MHz) No. of 
Sections

Frequency (MHz)

160-200 201-800 801-1.200 1.201-2.000
2.001
4.000 100-210 211-350 351-600 601-1.200 1.201-4.000

2 3 1*4 P» 1 2 2'> • 1% 1 I ’i *4

3 4 Vi 'Vi 2 IK 1% 3 3V, 2 1% 2y« 1V,
4 r, 2V» 2 IV/ 4 4',? 2*4 2 3
5 5'V 3% 3 2% 2 5 5% 3 % 2 Vi 3% 2%
H 0% 4 3*/ 2*4 2% 6 6 '/ 4'.4 3 4 2’ ..
7 6 * 4H 4 3% 7 7V, 5 3% 4%
8 7 V, 5S 4 'i 3*4 8 8% 5*4 4 5
9 8 6% 5 4 9 9% 6V, 4% 5%

10 8V, 7 5', 4 ', 10 10 V, 7V* 5 6

&u
Frequency (MHz)

tlons 50-
65

66-
go

91-
130

131-
180

181-
350

351-
700

701-
2.000

2.001-
3.900

2 5 3 2 P i 1 1 M
3 7% 4 3% 2M 2% 1% 1% 1
4 9V, 5'/, 4 ', 3*4 3 2 2
5 11* 7% 5K 4*4 3 * 2K 2% 2
6 14 9V. 7 514 4% 3 ', 3 2%
7 16% 11% 8% 6W 5% 4% 3% 3
8 18'/, 13% 9’ ’; 7*4 6 5 4 3%
9 20K 15% 10X 8*4 6 * 5 * 4% 4

10 23 17% 12 9K 7Vi 6'/, 5 4 V,

B340

nu
13%16%

Frequency (MHi)

B110
No. of 

Sections

Frequency (MHz)
15-
22

23-
40

41-
55

56-
80

SI-
200

201-
400

401-
1.000

2 10 4 4 3*4 3% 3 2
3 13 7 5 4% 4 3% 2%
4 17 9 7 6 5 4 3
5 21 11 9 7% 6% 5 3K
6 25 14 11 9 7V, 6 4*>
7 29 17 13 10% 8 * 7 5%
8 33 20 15 12 10 8 6
9 37 23 17 13% 11% 9 6M

10 41 26 19 15 12% 10 7 ',

WEIGHT (ounces)

B380 B120 B340 B110

% 02. 
per inch

% OZ. 
per inch

u oz. 
per inch

*4 OZ. 
per inch

iv* oz. 
per inch

Frequency (MHi)

L340
No. of 

Sections
Frequency (MHz)

25-
40

41-
50

51-
80

SI-
140

141-
400

401-
1,000

1.001-
2.000

- v 5 2 V, 2 I ’ i 1 ', I 1,
3 8% 5% 4% 3% 2% 3% 2%
4 12 7* 6V, 4 3 4 2*4
5 15 10 8% 4% 3 * 4Vi 3%
6 18 12*4 10 5*4 4’ , 5 >4 3V,
7 21 15% 11 6% 5% 6% 4%
8 24 18 12'/, 7% 6 7*4 5*4
9 27 20* 14 8 6 * 8 C

10 30 23 V, 15% 8*4 7’ i 8*4 _
L110

No. of 
Sections

Frequency (MHz)
10-15 16-30 31-100 101-200 201-1.000

2 7 5 4 2’ , 2’ 4
3 11 7% 5% 3% 3
4 14 10 7 4’ , 3*4
5 17 12% 8% 5% 4%
6 20 15 10 6’ : 5’ 4
7 23 17% 11% 7% 6
8 26 20 13 8'. 6*4

9 29 22% 14% 9V, 7%
10 32 25 16 10', 8‘ i

WEIGHT (ounces)

L250 L380 L120 1.340 L i*a

'■4 0*.
I>er inch

% 02. 
i>er inch

K OZ.
pe' inch

*• 02. 
per inch

1' , 02. 
per inch

Length shown above is less connecto rs  D im ensions and weight are approximate 

^Occasionally a transmission line design may be Indicated necessitating a longer body length 

Phon. 301 749-2424 • rwx 710*864 96S3 • FAX 301 749 5725 67



Tubular Filters
The following curves are used in 
determining the out-of-band attenu
ation for K&L's five series of 
tubular filters. The curves show 
minimum stopband in dB, as multi
ples of 3dB bandwidth for filters 
with 2 through 8 sections.

For the most part, K&L filters are 
free of spurious responses. How
ever due to case moding or when 
resonance develops, spurious 
responses can occur. It is there-

10

20

70
-5

2 :

i l l

fore advisable that the user specify 
the frequency which is to be spuri
ous-free. By doing so, K&L can 
incorporate compensating 
networks to eliminate the spurious 
responses at no degradation in the 
passband frequencies.

2-5% BANDPASS

£

%

-3

Important Note: The stopband 
attenuation curves shown are 
for specific schematics shown 
as figures 1 and 2 respectively 
on page 10. As this series is 
computer designed, necessitat
ing unique component values, 
other schematics may be 
utilized which will yield different 
attenuation characteristics 
(e.g., steeper on the high 
frequency side of the passband 
and shallower on the low fre
quency side). Filter types such 
as elliptic function, linear phase, 
Butterworth of Gaussian may 
also be specified. For special 
requirements, consult the fac
tory for specifications meeting 
your particular needs.

-5 -4  -3 -2  -1

64 P*on» 10» 749?4?4 # TW* /10 864 9683 • f A* 301 /49

Tubular Filters
15-30% BANDPASS

30-70%  BANDPASS

To determine which series of 
curves to use, first calculate the 
percentage 3dB bandwidth from 
the formula:

EXAMPLE:
Center frequency = 300MHz 
3dB Bandwidth = 50MHz 
Number of sections = 6 
Determine attenuation at 200MHz 
and 400 MHz

To determine tne num Der 01 Dana- « w in n  violds nreater than 70dB
widths (3dB) from center frequency, 1. Calculate % BW = —  = 17% y 9 

;e the following formula: °'v ’

%BW = --3db x 100 
Center freq.

To determine the number of band-

Referring to the curve for 
15%-30%, a 6-section response 
-  2 BW yields 64dB, and + 2 BW

BW = R ejectjreq .- Center freq. _ 3dBBW = 
93d B BW

m

3. + 3dB BW =

a 10) r*Q ?*?t • IWX MO HM OhH'l • FAR VII MU

300
200-300

50
400-500

50

= - 2 B W  

= + 2 B W
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SERIAL NO. 2L_"L_Z. I jh u t  / / _____Q.C. INSPECTOR

PER ATP _
Q  »OW) WfliM --------- --------- -----------------------

TEST RESULTS

SPECIFICATIONS SERIAL NO.
) A J 7 1 9 /<) / /

1.0 CENTER FREQUENCY ^ 0 0

2.0 RELATIVE BANDWIDTH

2.1 3dBBW ^ 7 ^

MHz

MHz J7JLX *74.1 / 7 Z / z z y 6 7 1 *. M l
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i l l *

/7Jj &

t e i .2

& / . /

62 (.
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___
BW

MHz

MHz
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& O 0  MHz

MHz
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-------- - -------

MHz (IB

4.0 VSWR / _ / / 7

'fV f i  • MHz 

M H z

S 7 1 1

iA / ,3

* 7 1  _ 
i x t . )

S11.1

63JIX
m i
U 3 .1

f t !
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M . 7
CJU. 7

S7ZJ

£ X 3 t
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5.0 PHASE MHz - ___
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MHz
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I  M  TEST DATA

TEST RESULTS
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CUSTOMER PART MO-7
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PER ATP_________________________

K & L  ORDER NO.

TEST ENGINEER. ^  ^
Q.C. INSPECTOR 

DATE.

ECTOR

4 2

SPECIFICATIONS SERIAL NO.

1.0CENTER FREQUENCY 2 0 0  M H z  

20RELATIVE BANDWIDTH

2.1__________ 3dB BW  /  9  7~ MHz

7-08 MHz

4DVSWR Aj> " 2

t y f-

7.0 STOPBAND REJECTION
MHZ_______________ dB

______________ MHz_______________ dB

80 O T H E R __________________________

9 0 M E C H A N IC A L  & M A R K IN G .
R o v .  0 / 8 2

6X! GROUP DELAY _________  * MHz

3 0  INSERTION LOSS
^ 9 0  MHz U  # 9  dB
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TECHNICAL DATA u j U W A T K IN S -J O H N S O

J 5 TO 600 MHz 
CASCADABLE AMPLIFIER 

WJ-A77-1

•  HIGH OUTPUT LE VEL:+15 dBm 
(MIN)

•  HIGH THIRD ORDER I.P.: +30 dBm 
(TYP)

•  EXTENDED BANDWIDTH: 5-600 MHz
•  WIDE POWER SUPPLY RANGE:

+8 T O +15 VOLTS
•  SMALL SIZE: TO-8

GUARANTEED SPECIFICATIONS*

Characteristic ' Typical 0*-50*C -54*C-+85*C

Frequency (Mia.) 2-700 MHz 5-600 MH2 5-600 MH2

Small Signal Giln (Min.) 16.0 dB 15.0 dB 14.5 dB

Gain Flatness (Mai.) ±0.3 dB ±0.7 dB 11.0 dB

Nolso FI gun (Mai.) 5.0 dB 6.5 dB 7.0 dB

PowerOutputitldB Comprasslon(Mln.) +  16.5 dBm +15.0 dBm + 14.5 dBm

VSWR (Mu.) Input/Output <1.5:1 1.8:1 2.0:1

DC Current at 19 Volts (Mu.) 50 mA 53 mA 56 mA

tito il Ordir Harmonic Inltrtipt Point: +49 dBm (Typ.) 
Socond Order Two Tom Intarcipl Point: +43 dBm (Typ.) 
Third Ord«r Two Tono Intorcept Point: +30 dBm (Typ.)

--------------- to a SO ohm  l y iwm, at t i l  Vdc N o m M

ABSOLUTE MAXIMUM RATINGS

Ambient Operating
Temperature ..........-54*C  to + 100*C

Storage
Temperature ......... -62 *C  to + 1 2 5 'C

Maximum Casa Temperature....... 105*C
Maxmum DC Voltage............. +17 Volt*

• H I M I M I  W *A»»-I T*efim«*l Data aatad Oct. 1*71
N O T! I AU taatuie ear applwabl. m u m * W aulM -MluiM a Mat 
aftanfa without notlca.

Maximum Continuous R F
Input P ow er........................ +13 dBm

Maximum Short Term R F Input Power 
(1 minute Maximum). . .  +100 Milliwatts 

Maximum Peak Power 0.5 Watt (3 Msec 
maxmum)

"S " Series Burn-In Temperature 10CTC

ara alto tubjaat

WATKINS-JOHNSON COMPANY
3 3 3 3  M ll lv U w  A v t n u t ,  P a l*  A l t# ,  C a l i fo rn ia  9 4 3 0 4
(41 8 ) 4 0 3 - 4 1 4 1 .  T W X i * 1 0 - 3 7 3 - 1 2 8 3 .  T B L IX :  3 4 8 - 4 1 8 ,  C A B L S i W J F L A

JUNE 1980*

Spaclfteationa auoiact to changa without n®tt«a

WJ-A77-1

GAIN

TYPICAL PERFORMANCE AT 25°C 

NOISE FIGURE

I I V’4-C

£*nc

FREQUENCY • MMJ

POWER OUTPUT*
I  «

FREQUENCY • MHz 
•8 1 OB Gain Compression

100 200 300 4CD 500 600 TOO 
FREQUENCY - MHZ

TYPICAL AUTOMATIC 
TEST DATA V *  -  15V
rrco var "«r ĉiih

LINEAR S-PARAMETERS
r«c *rc »»c iwc ** •««. '»*•

*.:* Ca«l C.44• jcr.e <-.49
I4C.C•iro.4 c,co114.0 5.*« 
33.3 9.2S

•I».0
:io.r 
•ool 3

DEVIATION FROM LINEAR PHASE. GAIN AND 
GROUP DELAY

xs rev l in  •  ra . o u »:m x >* ca:»i  « w  :cu r

•CalO
l.Cf
3.31 -79. tu  

-IX .  or

OUTLINE DRAWING

DIMENSIONS ARE IN INCKS (MILLIMETERS)

JUNE 1900 PRINTED IN U.S.A.
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A

RF HYBRID AMPLIFIER ASSEMBLY
AY 5029-X

AYDIN VECTOR DIVISION  3  (o n  °—

Guaranteed Specifications 
Quality Product 
Wide Bandwidth 5 - 250 MHz 
Gain 65 dB
1 dB Gain Compression + 12 dBm. 
Temperature Stability -55°C to 100SC 
Choice O f Connector

GENERAL DESCRIPTION:
The AY series of amplifier assemblies consists of 
multiple modular amplifiers. The hermetically 
sealed TO-8 packapes and DIP are directly inserted 
into a microstrip circuit board which is enclosed in 
the aluminum housing. A choice of connector is 
available.

QUALITY ASSURANCE:
The Quality system is approved to MIL-Q-9856A. 
Units are designed to meet environmental require
ments of Ml L-STD-883B.

APPLICATIONS:
RF Preamplifiers, IF Gain Building Blocks, Isola
tion Amplifier, LO Buffer Amplifiers.
Used in Phased Arrays, ECM Receivers, Satellite 
Communications IF's, Direction Finding Systems, 
Instrumentation, Radar Receivers, Transceivers.

ENVIRONM ENTAL:
All standard products are screened to MIL-STD- 
883B, Class B with the exception of burn-in. Tests 
such as. Temperature Cycling, Acceleration, Her- 
metidty Centrifuge and Fine/Gross Leak. Burn-in 
(168 hrt.) will be performed upon request.

GUARANTEED:

NOISE
FIGURE

(dB)

POWER
OUTPUT

dBm

INPUT/
OUTPUT

VSWR

ELECTRICAL
SPECIFICATIONS

GAIN
dB

Typical

AYDIN VECTOR division /  P .O .Box 328, Newtown, PA 18940

Main Offices & Plant: Newtown Industrial Commons. Newtown, PA

TYPICAL TEST DATA

66

GAIN
(dB) 65

64

'MjU •/////A '//////Va777777/.

8%
____ ~

___ --- ----- ------ I -----
I
1

— --- —

INPUT
VSWR

5 60 100 200 300 200 300

N OISE  
FIGURE 2 

(d B )

FREO — ■" 5 bo 100 

MHZ

OUTPUT
VSWR

60 100 200 300 —“ FREQ- * *  5 60 100 

MHZ
200

+13
POWER
OUTPUT * i 2  

(dB m )
+11

((((( ’/ / / / / / W /////A •m w .7 M & w m

i

i

76

REVERSE
ISOLATION 70 

(dB )
66

f t W t S/V/V/TT?,W /////U .w m m v /u /77/W /,

(
1

60 100 200 

AY-5000 N

300 * • — FR EQ — • •  6 6o 100

MHZ
200 300

Assemblies available with BNC, TNC, N or SMA 
connectors.

TNC Connectors 

BNC Connectors 

N Connectors 

SMA Connectors

AY5029 -1 

•2 
-3 

-4

Bulle tin  N a :  10008020/0-62-1 M /Prlm »d In USA. '•
Data Acquisition and Reduction Systems and Components

A Y D IN  VECTOR division

Friends Lane, P.O. Box 328 Phone: (215)968-4271
Newtown, Pa. 18940 TWX: 510-667-2320

Riiigp’diiwd Airborne Components & Systems 
Transmitter*....Commutators....PCM Encoders 
Subcarrier Oscillators....Telemetry .'ystcnis

A Y D IN  MONITOR systems

401 Commerce Drive 
Fort Washington, Pa. 19034

Phone: 1215)646-8100 
TWX: 510-661-1520

Ground Based C.nm|M>neuts & .'v-lems 
PAM/PDM/PCM .'imulutnr. S\iic.lin*iii/ei> 
PCM l)ecomniiilat<>r.»...G>ni|iii(er Interlace



AYDIN VECTOR division

TEST DATA

Unit Nomenclature: RF Amplifier Date: 9 Ct 3 } j_

Unit Part Number: A N ~ 5 5 3 7 -^ f  ------------------------ Serial No' !------ ------------
Description of Test: Final_______________________________ ______Tested By:--------------------------

Project N u m b e r : _ _ i l £ £ _______________ _____________ ATP No.: <*5& Q 0?2L

Temp. G—

Parameter Limits Reading Frequeiicy

MHz
High
Gain

Low
Gain MHz

6.2 Gala

Flatness

7odV)

M/fV k/a

6.5 Power Out + ^ dBm Min. v-\o.t?AW 9co Kiv̂ i
6.6 DIP-3  ̂1 f\ dBm Min. — MHz

6.4 N.F. q dB Max. .̂SVlb QOO MHz Worst Case

6.1 Dc Power 
Q ^ V d c  15L 130mA Max. *91 ,3mA
VSWR IN 1,1-7 to MHz Worse Case

6.3 VSWR OUT 1.3-1, fc i*U0 to MHz Worse Case

7.0 Reverse Iso l̂/fldB Min. — • to MHz Worse Case

Remarks: GSI _________

Q.A. 1 - :'■«

Form No. 110-E-173



Harmonic Mixer

A2S124 Mixer Diode, TRW-Aertech



Schottky Kigh Barrier Mixer Diodes
Series A2S10Q
Features
• Lowest Available Noise Figure
• Low Intermod Distortion 
. High Peak Power Handling Capability
• High Reliability (Space Qualifiable)

D e sc rip tio n

The TRW Microwave A2S100 series of diodes em- 
ploysa relatively high barrier metal/silicon Schottky 
junction. This produces diodes which have very low 
noise figures and are capable of operation over a 
broad range o f local oscillator power. Hi-Rel 
versions are available upon request.

Environmental Ratings (Maximum)
Operating Temperature.............................  -65  C t o +150 C

Storage Tem perature................................ -65*C  to  +150 C

Power Dissipation @ 25°C .............  200 mW. Derate linearly
to  zero at 150°C

Soldering Temperature...........................230°C for 5 seconds

' 530 mV Typ. @ 1mA)

Part1
Number

Test*
Frequency

(GHz)
Casa

Style'
Noise Figure’

Typ IdB) Max (dBI
M ax'
VSWR

Z i f ’
(Ohms)

Typical Parameters*

C|o
(pF)

V br
(Volts)

A2S101 9.375 P 5.6 6.0 1.5 200-400 0.12 3.0

A2S103 9.375 P 6.5 7.0 2.0 200-400 0.12 3.0

A2S106 9.375 L 5.6 6.0 1.5 200-400 0.12 3.0

A2S108 9.375 L 6.5 7.0 2.0 200-400 0.12 3.0

16.0 P 6.0 6.5 1.5 175-350 0.10 2.0 ----
A2S124 16.0 P 6.5 7.0 2.0 175-350 0.10 2.0 __
A2S122 16.0 L 6.0 6.5 1.5 175-350 0.10 2.0

A2S123 16.0 L 6.5 7.0 2.0 175-350 0.10 2.0

A2S120 9.375 U4 6.0 - 1.5 (typ) 300 (typ) 0.12 3.0

A2S029 9.375 N6 6.0 - 1.5 (typ) 300 (typ) 0.12 3.0

A2S130 3.0 H 5.5 - 1.5 (typ) 300 (typ) 0.40 5.0

Nous:
1. H ut nok i t  the cathode.
2 .  S in g it  s i d e b a n d  o ve ra ll nc i  figure, resistive image termination:

N |f •  1.5dB ® 30 MH* 
R L <10ohms

Typical Performance Data @ 25cC

3. Single diodes are available as matched pairs or Quads. 
S uffi* "M "  denotes a pair; “ Q " denotes a quad.

ANFo< 0 .3 d8  
A Z |f< 2 5  ohms

4. Cj0 • Junction capacitance <P V M -  0 volt.
* Measured at Ir ■ 10 *iA.

5. Available tested at 2 or 3 GHz.

TRW Microwave

CASE STYLE "E " CASE STYLE "G ''

HH
j

a _ | j

dm -  ©
r J L ffTTl

CASE STYLE * T CASE S T Y LE T

r? 1 /
□ J D n  !

L «L — 00 MM*a

I* • ■ s-s

CASE STYLE " K "

CASE STYLE " L " CASE STYLE *'P~

+
i a l j .

T

CASE STYLE "S2"

r tLZllo
<±JF \

C ID

i l m

Note: Packages are not necessarily dra*m to the lim e  scale.
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6.0 APPENDIX

List of Relevant NRAO Technical Reports and Data 

NRAO Technical Reports

VLA Technical Report No. 29, An Introduction to the VLA Electronic System A. R. Thompson 3/77 
VLA Technical Report No. 8, Module L6 The 2-4 GHz Synthesizer A. R. Thompson February 1976 
VLA Technical Report No. 7, Module F4 Frequency Converter, S. Weinreb July 1975 
VLBA Technical Report No. 4, 2 -16  GHz Synthesizer, L104 Robert I. Mauzy June 11, 1987

VLA System Drawings

D16000B03 VLA System RF Block Diagram 

X-Band System Drawings

A13050P20 Bin/Module OSP Connector Interface
C13165B02 8 - 10 GHz Receiver Block Diagram
B13030M21 F-Rack to B-Rack Cables
B13030M17 Connector/Pin Mod. UG-603A/U
B13030M58 B-Rack Connector Bracket
B13050M56 B Rack Support Bracket
C13030M30 F-Rack to B-Rack Cable Support
C13030P11 Cable Support Assembly
C13600M01 D-Rack Filter Bracket
C13165B02 8 - 10 GHz Receiver
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