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. 225 GHZ ATMOSPHERIC RECEIVER - USER’S MANUAL

Zhong-yi Liu

1.  INTRODUCTION

The 225 GHz atmospheric receiver is controlled by a desktop computer.
The system will automatically start when the 12V DC power supply is turned
on. All of the sixteen analog monitor points (three of them are spare)
are scanned, scaled, and the values are displayed on the CRT screen. The
control commands and some special key functions are also shown at the
bottom of the CRT screen [l]. Operation of the receiver does not require
reading of this manual. The manual is mainly written for those who are
engaged in construction or maintenance of the receiver system.

In most cases, it is far more difficult to maintain a machine than to
operate it. This is because there are concepts which are self-evident to
the builders and designers but may not be so to other persons. Some
important and useful information can only be obtained by experiencing the
process of designing, constructing and testing. So, a written description
may help to explain some critical points or give some information or clues
which are obscure in the schematics. With such an intention, this manual
will not cover every subject but will emphasize the important points.
However, an overall view of the system will be presented.

2.  GENERAL DESCRIPTION

A block diagram of the 225 GHz atmospheric receiver system is shown
in Figure 1. The rotatable mirror Ml is a section of a parabola with a
focal length F = 1.2" and a beam width of 4 degrees. This beam can be
scanned from zenith to horizon with a step angle of 1.8 degrees under the
control of computer. The beam is chopped at the paraboloid focus by
chopper wheel C which switches the beam from the sky signal Ts, to reference-
load signal Tr, and to hot-load signal Th sequentially. The chopped beam
is then reflected by a fixed mirror M2, passes lens L and finally enters
the feed horn H. .

The local oscillator signal is generated by a commercial 75 GHz Gunn
oscillator G and is then frequency tripled to 225 GHz by the NRAO-made
tripler T. In the injection cavity I, the LO power is split into two
halves. One-half of the LO power is combined with the signal received by
the feed horn and injected into the mixer M; the other half is a spurious
signal emitted into the sky by the feed horn. The 1.5 GHz IF signal is
amplified by amplifiers AMP1l and AMP2 and is filtered by a bandpass filter
F. The chopped 1.5 GHz IF signal drives the square-law detector and DC
amplifier with output proportional to the power (or temperature) of the
total signal entering the mixer.

The output of the square-law detector is synchronously detected by the
. synchronous .detectors- to-give -outputs proportional to (Ts - Tr), (Th - Tr)
and (Tr + Tsys), where Tsys is the system effective noise temperature. The
output (Th - Tr) is used for absolute gain calibration of the system. The
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Cempefatures of Th and Tr are exactly controlled at 65°C and 45°C,
respectively, by the temperature controllers.

The monitor and control board links the receiver with the computer.
The computer controls the elevation angle and monitors the receiver’s
working status and measurement results. A reference generator at a frequency
of 4 KHz, after frequency dividing, drives the chopper’s motor driver (IC
SAA 1027) and the synchronous detector and the elevation motor driver (IC
SAA 1027) 1is driven by the computer’s control signals.

3. LOCAL OSCILIATOR

Local oscillator power is generated by a commercial 75 GHz Gunn
oscillator (Millitech Model GDM-12T). Some important parameters of the
Gunn oscillator which have been carefully examined before being used in
the receiver are the frequency stability, output power, and the effects of
load impedance.

3.1 IEMPERATURE COEFFICIENT OF THE GUNN OSCILLATOR

In order to insure that the receiver will work in summer and in
winter, the Gunn oscillator must have a good stability with respect to the
variation of its physical temperature. The component plate of the receiver
is temperature controlled by a proportionally-controlled heater, but there
may be as much as 15°C variation inside the receiver box for a -20°C to
+50°C outside temperature variation. Because of the narrow bandwidth,
about 0.3 GHZ, of the injection cavity, the frequency shift of the Gunn
oscillator must be less than 0.1 GHz, i.e., the temperature coefficient of
the Gunn oscillator must be less than 7 * 10-6/°c.

The initial Millitech Gunn oscillators exhibited large temperature
coefficients and step changes in frequency as shown in Figure 2. Those
were returned to Millitech and much improved units were received. The
improved Gunn oscillators have a temperature coefficient of about
-5 % 10‘5/°C and no frequency step changes were observed.

The original Gunn oscillators also have large step changes in frequency
(about 0.5 GHZ) when the load impedance was varied but this also was
corrected in the new units.

The output power of the Gunn oscillator should be more than 40 mW in
‘order ‘to provide a sufficient pump power to the tripler. -

3.2 JRIPLER

The tripler is designed at NRAO. The theory and comstriction
were described in papers {2] and [3].

The adjustment of the tripler must be performed carefully in
order to achieve the best conversion efficiency. Because of the highly
nonlinear capacitance versus bias voltage law of the Schottky diode,
adjustment of the DC bias.voltage is necessary (while ‘tuning the backshorts)
to find the best bias point. Figure 3 gives the relationship of the
tripler output power to its bias voltage and pumping power. For each bias
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voltage and pumping power the backshorts are tuned. As shown in Figure 3,
when the DC bias and the tuning backshorts are optimized, the peak conversion
efficiency is 5.3 percent.

Table 1 gives the four triplers’ optimum bias voltages, output
powers, and the Gunn oscillator pump powers.

TABLE 1. Tripler Bias and Performance Data

Tripler Used in Optimum Pump Output
Number Receiver Voltage » Power Power
L e
A 4
B 2 ~ 5.67V 52.1 oW 1.87 oW
c 3 . 5.50 v 51.0 mW 2.20 oW
D 1 5.56 V 48.5 oW 2.30 mW

4.  QUASI-OPTICAL SYSTEM

The quasi-optical system consists of the elevation mirror M1, fixed
mirror M2, chopper wheel C, and lens L. As mentioned previously the
chopper wheel plays a very important role in the system. It switches the
incident beam sequentially from the sky signal to the reference load
(45°C), and to the hot load (65°C) under the control of the chopper motor
driver and the reference generator.

4.1 CHOPPER WHEEL

The chopper wheel consists of four blades which are mounted on
the surfaces of a cubic block (see Figure 8). It rotates around its axis
as driven by the stepper motor. When the chopper blades pass through the
beam, they block off the path of sky signal coming from elevation mirror
‘and-reflect the thermal emission of the reference load (mounted over the
chopper wheel) or the hot load emission (mounted beneath the chopper
wheel) on alternate blades. Between two adjacent blades is a window for -
transmission of sky signal. The width of the window should be equal to
the width of the blade’s projection in the focal plane in order to have
equal time periods for the three paths (sky, reference load and hot load).

Figure 4 is a photograph of the quasi-optical system and Figure
5 is its outline drawing. Figure 6 shows the projection of the chopper
wheel in the focal plane. The distance R, shown in Figure 6, from the
focus of the mirror..to.the axis.of the.copper.wheel, is 1.61 inches. So,
the projection width of the copper blades can be calculated as '
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: B=2%R%* Sin 22.5° = 1.232"

The angle between the axis of the beam and the normal-line N of the blades
is not 45 degrees! but an angle A which directs the beam to the center of

the absorber when the blade is at the focal position (see Figure 7). The

distance from the focal point to the absorber is 2.125 inches, and is 1.30
inches from the center of the absorber to the focal plane. The angle A is
then given by

A=0.5%* [90° - tg'1(1.30/2.125)] - 29.27°

-

We can now calculate the blade’s width W as
W = B/Cos A = 1.412"

The area of the effective reflection area on the fixed mirror
surface equals the projection area of the lens on the mirror. The radius
of the lens is one inch and the focal length F is 2.562 inches. When the
blade passes the beam, the width of the cut section will be

d=2% (R/F*1/2 W * Sin 29.27°) = 0.269"
Now the height of the blade can be determined as

h=R+ d/2 -a/2 = 1.35" (see Fig.6 and Fig.8)

An optical-interruption wheel (OIW) is located on the same shaft
as the chopper wheel. There is a narrow slot in the edge of the OIW,
through which an infrared emitting diode is coupled to a photo-transistor.
When the shaft turms, the photo-transistor will send out a pulse each
turn. This pulse is used to synchronize the chopper driver and the
---synchronous- detector. The relative position between the chopper wheel and
the OIW is carefully adjusted. Unless necessary, do not readjust. Any

1If the absorber was a perfect load, it would be possible to make the
angle of the blades 45 degrees. The spurious LO signal emitted from the
feed horn would reflect off the blades, arrive at the absorber and be
absorbed entirely. The absorber is not perfect, though. A somewhat
attenuated signal, which is still strong enough to affect the bias point
of the mixer, is reflected off the absorber. With a 45 degree blade
angle, this returned signal travels back to the feed horn and from there
to the mixer. Choosing some other angle causes the reflected signal to
miss the feed horn entirely.
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movement of the relative position will cause a synchronous error and
reduce the measurement precision.

4.2 LENS AND INJECTION CAVITY

The teflon lens is circularly symmetric and has a diameter of 2
inches. 1Its focal length is 1.2 inches. The surface toward the feed horn
is planar and the other side is curved as determined by a set of parametric
formulas [4], [5]. The lens surfaces are concentrically grooved in order
to reduce reflection losses.

The RF signal received by the feed horn is fed to the injection
cavity where the RF and the LO signals are combined together. The cavity
is a resonant device. It performs as a bandpass filter for the LO signal.
The central frequency and the bandwidth are closely dependent upon the
tuning of the backshorts (see Figure 9). The criteria for optimum tuning
are as low an insertion loss as possible at the LO frequency and as high a
rejection as possible at the sidebands. Since a frequency sweeper that
works in the range of 220 GHz to 230 GHz was not available, the process of
tuning the injection cavity was laborious.

Figure 9 was obtained by using a klystron and a frequency tripler
as the signal source. The klystron drove the tripler via a variable
attenuator and the tripler drove the cavity. The klystron output frequency
was tuned from 74.5 GHz to 75.5 GHz with steps of 0.1 GHz. The tripler
was retuned and the attenuator was adjusted to maintain a constant output
power to the cavity in the frequency range from 223.5 GHz to 226.5 GHz.

The listed input and output powers of the injection cavity in Figure 9
were measured at 225 GHz with the different backshort settings.

5. MIXER AND IF AMPLIFIERS

The mixer is a single-end device [6], [7]. RF and LO signals are fed
into one port of the mixer. A GaAs Schottky-barrier diode chip is mounted
in the reduced height waveguide and is contacted with a gold whisker. The
mixer tuning is achieved by employing a fixed backshort which is implemented
as a section of short circuited waveguide electroformed into a backing
plate. There are various backshort plates with a range of diode-to-short
spacings available for optimization. In order to achieve the desired
performance, the LO power and the DC bigs levels should be carefully
adjusted when trying backshort plates. With each adjustment we can find
- the changes of the system noise temperature directly from the CRT monitor
display. The system noise temperature of the receiver #l is less than
1500 K with mixer #23. The LO power, measured at the output port of the
injection cavity, is 0.85 mW. DC bias is -0.8 volts. Diode current is
1.45 mA. The mixer bias data, as well as the resulting system noise
temperatures of the four receivers, are listed in Table 2.

The mixer IF output is fed to the preamplifier which has an 1 to 2 GHz
bandwidth, 38 dB of gain, and 1.1 dB noise figure (Miteq Model AFD3-010020-
13). The amplified IF signal, through a filter and a 20 dB attenuator, is
fed to the post-amplifier which has a gain of 40 dB .

The square-law detector has a square error of 0.2 X at an IF bandwidth
of 1 GHz ([8]. .

10
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TABLE 2.

Mixer and Receiver Parameters

Receiver Mixer DC Bias Diode System Noise
Number Number Voltage Current | Temperature
g

1 21 -0.8 1.45 mA 1500 K

2 24 -0.71 0.85 mA 2700 K

3 2A -0.71 0.6{ mA 1700 K

4 20

6.  SYNCHRONOUS CONTROLLER, CHOPPER WHEEL DRIVER, AND SYNCHRONOUS DETECTOR
6.1 CHOPPER WHEEL DRIVER ‘

The chopper wheel is driven by a stepper motor, 1.8 degree per
step. The stepper motor driver is an integrated 16 pin dual-in-line IC, type
SAA 1027, (Figure 10). A 500 Hz pulse train is fed to the motor driver to
drive the chopper wheel at 2.5 turns per second. The sync pulse sent by
the phototransistor is shaped by a 7415221 IC chip and is used to synchronize
the synchronous controller and the reference gemerator 74LS629.

6.2. IHE SYNCHRONOUS CONTROLLER

The synchronous controller as shown in Figure 11 generates the
control signals S, R, and H which switch on and off the synchronous
detector’s S channel, R chamnnel, and H channel, respectively. The three
channels extract the sky signal, reference signal , and the hot load
signal from the output of the square-law detector. So the control signal
S, R, and H must keep in synchronism with the chopper wheel.

In one revolution the chopper wheel switches the beam two times
to reference load Tr, two times to hot load Th, and four times to sky Ts;
thus each time lasts 25 steps (45 degrees). The waveforms are shown in
Figure 12.

The waveform of the square-law detector’s output shows that
there is a duration of the beam switching, i.e., the beam is not switched -
instantly. The reason is that the beam has a non-zero width in the region
that the chopper blade cuts as shown in Figure 14. When the blade is at a
position between a and a’, for example, it begins to block off the path of
the sky signal Ts and to reflect the radiation of the reference load Tr.
During this period both the Ts and Tr partially come into the mixer. The
process is similar between the positions b and b’ but an opposite process.
Only between the positions a and b’ does the receiver record the radiation
of the reference load Tr. Thus, the intervals aa’ and bb! must be cut off
during synchronous detection. That is the purpose of the blanking pulse
(waveform d in Fig. 12). It is necessary to find the width of the

12
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blanking pulse for the design of synchronous controller. In order to
determine the pulse width of the blanking pulse, it is necessary to determine
the time required for the blade edge to pass entirely through the beam

(Fig. 13). The maximum width or the cut-section of the beam can be found

as

L=Rl *W%*Sin A* 1/F = 0.269"

Where R1L = 1.0" equals to the lens’ radius

W = 1.412" : the width of the blade )
F = 2.562" , the focal length of the mirror
A = 29.27° , the angle between the normal line of the blade and the

beam axis

Referring to Figure 14, we can find how many steps (or times) it will take
for the blade to pass through such a width. It is equal to the duty Bl of
the blanking pulse.

Bl = A’/1.8° = 2 * Sin"l(r/R) = 5 steps (-~ 10 mS)

6.3. SYNCHRONOUS DETECTOR

Figure 15 is a schematic of the synchronous detector. The
output of the square-law detectors fed to the positive input of the OP AMP
A. The inverting input of the OP AMP A is comnected to +10 volt DC through
a 100 K ohm resistor. So its output voltage is -10 volts when the input
voltage is zero. When the input voltage is Ei, its output can be given as
2 * Ei -10,000 mV
The output of OP AMP A is fed to three analog switches which are controlled
by three synchronous switching signals S, R, and H, respectively. So that
the sky signal Ts, reference signal Tr, and hot load signal Th are separately
extracted out by those three switches each followed by an integrator. The
integrators’ outputs Es, Er, and Eh are fed to two subtractors to obtain
the outputs of R, (S - R) and (H - R) that
R = Er

§-R =10 * (Es - Er)

H-R =100 * (Eh - Er)
and Es = 2 * Grev * (Ts + Tsys) - 10,000 mV

Eh = 2 * Grev * (Th + Tsys) - 10,000 mV

Er = 2 * Grev * (Tr + Tsys) - 10,000 mV

16
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Wheré Grev ...... the gain of the receiver in millivolts/Kelvin

Ts ...... the observed object'’s temperature in Kelvin

Th ...... the hot load temperature in Kelvin

Tr ...... the reference load temperature in Kelvin

Tsys ...... the effective noise temperature of the receiver

Then we have
S - R =20 * Grev * (Ts - Tr)
H - R= 200 * Grev * (Th - Tr)

R =2 % Grev * (Tr + Tsys) -105000

The temperatures of Th and Tr are exactly controlled at 65°C and
45°C, respectively. So if we adjust the gain Grcv to make the output of
the (H - R) AMP as

'

H - R = 200 Grev * (Th - Tr) = 200 Grev * 65 - 45) = 4000 Grcv = 4000 mV

then the gain of the receiver Grcv = 1 mV/per Kelvin. The output of the
synchronous detector can then be given as

S - R =20 (Ts - 318) mV
H - R = 4000 mV

R = 2 (Tsys + 318) - 10,000 aV

Here we see that the output of (H - R) is a constant of 4000 mV
:Lf the receiver is properly adjusted. The reading of (H - R) can also be
used to check the system synchronization. That is, by changing the Ts
from room temperature to liquid nitrogen temperature, the readings of the
(H - R) should remain constant. If it changes too much (should be less
than 20 mV or 0.1 degree), the system is out of synchronization.

The elevation mirror can be either computer controlled or manually
controlled. Figure 16 is the schematic of elevation mirror driver.

7.1. MIRROR SCANNING DIRECTION CONTROL

The direction of the elevation mirror scanning is controlled by
the potential level of the IC chip SAA 1027 's DIRECTION PIN 3. When it
is high, the mirror will scan in a clockwise (CW) direction. The level is
determined by .the state of.CW..(controlled by computer) and the state of
the J-K flip- flop 74LS109 (controlled by manual). The direction is given
as

Dir = CW * Q2 + Q2 * CW

18
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-

mﬁhen in manual

control mode, no matter whether CW is HIGH or LOW,

each push of the MAN DIR switch will toggle the flip-flop Q2; therefore,
the direction changes. When in the CPU MODE, if Q2 is low (Q2 = 0), the
direction DIR = CW. The direction
- 1), DIR = CW. The direction is opposite to the

If Q2 is high (Q2

computer’s command. So it is neces

begins to control the directiom. This is realized by

the NOT OR gate 741802 . 1ts inputs are connected to the computer controlled
and ST (step) and its output is connected to the CLR2 of
flip-flop Q2. Then

when the computer

GZ (go to zenith)

coincides with the computer's command.

sary to reset the flip-flop Q2 to zero

TIRZ =GZ + ST »

Normally, if there is no CFU control command, GZ and ST are both zero.

Then the’ CIRZ -1 .

go to zenith or s

tep; either GZ or

cause a negative pulse at CLR2
and reset Q2 to zero.

7.2. GO ZENITH CONIROL

The oscillator 7418629 supplies 50 Hz clock pulses to gate A.
When a positive pulse occurs, either on the computer controlled CPU GZ
1 controlled MAN GZ line, it will set the flip-flop Q1 to
HIGH (Ql = 1) which allows the clock pulses pass through gate A and via
the Exclusive OR 741586 to the motor driver SAA 1027. When the mirror

line or the manua

-arrives at the zenith position, the

negative pulse. This pulse is shaped by the monostable mutivibrator

When the CPU wants to control the elevation mirror,

ST gives a positive pulse which will

phototransistor H21Al1l sends out a

7418221 and be used to reset the flip-flop Ql via the AND gate B, therefore
closing the gate A and stopping the
connected to manual control STEP sw

a negative pulse occurs

mirror is turning
mirror will stop.
move one step (1.

mirror. The other pin of gate B is
itch. When the MAN ST switch is closed,

at the output of gate B and resets Ql. So, if the

on the way to zenith and you push the MAN ST switch, the
Then each push on the MAN ST switch makes the mirror

8 degree).

8. INTERFACE AND DATA LINK

The data acquisition and monitor/control interface are realized by
employing a VLBA standard interface card. For details please refer to the
VLBA specification ASS001N002-A.

9. CALIBRATION AND RESULT

When power supply €

disc is in the computer disc drive,
Normal operation will not occur unt

are heated up and stabilized.

sure the REF TEM

o the system is turned on and the working program

the system will setup automatically.
i1 the reference load and the hot load

Check the readings on CRT screen and make

is 45 C and the HOT TEM is 65°C and the H - R is 20 K.

The system is then ready: to operate
20 minutes to warm up depending upon the initial equipment temperature.

_ Normally, it will take approximately

20



.?igure 17 is a chart record of the synchronous detector’s analog
outputs S-R and R for different temperature absorbers placed in front of

the elevation mirror.
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Fig. 17. The Calibration Result.
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APPENDIX I. Photograph and Schematic of the Square-Law Detector
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- _ APPENDIX II. The Temperature Controller

The temperature controllers are used to heat and control the
temperatures of the reference load (45°C) and the hot load (65°C). The
reference load and the hot load are made from a sort of liquid microwave
absorbant. One pound of this absorbant is mixed with 20 milliliters
hardener. Plaster the mixture onto a 9.0-10.5 cn? aluminum plate with a
mold to dry. The surface of the absorber is gro;ved and coated with a
layer of foam which is transparent to the microwave emission. The plate
is heated by a power resistor controlled by the temperature controller.

Figure APII-A is a schematié of the temperature controller.
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APPENDIX III. 12V Power Supply and DC/DC Converter

Schematic of the 12V Power Supply . . . . . . . . . . . « . . APIII-A
Schematic of the DC/DC Converter . . . . . « &« « « o « « « & APIII-B
12V Power Supply Photograph and Manufacturdr Data Sheets . . APIII-C

DC/DC Converter Photograph and Manufacturer Data Sheets . . . APIII-D
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50 TO 384 WATT - SINGLE OUTPUT

owitching Regulated Power Supply

B Recognized under IEC 380 safety
standards

B Meets VDE 0806 safety design standards
B Complies with UL 478 and CSA C22.2154
=

Input filter conforms to VDE 0871/6.78
and FCC 20780 Part 15, Subpart J

The EVS family of single output switchers incorpor-
ates the latest in switching technology to offer low
cost, high-performance solutions to your power sup-
ply. These efficient, light weight units are availablein
5.12. 15 and 24 VDC versions. Units are designed
and qualified to meet all of the latest required regu-
latory specifications used throughout the world.

W User selectable 115/230 VAC dual input m AC transient suppression
® Overvoltage protection B Logic inhibit on many models
M Qverload protection B Remote or local sensing on most models
M Short circuit protection m Cover included with all models
Parameter Conditions Limits Parameter Conditions -__- 2 I:m__n_t_;—_ - #__-_
AC Inaut 47-63 Hz. 90-132/180-250 VAC | Oversnoot No voltage Spikes on turn-0n. - — - —.-- .
(consult factory for 400 Hz)  (user Selectable) turn-off or power failure - L
GC Quiput See Orgening Information Chart Input Surge Current Peak (colc start} 204 (115 VAC)
DC Outcut Adjustment - 10% : WAZOWE |
Line Regulaton Within specified AC mits = 0.5% Logic Innibit Function  Referenced to (- ) negatve  3.5103.5V
{Series EVS-F. G. H.J)  senseterminal
Loac Regulation No load to tull load =0.5% z =
Polarnty Either positive. negative. Up to 300 VOC
Noise and Ripole OC - 50 MHz 75 mV peak-to-peak floaung
T Ll Soft Stan Provides input current T S
Hoid-ua Time Based upon nominal nput 20 ms Irmung at turn-on
voltage and full load 4 = m—————— i
Parallel Qoeranon Consult tactory
Transient Response 50 to 100°, loaa change 2°:n10ms 5 ) -
Long Term Staoility For 8 hrs arter 20 min 0 1%
Ethiciency Accoraing 1o output voltage 70 - 80% warm-uo
‘amote’Local Sensing Prowision inciuded for Amtient Joeratn C 7
s ! erating Conunuous Duty 0Cw-71C
enes EVS-F. G. H. J!  improved Il ars
= : proved overall requlation Temperature Full rating 0Cio -50C
verioad Protection Built-in fold back Derate hinearly ta 50° of
R limiting full rating at =71 C
Short Circuit Protection  Automatic electronic circuit_ Preset Value Storage Temperature T cwesC
Bgveciaceibmicoion . Suith. ued Quality Control Accoromg o MIL-1-45208

APIII-C. - 12V Power Supply Photograph/Manufacturer Data Sheats
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10 WATTS OF REGULATED 5V, =15V,
oV,

+12V; 5V, +12V/—-5V

. . ISOLATED ANALOG & DIGITAL GROUNDS

- BUOCK BIAGRAM SERIS 83! —
Tripie Satpt = =] £
’)‘ agz® rey masos
NC-0C Camverter E e [ . Common
- 1
el S
o [ Zeseeat ] 2 n
' - - =
H ‘:. “}::;" twvgovge -
e | o - P 7.---(1-m.asummzﬂ"
e tivg
_ Rt S
S CEETTY J00¢ ut .
e s et = .
- [T N\ dueatay,
J l cowwon

GENERAL SPECIFICATION
ELECTRICAL
INPUT
Voltagerange ............... See ordering information
Current. ..............c..... See ordering information
Filter. ........0 . cooiueinn.. type
Switching frequency .......... 20 KHZ
OUTPUT
Voltage.output E1 & E2....... =1% Max. (- 5VDC, =2%
Max.)
Output B3 ........... 5VDC. = 1% Max.
Voitage Balance EttoE2.....=0.2% Max. (Tracking, = 15V ‘
and =12V only) :
Current. ........ccvviiiunnnn See ordering information :
Voitage limiting (0.v.p). E3 ... .. 6.8V
Load Reguiation (NL-FL)
..=002%. =0.1% Max.
..20.1%, =0.2% Max.
Line Regulation (LL- HL).
E1&E2 ... . iiiiinian.. = =0.02%, =0.1% Max.
E3....=0.1%. =0.2% Max.
Temperature Coefficient. . .. ...=0.02%/°C Max.

initial Warm-up Voltage Drift,
1&E2...=20mV, =90mV Max.
E3 ...=10mV, =40mV Max.
CurrentLimit................ All outputs constant
current limit protected.

NOISE

Qutput Noise Voltage

(Alloutputs). .. ...covvuunnnn. 1 mV True RMS Max.
15mV p-p. 40mV p-p Max.

Reflected Input Ripple Current. .15mA p-p, 40mA p-p Max.

Common Mode Noise Current. .500ux A p-p.

TRANSFER

Efficiency.........cooveenn.. Y50%

Breakdown Voitage. .......... S00VDC Min.

Isolation (Input to output & E1, E2 to £3)
Capacitance ......... .50 pf
Resistance............ 10°QMin.

ENVIRONMENTAL

Operati ? Temperature Range .=25°Cto +71°C

Storage Temperature Range ...-40°C to +125°C

MECHANICAL .

CaseMaterial ............... Metal

Modulesize................ .2.56" % 3.00" x.75"

GENERAL DESCRIPTION

This new series of 10 Watts Triple Qutput DC/DC Converter
features isolation between the Analog outputs and the
Digital output as recommended by many A-D/D-A Con-
verter manufacturers for the purpose of inhibiting Digital
interterence in the Analog sectlon and eliminating system
ground-loop probiems.

All modeis feature internal = input filters to minimize re-
flected input ripple voitage. output current limiting with

automatic restart when the short circuit is removed and
input protection against accidentat application of reverse
voltage polarity. Ferrite pot-core transformer and 6 sided
electrostatic shielding after inherent shieiding agamst ra-
diated EMURFI.

The Analog outputs (= 15VDC, = 12VDC) are Dual Track- i
ing and balanced within *0.2% )

e ———

APIII-D.
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RAF]

5V/4.5V 10 5.5V .
12VII0V to 14V sV@1A 140 mA/15 A 9324-—
. 24VI20V 10 28V ) . 55 mAN.75 A 6.8 vOC 933
28VI24V 10 32V T=z15Ve = 165 mA ’ 50 mA/0.66 A 94
48V/42V to 56V 50 mA/0.39 A on 935
5V/4.5V 10 5.5V 400 mA/3.7 A 936
12VI10V to 14V SvVag 1A 140 mANNS5 A 5V out 937
24V/20V to 28V 55 mAN.75 A 938
28V/i24V 10 32V =12V G =200 mA 50 mAXN.66 A 939
48V/42V 10 56V 60 mA/.39 A 940
5V/4.5V 10 5.5V 400 MA/3S A 941
12V/10V to 14V 5V & 1A 140 mA/1.4 A 942
24V/20V to 28V + 12V @ 300 mA 55 mA/.70 A 943
28V/24V 1o 32V 50 mA/.62 A 944
48V/42V to 56V -5V @ 100 mA 60 MmAN.37 A 945
=
CASE/PIN CONFIGURATIONS
— .800
700 L 20.32
17.78
—nd b -300
.28 v el 300 L 12.70
6.3 7.62 . 200
NOTE 3 — -
5.08
f——r
b (" —Q~eOer|=Q e O = :1
17 16 1S Ie 13
2.50
'.72 e~ NOTE 4 63.5
8.3
! 1 /
- o
A4
: | so00! ] |
25.40 1.2% 3.00
31.7 76.2
iz s |
=] —0—0 L]
N \_ ] y 1
s _J | 400 I 30
19.0 10.18 7.6
1.50
384
2.56
5.0
#00LL | P FUNCTION |
Y|+ weuT ki
2 - INPYT l . ENSIONS Sudwie Iy -':—cv-
N ) 3 1€ ouTRUT 2 TOL. X $003,x xma g0 0m8
Ty [ 4 | £, 8 Gy CONMON 0e0
sas | 3] -tz outeur 3. Pins: TS o
$ | +E5 OuTPUT 4 WOUNTING INSERTS: 440X ;'% o»
7 | L3 COmmON :

PENVVER) GENIZE/AL 152 WILL 0RIVE, CANTON, MA 02021 TWX: 710-348-0200 TELEPHONE. (617) 828-6216
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. APPENDIX IV. The Connector Wirings

Parallel 1I/0 Connector

Serial I/0 Comnector

Connector on the Receiver Component Plate . .

Comnector on the Receiver Cover . . . .

Power Supply and Data Link Comnector J1 .

Receiver to Elevation Mirror Comnector J2 .

Monitor Comnector J3
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APIV-C. Connector on.the Receiver Component Plate
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stiirat Loty AECEIVER POWER arp DATA

FROM: Kece ver

CONRECTOR __ Af§ 3/06 — 20— 1835
T0: LPOWER JSUPPLY BoX THEN Te CoMprTeR

CONNECTOR
CABLE IDENTIFICATION TYPE
»
ASSEMBLER DATE
FROM COND. 70 |
PIN COLOR PIN PURPOSE
A ‘ XHIT oATA
-5 +12VY

RcV PATA

ew~D

[12Y ReruvrRa

GA~D

12N MomTeR (£V)
N D

SR (Onimly (o
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APIV-E. Power sixpply and Data Link Connector J1
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CINERAL LOC2IN_ QECEIVER Box 7o &L, MIRRIR .

2

FRO%:

CORNECTOR __Af3 3706 = zo-;;s

T0:
CONNECTOR
CABLE IDENTIFICATION TYPE
ASSEMBLER T DATE
{ coLon P PURPOSE
A 2V BRowA
8 /‘{0 ™R F/ RED
c &, ORBNEE
D ¢s YeLlow
E Ba CREEN
F MaRoR LED PowER 15V BlyE
€ MRRoR_LED Garp pURPLE
2 | migron Sywen GRAY
d - ELEVATIoN per cw WHITE
J ) EL poT" ccw glAcK
K EL  PeT ARM BRY o
) L (2Y RETVRA' . Rs%r!
M AmBinT TemperaTons Ta ory, /m{
N .

APIV-F.

MA.T. LINCOLK LANOKATORY

Receiver to Elevation Mirror Connector J2
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COLOR PIN PURPOSE

MiRROR __SYNC
CHOPPER SY~C
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APIV-G. Monitor Connector J3
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5)

6)

7

~ APPENDIX V. The Layout and Wiring of the Wire-Wrap Card

4

The Layout and Wiring of Wire-Wrap Cazrd . . . . . . . . . . .
The Socket Wiring . . . . . . . e e e e e s s e e e o o e e
The RS-485 To/From RS-232 Link

(includes chips 2, 3, 6, 7and 8) . . . . . . . . . . ..
The Control and Monitor Data Link .
(includes chips 4 and 9, and the VIBA M/C caxd) . . . . .

The Elewation Mirror .Driver

(includes chips 12-1&#, 16-19 and 26 . R
The Chbppot.ﬂhocl Driver

(includes chips 22, 23, 26 and 27) . . . . . . . . . B
The Synchronous Congroller B ,

(includes chips 23-25 and 27-30) . . . . . . . . . . . . .
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