
 
NOTE:  This is preliminary version of the Component Maintenance Manual that will be released at later 
date.  The information is adequate as is, but any attached notes and dates will be incorporated in the 
future version.  Views will be cleaner as well, as these are attached pages, which reduce clarity. 
 
NOTE: Honeywell Part Numbers; 066-50007-0432 and 066-50007-0531 are identical hardware. All    
references to 066-50007-0432 apply also to 066-50007-0531, which was the part number tested. 



 



 



 

 

 

 



 

 

 
 



 



 



 





 
 
 

 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



(10)  RF Module for 066-50007-0432 and 066-50007-0531 Units 
 
General 
 
The RF module transmits and receives FM modulated C-Band signals that are used to 
determine the altitude above the ground. When the transmitted signal is mixed with the return 
signal bounced up from the ground, a baseband signal is produced at a frequency that 
represents the difference between the transmitted and return signal frequencies. The baseband 
signal frequency is directly proportional to the altitude above the ground. This analog baseband 
signal is the primary output from the RF module. 
 
 A simplified block diagram of the RF circuitry is shown in Figure 4 (below). 
 
The transmitted signal, centered at 4.3 gigahertz with a maximum possible span of +/-100 
megahertz is radiated from the transmit antenna located on the underside of the aircraft, and is 
subsequently (after bouncing off the ground) collected by the receive antenna. A directional 
coupler picks off some of the transmit signal which is mixed with the received signal, producing 
a difference signal that is amplified, filtered and fed to an analog-to-digital converter on the main 
processor module. 
 
The BITE circuitry is also included to both test and continuously monitor the RF module 
functions. A portion of the transmit signal is also fed into a bulk acoustic wave device that 
provides a reflected signal calibrated to a time delay equivalent to 300 feet (0.616μsec). Cal 
mixer extracts a signal corresponding to the difference frequency between transmit and delay 
element signals. The difference frequency signal is fed through a multiplexer to the A/D 
converter on the main processor board for calibration and self-test purposes. 
 
The PLD receives control signals from the DSP of the processor module and directs them to 
appropriate circuitry on the RF module. A major function of this PLD is to control the DDS which 
provides a nearly ideal linear frequency sweep as a reference signal to the PLL within the 
transmitter chain. 
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RF Module Circuit Description: 
 
A. Transmitter Chain 
 

 The transmitter chain is driven by a VCO based PLL that is controlled by a DDS. The transmitter 
chain supplies the receiver LO as well as the required input for the calibration circuitry. The DDS 
is programmed by the PLD which is controlled by the Processor Module. A second DDS, called 
the monitor DDS is driven with the same frequency set-up as the main DDS in order to provide 
a comparison reference to the main DDS. The lock-detect signals from the compared DDSs and 
the PLL are used by the PLD to monitor the failure modes of the DDSs and the transmitter 
chain. 
 
1. Reference Oscillator 
 
The transistor based oscillator is powered by a 128 megahertz single tone crystal, Y1 and 
amplified by a X3 multiplier, Q5 to 384 megahertz. The 384 megahertz signal is filtered by a 
comb-line filter and amplified by a gain block, U14 and filtered again before providing the clock 
signal to the DDSs (U18, U32) and an LO signal to the IF mixer (U24). Two 3 decibel splitters 
are employed to split the signal into three outputs, two with equal amplitude and phase at 0dBm 
and one with 3dBm. The 0dBm signals are used to reference the DDSs (DDS1-REF, DDS2-
REF). 3dBm signal is used as IF_LO signal. 
 
2. DDS 
 
a. Both of the DDSs (U18, U32) are driven by the PLD (U512) to generate a frequency sweep 

between 82.66 megahertz to 104.88 megahertz (approximate maximum sweep) with the 
external reference clock 384 megahertz. The main DDS (U32) output is feeding the IF mixer 
as well as the PLD where it is compared with that from the monitor DDS. 

 
b. The linear frequency ramp generator U32 includes an on-chip comparator. The comparator 

signals are square waves. The bandwidth is greater than 200 megahertz and has a common-
mode input range of 1.3 volts to 1.8 volts. This signal helps eliminate phase noise and jitter. 

 
c. The linear frequency ramp generator U32 output frequency range is 82.66 megahertz to 

104.88 megahertz. The DDS frequency sweep output (DDS_OUT) on U32-20 and -21 is 
routed through, transformer T3, a 120 megahertz low pass filter and a 3 decibel coupler to 
mixer U24. The signal from the ramp generator is mixed with the 384 megahertz IF signal so 
that the linear frequency modulation is translated up in frequency to 466.66 megahertz to 
488.88 megahertz. These frequencies correspond to 4.200 gigahertz and 4.400 gigahertz 
divided by 9 in the PLL circuit. 

. 
3.  IF Mixer 
 
a. The DDS_OUT signal and the IF_LO signal are routed to IF mixer U24. The output on U24-4 

has a frequency range of 466.6 megahertz to 488.8 megahertz (upper sideband). The output 
of U24 is routed through an amplifier U27 & a 477 megahertz band-pass filter to PFD U33-3. 

 
4. PLL 
 
a. The PLL consists of PFD (U33), loop filter (U28), VCO (G1), digital attenuator (U20), preamp 

(U19), power amplifier (U12) and two successive divide by 3 frequency dividers (U21, U25) 



for a total frequency division by 9. The power amplifiers and the digital attenuator are 
included in the PLL in order to improve the phase linearity of the overall transmitter. The loop 
bandwidth is approximately 1 megahertz which is required by the fast sweep and the desired 
ramp linearity. An external PLL lock detect circuitry which is driven from the PFD U33 
provides the status of the PLL to the PLD. 

 
b. The phase-frequency detector PFD U33 is used in low noise phase locked loop. It detects the 

phase/frequency difference between the 477 megahertz signal provided by the up-converted 
DDS signal and the frequency divided signal derived from the 4.3 gigahertz VCO to generate 
output pulses that are proportional to the phase and frequency difference between the two 
signals. The reference signal is the RF output of U24 from the 477 megahertz band-pass 
filter (466.6 to 488.9 megahertz) applied to U33-3. The second signal is the PLL_FDBK_VCO 
and the compliment PLL_FDBK_NVCO from frequency divider U25. The phase-frequency 
detector U33 uses the phase difference between the two signals to supply frequency up and 
down pulses to comparator U28. The output of U28, a dc voltage, is used to tune the VCO 
G1. 

 
5. VCO 
 
a. The VCO G1 has a range of 4.2 to 4.4 gigahertz. The power output is a typical 5.0dBm typical 

from a single supply of +3.3 V dc. The control voltage from U28 on G1-22 (VTUNE) 
increases the output frequency of the VCO as the voltage increases. The control voltage 
range is 3.5 to 7.0 V dc. 

 
6. Digital Attenuator 
 
a. The RF output of VCO G1 is routed to digital attenuator U20-2. Digital attenuator U20 has a 

range of 2.4 to 8.0 gigahertz, with an insertion loss of less than 3.8 decibel and attenuation 
accuracy is ±0.5 decibel. The attenuator can be set between 0 to 31.5 decibels with 0.5 
decibel steps. Six control voltage inputs, switch between 0 and +3 to +5 V dc, are used to 
select each attenuation state. The digital attenuator U20 is controlled by the PLD U512 for 
dynamic power control that is required or board to board variation and temperature variation. 

 
7. Driver Amp, Power Amp and Power Detector 
 
a. The RF output of Digital Attenuator U20-2 is connected to driver amplifier U19-3. The driver 

amplifier U20 provides about 20 decibels of gain and the PA, U12 has 27 decibels of gain. 
Both operate with 5 volt supply and consume about 130mA and 600mA respectively. The PA 
provides an internal power detector which uses an external temperature two comparators 
whose output is sent to PLD U512, which in turn control the digital attenuator to control the 
power. The temperature compensated detector enables the power to be controlled within +/-1 
decibel over the operating temperature range. PA U12 is capable of delivering up to 29dBm 
power. 

 
8. Couplers 
 
a. The RF output of the power amplifier U12 is on U12-12. The output is routed through three 

23-decibel couplers and one 18-decibel coupler. The 18 decibel coupled signals are used for 
receive mixer LO U12. Two 23 decibel coupled signals are used for cal mixer LO U11 and for 
calibration signal generation using BAW device U6. One 23 decibel coupler is used to sample 



the output signal and feed back to the PFD U33 through frequency dividers U21 and U25. 
There are also two more 23 decibel couplers for test signal injection before LNA, U7. 

 
b. Each directional coupler consists of two microstrip coupled lines with a gap dimension of 

which depends on the coupling requirements. The coupling length is quarter wavelength and 
one port of each directional coupler is terminated by 50 OHMS shielded resistors (R10, R36, 
R88, R89, R90, R121). The printed structure of coupler provides 0.25 decibel maximum loss. 

 
9. Isolator 
 
a. An isolator, U38, is placed between the power amplifier and the transmit antenna to minimize 

reflections from the transmit antenna and associated cables and connectors and improve the 
VSWR. This is a SMT device and provides 20 decibel minimum isolation with 0.5 decibel of 
maximum insertion loss. 

 
10. Low-Pass Filter 
 
a. A printed microstrip low pass filter is employed to attenuate the harmonics up to 18 gigahertz. 

This filter provides 30 decibel and 15 decibel for 2nd and 3rd harmonics respectively and a 
maximum insertion loss of 0.25 decibel. The return loss of this filter is better  than 18 decibel. 
The output of the low-pass filter is routed to transmit antenna connector J1004-1. 

 
11. DC block and the Transguards 
 
a. A high-voltage matched capacitor circuitry and transguard are used in the transmitter chain to 

provide protection of the DC antenna monitoring circuit from voltage transients which are 
caused by lightning. 

 
12. RF FPGA 
 
a. The FPGA supports a 24 bit serial interface between the DSP and RF module. The DSP uses 

the DATA_IN and DATA_CLK signals to transfer 24 bit serial data sequences to the FPGA 
that provide it with RX_SWT_CTRL signal, control the U3 Calibration RF switch with the 
CAL_SWT_CTRL signal and control power to the U7 LNA with the RF_AGC signal. The 
FPGA returns received DATA_IN data on the DATA_OUT line when RDATA_EN is low and 
the FSYNC signal when RDATA_EN is high. 

 
b. The FPGA generates the FSYNC and DOWN_UP signals based on the system select 

information provided by the 24 bit serial interface. The frequency of the DOWN_UP signal is 
145 Hz for system select 1, 150 Hz for system select 2 and 155 Hz for system select 3. The 
FSYNC frequencies are one-half the DOWN_UP frequencies. Assertion of the RAMP_CLR 
signal cause the FSYNC and DOWN_UP signals to be held low. 

 
c. The FPGA gets ramp rate information by reading ADC U510 using the A2D_CS, A2D_SCLK 

and A2D_DOUT signals. The ADC input is the DAC12_0 signal and its voltage is proportional 
to the ramp rate required by the DSP. 

 
d. The FPGA programs the main DDS U32 using the DDS1_CS, DDS1_SDIO and DDS1_SCLK 

signals. The DDS1_SDO signal provides the FPGA read-back capability of the DDS internal 
registers. Signals DDS1_RESET and DDS1_IOSYNC are used to reset the DDS. Similar 
signals support the monitor DDS U18. 



e. Both DDS are programmed with identical ramp information based on system select and the 
ramp rate information from the ADC. For system select 1 the DDS are programmed such that 
the lower transmitter frequency is held constant at 4.235 gigahertz, for system select 2 the 
upper transmitter frequency is held constant at 4.365 gigahertz and for system select 3 the 
transmitter frequency range is held centered at 4.3 gigahertz. 

 
f. The FPGA FUD signal is used to initially program the DDS for a single 4.3 gigahertz 

transmitter frequency. During normal operation the FPGA PS0 signal is then used to program 
the DDS registers with new ramp rate and frequency range data. The PS0 signal also 
controls the ramp frequency direction of the DDS. 

 
g. The FPGA uses the TX_PWR_DET_LO and TX_PWR_DET_HI signals from comparator 

U514 to level the transmitter power. The FPGA periodically adjusts the TX_.5dB_CTRL to 
TX_16dB_CTRL signal lines in 0.5 decibel steps until both TX_PWR_DET_LO and 
TX_PWR_DET_HI signals are high. 

 
h. The FPGA provides limited fault detection reporting to the main processor module via the 

FAULT_EB and FAULT_EF signals. Via the bite fault multiplexer U4 when the tri-state 
FAULT_EB signal is pulled low the LRU will generate an EB fault and similarly polarity 
changes in FAULT_EF signal will cause the LRU to report an EF fault. Only when the 
RF_AGC signals at FPGA pins 27 and 24 miss-compare will the EF fault be generated. 
Transmitter leveling faults, miss-compare faults between the two DDS outputs, 384 
megahertz clock frequency or 20megahertz clock frequency (G500) accuracy faults, or 
transmitter PLL loop faults occurring when the PLL_LOCK_DET signal goes low cause the 
EB fault to be generated. 

 
B.  Receiver Chain 
 
The heart of the receiver chain is the double balanced mixer. The signal received from the Rx 
antenna is mixed with a sample of the transmitter signal to produce a low frequency signal that 
is proportional to the altitude to the ground. An LNA with bypass switch is employed to adjust 
the LNA gain between the two states as required by the received signal amplitude. A Band Pass 
Filter provides the required dc block for the receiver chain while the transguard provides 
protection for the antenna monitoring circuit from voltage transients which are caused by 
lightning. 
 
1.  Bandpass Filter 
 
a. The receiver input is from RX antenna connector J1005-1. The receive RF signal from the 

antenna is routed through a 4.3 gigahertz bandpass filter. This printed bandpass filter uses 
parallel coupled, half-wave long microstrip resonators, coupled along half of their length with 
the adjacent resonators. The seven-resonator bandpass filter provides 2.5 decibel loss in the 
bandpass and 50 decibel attenuation for the multilayer spiral parasitic signal at 5.03 gigahertz 
and overall out of band attenuation to reject out of band HIRF up to 18 gigahertz. 

 
2.  Receive/Calibration switches 
 
a. The output of the bandpass filter is routed through a isolator U17 to the LNA through the RF 

switch U1. The RF switch U1 is a broadband high isolation, non-reflective SPDT. The 
receiver and calibration switches (U1 and U3) provide the facility to channel the appropriate 
signal through the receiver chain and are used for the self-test and noise floor test. The 



switches are non-reflective, high isolation switches and provides about 50 decibel of isolation 
at 4.3 gigahertz with 1.5 decibel insertion loss. The high isolation on the PCB is achieved 
through co-planner wave guide design instead of microstrip. 

 
b. The RF switch operates with complementary negative control voltage logic of -5 to 0 V dc and 

does not need bias supply. Control signals are generated by the PLD through CMOS level 
shifters (U2) since the PLD operates with 3.3 volts. The switch control voltages are also 
being monitored by the MUX U4. 

 
c. The control of the RF switch is by the control signals on U1-15 and U1-16. Refer to Table 6 

for the U1 control truth table. The RF1 output is not used and grounded through resistor R5. 
 

Table 6. U1 Control Truth Table 
 

Control Input Signal Path State 

U1-16 (A) U1-15 (B) RFC to RF1 RFC to RF2 

High Low On Off 

Low High Off On 

 
3.  Low Noise Amplifier/Step Attenuator 
 
a. The receiver front-end C-band low noise amplifier, U7 has a typical noise figure of 1.8 decibel 

and provides 12 decibel of gain for lower level signals (high altitudes), and 6 decibel 
attenuation (total loss 18 decibel) for the higher level signals (low altitudes). The amplifier is 
under the binary control of the PLD U512. The low noise amplifier insures with minimum 
noise figure for signals received at high altitudes. 

 
4.  RX Mixer. 
 
a. The receive mixer (U10) is a double balanced mixer with built-in LO amplifier and work with 

+2 dBm of typical LO signal. This provides 8 decibels of conversion loss, 32 decibels LO/RF 
isolation, and 25 decibels LO/IF isolation. In the receive path, the RF signal on U10-8 is from 
the Rx antenna through the RF switch U1. The LO signal to U10-1 is from the 23 decibels 
coupler on the output of the power amplifier U12-12. The two signals are mixed to provide the 
IF baseband signal (IF_TO_BB) on U10-5. 

 
C.  Cal Signal Chain 
 
A directional coupler picks off some of the transmitter signal and feeds it to a bulk acoustic wave 
device that provides a reflected signal calibrated to a time delay equivalent to 300 feet 
(0.616μsec). Calibration mixer extracts a signal at the difference frequency between transmit 
and delay element signals. The output is filtered and amplified and processed by the CPU for 
calibration and self-test purposes. 
 
1. Delay-Line 
 
a. The 300-foot bulk acoustic wave SMT delay line U6 with 0.603 to 0.616μsec delay consists of 

a cylindrical rod of quartz crystal for the propagation of an acoustic wave. This one-port delay 
line uses only one transducer for both input and output and therefore we haven’t included a 
circulator that properly directs the input to the BAW and output of the delayed signal to the 
calibration mixer. The circulator prevents the transmitter sample signal from directly being 



applied to the calibration mixer. The BAW delayed signal incurs 28 to 38 decibels of insertion 
loss at 4.3 gigahertz. 

 
2.  Circulator 
 
a. The circulator, U5, is a counterclockwise SMT device and provides 22 decibels minimum 

isolation at 0.5 decibels maximum insertion loss. A the delay-line at port-2 to produce the 
delayed signal. The reflected signal is extracted from port-3 and fed to the cal mixer. 

 
3. Calibration Mixer 
 
a. The device used for calibration mixer U11 is the same as receive mixer U10. In the calibration 

path, the RF signal on U11-8 is from the circulator U5 output. The LO signal, CAL_LO_MIX 
on U11-1 is from the 23 decibels coupler on the output of the power amplifier U12-12. The 
two signals are mixed to supply the IF calibration baseband signal (CAL_TO_BB) on U11-5. 

 
4. IF Sections 
 
a. U506, U507, and U505 are the calibration output amplifier chain. U506 acts as a selectable 

high-pass filter controlled by HI_PASS1 and HI_PASS2 signals which comes from the DSP. 
In the case of the calibration signal, it allows for increased high pass filtering in the response 
to the calibration IF. With switch 2 (S2) of U506 open, C532 is not part of the circuit and the 
high pass response is determined by C533. With S2 closed, C532 is then in parallel with 
C533 and is the dominant factor in determining the response of the input stage of the filter. 

 
b. The input signal CAL_TO_BB goes through C533, which gives it a high-pass response. The 

signal then goes into U507 which is a non-inverting amplifier with a gain of 20. 
 
c. The output of U507 goes to C534 which produces a high-pass response. This is also 

selectable by HI_PASS2. With switch 4 (S4) of U506 open, R66 is not part of the circuit and 
the response is determined by C534 and R536. With S4 closed, the response is determined 
by C534 and the parallel combination of R536 and R66 to determine the cutoff 
frequencies/response. The output goes to U504, which is an inverting amplifier with a gain of 
2. This gain can be adjusted using the pot R34. Next, the output goes through C512 for high-
pass filtering and becomes CAL_OUT, which goes to the differential amplifiers in the DSP 
section. 

 
d. The IF input signal IF_TO_BB is ac coupled to transistor Q1, which is a common emitter 

amplifier. The output from the collector of Q1 is filtered by C36 (low-pass) and C528 (high-
pass) and then it is applied to high-pass amplifier U505. Overall, Q1 and U505 have 30 
decibels of gain and low noise. The output of U505 goes through R533 and then into a 
selectable high-pass filters which is determined by HI_PASS1 and U506. With switch 1 (S1) 
and U505 open, C45 is not part of the circuit and the response is determined by C531 and 
the input impedance of U502 which is 100-ohms. With S1 closed, C45 is in parallel with C531 
and becomes the dominant capacitor for the response. The response is essentially C45 and 
100 ohms. The output of the high-pass filter goes to U502-A, which is a 40 decibels gain 
voltage controlled amplifier. It is controlled by the IF_AGC which comes in on pin 28 of J21. 
The voltage at pin 16 of U502-A and pin 9 of U502-B varies from 0 to 2.5 volts. 

 
e. The gain of U502 can varied from 0 decibel gain to 40 decibels gain. The output of U502-A 

goes through a high-pass filter (C505) and then it is routed to the pin7 of U502-B. U502-B is 



a 0 to 40 decibels voltage controlled amplifier. Its gain goes from 0 to 40 decibels gain when 
the input on pin 9 goes from 1.25 to 2.5 volts. Overall, from pin 2 of U502-A to pin 11 of 
U502-B, there is up to 80 decibels gain available depends up on the IF_AGC control signal. 
The output is low-pass filtered through R503 and C503 and goes into the first of two switched 
capacitor filters. 

 
f. Components U500 and U501 are switched capacitor elliptical filters which have a response 

equivalent to an eight-pole elliptical filter. The cutoff is determined by the FILTER_CLK which 
comes from the DSP section. The cutoff is at 43 KHz. The output of these filters have an 
uncommitted op-amp with which resistors R1, R2, R3, and capacitors C1 and C2, are a dual, 
two-pole low-pass filter to reduce the amount of clock noise on the output. The output of U500 
is connected to U501, which is essentially the same circuit, to give it a very sharp cut-off to 
prevent high frequencies going to the DSP. The output at pin 5 of U501 goes through high-
pass filter C507 to pin 3 of amplifier U503 which has a gain of 15 decibels. The output of U503 
goes through R22 and is the BASEBAND_OUT which goes to the DSP section. 

 
5. BITE MUX 
 
a. The BITE MUX U4 is a CMOS latched 16-bit to 1 analog multiplexer. The BITE MUX has 

different voltages on its inputs which are monitored by the DSP section. On input 1 (S1) and 
2 (S2), 2.5V and 3.3 volts going to the RF section are monitored. Also, input 2 (S2) provides 
FAULT_EB signal which can be decoded to a set of RF circuitry failures. Inputs 3 (S3) thru 4 
(S8) are the RX_SWT_CNTRL signal voltage which is monitored. Input 7 (S7) is the 
FAULT_EF signal voltage which is monitored. Input 7 (S6) is the CAL_SWT_CNTRL signal 
voltage, which is monitored. Input 8 (S8) is the RF_AGC signal voltage which is monitored. 
Input 9 (S9) is the +12_DIG volts which is monitored. Input 10 (S10) is the +5V_RF which is 
monitored. Input 11 (S11) is the -12_DIG volts which is monitored. Input 12 (S12) is the -
5_DIG volts which is monitored. Input 13 (S13) is the TX_ANT_MON which is monitored and 
should look like a short when connected to an antenna. Input 14 (S14) is the RX_ANT_MON 
which is monitored and should look like a short if its connected. Input 15 (S15) is the 
RAMP_OFFSET signal voltage which is monitored. Input 16 (S16) is the TX_POWER_MON 
which is monitored. U508-A is a buffer amplifier to buffer the output going to the DSP section. 

 
6. Power Supply Filtering 
 

(a) The power supply filtering consists of L507, L501, L505, and L504. RF CCA contains 
voltage regulators U13, U16, U22, U23, U29, U30, U34, U509 and U515 linear 
regulators to generate a clean +1.8V, +2.5V, +3.3V, +5.0V, +10V, and -5V for various 
RF and digital ICs. Component U5 is switching regulator to convert 12V to +6V DC with 
85 percent efficiency. This device contains internal short circuit protection also. 

 
NOTE: The schematics for the new RF Module described above can be found in attached 

“AOIALA-52B3 RF Module Schematics”.  This is only change from previously test and 
approved AOIALA-52B unit. 

 
NOTE: The alignment procedure for the new RF Module described above can be found in 

attached “AOIALA-52B3 RF Module Alignment Procedures”. 
 

NOTE: The Acceptance Test Procedure (ATP) for the new -0432 and -0531 units can be found 
in attached “AOIALA-52B3 Acceptance Test Procedures” 

 


