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I. INTRODUCTION 

To penetrate enemy air defense networks protected by over-

lapping weapon systems and successfully carry out missions, 

combat aircraft should be installed with electronic warfare (EW) 

weapon systems, which require electronic support (ES) equip-

ment that enables the aircraft to detect and analyze the enemy’s 

electromagnetic wave signals and locate the signal sources pre-

cisely [1]. 

In particular, as the range of frequencies used by various 

threatening weapon systems such as radar missiles has increased 

from microwave bands to millimeter wave bands, ultra-wide-

band receivers (18–40 GHz) are necessary to receive signals that 

have very high frequencies [2–4]. Therefore, numerous studies 

on the design of ultra-wideband receivers for millimeter-wave 

bands suitable for EW systems are underway. However, there are 

many constraints for the design and fabrication of such wide-

band receivers [5, 6]. 

As currently existing wideband receivers made of single mod-

ules can only receive signals in bands up to 2–18 GHz, they are 

insufficient for high-frequency signals in millimeter-wave bands. 

In addition, as the local oscillator (LO) necessary for frequency 
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conversion is not implemented in their receiver modules [7], but 

provided separately with converted frequencies from ES system 

devices, the phase noise characteristics of the entire receivers are 

dependent on the performance of other devices, and the size of 

the entire system increases owing to the separate LO module. 

Therefore, the dynamic range (minimum detection level) that 

can be accepted by the signal processing unit is narrowed, limit-

ing the application of the receivers to the front-end terminals of 

actual EW systems. In addition, sealing structures are also nece-

ssary to avoid signal interference due to other devices in the sys-

tem environment where the receivers are installed [8, 9]. 

In this paper, a design approach is proposed to overcome the 

disadvantages of the existing methods and satisfy the require-

ments of the ultra-wideband receiver for millimeter-wave bands. 

First, the ultra-wideband input frequency range of 18–40 

GHz were divided into two bands using 18–26 GHz (Band A) 

and 26–40 GHz (Band B) band pass filters and these were ap-

plied to the frequency mixer input. The designed frequency 

spectra were such that there was no secondary harmonic com-

ponent in each band, thereby preventing spurious signals from 

appearing in the intermediate frequencies (IF, 4–18 GHz).  

After applying the external reference frequency of 1 GHz to 

the LO circuit, common 11 GHz signals were generated to 

implement 33 GHz (signals of three times of 11 GHz) and 44 

GHz (signals four times of 11 GHz) LO frequencies in the 

receiver module so that the phase noise characteristics are not 

affected by other devices and the complexity of the circuit was 

minimized to reduce the size. 

Third, a switch was applied to the front-end of the first-end 

LNA of the ultra-wideband receiver to secure two input ports 

capable of selectively receiving signals from two antenna paths 

so that signal incoming from a certain direction can be received 

more precisely. In addition, since signals coming in from other 

directions should be blocked to collect only those from a par-

ticular direction, single pole double throws (SPDT) were im-

plemented in two layers so that the isolation between ports was 

at least 60 dBc. In this case, to obtain the targeted isolation 

characteristics, a wall was mechanically formed along the RF 

path so that the signals that go over to free spaces other than the 

transmission line can be blocked. 

Fourth, since an EW system is composed of many devices 

such as antennas, a receiver, downconverter, signal processing 

unit, and power supply unit, which are connected to each other 

and installed in the aircraft, a directional coupler (D/C), which 

is not a switch part is designed and incorporated so that the 

built-in test (BIT) signals necessary to identify the malfunction-

ing device after installation can be injected into the front-end of 

the LNA. This enables the system to check itself for minimiz-

ing the deterioration of noise factor characteristics by reducing 

the losses in RF lines. 

Ⅱ. ULTRA-WIDEBAND RECEIVER STRUCTURE 

In an ultra-wideband receiver, the very weak signals received 

from the antenna are low-noise amplified in the LNA and 

transmitted through a high pass filter (HPF) to suppress spuri-

ous signals other than the signals to be received and an image 

reject filter to suppress image signals. These signals are then ap-

plied to the frequency mixer and mixed with LO signals so that 

their frequencies are converted into IF. These resulting signals 

are transmitted through various kinds of filters, amplifiers, line-

arizers, and temperature compensation circuits, and finally ap-

plied to the signal processing unit. In this case, since the bands 

of the RF frequencies and the IF frequencies input to the receiv-

er are very wide, the characteristics such as gain flatness, noise 

factor, and dynamic ranges deteriorate, and since a large number 

of components are integrated in the receiver and connected to 

each other, performance deteriorations frequently occur due to 

the occurrence of mismatch between the parts. 
 

1. RF Section 

Super heterodyne receivers (SHRs) use a time multiplexing 

scheme and are divided into narrow band (NB) SHRs and large 

band (LB) SHRs according to frequency bands. NB SHRs are 

used in ELINT systems to receive radiation signals in the sur-

roundings without interference from other signals and LB 

SHRs are used in detecting or monitoring threatening emitters 

in high-density pulse environments. Advantages of SHRs in-

clude higher sensitivity than crystal video receivers, ability to 

detect minimum discernable signals from receiver inputs, easy 

removal of image signals as the image frequencies are far away 

from each other, and easy suppression of spurious waves [10]. 

Fig. 1 shows the block diagram of an SHR. 

 

Fig. 1. Typical block diagram of a super heterodyne receiver.  
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An SHR with excellent sensitivity and dynamic range charac-

teristics, which are the main characteristics required for the mil-

limeter-wave wideband receiver of EW equipment, was selected. 
 

2. LO Section 

LOs are circuits necessary to convert the frequency of the 

wideband receiver. The circuit and mechanical structure of the 

LO unit determine the performance of the entire receiver be-

cause the LO signals not only determine the phase noise char-

acteristics of the entire receiver path, but the leakage signals and 

spurious signals (external reference signals, multiplied signals, 

mixed signal, etc.) included in the LO signals also affect the 

performance of the entire system through the frequency mixer 

[11]. The comb generator structure with excellent phase noise 

characteristics and little difficulty in the implementation of the 

circuit was selected. The harmonic component of input signals is 

output, while the input signals pass through the step recovery 

diode (SRD). 

The harmonic appears as integer multiples of the input fre-

quency at the output, and band pass filters are used to obtain the 

desired frequencies [12]. 

The phase noise of the N-multiplied frequency from external 

reference will be deteriorated by as much as the multiplying 

factor as per Eq. (1) below. 
 

𝑃ℎ𝑎𝑠𝑒 𝑁𝑜𝑖𝑠𝑒 20𝐿𝑂𝐺10 𝑁            (1) 
 

 

Table 1. Analyzed values of the phase noise (PN) for the comb 

generator method (dBc/Hz) 

 

Offset frequency 

10  

Hz 

100  

Hz 

1  

kHz 

10 

 kHz 

100 

kHz

External ref. PN -70 -100 -130 -140 -155

PN after multi-

plier (x11) 

-49 -79 -109 -119 -134

 

Fig. 2 shows the block diagram of a comb generator. In par- 

ticular, it is very important to design the signal generator so that 

it is not sensitive to the changes in ambient conditions its opera- 

tion is very sensitive to external factors such as temperatures and 

vibrations [13]. Therefore, the above-mentioned factors should 

be considered when designing common sources.  

Table 1 showed the analyzed values of the final phase noise of 

the comb generator method, which were –109 dBc/Hz at 1 kHz 

offset and –119 dBc/Hz at 10 kHz offset. 

Ⅲ. DESIGN AND SIMULATION 

As shown in Fig. 3, the input frequency band was divided in-

to Band A and Band B such that the secondary harmonic com-

ponent does not exist in the band at the frequency mixer input 

terminal, thereby enabling the advance removal of mixed com-

ponents in the band that may occur after down-conversion. 

To compensate for such problems, the frequency conversion 

in the ultra-wideband receiver proposed in this paper was de- 

signed to minimize the complexity of the LO unit circuit and to 

output the LO frequency as a fixed frequency instead of variable 

frequencies to prevent the deterioration of the characteristics of 

phase noises and to enable spurious signal suppression to obtain 

an advantageous frequency spectra as the LO frequency is a sin-

gle frequency. In addition, individual parts are connected with 

each other for fabrication and tests using microstrip lines or 

short RF cables and to reduce the mismatch in this case, addi-

tional tuning is also necessary. 

 

1. RF Section 

Fig. 4 shows the block diagram of the RF unit of the ultra-

wideband receiver designed in this study, with the two input 

ports of the receiver indicated using a dotted line on the upper 

part. The lower part indicated with a blue dotted line shows the 

block diagram of an LO circuit designed in this study, for which  

 

 
Fig. 2. Block diagram of a general comb generator method.
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only the 1-GHz external reference frequency was supplied, and 

the LO frequency and BIT signals were internally implemented. 

 

1.1 Noise f igure analysis 

The designed first-end LNA is installed at the rear end of the 

SPST, SPDT, and D/C, as it should structurally secure the two 

input ports to satisfy the future requirements of EW systems. 

As the frequency increased, the noise factor of the LNA device 

was 3.5 dB, indicating poor characteristics and if the deteriora-

tion of 4.80 dB due to the loss at the front-end is added, the 

noise figure until the first-end of the LNA can be expected to 

be approximately 8.30 dB. 

 

1.2 Spurious analysis 

As can be seen in Fig. 5, unwanted frequencies outside the 

band intrude into the signals received by the antenna. In this 

case, after passing the signals through the LNA, an HPF is used 

to suppress spurious signals in low frequency bands at point B. 
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Fig. 3. Block diagram of the mixed signals in the IF band for 18–40 GHz ultra-wideband receiver. 

 

 
 

Fig. 4. Block diagram of RF unit of wideband down converter. 
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Point C (33 GHz) and point D (44 GHz) are the spectra of 

LO signals for frequency conversion, and it can be seen that 

spurious signals other than the desired signals are generated by 

many components such as the multiplier and filters after phase 

synchronization with the 1-GHz external reference frequency, 

until the signals obtain the final output frequency. When these 

frequencies have gone through the mixer, as with point E, in 

addition to the desired IF frequency band, LO signals (fLO1, fLO2) 

and 11 GHz signals, which are mixed signals of two LO fre-

quencies become to exist in the band. At point F where the sig-

nals have passed through the low pass filter, LO signals (33 

GHz, 44 GHz) can be removed.  
 

1.3 Feed thru design 

In general, the impedance is well matched in plane structures, 

as the direction of progression of the electric field is the same as 

the transmission line. In the case of vertical structures, imped-

ance mismatching is not common on the side where the core of 

the feed thru is connected as air spaces can be made mechani-

cally; however, impedance matching through the adjustment of 

surroundings via holes and tuning is necessary on the opposite 

side due to weak 50 Ω. In addition, the assembly process is more 

important than the design. To fix the feed thru to the instru-

ment, an epoxy material is used. The epoxy is hardened for ap-

proximately 15 minutes at high temperatures of around 120°C. 

In this case, if the hardening conditions are not satisfied or fine 

cracks occur, losses rapidly grow in the ultra-high-frequency 

band so that the LO signal power supplied to the mixer is re-

duced [14]. 

Fig. 6 shows the side view of the structure to which the feed 

thru is connected. Fig. 7 is the result of simulation of feed thru  

 

 
 

Fig. 6. Vertical structure simulation (3D) using the feed thru. 

 

in a vertical structure, which shows the 33 GHz signal applied 

from the LO module to the mixer of the RF module. The in-

sertion loss was shown to be not larger than approximately –1.1 

dB and the reflection was shown to be not larger than –19 dB. 

 

2. LO Section 

Fig. 4 shows a block diagram of an LO circuit designed in 

this paper, of which only the 1 GHz external reference frequen-

cy was licensed, and the LO frequency and external BIT signals 

were internally implemented as the part marked with a red dot-

ted line (square box on the lower part).  

 

2.1 Comb generator design 

To synthesize the LO signals (33 GHz, 44 GHz) using the 

external reference signal of 1 GHz, the 11 GHz frequency 

should first be designed using the harmonic component of the 

comb generator. A step recovery diode (Aeroflex Inc., Plainview,  

 
 

Fig. 5. Block diagram of frequency spectrum of the entire RF.
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NY, USA) was used, while matching was induced using an in-   

ductor and capacitor in order to match the low impedance of 

the SRD input with 50 Ω. A TQP3M9009 amplifier (Triquint, 

Hillsboro, OR, USA) was used to amplify the low reference 

signal input power (0 dBm) while driving the SRD. Figs. 8 and 

9 show the design and result of the simulation to generate the 

11 GHz frequency. 

 

 

2.2 LO leakage analysis 

In Fig. 10, point A is the external reference frequency of 1 

GHz provided by the EW system, and at point B, the frequen-

cy that remains after passing through the comb generator circuit 

and band pass filter, which is 11 GHz among the harmonic 

frequencies that are integer multiple of 1 GHz, can be seen. In 

this case, suppressing harmonic components other than the 11  

  

 
Fig. 7. Result of vertical structure simulation using the feed thru.

 
 

Fig. 8. Circuit of simulation for the comb generator circuit.

Pout

Ref

Input

VIA2
V8

W=45.0 mil
Rho=1.0
T=0.7 mil
H=20 mil
D=22.5 mil

MLEF
TL84

L=25 mil
W=45.0 mil
Subst="MSub1"

MLIN
TL83

L=25 mil
W=45 mil
Subst="MSub1"

Diode
DIODDE1

Mode=nonlinear
Trise=
Temp=27
Region=
Scale=
Periph=
Area=
Model=MMD830

sc_kmt_C0G_06035_K_19960828
C1

Temperature=25
PART_NUM=C0603C6R8K5G 6.8pF

R
R6
R=50 Ohm

R
R5
R=110 Ohm

R
R4
R=110 Ohm

VAR
VAR3
Input_power=19_dBm

Eqn
Var

R
R3
R=50 Ohm

Port
P2
Num=2

MLIN
TL85

L=100 mil
W=45 mil
Subst="MSub1"

MeasEqn
meas2
S11_measure=(vfc2/vfc1)

Eqn
Meas

sl_cft_0603HS_K_19960828
L4
PART_NUM=0603HS-30XKB 3.6 nH

Port
P1
Num=1

P_1Tone
PORT3

Freq=frequ GHz
P=dbmtow(Input_power)
Z=50 Ohm
Num=3

Circulator
CIR1

Z3=50
Z2=50
Z1=50
Isolat=100. dB
VSWR1=1.
Loss1=0. dB

VAR
VAR2
frequ=1 GHz

Eqn
Var

Input 
port

Output 
port

SRD

Input matching circuit



JOURNAL OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 18, NO. 3, JUL. 2018 

194 
   

  

GHz signal is very important. Point C (33 GHz) and point D 

(44 GHz) are the LO signal spectra for frequency conversion, 

generated using many components such as the multiplier, filter, 

and amplifier. 

 

2.3 HPF design 

The structure of the 13-pole HPF in the microstrip structure 

is shown in Fig. 11. The designed HPF PCB information 

shows that the dielectric constant of the alumina substrate is 9.8 

and the height is 0.254 mm. 

Fig. 12 shows the design, in which the reflection coefficient is 

not higher than –12.7 dB and the insertion loss is about –0.6 dB 

at an LO frequency of 33 GHz. In addition, the rejection value 

at 22 GHz is about 34 dBc, which was designed so that 22 
  

 
(a)                                                    (b) 

 

Fig. 9. Result of the simulation for the comb generator circuit. (a) Reflection coefficient of 11 GHz harmonic signal and (b) output power 

of the 11th order harmonic signal. 
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Fig. 10. Block diagram of frequency spectrum for the LO circuit. 
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Fig. 11. HPF layout. 

 

 
 

Fig. 12. Results of HPF (33 GHz) simulation. 

 

GHz spurious signals can be sufficiently suppressed when they 

exist in the 33 GHz path. 

Ⅳ. FABRICATION AND MEASUREMENT 

To design the wideband receiver module having two RF in-

put ports (18–40 GHz), one IF output port (4–18 GHz), a 1-

GHz reference port to match the phase of the internal signal 

source with that of external reference signal sources, and an ex-

ternal BIT input port (4–18 GHz), the RF area and the LO 

were first designed to be mechanically separated. Sub-module 

units were assembled in each area and each sub-module was 

assembled using bare MMIC and Rogers RT/duroid 5880 

(thickness, 0.127 mm) PCB to achieve downsizing and weight 

reduction. When connecting the sub-module units with each 

other, adaptors such as connectors or bullets were used to mini-

mize losses in ultra-high-frequency bands and the cover was 

made using an epoxy material so that it can be attached to the 

body of the instrument. From assembly point of view, RF mod-

ules in the very high-frequency 40 GHz range must be assem-

bled using bare MMICs instead of packaged components due 

to impedance mismatch. After attaching MMIC parts and 

high-frequency PCB to the mechanical housing, 1 mil wire 

bonding is used to connect parts and transmission line. This 

assembly process is called chip-and-wire process. 

The entire circuit was implemented, reflecting the values of 

the sub-unit circuits constituting the RF module verified 

through simulations. Fig. 13 shows a photo of the actually fabri-

cated module based on the drawing of the finally designed RF  

 
Fig. 13. Photo of the fabricated RF module. 

 

artwork in which the RF input module, the band pass filter, and 

the IF output module are combined. 

The entire circuit was implemented reflecting the values of 

the sub-unit circuits constituting the LO module verified 

through simulations. Fig. 14 shows a photo of an actually fabri-

cated LO module based on the design in which a 1-GHz REF 

module, an LO module, and a BIT module are combined. 

 

1. Gain Measurement Result 

Fig. 15 shows gain graphs for Band A (input frequency, 18–

26 GHz) and Band B (input frequency, 26–40 GHz). Fig. 15(a) 

shows the results for input port 1 in which the gain was between 

22.22 dB at the minimum and 28.55 dB at the maximum with 

a gain flatness of approximately 6.33 dB. Fig. 15(b) shows the 

results for input port 1 in which the gain was between 21.9 dB 

and 26.1 dB with an approximate gain flatness 4.1 dB. 

 

2. NF Measurement Result 

The RF input frequencies of 18–40 GHz are values convert-

ed with IF frequencies of 4–18 GHz by 33 and 44 GHz LO 

signals. As shown in Fig. 16, the noise factors are the results of 

measurement of the noise factors for Band A (input frequency, 

18–26 GHz) and Band B (input frequency, 26–40 GHz) and 

showed values ranging from 7.92 dB at Band A to 8.58 dB at  

 

 

Fig. 14. Photo of the fabricated LO module. 
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Band B within each band. 

 

3. Second Harmonic Measurement Result 

The second harmonic component at the IF output port, 

which is different from the intermodulation distortion signals, is 

a characteristic output due to the active component (amplifier) 

used inside the wideband receiver, and affects the sensitivity 

depending on the suppressed quantity in the signal processing 

area because it cannot be suppressed even with filters within the 

band. After inputting –17 dBm (almost the maximum input 

power) into the input port, the harmonic component was meas-

ured at the IF output port using a spectrum analyzer. 

Fig. 17 shows the result of measurement of the harmonic. Fig. 

17(a) is the result of measurement at the 15 GHz IF output of 

band A (LO, 33 GHz) and the suppression characteristic ob-

tained through the measurement was approximately 30 dBc. Fig. 

17(b) is the result of measurement at the 4 GHz IF output of 

band B (LO, 44 GHz) and the suppression characteristic ob-

tained through the measurement was approximately 36 dBc. 

Fig. 18 shows the measured value of the 33 and 44 GHz LO 

leakage power, which showed suppression characteristics be-

tween –97.3 and –90.1 dBm, approximately. Since the LO 

leakage signals do not exceed –80 dBm, which is lower than the 

threshold for signal processing, it can be expected that the LO 

leakage signals have no effect.  

V. CONCLUSION 

In this paper, we designed and fabricated a small, lightweight, 

reliable, and stable receiver with low noise figure, flat gain char-

acteristics, and low noise characteristics by applying the chip-

and-wire process for the assembly and operation of a bare 

MMIC device. In order to compensate for the mismatch be-

tween many components used in the receiver, an amplifier, mix- 

er, multiplier, and filter suitable for the wideband frequency 

characteristics were designed and applied to the receiver. To 

    
(a)                                                       (b) 

Fig. 15. Results of measurement of gains by band of antenna paths. Gains of Band A (a) and Band B (b) for RF input (1) path. 

 

  
(a)                                                       (b) 

Fig. 16. Results of measurement of gains by bands of antenna paths. Noise figures of Band A (a) and Band B (b). 
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improve the low frequency and narrow bandwidth of existing 

products, mathematical modeling of the wideband receiver was 

performed and based on this, spurious signals generated from 

complex LO signals were designed so as not to affect the RF 

path. 

In the ultra-wideband receiver, the gain was between 22.2 dB 

and 28.5 dB at Band A (input frequency, 18–26 GHz) with a 

flatness of approximately 6.33 dB while at Band B (input fre-

quency, 26–40 GHz), the gain was between 21.9 dB and 26.0 

dB with a flatness of approximately 4.1 dB. The measured value 

of noise figure at Band A was 7.92 dB and at Band B was 8.58 

dB with a maximum value. The leakage signal of the LO was  

–97.3 and –90 dBm at the 33 and 44 GHz paths, respectively. 

Measurement was conducted at the 15 GHz IF output of band 

A (LO, 33 GHz) and the suppression characteristic obtained 

through the measurement was approximately 30 dBc. 

The 18–40 GHz band ultra-wideband receiver proposed in 

this paper satisfied the strict performance requirements (wide 

bandwidth, flat gains, low noise factor, wide dynamic range, and 

low spurious signals) necessary for EW systems and is suitable 

for application to the front-end module of an EW that must 

receive high-frequency band signals. 
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