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INTRODUCTION

This semi-annual report describes the Phased Array Antenna Amplifier
Program awarded under ECOM Contract #DAAB-07-77-C-0146. Included
in this document are syvstem configuration, key tradeoff analyvsis, and data

supporting 100 watt system design.

Technical improvements which offer near term solutions to specific
limitations of this 100 watt system will be specified herein and addressed

in the Final Report: CLIN 0002, A003.

The Phased Array Antenna Amplifier Exploratory Development Model
(100 Watts) contract requires the description of the engineering analysis,
design and construction techniques to fabricate a scale model for a
mechanically steerable phased array antenna amplifier for troposcatter
communication system applications. The ultimate goal of this analysis
is to determine the technical capabilities, limitations, constraints and

cost feasibility for a 1 kw system.

Successful implementation of this program requires analysis and design

in two "state of the art" technical areas. The two areas are:

® Matstrip antenna

o "C'" band (4. 4~5 GHZ) solid state high power generation 3

The design approach for this 100 W scale model is shown in Figure 1.

The system consists of a control cabinet housing the low level solid

state intermediate power amplifier (IPA) and required system power supplies.
Remotely located from the control cabinet is the DUPLEX antenna array.

This unit houses the twelve high level amplifiers, receive antenna and transmit
antenna. The operating frequency for this system is continuous coverage of

the 4.4 to 5.0 GHz band. No remote tuning is employved.

The design of the transmit portion of this system provides highly desirable
system characteristics. The transmit chain employes 14 identical amplifiers

(basic power modules BPM), two in the cont rol cabinet IPA, 12 at the antenna.

- 3
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The 12 feed points on the transmit antenna array (each antenna basic power
module illuminating a restricted area) allows for a graceful degradation

of transmitter performance versus basic power module failures. Thus
several modules may fail prior to a loss of 3 dB in effective radiated

power (ERP) or severe transmit antenna pattern degradation.

The modularization (interchangeability) of basic power module provides
for lower costs and simpler maintenance considerations. The system
operates from low voltage power supplies, thus the hazards of high voltage

generation and distribution are eliminated.

The 100 W scale model system will provide full duplex operation with an
ARMY AN GRC-143 radio set. Thus this svstem will operate from the
100 mw nominal AN GRC-143 transmitter output and provide a waveguide

intertace for the AN GRC-143 recewver.

OBJECTIVES

The objective of this exploratory development scale model s to demonstrate
the Costand technical feasibility of a (Non-electronic scanning) phased array
transmit, receive antenna amplifier. This system is to employ solid state
devices and highly efficient low voltage power generation to increase the
reliability of tactical troposcatter communications by & gradual reduction in
ERP as individual amplitier modules fail as opposed to catastrophic commu -
nications outage. The primary goal of this program is to generate information
and tradeoff analyses culminating in a design concept tor a low cost, reliable,
high power (1 kw) solid state phased array antenna amplifier system for
tactical deployment. The final report for this program will contain a design
plan for a 1 kw model along with a detailed cost comparison for 10 and 100
units vs. the cost for comparible quantities of the presently use Klystron

Amplifier and 10 feet parobolic dish antenna.

DELIVERABLES

The deliverables and delivery schedule is:

P
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CLIN CDRL  Delivery

Description Qty. No. No. Schedule

100W solid state Phased Array
Antenna Amplifier 1 0001 450 days
Data
Data — Exhibit A, Category 5 1 lot 0002

Tech. Report (monthly) A001 Monthly

Tech. Report (semi-

annually) A002 240 days
Tech. Report (final) 1 kw system A003 510 days

Engineering Evaluation
Report . A004 360 days

A Iy O =27 s i a7

Data — Exhibit B, Category E 1 lot 0003
Design Plan B0O1 190 days

Data — Exhibit C, Category T 1 lot 0004

Engineering Design Test
Plan Co001 360 days

SCHEDULE

The schedule for this program is consistent with the deliverables of

Section 1. 2 and is shown in Figure 2.

PROGRAM STATUS

Analyses, computer aided design (CAD) and breadboard testing in
critical areas are in progress. The information resulting from

these tasks has provided the inputs for the 100W systemiDesign Plan.

The following list summarizes work accomplished and investigations

in progress:
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System
————

system block diagram complete

system budgets established

thermal analysis complete

system MTBF complete

RF/DC interlock requirements identified

3 dB ERP degradation analysis complete

Amplifier

combined two driver stages (p/o BPM) (Pg 2.9W @
22% efficiency)

combined two final stages (p/o BPM) (PZ 8. 9W @ 20%
efficiency)

P.S. requirements defined

Alumina vs. Epsilam-10 substrate evaluation complete;
Alumina selected

BPM parts selected

BPM thermal analysis complete
BPM heat sink selected

BPM layout complete

[PA layout complete

BPM chassis machined

Antenna — Transmit, Receive

computer simulation programs complete, tested
six antenna amplitude distribution designs analyzed
final array layout chosen

balun design complete

fabrication/assembly tolerance in progress

single vs. dual laminate tradeoff complete; dual laminate
selected

second harmonic response analysis complete
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° antenna layout in progress

° thermal analysis complete

° solar shield design complete

® honeycomb material, radome material surveyed

@ wind and ice load analysis completz (100W)

° matstrip material chesen/characterized

° antenna weight analysis complete

° sub-array testing in progress

® one-piece vs. sectionalized construction; one-piece

construction chosen

D. Control Cabinet
e P.S. requirements defined
° P.S. vendor survey complete

° BITE circuitry details defined and breadboard complete

° control cabinet layout complete

° control cabinet weight analysis complete
s control cabinet thermal analysis complete
° P.S. cables requirements complete

e BITE circuitry board configuration defined

FINAL REPORT

A requirement of this program is to apply the scale model analysis/data
of the Evaluation Report towards a Final Report. This Final Report will
determine the design/costing concepts of a 1 kw system with regard to

current technological limitations and alternatives.

This report will provide cost correlation analysis comparing a 1 kw
solid state phased array system to current field deployed power

amplifier ‘antenna systems.




SYSTEM DESCRIPTION

The Phased Array Antenna Amplifier system consists of a transmitter amplifier
matrix and antenna array, and a receiver antenna array which operates over
the full 4.4 - 5.0 GHz frequency range. The block diagram of the system is

shown in Figure 3.

The transmitter matrix consists of an IPA amplifier mounted in the control
cabinet which provides the RF drive for,12 parallel amplifiers (basic power
modules) mounted directly in back of the antenna array. These 12 BPM's
provide a nominal 9 watts each to achieve 100 watt output power which is
spatially added by the transmit array. An Antenna Array gain at 30 db ¢

provides the +80 dBm effective radiated power

The IPA is further >roken down into a driver amplifier which drives two
parallel BPM amplifier. Thus, the transmitter amplifier matrix consists of
14 basic power modules (12 mounted on the antenna and two in the IPA) and
a single driver amplifier. This repeated use of a single amplifier design
was incorporated into the system for both low cost and ease of maintenance

considerations.

The RF input to the system is a minimum 100 mw in the 4.4 - 5.0 GHz band
provided by the AN/GRC-143 radio set. An isolator is provided on the input
to the IPA driver to meet the system input VSWR spec of 1.5:1. The IPA
driver output is sblit by a 3 dB quadrature hybrid into the two signals required
to drive the two IPA BPM's. The output power of the two BPM's is detected
and the combined detector voltage is used to drive a front panel meter. This
meter indication is used to adjust, via the front panel, the gain of the IPA
driver. This assures that the proper RF level is obtained from the IPA to
drive the 12 antenna BPM's. A tunable four pole bandbass filter follows the
IPA and is provided to minimize the noise contribution to the AN/GRC-143
receiver from the IPA and AN/GRC-143 transmitter. Isolators with high
power loads are included in the BPM to protect the output transistors from
power reflected from the bandpass filter when the transmit frequency and

filter are not tuned to the same frequency.

)
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The RF equipment discussed so far is mounted in a control cabinet, together
with power supplies and BITE circuitry. A 25-foot coax cable is provided to
take the RF output from the BPF up to the antenna amplifiers. An isolator is
provided at the input to the antenna amplifier matrix to provide a good terminat-
ing impedance for the 25-foot cable and thus assure a good VSWR at the band-
pass filter. A 12-way power divider then splits the power into 12 equal
amplitude, equal phase signals. Each BPM has a nominal 11 dB gain over the
full band. An RF detector in the output of each BPM is used to drive the BITE
circuitry and provide an indication of the amplifier status. A low pass filter
with a cut-off frequency of 5.15 GHz and a minimum of 50 dB attenuation at
frequencies greater than 8.8 GHz follows each BPM to attenuate 2nd harmonics

from the BPM final stage transistor pair.

The antenna consists of orthogonal transmit and receive arrays, each with its

own ground plane (Figure 4). Each array design is identical in terms of the
numbér of dipoles and amplitude taper. The transmit array has 12 feeds, one for
each of the 12 BPM's. The minimum gain of the transmit antenna is 31.05 dB @
4.4 GHz (31.59 dB @ 4.7 GHz and 32.13 @ 5.0 GHz) resulting in a minimum ERP
of +80.65 dBm (81.2 dBm @ 4.7 GHz and 81.7 dBm @ 5.0 GHz). The sidelobe
amplitude of the array is -18 dB. The receive array has a slightly lower gain

due to the fact that this array is positioned behind the transmit array and has a
more complex feed arrangement. Some of the receive power combining is
performed in the array, resulting in four outputs, which are then combined by

a four way hybrid summer resulting in one output for the AN/GRC-143 receiver.
The system is powered from two +26 VDC power supplies located in the control
cabinet. The first power supply has a 30 amp capability and is used to power

the 12 BPM's located behind the antenna array. A DC power distribution cable
carries the 25 amps required up to a DC distribution box. Remote sensing of

the DC voltage at the distribution box assures a constant operating voltage for the
BPM's. A second power supply with a 7 amp capability powers the BITE circuitry
and the [PA. The BITE circuitry monitors the st atus of important system elements

and provides system shutdown in the event of power supply over or under voltage.
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Each BPM has an RF detector. If any transistor fails in a BPM, a red LED will
light, indicating the failure. If four of the 12 antenna BPM's fail, a system
failure LED will light, indicating that the system ERP has dropped by greater
than 3 dB. When the system ON-MAINT switch is placed in the maintenance
position, this mode ''latches' the status of the BPM to give continuous statusb

indication. In this mode, repair or examination may be performed at the antenna

The following pages compare the required system performance vs. the

expected performance, denoting limiting elements.

SYSTEM CHARACTERISTICS

The following paragraphs discuss system characteristics resulting in the

expected performance summary table.(Sh ee&rs i3~ 15)

SIZE

The antenna array consists of three, 38" X 38" laminates. This equates to a
10.0 sq. ft. antenna aperature. An additional .5 inch border will be required
for mounting to the outer frame resulting in a total area of 10.56 square ft.
Projecting to the 1 kw array, this antenna design is consistent with the 100 sq.

ft. requirement since only nine of these 10 sq. ft. sections will be required.

TEMPERATURE INDEPENDENT OPERATION

The 100 watt Phased Array Antenna Amplifier shall be designed to meet all
specifications at temperatures from —65°F to +125°F with solar loading of 360
BTU/ft. 2/Hr. Equipment built by ITTDCD for military deployment is tested for
this environment. Wind and ice loading analysis of the antenna array has been
performed and indicates compliant performance under 50 mph wind and 0. 5 inch

ice loading.
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WEIGHT

The weight of the antenna structure is estimated to be 136 lbs. Component
weights have been reduced wherever possible consistent with other electrical
or mechanical requirements. Thermal analysis was performed on the BPM
to compute transistor junction temperatures as a function of heat sink weight
(and thermal resistance) before selecting the present heat sink. The weight

of the control cabinet is 152 lbs.

STRUCTURAL INTERFACE

The phased array antenna will include the necessary hardware to mount the

antenna on an AB-216 tower.

INPUT 'OUTPUT CONNECTORS

The input connector to the phased array antenna amplifier syvstem is a coaxial
Type N connector mounted on the top of the control cabinet. The output of the
system is WR-1387 waveguide with a UG /149 flange which can be connected

directly to the AN/GRC-143 receiver.

COOLING

Cooling of the mast mounted antenna array will be by means of convection.
Thermal analysis for the control cabinet indicates that a fan will be required

to cool the IPA.

MECHANICAL POSITIONING

A mechanical positioner will be part of the phased array antenna amplifier system

and will fully satisfy the requirements of the specification.
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ANTENNA GAIN/BEAMWIDTH

The minimum transmit and receive antenna gains are calculated to be 31.05 dB

and 30.22 dB respectively. The contributing factors are listed below.

_Antenna Gain - Tx: dB Rx: dB
Directivity (4.4 GHz): including taper (CAD) +33. 5 dBi +33. 5 dBi
Phased and amplitude error loss (estimated) -0.77 -0.54
Polarization loss (30 dB isolation) . -0.01 -0.01 E
Aperture filler dielectric material loss -0.22 -0.36
Corporate feed loss: matstrip (meas.) ~0.77 -1.09
Balun loss ~0.50 -0.50
Input VSWR loss (1.5:1 VSWR spec. limit) ~0.18 -0.18
‘Combiner loss: external to matstrip " -0.40
Cable loss: external to matstrip -0.20
Net gain = directivity - losses +31.05 dBi +30.22 dBi

These net antenna gains pertain to 4.4 GHz where the directivity is 33.5 dBi.

At 4.7 GHz and 5.0 GHz the antenna performance is as listed below:

4.4GHz 4.7 GHz 5.0 GHz
Directivity 33.5 dBi 34.04 dBi 34. 58 dBi §
Tx net gain 31.05 dBi 31.59 dBi 32.13 dBi
Rx net gain . 30.22 dBi 30. 76 dBi 31. 30 dBi

The half power beamwidth for the antenna array is computed to be 4. 4°
maximum at 4.7 GHz. At 4.4 GHz and 5.0 GHz the beamwidth is computed

to be a maximum of 4.5° and 4.2 s respectively,

DUPLEX OPERATION

To assure that use of the phased array antenna amplifier results in no BER

deg radation of the AN/GRC-143 receiver, the noise power contributions of

the transmitter must be calculated for frequencies as close as 100 MHz to




the receive frequency. The mechanism of this noise contribution is through

coupling between the transmit and receive antenna arrays.

There are three sources of noise power contributions which must be
investigated; the AN/GRC-143 transmitter, the IPA, and the antenna

matrix BPM's. To reduce the contribution of the first two sources, a four-
pole bandpass filter with 40 dB rejection at (O # 100 MHz has been incorporated
into the system following the IPA. This reduces the noise power of these two
sources by 40 dB. Thus, the major contributor of noise power is the antenna
matrix BPM's. The only reduction in this noise power is from the transmit to

receive array isolation.

Noise figure degradation versus antenna isolation as a function of bandpass

filter rejection and BPM gain is shown in Figure 5. For the antenna isolation of
35 dB, the noise figure degradation is less than 0.2 dB for BPM noise figures

up to 15 dB. The calculated receiver antenna gain is 30.2 dB min. Therefore,

to assure no receiver BER degradation with 30 dB antenna isolation, the maximum

allowable BPM noise figure is 12 dB.

Noise power out of the BPM at 4.6 Ghz was measured while driving the amplifier
at 4.7 Ghz. The noise power was measured to be -137 dBm/Hz. Assuming 30 dB
isolation between the Transmit and Receive antenna, this results in a noise power
of-167 dBm/Hz at the receiver input. For a 5.5 dB noise figure receiver, this
additional noise power would correspond to approximately a 3.8 dB noise figure

degradation.

Noise power data had been previously taken on individual stages. It was found that
one device of four (MRA272) had approximately 10 dB more noise power output than
the other devices, particularly under low drive conditions (-0.5 dB). Upon exam-
ination, it was found that this transistor was in the BPM and was situated on the
higher loss leg of the Lange coupler. Therefore, this transistor was a large con-
tribution to the BPM total noise power output. Depending upon how the next lot of
transistors perform, the remaining BPM's could have lower noise power outputs

and result in less receiver degradation.
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ANTENNA POLARIZATION

0
The transmit signal polarization will be 90 + 1 from the receive signal polarization
o
with the transmit signal polarization at +45 and the receive signal polarization at
0
-45 .
SIDELOBES

The compuied sidelobe amplitude for the antenna array is less than -20dB for
! o
all azimuth angles. Figure 6 shows the computed pattern at phi = 0 for the

case of 12 equal phase excitations.

ANTENNA VSWR

The calculated antenna VSWR is 1.45:1. The contributions are listed as:

Balun 1.10:1

Power divider (1.05:1), 1.10:1
cascaded (RMS)

Dipole - divider (2 x 2 array 1.20:1
with divider)

Total worst case 1.45:1

AMPLIFIER MATRIX

The amplifier matrix total power output is 91.2 watts (49.6 dBm) which is

0.4 dB down from the 100 watt objective. This number is based upon 12 basic
power modules each delivering 7.6 watt to the transmitter array inputs. It
should be noted that the effects of the antenna VSWR of 1. 5:1 have been included

in the antenna gain calculations.

The DC-RF efficiency for the amplifier matrix is 11.8% assuming 22% collector
efficiency for the bipolar transistors. Any further improvements in system
efficiency will have to come from tinproved transistor performance. To obtain

the system efficiency goal of 15% in the present system configuration, the transistor
collector efficiency required is 28%. To obtain system efficiency of 20%, the
required transistor collectors' efficiency is 38%.

Improvements in transistor gain also improve system efficiency since it reduces
output power of the driver stages. Furthermore, if the total gain of a MRA 272,
MRA 271 chain was increased 3 dB, only one BPM would be required in the {PA.

This change would increase the system efficiency to 13.6% even with the 22%

collector efficiency. Improvements in both transistor gain and efficiency together

Z|




begin to look promising. For example, with the higher gain transistors operating
at 25% collector efficiency, the resulting system efficiency is 15.5%. A collector

efficiency of 32% would provide a system efficiency of 20%. These results are

summarized:
COLLECTOR TOTAL GAIN OF SYSTEM
EFF MRA 271 & MRA 272 (dB) EFF

22% 12,1 11.8% *
22% 15.1 13.6%
28% 12.1 15%
38% 12,1 20%
25% LS. 1 15.5%
32% 1151 20%

12 dB gain assumed current system configuration
15 dB gain assumes single IPA BPM configuration
* Present projected 100W Model performance

AMPLIFIER MATRIX VSWR

The input VSWR spec of 1.5:1 max. will be met by providing an isolator at the
input to IPA. This assures that if the IPA input impedance varies as a function of

the RF gain control, the input VSWR will be less than 1.5:1.

SPURIOUS RADIATION

The major spurious signal which must be addressed is the 2nd harmonic generated
in the TRW MRA 271 transistor. The level of this spurious from a combined pair
of these transistors has been measured at ITTDCD to be -28 dBe. This would
correspond to the spruious level at the output of the BPM. This signal must be

attenuated by at least 52 dB to meet the -80 dBc specification.

Following the BPM is an isolator, a low pass filter and the antenna. Both the
isolator and low pass filter have been measured at the 2nd harmonic frequency.
The isolator provides as little as 2.5 dB of loss while the low pass filter provides
a minimum of 50 dB attenuation at 8.8 GHz. In addition, the gain of the transmit
antenna has been computed at 2nd harmonic frequencies and can be within 3 dB of the
gain at 4.4 - 5 GHz. The resultant 2nd harmonic transmitted level is therefore:

P2 = -28 dBc -2.5 dB -50 dB -3 dB

= -83.5 dBc

ro
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PARASITIC OSCILLATIONS

There will be no parasitic oscillations in any of the amplifiers.

SYSTEM MTBF

A 100 W scale model system has a computed MTBF of 3473 hours, assuming MIL
qualified devices. This

number is based upon current bipolar transistor performance (ejc. efficiency)

and the following assumptions:
@ Bipolar device efficiency of 22%.

@ Bipolar device thermal resistance tased upon best available data

which will be updated.

(] A single transistor failure in a BPM constitutes a failure of that BPM

(versus a partial failure mode - loss of one output stage.)

@ Worst case analysis of system 3 dB ERP degradation versus BPM
failure (without consideration of BPM position within the array
(statistical) ).

The a\nalysis indicates that the limiting element is the transistors junction
temperaturel These thermal calculations are based upon presently available
thermal information/measured bipolar efficiency data and will be updated as
new information of transistor thermal resistance is received.

The DC-RF efficiency used in the calculations is 22% and historically, improve-
ments can be expected. If the efficiency increases to 26%, 4,000 hour system

MTBF is obtainable.

The definition of a system failure is a 3 dB drop in antenna amplifier ERP.

The number of antenna matrix basic power module failures that result in a 3 dB
drop in ERP has been determined. To do this, both the loss of power and the loss
of antenna gain due to loss of dipoles and beam squinting must be computed. The

first component is straightforward and is given by:

no. of failures
P =10 log [ 1 - 12 J

23




To compute the 1»ss of antenna gain, a computer program was written to
calculate the dipuse element pattern by direct integration of the sinusoidal
current along the dipole length. A vectorial summation of all array elements
is performed at any fair field point providing a non-approximate analysis for
any shape array, and grid or error pattern. The bore sight gain is computed

including loss of gain due to beam squinting.

The loss of antenna gain due to BPM failures was analyzed and the results
are shown in Figure7 for up to four total failures. The gains listed are the
computed directivity at 4.7 GHz and do not include losses. Included is a
drawing of the antenna array with the distribution of the 12 BPM's. The total
loss in ERP is also shown and is a maximum of 3.06 dB for any three BPM

failures.

It was found that the loss of antenna gain due to beam squinting was a negligible
component of the total loss of gain. As a result, the loss in gain due to the
failure of BPM's 5, 9, and 10 for example, is equal to the loss of gain due to
the failure of BPM's 6, 9, and 12. Because of this, the antenna array can be
broken down into four inner (A) and eight outer (B) BPM's. The loss in ERP
has been listed versus the number of failures of these A and B modules. Thus

the system MTBF calculations are based upon four BPM failures.

BANDWIDTH

All the BPM's are designed to exploit the ultimate bandwidth capabilities of the
TRW MRA 271 and 272 transistors. Because the devices are internally matched
to 50_n. input and output impedance, only minimal external matching is required.
Tests on samples of the TRW devices have shown that they instantaneously cover
the 4.4 to 5.0 GHz frequency band. Thus, no retuning will be required for the

system to operate over the entire passband.

SYSTEM DEGRADATION ALARMS

The front panel of the control cabinet includes the following controls and status

displays.

24
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Controls: System ON-MAINT switch
RF drive control 3

Bandpass filter

Lamp test switch

Circuit breaker/reset

Status: Power supply 1 and 2 over/under voltage
IPA BPM output
Input RF drive
BITE clock

Svstem failure

Meter reading of total RF output or total IPA output
switch selectable

Normally off LED for each antenna BPM

Power supply 1 and 2 on

FAILURE INDICATOR

The failure of any of the 12 antenna BPM's will cause a red LED on the front
panel corresponding to that BPM to light. The BITE circuitry will be adjusted
such that failure of any of the four transistors in the BPM will cause the LED

to turn on.

PRIME POWER

Supply voltage required for the phased array antenna amplifier system is
115/230 volt + 10% (RMS), 50-60 Hz single phase. Total DC input power is

estimated from the subsystem contributions to be 798 watts.
Assuming a power supply efficiency of 80% and a power factor (lag) of 95% (1.083):

AC power = 1.25 X 1,053 X 798 VA
=1050.4 VA




The blower in the control cabinet requires 158 VA.
Total AC power = 1050.4 + (115V X 1.25 X 1.1A)
=1208.4 VA
As efficiency of bipolar devices improves, the prime power requirements are
reduced. For example, when device efficiency increases to 28% within the
present system configuration, DC-RF system efficiency increases to 15% and
total system prime power (including IPA blower) decreases to less than 1, 000

watts.

ANTENNA MECHANICAL DESIGN

The antenna consists of three Teflon impregnated fiberglass printed circuit
boards (transmit, polarizer, receive) structurally supported by a 0. 50 inch

thick aluminum honeycomb ground plane (Figure 8). Critical dimensional spacing
and structural integrity between boards are maintained by accurately machined
dielectric material spacers and low loss foam or honeycomb filler bonded to the
boards. The deliverable 100 watt model could be disassembled for experimental
work whereas final field units (1 kw system) would be bonded for added strength.
This composite laminate is enclosed by a support frame to which the positioner is
integrated. Twelve basic powsr modules (BPM) including heat sinks are mounted
to the rigid rear ground plane as are transmit power splitters, receive combiner
and coax/waveguid transition, BITE board and DC distribution block as shown in
Figure 9. Behind the basic power modules is a solar shield. The pur pose of this
element is to minimize BPM thermal rise due to solar radiation. A rain deviator

is provided to minimize water entry onto the basic power module matrix.

CONTROL CABINET

The control cabinet shown in Figure 10 is housed in a shelter. The following

components are mounted internally:
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