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1. Introduction 

IF1-High amplifiers are low noise cryogenic amplifiers designed at the Centro Astronómico 
de Yebes for the Heterodyne Instrument (HIFI) Focal Plane Unit (FPU) of the Herschel Space 
Observatory. They will be used as first stage IF amplifiers in the 4 to 8 GHz range for all SIS 
bands, that is, bands 1, 2, 3, 4 and 5, providing low noise amplification to the mixer signals. 
Note that the initial design of the instrument included 4-8 GHz amplifiers for all bands, but a 
change of the IF to 2.4-4.8 GHz for bands 6H and 6L was forced due to the low gain bandwidth 
of the HEB. These lower frequency amplifiers are identified as IF1-Low. The signals from the 
IF1 amplifiers are fed to the IF2 box for further amplification and conditioning 

This document will deal primarily with the design of the IF1-High amplifiers, in particular 
with the DMs built at the Centro Astronómico de Yebes. The differences between these models 
and the FMs built by Alcatel are minor and will be highlighted. A summary of the performance 
of the amplifiers will also be presented. More details can be found in the test reports [2-6] 
corresponding to each unit. 

The amplifiers are delivered together with a PAMTECH 4-8 GHz cryogenic isolator 55387 
CTH1365K10 connected to its input. This isolator is needed to operate the unit according to the 
specifications. Actually, in between the mixer and the IF1-H amplifier two IF isolators are 
present: one close to the mixer and one close to the IF1-H amplifier. 

 

 

Figure 1: HIFI IF system configuration (N. Whyborn) 
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2. Design goals 

Document [1] defines the requirements of the IF1-H amplifier. We reproduce here the 
primary design goals at 14 K, most of them fulfilled by the Development Models (DMs). Only 
the output reflection goal was not met by all amplifiers, although the baseline is reached. The 
return losses were sacrificed for a better gain flatness, which was more necessary for the 
instrument. 

Table 1: IF1-H main design goals 

FREQUENCY RANGE 4 – 8 GHz 
GAIN > 22 dB 
GAIN RIPPLE < ±1.5 dB 
NOISE TEMPERATURE < 5 K 
INPUT REFLECTION < 0 dB without isolator 
OUTPUT REFLECTION < -15 dB (< -10 dB baseline) 
GAIN FLUCTUATIONS < 1.4×10-4 (Hz)-1/2 
STABILITY K > 1 at all frequencies 
POWER CONSUMPTION < 5 mW 

MECHANICAL 
INTERFACES 

Unit envelope: < 78×45.3×15 mm 
Unit weight: < 70 g 

ELECTRICAL 
INTERFACES 

RF connectors: SMA female 
DC connector: MDM 
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3. Design background 

The development of the IF amplifiers for Herschel mission was an interesting challenge. In 
one hand extreme reliability typical of space mission is needed, and in the other hand state of 
the art noise performance and very low power dissipation are indispensable. Besides, an 
instantaneous bandwidth of four GHz was a scientific requirement, and low gain fluctuations 
are needed in order to keep the chopping frequency of the receiver low. 

The development of the amplifier started building demonstration prototypes with different 
center frequencies using GaAs HEMTs to demonstrate the viability of the 4 GHz bandwidth, 
since at that time most radio astronomy receivers used typically no more than 1.5 GHz. Several 
amplifiers of series YXF 0 (8-12 GHz) and YCF 0 (4-8 GHz) were built and tested until the 
center frequency was fixed in 6 GHz. Then we realized the impossibility to meet the 
requirements of noise and power dissipation with the well-established GaAs technology and the 
effort was concentrated in InP. As there was no commercial source of InP HEMTs available, we 
used experimental transistors provided by other groups. After a first prototype (series YCF 1), 
the microstrip matching was refined and several amplifiers of series YCF 2 were built. This 
design was optimized for ETH transistors and several units of this type were delivered to the 
mixer groups during the initial development phase of the project. The amplifiers delivered as 
Development Models belong to series YCF 6. They are susceptible of space qualification, 
incorporating TRW transistors and a mechanical layout compatible with the Focal Plane Unit of 
HIFI. Some other aspects, as the assembly techniques, EMC and ESD protection were also 
improved with respect to the previous series. 

 
 

  

(a) YXF 0 (b) YCF 1 

  

(c) YCF 2 (d) YCF 5 

Figure 2: Some of the 4 GHz amplifiers developed during this project 

Note that different devices were tested for the production of the different models needed 
along HIFI program, as they became available. The final decision of the devices to be used for 
Flight Models (FMs) was based on the performance obtained during the development as well as 
in the possibility of its space qualification. 
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4. Electrical design 

4.1 Device selection and characterization 

4.1.1 Transistors 

Non-commercial InP technology was selected for the transistors, after a first 8-12 GHz 
prototype with GaAs commercial devices. The well-known advantages of this material at 
cryogenic temperatures are proved true in this frequency range: much lower power consumption 
at the optimum bias point, almost a factor of two improvement in noise temperature and higher 
transconductance. Most applications of this material at the time of the beginning of this project 
took advantage of its high cut-off frequency to produce higher frequency amplifiers. Its use in 
intermediate frequency (IF) stages brings up stability problems that require a careful design 
technique. 

The transistors S parameters were measured at cryogenic temperatures (13 K) with a 
HP8510C Vector Network Analyzer (VNA) using an in-house test fixture set with microstrip 
lines. The devices were mounted and measured with bonding wires in a similar way as they are 
in the amplifiers. The parameters extracted include the effect of these bonding wires. This test 
fixture was designed to allow for a cryogenic two-tier TRL calibration up to 40 GHz. The 
process of calibration is very time consuming, as it takes several cool-downs with different line 
lengths. The values of the elements of the equivalent circuit of the transistor are obtained from 
DC and S parameters measurements, including coldFET. DC and coldFET allow calculating 
parasitic elements. Intrinsic elements are then determined by optimization using MMICAD 
Microwave Linear Simulator. 

 

 

Figure 3: Small signal transistor model used in the simulations 

The noise characteristics of the transistors were modeled following Pospieszalski. This 
model relies only on two parameters or “noise temperatures”: the gate temperature TG and the 
drain temperature TD. The first one was assumed equal to the ambient temperature, in our case 
13 K. To determine TD we used a wide band two-stage test amplifier with an adjustable 
element, which can easily match transistors of similar gate widths. The DUT is placed in the 
first stage, while the second stage has a well-known GaAs device. The small signal model of the 
DUT is included in the amplifier model, and TD is chosen to fit the cryogenic noise 
measurements. The bias of the transistor was selected taking into account not only the noise 
performance, but also the power dissipation. Each device S parameters must be measured and 
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modeled at several bias points to permit this optimization if no a priori knowledge of the 
transistor is available. 

InP devices of diverse foundries and laboratories (TRW, ETH), different types and different 
batches were tested as they became available. We selected devices with 200 µm gate width, 
whose input impedance levels are easy to match in the wide 4-8 GHz band (the real part is close 
to 50 Ω). We present in figure 5 the noise and gain results obtained in the test amplifier for the 
most representative for the project Herschel. ETH 200 T-35 are transistors designed by our 
request with a layout similar to the GaAs devices we were used to (see figure 4). Subsequent 
batches have perfected this design with very successful applications in other amplifiers. It is not 
passivated and the gate length is limited to 0.2 µm. This transistor was used in the initial 
prototypes, but could not be space qualified. 

Our laboratories had the opportunity to participate in the Cryogenic HEMT optimization 
Program (CHOP), leaded by the Jet Propulsion Laboratory (JPL) and TRW. During the course 
of this ambitious project TRW foundries produced exceptional cryogenic InP MMICs and 
HEMT devices with 0.1 µm gate length and susceptible of space qualification. The two models 
shown in fig. 1 have the same gate width (200 µm) and a similar layout of the active part, but 
TRW T-39 (IREL1) was fabricated specially for this project with a bigger chip size to facilitate 
handling and bonding. In spite of the superior performance of TRW T-42 (CRYO3), we choose 
T-39 for the final version of the amplifiers to assure a high reliability in the mounting process of 
the FMs in the Spanish industry. Other batches of this model have been tested with similar 
results (T-45 CRYO4). 

 

 

 

 
(a) TRW T-45 (b) TRW T-42 (c) ETH T-35 

Figure 4: Some InP devices tested for this project. Chips are represented in 
scale; (a) measures 0.33×0.42 mm. (a) and (b) are TRW transistors with 
0.1×200µm gate. (c) is an ETH experimental device with 0.2×200 µm gate used 
in the MPs. (a) was preferred over (b) for the final DMs due to its bigger chip 
and pad size, which improves reliability in handling and bonding. 
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Figure 5: Comparison of the characteristics of the transistors presented in the 
previous figure, at the optimum noise bias in a YCF 2 amplifier. 

4.1.2 Other microwave components 

All other discrete devices used in the amplifiers were carefully selected based on its proper 
operation at cryogenic temperatures and demonstrated reliability in amplifiers built for ground-
based applications over the years. This not only depends on a robust and thermally adequate 
mechanical design, but certain electrical properties had to be taken into account: for example, 
some dielectrics may change dramatically at low temperatures making a capacitance drift to 
zero. Accordingly, cryogenic models of the most critical components had to be established and 
validated. Nevertheless, for this frequency range only first order effects were finally included in 
the simulations. The models are made up of concentrated elements (including parasitic 
resistance and inductance) and do not account for capacitor parallel resonances. We used thick 
film resistors size 0302 from SOTA (22 ohm in drain resistive feedback and in first section of 
bias filters). Capacitors are from ATC of the series 100 (porcelain multilayer 22 pF in second 
section of bias filters) and 111 (parallel plate, with CA dielectric, 1.5 pF in drain resistive 
feedback, 2.2 pF in interstage DC-blocking and 5.1 pF in first section of bias filters). 

 

4.2 Microwave circuits design 

The microwave circuits were simulated using MMICAD. Devices and components are 
modeled as described in the previous sections, transmission lines are realized by microstrip 
circuits and bonding wires are represented by high Z transmission lines. Two stages of InP 
transistors are sufficient to reach the specified gain. For each one, the transistors are 
independently stabilized in the band by a resistive loading in drain and an inductive feedback in 
source. In addition, these elements bring together the minimum noise and input conjugate 
impedances, and contribute to the gain equalization. The input matching circuit comprises a 
double quarter wavelength transformer and a high impedance element (bonding wire), to match 

Rev. 28/11/2003 10:11 IF1-H_Design_Description.doc Page 10 of 23
 



HIFI-FPSS-IF1 Yebes/FPSS/TN/2003-008 Centro Astronómico de Yebes, 
Obs. Astronómico Nacional - IGN 
Apdo 148, 19080 Guadalajara, SPAIN Technical Note  Cat: 4 Issue: 1 28/11/2003 

 

in the octave band respectively the real and imaginary parts of the minimum noise impedance. 
The interstage and output circuits optimize the gain and output reflection. 

 Tuning elements are incorporated in the design in the form of small microstrip islands 
around most microstrip lines, which can be linked to the lines by bonding wires to adjust its 
impedance. Some of these islands were used to improve the flatness and output matching of the 
amplifier. The output return losses are especially sensitive to the impedance of the output line 
and the last gate bias stub. The low impedance lines modulate the gain ripples, also affecting the 
output matching. Some bonding wires are also used as tuning elements. The extended gate wire 
can be adjusted in loop or length to correct the gain slope (2nd stage) or noise matching (1st 
stage). Source gate wires are critical to stabilize the transistor in the band (affecting severely the 
average gain and input matching). The series inductance to the loading resistor have also an 
important effect in the K factor and band shape, and can be fine tuned by modifying the 
separation between the two bond wires. 

 

 

Figure 6: Microwave and bias circuits. Microstrip substrates and bias PCB in yellow. Discrete 
components in green. Copper lines and bonding wires in magenta. Chassis in black. 

 

Figure 7: Transistor area detail Figure 8: Detail of the bias networks (one stage) 
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4.3 Bias networks design 

The bias networks were designed with several goals in mind: They have to help reaching 
unconditional stability of the complete amplifier at all frequencies; they should comply with 
Electromagnetic Compatibility (EMC) requirements of the mission; they must give an effective 
Electrostatic Discharge (ESD) protection to the extremely sensitive InP devices. Moreover, the 
voltage drop in the drain lines should be minimized to reduce power dissipation. The last 
version includes three filtering sections, a voltage divider in the gate lines and a big capacitor 
acting as a charge divider. Drain resistors were lowered from 72 Ω to 49 Ω. 

10 nF 22 pF 5.1 pF

22 
GATEVG

10 nF 22 pF 5.1 pF

27 22 
DRAINVD

270 K

33 K

 

Figure 9: Schematic of the bias circuits (one stage) 
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5. Mechanical design and fabrication 

5.1 Housing 

The final housing of the amplifier is made of aluminum with a gold over nickel plating. The 
gold layer is soft to allow direct grounding of chip components by gold wire bonding. 

The height of the box is fixed by the type of RF connectors used (see assembly techniques 
section), only available in the 4 mounting holes version. Another limiting factor was the 
necessity of providing additional space for possible further EMC filters. This was implemented 
as an extra cavity accessible from the bottom of the box. The filtering was not finally required, 
but this cavity was found useful to route the bias cables to the bias board on the other side of the 
box. These cables are part of the MDM connector and are not very flexible. 

The length of the box is constrained by the electrical design of the microwave substrates, 
while its width is also determined by the room needed for the components of the bias board 
(specially the big capacitors protecting from ESD). 

The box presents a bulge on one side to accommodate the MDM connector, too thick to fit 
in any of the superimposed cavities. On the bottom side there are three small legs (0.5 mm high) 
to anchor the amplifier with one M2.5 threaded hole each. These mounting points facilitate 
compliance with the interface flatness requirements. On the top side, another three M2 holes are 
drilled through the cover to attach the isolator. 

Both cavities are closed by 2 mm thick lids. The lower lid and cavity shape is defined by 
the mounting holes and the MDM bulge. No space for LEDs is provided in the top cover, as the 
transistors do not need illumination. The lids are attached to the body of the box by M2 screws. 
Note that three of these M2 holes of the bottom side are blind and have reduced threaded length 
to avoid punching the upper cavity. To prevent EMC problems a small shelf in the housing is 
granted all around the lids edges (see figure 11). 

 

 

RF INPUT DC INPUT SERIAL NUMBER 

Isolator 
anchoring 
holes (M2)

Supporting legs
(M2.5 holes)

RF OUTPUT

Figure 10: IF1 external view. Amplifier dimensions are 58×32×15 mm (excluding connectors) 

The internal design of the upper cavity is divided in two sections. Both sections (or sub-
cavities) are communicated by slots in the dividing wall. These slots allocate the high frequency 
part of the bias circuits, whose components are directly mounted on the housing. The so-called 
RF cavity contains the microwave substrates and components. There are two small pedestals on 
the flat bottom of this cavity to mount the transistors and loading resistor and capacitor of each 
stage at the adequate heights for wire bonding (0.25 and 0.5 mm steps). The so-called DC cavity 
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contains the bias PCB. Other elements of this section are a shelf to ground the capacitors of this 
board by multiple bonding wires, several small holes to put in (at the adequate level) the big 
ceramic capacitors, last elements of the high frequency section of the bias circuits and nine 
through holes to the lower cavity to give way to the connector cables. 

 
  

 

Figure 11: IF1-H amplifier chassis. Top and bottom cavities are shown. 

 

5.2 Microstrip substrates and bias board 

The matching circuits are implemented in microstrip lines using a DUROID 6002 laminate 
(PTFE/ceramic composite with εr=2.94) 20 mils thick. This material has an excellent thermal 
stability and a low coefficient of expansion – matched in-plane to copper. Additionally the 
outgassing is low and, moreover, it had been tested previously at cryogenic temperatures by our 
group. The dielectric thickness was chosen as a compromise between line sizes and realizable 
impedance range. The substrates are plated with 6 µm of soft gold and etched in an Iodine bath. 
This process typically yield lines with a tolerance such that the minimum line width is between 
100 and 150 µm. Our design thinnest lines are 150 µm and the shortest gaps between lines are 
200 µm. The substrates are divided in three pieces (input section, interstage section and output 
section), two of them with a small indentation for the drain loading resistor and capacitor. The 
gaps between the microstrip lines and the substrate edge is typically 200 µm, but it is reduced to 
the attainable minimum (50 µm) in two critical cases where the size of the gap has a significant 
impact on the performance: the lines where the drain wire is bonded and the lines where the 
input and output connector pins are welded with gold strips. To assure the adhesion of the 
copper, the minimum area of a line patch is 0.06 mm2. 

The bias board design follows standard SMD rules. It is manufactured with the same 
materials and procedures of the microwave boards to facilitate the qualification. 

 

Rev. 28/11/2003 10:11 IF1-H_Design_Description.doc Page 14 of 23
 



HIFI-FPSS-IF1 Yebes/FPSS/TN/2003-008 Centro Astronómico de Yebes, 
Obs. Astronómico Nacional - IGN 
Apdo 148, 19080 Guadalajara, SPAIN Technical Note  Cat: 4 Issue: 1 28/11/2003 

 

 

Figure 12: IF1-H amplifier without the top cover. 

5.3 Component types and assembly techniques 

a) RF connectors: The SMA female connector type and bonding procedure offering more 
guarantees of mechanical stability and good electrical performance, was selected after 
an evaluation of several alternatives. RADIALL 124 501 tab contact is connected to the 
input line by a loop of gold ribbon welded in the middle to the line and on both ends to 
the pin to shape an “O” as seen along the connector axis. This gives complete mobility 
to the conection, avoiding problems of broken contacts when cooled. 

 

 

Figure 13: Front and top views of the O-ribbon connection (parallel gap) 

b) DC connector: The MDM male connector cables are soldered to the pads of the DC 
board. 

c) Microwave absorbers: Two small pieces of microwave absorbers are glued using 
conductive epoxy to the top cover right over the interstage matching circuit and the 
output matching circuit. They are used avoid possible out of band oscillations and box 
resonances. 
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d) Microwave substrates are glued to the chassis with conductive epoxy. All connections 
to components outside the substrates are done with double bonding wires. 

e) Bias PCB is also glued to the chassis with conductive epoxy. The board is grounded in 
several places close to the big capacitors by several bonding wires connecting specific 
pads to the chassis. The connection to the higher frequency components is also done by 
pairs of bonding wires to line pads (as in the case of the RF boards, wire bonding 
connections with a small loop are preferred as they withstand thermal stress). 

f) Transistors: IREL1 InP HEMTs from TRW are fixed to the RF cavity ridges with 
conductive epoxy. Bonding wires between the microstrip lines and the gate and drain 
pads should be as short as possible. Source bonds to the chassis have specific lengths 
(there are 4 wires per transistor).  

g) Components of the microwave cavity and the inter-cavity slots: All these resistors 
and capacitors are glued either to the chassis or to the microstrip lines with conductive 
epoxy. The capacitors are grounded by their bottom side metallization. All other 
interconnections are done by pairs of bonding wires as short as possible. Note that the 
connection between the feedback resistor and the microstrip line has a critical length 
and wire separation. 

h) Porcelain capacitor: This component is mounted in vertical position, with one of its 
wraparound sides grounded, as it is glued to the bottom of a small hole with conductive 
epoxy.  

i) Components of the DC board: All these resistors and capacitors are glued to its pads 
with conductive epoxy. 

Table 2: Classification of resistors and capacitors used in the DMs 

Location Function Type Termination Value Mounting Part number 
Chip resistor 
thick film 0302 

Au 
Top-side 22 Ω Chassis H0302APG22R0J30 

(SOA005) 
Drain 
resistive 
feedback 
(2×) 

Chip capacitor 
single layer 0202

Ni-Au 
Parallel plate 1.5 pF Chassis ATC111TCA1R5B100TT

µwave 
cavity 

DC block 
(3×) 

Chip capacitor 
single layer 0303

Ni-Au 
Parallel plate 2.2 pF RF board ATC111UCA2R2B100TT

Chip capacitor 
single layer 0505

Ni-Au 
Parallel plate 5.1 pF Chassis ATC111XCA5R1C100TTInter- 

cavity 
slots 

1st sect. 
of bias 
filter (4×) Chip resistor 

thick film 0302 
Au 
Top-side 22 Ω Chassis H0302APG22R0J30 

(SOA005) 

Chip capacitor 
multilayer 0605 

Ni-Au 
Wraparound 22 pF Chassis 

(vertical) CDR11BG220KJNS 2nd sect. 
of bias 
filter (4×) Chip resistor 

thin film 0603 
Pd-Ag 
Wraparound 27 Ω DC board M55342M12C27J0R 

Chip resistor 
thin film 0603 

Pd-Ag 
Wraparound 270 K DC board M55342M12C270KR Gate 

voltage 
div. (2×) Chip resistor 

thin film 0603 
Pd-Ag 
Wraparound 33 K DC board M55342M12C33K0R 

DC cavity 

Charge 
div. (4×) 

Chip capacitor 
NPO 1206 

Pd-Ag 
Wraparound 3.9 nF DC board 300902201C3901JC 
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6. Performance 

6.1 Measurement procedures 

Noise temperature (and gain) was measured with a system based in a computer controlled 
HP 8970 B Noise Figure Meter. Room temperature data was obtained with an HP 346 A noise 
diode. The DUT is cooled in a dewar with a CTI 350 refrigerator. Cryogenic measurements 
were taken with the "cold attenuator" method, using an HP 346 C noise diode (at room 
temperature) plus a 15 dB attenuator and a DC-Block cooled at cryogenic temperature (the DC-
Block is included to avoid heating the active part of the attenuator by the inner conductor of the 
stainless steel coaxial line). Temperature is carefully monitored in the attenuator body using a 
Lake Shore sensor diode. For present case, absolute accuracy (@ 3 σ) of measured noise 
temperature is estimated in ±9 K at Tamb=297 K and ±1 K at Tamb=14 K. Repeatability is 
better than this values by an order of magnitude. Another noise measurement system (system 
1020) is available in our labs. The results obtained with it are typically 0.75 K better in this 
band (within the error budgets of both systems). All the results presented correspond to the 
pessimistic system, chose for better traceability. 

Reflection and gain of the unit in the 350 dewar, at room and cryogenic temperatures, 
were measured using an HP 8757 A Scalar Network Analyzer in AC (modulated) mode. Note 
that the amplifier design is not optimized for input reflection, as it is intended to be used with an 
isolator at the input. 

The same system, but in DC (non-modulated) mode was used to detect possible 
oscillations. The amplifier was tested at room and cryogenic temperature with one sliding short 
connected to the input and another to the output, and the wide band detector connected to the 
output. The test was repeated with an Agilent 9565 EC spectrum analyzer. No oscillations were 
found.  

S parameters of the amplifiers were measured with the HP 8510 C Vector Network 
Analyzer from 0.1 to 20 GHz to compare with less accurate SNA measurements, and to check 
for signs of possible out of band instability. This test was done at room temperature only, 
showing no sign of instability (Rollet constant greater than 1 at all frequencies), and good 
agreement with SNA data. 

Gain stability (short term) was measured in a dewar with a CTI 1020 refrigerator, at a 
single frequency (6 GHz)  using a continuously variable attenuator, air lines and the HP 8510 C 
Vector Network Analyzer. The results are presented in form of spectral density of normalized 
gain fluctuations. Several spectrums, in the range 0.012-2.34 Hz, are obtained by FFT of the 
VNA time domain data and averaged to reduce random fluctuations. The contribution of the 
system fluctuations is subtracted from the measurements. The reference value of the fluctuations 
at 1 Hz (β) is also given, and its units are 1/√Hz (when the exponent α is 0.5). There is usually a 
peak at 1 Hz due to the cycle of the CTI 1020 refrigerator. Phase fluctuations are obtained in the 
same measurements 
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6.2 Results 

The performance of each DM amplifier is given in the corresponding test report. We 
summarize here the main results and the averages of the series. The amplifiers are biased with a 
feedback power supply, which sets the gate voltage for any selected drain current. The bias 
point of the amplifiers is selected primarily to optimize the noise temperature with the first stage 
and to reach a compromise between gain flatness and low output reflection with the second 
stage. The power dissipation limitations imposed by this project difficult the bias optimization 
process. The DMs are all measured with the same bias: VD1=0.85 V, VD2=0.5 V, ID=3 mA,  
(4 mW dissipated in the amplifier, compliant with the latest specifications). 

 
6.2.1 Noise and Gain 

The results show an improvement in the final DMs due to the perfected design and superior 
transistors. It is remarkable the consistency of the results, especially in the noise measurements, 
which are almost the same for all the amplifiers. Note the good model agreement. 

Table 3: Noise and gain performance at 14 K of the two groups of amplifiers delivered. 

NOISE TEMPERATURE
[K] (MEAN) 

GAIN 
[DB] (MEAN) 

GAIN FLATNESS 
[DB] (PEAK TO PEAK) 

AMPLIFIER 
GROUP 

Best amp. Aver. Worst Best amp. Aver. Worst Best amp. Aver. Worst
YCF 2 MPAs 4.89 5.18 5.38 25.29 24.80 24.06 2.35 2.85 3.19 
YCF 6 DMs 3.46 3.57 3.72 27.70 27.11 26.26 1.96 2.19 2.46 
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Figure 13: Modeled and measured gain and noise of  the DMs (5 LNAs with 
TRW transistors). The colored bands are defined by worst and best values for all 
the amplifiers. The solid line is the average of the series. The dots correspond to 
the noise model and the squares to the gain model. 
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6.2.2 Input and Output Return Losses 

The output reflection coefficient is usually the parameter with a poorer prediction from our 
models. Nevertheless, the results are satisfactory. The DMs yield an average of the lowest in-
band reflection coefficient for the 5 amplifiers of–13 dB (the return losses at the high end of the 
band were sacrificed for a better gain flatness). The tuning of the intermediate and output 
matching circuits to improve gain flatness is responsible of the bigger dispersion of the output 
return losses. 
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Figure 14: Modeled and measured input and output return losses of the DMs in 
the same fashion as the noise and gain plot. The input reflection was not a 
design parameter for these amplifiers. 

6.2.3 Gain Fluctuations 

The dispersion in gain fluctuation results for different amplifiers uses to be rather high. The 
particular set of measurements presented in table 4 is quite homogeneous (apart from amplifier 
YCF 6006). The only ways to optimize the fluctuations are device selection and bias 
optimization. 

It is remarkable the dependence of the gain fluctuations with the drain voltage of the 
transistor, especially at low drain currents. There is no direct relation between power dissipation 
and fluctuations. The fluctuations increase with drain voltage and decrease with drain current. 

The optimum bias point for gain fluctuations is not related with the optimum bias for noise 
measurements and is more critical. It is important to notice that small changes in bias, which 
may not affect significantly the noise temperature, may lead to great variations in gain 
fluctuations. 
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Table 4: Gain fluctuations of the DMs at 14 K 

AMPLIFIER 
YCF 

GAIN FLUCTUATIONS
@ 1HZ (β ) 1 

SPECTRAL 
INDEX (α) 1 

6004 8.62E-05 0.754 
6005 8.88E-05 0.706 
6006 8.58E-05 0.339 
6009 10.0E-05 0.726 
6014 10.2E-05 0.762 

Average 9.26E-05 0.657 

1 Fitting function: 
2

1)(
α

β 
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Figure 15: Example of the typical spectral density of 
normalized gain fluctuations data obtained after processing the 
VNA measurements. 

6.3 Isolators 

The increment in noise temperature ∆Tc produced by an isolator connected to the input of 
an amplifier is given by 

( ampamb
iso

c TT
G

T +⋅







−=∆ 11 ), and 2

22

2
21

1 S

S
iso

−
=G , 

where Tamb is the physical temperature of the isolator, Tamp is the equivalent noise temperature of 
the amplifier and Giso is the available gain of the isolator. 

With these expressions, we estimated the contribution to the noise temperature of the 
cascaded isolator and amplifier for a typical amplifier with 3.6 K of noise and an isolator at 17 
K ambient temperature. The mean insertion losses across the band averaged for all the isolators 
measured 0.30 dB. The mean noise temperature increment is 1.38 K. There is a good agreement 
with actual measurements of a complete IF1-H unit (the ensemble of a pre-amplifier, an isolator 
and the interconnect cable). Details of these measurements can be found in [7] and [8]. 
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Figure 16: Gain and noise of an YCF amplifier with and without input isolator 

 

 

Figure 17: Complete IF1-H unit (includes PAMTECH isolator and 
interconnecting cable). Note that this configuration has changed and 
the isolator is now attached to the amplifier via an intermediate plate. 
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7. Changes in the QMs fabricated by Alcatel 

Alcatel shall provide information about the final design revision. Follows a list of the main 
changes: 

• Vent holes provided in the chassis 

• Only one microwave substrate with slots for the transistor pedestals. 

• Minor changes in the microstrip layout (more tuning islands). 

• The space qualified transistor has a degraded performance, especially in noise, as 
compared to the transistors used in the DMs (see figure 18). Refer to [9]. 

• Different bias board design. The connector cables are directly soldered to the bottom 
side of the board through openings in the chassis. Grounding is done with metallized 
holes. 

• Different bias circuit. The voltage divider rate was changed form ~10 to ~20. Due to the 
unavailability of qualified 10 nF capacitors, this charge divider was also changed. 
Figure 19 shows the updated schematic. 

• All components in the bias board are soldered. The termination is changed accordingly 
to pretinned nickel. 

• The isolator is fixed by an intermediate plate. Only one of the anchoring holes seen in 
the top cover is used. 
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Figure 18: Noise and gain performance of an YCF 6 amplifier with the qualified 
TRW IHER1 transistor (in orange and violet), compared to the DMs with TRW 
IREL1 transistors. It is significant the noise degradation. 
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27 

 

Figure 19: QMs bias circuits schematic 
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