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Abstract: A 1–30GHz ultra-wideband low noise amplifier (LNA) MMIC

with a simplified on-chip temperature-compensation circuit is presented in

this paper. The temperature-compensation circuit composed of two GaAs

mesa resistors and two Nickel Chromium (Ni/Cr) thin-film resistors is able

to compensate the variation of temperature accurately over a wide operating

frequency range. The fabricated LNA has demonstrated the improvement

of gain variation from 3.4 to 0.8 dB (0.4 dB/Stage) in the temperature

range from −55 °C to +125 °C. It exhibits the lowest the gain variation

(0.0022 dB/°C/Stage) with temperature ever reported for the ultra-wideband

LNA. By contrasting the LNA with and without the temperature-compensa-

tion circuit, it is also found that the use of the temperature-compensation

circuit neither degrades other aspects of the circuit performance nor increases

the area of the original amplifier chip.
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1 Introduction

The advancement in wireless communication technology has urged the demand of

multi-octave broadband amplifiers for application in high-speed transceivers, ultra-

wideband (UWB) systems, high-resolution radars, and instrumentations, where the

broadband LNA is an essential component in the receiver systems [1]. GaAs

pHEMT has been found wide applications in most commercial microwave/milli-

meter-wave transceiver systems, due to both low noise figure and high gain

performance [2, 3]. However, there exists a temperature dependence of the gain

resulting from variations in field-effect-transistor (FET) parameters such as the

transconductance [4], which leads to a severe limit for application of FET-based

circuits. Therefore, it is of great significance to reduce the temperature sensitivity of

UWB LNAs based on FETs. In order to compensate the gain of the amplifier with

temperature, some design methods have been reported to control the gate voltage

of the FET, including the series or the feedback resistors or FETs to make up

temperature-compensation circuits [2, 5]. However, the lack of accurate calculation

in these methods cannot achieve optimal gain compensation with temperature, and

the temperature-compensation circuits usually occupy a large area of the chip. To

circumvent these problems, in this letter, we present a simplified on-chip temper-

ature-compensation circuit, which consists of only two GaAs mesa resistors and

two Ni/Cr thin-film resistors. It aims to control the gate voltage in order to keep the

gain constant with temperature. The gain of the amplifier is accurately compensated

at three temperature points −55°C, 25°C, and 125°C by precisely calculating the

resistivity of resistors. The fabricated UWB LNAs demonstrate that the gain

variation has a great improvement from 3.4 dB to 0.8 dB in the temperature range

from −55 °C to 125 °C. To the best of our knowledge, it is the lowest the gain

variation (0.0022 dB/°C/Stage) for UWB LNAs with temperature ever reported.

Moreover, the present temperature-compensation circuit neither degrades other

aspects of the circuit performance nor increases the area of the original amplifier

chip comparing with UWB LNAs without the temperature-compensation circuit.

2 The UWB LNA design and temperature characteristics

Most of DC and small signal parameters show a negative trend with temperature,

such as drain–source output current Ids, extrinsic transconductance gm, effective
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electron velocity veff , threshold voltage VT [4], resulting in a negative temperature-

dependence of the gain of amplifier. A 1–30GHz ultra-wideband LNA using

0.1-µm GaAs pHEMT technology was firstly designed and fabricated, where it

required for the MMIC LNA to achieve high gain and low noise figure in broad-

band simultaneously. To provide flat high gain in a broad frequency band, we

designed a cascode configuration with reasonable matching circuit to improve the

bandwidth of LNA, in particular, an inductor was designed between the common-

gate and the common-source transistors to minimize the noise figure of the cascode

cell [6]. The gate width of the transistor was chosen to achieve low noise

performance. Under the bias of VDS ¼ 4V and VGS ¼ �0:27V, the circuit provides
a nominal gain of 13.2 dB while the NF is 1.9–3.1 dB, the output-referred 1 dB

compression point (Output P1dB) is 14 dBm across the frequency range 1–30GHz.

Fig. 1 shows measurements of the gain as a function of the gate voltage at the three

temperature points −55 °C, 25 °C, and 125 °C, respectively, and the LNA operates

at 25GHz.

It can be seen that the gain can be kept constant in the wide range of

temperature by adjusting the gate voltage of each transistor of the amplifier. In

our circuit, the constant gain of 13.2 dB can be achieved in the temperature range

between −55 °C and 125 °C by adjusting the gate voltage from −0.40V to −0.12V,
as shown in Fig. 1.

3 Temperature-compensation circuit

Aforementioned analysis shows that the gain variation against temperature of the

amplifier can be compensated by increasing the gate voltage of each stage with an

increase of temperature. It is known that the resistivity of a GaAs mesa resistors

increases monotonously with the increasing temperature from −55 °C to 125 °C [7],

because of the negatively temperature-dependent mobility which is related to the

lattice scattering. Table I shows the temperature dependence of the GaAs mesa

resistor. In contrast, the resistivity of Ni/Cr thin-film resistors is almost inde-

pendent of temperature. Therefore, GaAs mesa resistors can be used together with

Ni/Cr resistors in the gate bias circuit to keep the gain constant with temperature.

Fig. 1. Measured gain characteristics of the UWB LNA at 25GHz
(VDS ¼ 4V).
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The fabrication procedure of Ni/Cr resistors involves Ni/Cr film deposition on

silicon nitride (SiNx) coated GaAs wafers. The resistors are defined by photoli-

thography and selective etching. The proposed temperature-compensation config-

uration is shown in Fig. 2.

The required variation of gate voltage �VGS is 0.28V (VDS ¼ 4V) in the

temperature range between −55 °C and 125 °C, as shown in Fig. 1. The resistors R1

and R3 are Ni/Cr resistors, R2 and R4 are GaAs mesa resistors. The values of

voltage and resistors are given in the inset of Fig. 2. According to the principle

of resistive divider, Vg1 ¼ �0:27V and Vg2 ¼ 3:73V at 25 °C, so both VGS1 and

VGS2 are set to be −0.27V. When the temperature decreases to −55 °C, Vg1 and Vg2
decrease to about −0.4V and 3.6V, respectively, because R2 and R4 decrease to

289Ω, thus, VGS1 and VGS2 decrease to about −0.4V. At the high temperature of

125 °C, Vg1 and Vg2 increase to −0.12V and 3.88V, respectively, because R2 and

R4 increases to 521Ω, as a result, VGS1 and VGS2 increase to −0.12V. Thus, the gain
variation of the amplifier can be minimized when VGS is set along the contour line

of equal gain with temperature. Due to the large resistor between the temperature-

compensation network and the gate of each transistor, the temperature-compensa-

tion network will not degrades other aspects of the amplifier performance, such as

the S-parameter, the noise figure, etc.

4 Fabrication and experimental results

The LNA is implemented in the 0.1-µm AlGaAs/InGaAs pHEMT technology with

the substrate thickness of 70 µm. Fig. 3 shows the die photograph with a chip area

of 1:6mm � 1:6mm including pads. The temperature-compensation circuit is

integrated on the GaAs chip of the amplifier. The chip is biased with VDS ¼ 4V

and the total drain current is Ids ¼ 80mA at 25 °C. Fig. 4 shows the measured small

signal gains of the UWB-LNAs with and without the on-chip temperature-com-

pensation circuit with temperature varies from −55°C to 125°C.

Table I. The resistivity of GaAs mesa resistors at different temperature

Temperature (°C) −55 −25 0 25 50 75 100 125

Resistivity (Ω) 79 85 92 100 119 126 133 143

Fig. 2. The topology of proposed temperature-compensation circuit.
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For the UWB LNA without the temperature-compensation circuit, the gain

variation increases with the operating frequency, as shown in Fig. 4(a). It is

significantly improved by using the on-chip temperature-compensation circuit, as

shown in Fig. 4(b). Estimation gives that the gain variation is improved from

3.4 dB to 0.8 dB in the temperature range from −55 °C to 125 °C by using the on-

chip temperature-compensation circuit for the MMIC amplifier. However, the

average small-signal gain of 13.2 dB and 13.4 dB, respectively, can be still achieved

(25 °C) for the amplifier with and without the on-chip temperature-compensation

circuit. It illustrates the less influence of the compensation circuit on LNAs.

Fig. 5(a) shows the measured the input and output reflection coefficients S11,

S22 of the UWB-LNAs with and without the on-chip temperature-compensation

circuit at 25 °C. For both amplifiers, the measured jS11j is better than −7 dB in the

frequency range of 1–30GHz, and jS22j is better than −7 dB in the frequency range

of 2.5–30GHz. Fig. 5(b) shows the measured NF and the Output P1dB of the

amplifier with and without the on-chip temperature-compensation circuit at 25 °C.

Both of them achieve NF of around 1.9–3.1 dB and Output P1dB of about 14 dBm,

respectively. These results indicate that the temperature-compensation circuit sel-

dom has an influence on S-parameters, NF and Output P1dB of UWB-LNAs.

Fig. 3. Die photograph of the UWB LNA with the temperature-
compensation circuit.

(a) (b)

Fig. 4. Temperature dependencies of gains for (a) without and (b) with
the temperature-compensation circuit.
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Table II gives the comparison of the performance between our work and the

state-of-the-art wideband GaAs pHEMT LNAs. To the best of our knowledge, our

work has the widest bandwidth for the LNA with the proposed temperature-

compensation circuit yielding the lowest gain variation at the temperature ranging

from −55°C to 125°C, while it still features excellent RF performance.

For the 0.1-µm GaAs pHEMT technology we used, the variation of GaAs mesa

resistors value is �6% and the variation of Ni/Cr thin-film resistors is �2%.

Regarding the effects of resistance variation on the LNA, the following analysis is

based on the worst case. In other words, the variations of Ni/Cr thin-film resistors

and GaAs mesa resistors are assumed to be −2% and +6% (or +2% and −6%),

respectively. Therefore, the gate voltage Vg1, Vg2 reaches the maximum variation.

According to the principle of resistive divider, the variation of both Vg1 and Vg2 is

about �0:04V. Through the measured gain characteristics of the LNA without the

temperature-compensation circuit at different temperature points, we can calculate

the maximum gain variations with temperature, as shown in Fig. 6. It is confirmed

that the gain variation is about 0.006 dB/°C in the temperature range from −55 °C
to 125 °C at the maximum resistance variation. Furthermore, the maximum gain

variation due to gate voltage variation is about �0:3 dB. Therefore, the effect of

resistance variations on the gain of the LNA is relatively small.

(a) (b)

Fig. 5. Measurement of (a): S11 and S22 (b): Output P1dB and NF for
with and without the temperature-compensation circuit at 25°C.

Table II. Performance comparison

Ref.
Freq.
(GHz)

Gain
(dB)

NF
(dB)

ΔGain
(dB/°C)

ΔGain
(dB/°C/stage)

Operate Temp.
(°C)

[2] 4–20 24 1.6 0.014 0.0046 �55�125
[8] 6–18 19 1.6 0.013 0.0065 �55�85
[9] 2–18 20 2.9 0.020 - �40�85
[10] 8–16 16 2.5 0.01 0.005 �25�75

This work 1–30 13.4 <3:1 0.0044 0.0022 �55�125
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5 Conclusion

In this paper, a 1–30GHz ultra-wideband LNA MMIC with a simplified on-chip

temperature-compensation circuit composed of a few GaAs mesa resistors and

Ni/Cr thin-film resistors has been presented. It was found that the gain variation

can be significantly reduced in the temperature range between −55°C and 125°C

from 3.4 dB to 0.8 dB by using the temperature-compensated circuit. To the best of

our knowledge, it is the lowest the gain variation (0.0022 dB/°C/Stage) for UWB

LNAs with temperature ever reported. It was also found that the present temper-

ature-compensation circuit neither degrades other aspects of the circuit performance

nor increases the area of the original amplifier chip. The proposed temperature-

compensated UWB-LNA can be further applied to the modern high-speed data

communications in a wide temperature range.
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(a) (b)

Fig. 6. The calculated gain variations with temperature for (a) the
variation of Ni/Cr thin-film resistors is assumed to be −2% and
the variation of GaAs mesa resistors is assumed to be +6%
(b) the variation of Ni/Cr thin-film resistors is assumed to be
+2% and the variation of GaAs mesa resistors is assumed to
be −6%.
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