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 Cascaded Single-Stage Distributed Amplifiers (CSSDAs) are instrumental in achieving 

ultra-wideband amplification for microwave applications due to their significant gain-

bandwidth products. However, their functionality is often compromised by internal 

noise, which detrimentally impacts the linearity of the response. An innovative solution 

to this prevalent issue is presented in this study through the introduction of the Quasi-

Differential Distributed Amplifier (QDDA). Implementing the 0.18μm Complementary 

Metal Oxide Semiconductor (CMOS) technology, a QDDA with a single-stage four-

cascade configuration was designed, fabricated, and tested. The empirical results 

revealed a high gain of 20dB and an extensive bandwidth of 30GHz. Moreover, the 

noise figure was observed to be 4.809 with a compact chip size of 0.74mm². This design 

and the resulting findings were accomplished using the Advanced Design System 

(ADS) RF simulator. The circuit layout and specifications were subsequently generated 

using the Cadence tool. This research demonstrates the potential of the QDDA to 

significantly enhance the performance of CSSDAs, contributing to the advancement of 

ultra-wideband microwave applications. 
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1. INTRODUCTION 

 

Distributed amplification structure is used in many 

broadband applications such as microwave amplifiers [1], 

microwave oscillators [2], a microwave switches [3]. So, most 

wireless, mobile, satellite, optical, and radar systems need it 

[4-8]. Although the most important determinant of gain and 

bandwidth in microwave and RF amplifiers are transistor 

technology, and the product of gain in bandwidth (GBP) is 

constant, the physical environment of the transistors (design) 

affects and limits the practical gain and bandwidth of 

amplifiers [9]. The old design methods of broadband 

amplifiers such as compensator amplifiers, feedback 

amplifiers, and balanced amplifiers generally do not match the 

high GBP requirement, but the Distributed Amplifier (DA) is 

the most important microwave amplifier that can reach high 

values of GBP [10, 11]. The transmission cable limits the 

amplifier’s bandwidth of the gate and drain circuits, which is 

a major difficulty in DA theory [12]. High GBP can be attained 

using interest growth methods if the problem of bandwidth 

constraint can be overcome [13, 14]. Increasing the interest in 

each stage of a DA amplifier is undoubtedly the simplest 

approach to raise its appeal. The first conceivable solution for 

this is to enhance the transconductance [15]. However, raising 

gm requires either increasing the operating point current or 

increasing the transistor size, both of which result in additional 

constraints such as greater circuit power consumption and 

transistor capacitors, lowering the circuit’s bandwidth and thus 

not boosting GBP. As a result, this method has limited 

maneuverability, and to get high GBP, first designing high-

bandwidth amplifiers and then multiplying the amplifiers is 

considered. A variety of layouts can benefit distributed 

amplifiers in their cell structure. Because of its capacity to 

reject common-mode voltages, one of the utility cells that can 

be used to increase the overall bandwidth of a distributed 

amplifier is the differential amplifier, making the circuit more 

immune to external noise [16]. However, because the 

differential amplifier has two inputs and outputs, to use it as a 

distributed amplifier gain cell, they need a balun for single-

ended applications which limits the bandwidth [17]. This 

article aims to propose the Quasi Differential QD amplifier, 

which has a differential amplifier built with a single-ended 

input and single-ended output. It will give the amplifier two 

advantages, the first is to make use of differential amplifier 

features in having a high BW and low noise, the second is to 

eliminate the need for the balun circuit in which the proposed 

technique is a single-ended input and single-ended output and 

at the same time, it maintains the high BW obtained from the 

differential amplifier. The proposed QDA technique is 

adopted in the design of a cascaded single-stage distributed 

amplifier CSSDA, which is the best version of distributed 

amplifier in the matter of high gain and great GBP. CMOS 

technology is used to build microwave circuits because of its 

low cost. Many scholars proposed some improvement 

methods to remedy the defects in conventional distributed 

amplifiers. Beheshti et al. [18] propose a cascaded single-stage 

distributed amplifier-based broadband bandpass amplifier 

(CSSDA) approach using CMOS technology. The CMOS 

CSSDA’s normal low pass LC filter structure is substituted 

with bandpass LC filter structure lines in this configuration. In 

the passband, The CSSDA features a relatively constant gain 

and linear phase response, as well as a tolerable return loss. It 
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has very good gain of 30dB but poor bandwidth of 11.5 GHz. 

Mogheyse and Miar Naimi [19] develop a novel approach for 

complete in distributed amplifiers with multiplicative gain 

stages, power combining is possible in this approach. In 

terminating resistors, power created by intermediary stages of 

multiplicative structures is always wasted. According to this 

research, an electrical funnel may be utilized to combine all of 

the created energy from all phases. The amplifier gains about 

17dB in a bandwidth of 25.7GHz. Kang et al. [20] used a 

Samsung 65 nm CMOS technology to create two cascaded, 

single-stage, and two-stage distributed amplifiers (DA) 

(CSSDA). They’re designed in a cascade to give a broad 

bandwidth and high gain. The compact architecture is 

achieved by using an m-derived filter configuration. Its 

bandwidth reached 20Ghz with gain of 13dB. Wu et al. [21] 

present signal reuse as possible in the distributed amplifier via 

feedback transformers that are used to connect the cascaded 

gain stages. With a correct coupling coefficient (k) of the 

feedback transformer, the gain-bandwidth (GBW) product of 

DA can be enhanced by increasing the bandwidth to 33.5GHz, 

while retaining average gain of 12dB without increasing the 

power consumption. Odedeyi et al. [22] highlighted for ultra-

wideband amplification, in terms of gain-bandwidth, Superior 

topologies include the single-stage distributed amplifier 

(SSDA) and its derivative multiplicative amplifier topologies 

(i.e., cascaded SSDA (C-SSDA) and matrix SSDA (M-SSDA). 

The world's first M-SSDA and SSDA MMIC have been 

announced as two new monolithic microwave integrated 

circuit (MMIC) amplifiers. With a 250 nm emitter width, the 

Indium Phosphide DHBT method is used in both amplifiers. 

Babaeinik et al. [23], present a unique distributed amplifier 

design approach based on a Pseudo differential amplifier to 

gain wider bandwidth. The amplifier cannot achieve good 

voltage gain, and the result was a gain of 9dB and bandwidth 

of 50GHz in 0.58mm2 CMOS chip area. 

From the above, it is clear that the gain-bandwidth response 

is restricted in the distributed amplifiers, increasing the gain 

can be achieved for lower bandwidth, and vice versa. This 

work proposed a new design for the DA using a modified 

differential amplifier cell to improve the gain and the 

bandwidth in same amplifier circuit. 

2. COMPREHENSIVE THEORETICAL BASIS

Distributed amplification, which involves dispersing the 

parasitic capacitance of amplifying transistors (Cgs and Cds) 

throughout input and output transmission lines, is a popular 

technique for designing broadband amplifiers with tens of 

gigahertz of bandwidth [24]. The most popular type of 

traditional DA amplifier with artificial transmission lines is 

shown in Figure 1. The inductors Lg and Ld are used to 

construct constant-k T-filter sections with the parasitic 

capacitances of the transistors and then reduce their effects and 

enhance the bandwidth. Many transistors are used in the circuit 

to boost its overall gain. The image impedance is used to 

terminate the amplifier's gate and drain lines [25]. The gm or 

gain block is an active circuit (transistors). They chose the FET 

unilateral model for simplicity in the design.  

The corresponding circuit for the distributed amplifier’s 

gate and drain lines is shown in Figure 2. Since the T-sections 

are LPF with cutoff frequency of ωc, so the bandwidth of the 

amplifier is limited by ωc. The transistors are connected in 

parallel form between the two transmission lines, the overall 

gain at the output line equals to the summation of the gain in 

each transistor. The power gain and BW of the distributed 

amplifier can determine by Eq. (1) and Eq. (2) respectively 

[26]. 

𝐺 =  
𝑁2𝑔𝑚

2  𝑅𝐼 𝑅𝑜

4
(1) 

𝜔𝑐 =
2

√𝐿𝐶
(2) 

where, L=Lg=Ld, C=Cgs=Cds, N=number of stages, 

gm=transconductance of the transistors, and RI and RO=the 

input and output loads. For impedance matching, RI=RO and 

equal to 50Ω. 

Figure 1. Conventional distributed amplifier with artificial 

lines 

Figure 2. A DA equivalent circuit with discrete components 

(a) gate line and (b) drain line

The cascaded single stage distributed amplifier or CSSDA 

is a modified distributed amplifier with N=1 that is built by 

cascading numerous single-stage amplifiers as depicted in 

Figure 3 [27]. It achieves a larger gain than a traditional 

distributed amplifier, where the gain is exponentially 

enhanced rather than being restricted solely by the square of 

the number of the stages [28]. This is particularly beneficial in 

CMOS technologies, where transconductance is often low [29]. 
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Figure 3. CSSDA architecture 

 

 
 

Figure 4. CSSDA equivalent circuit 

 

The equivalent circuit of the CSSDA is shown in Figure 4. 

The T-filter sections are also found in the gate and drain lines 

of this circuit, so the bandwidth calculation, which depends on 

the L and C values, is not changed and the change will affect 

the gain calculation only. 

In cascaded k-stages of CSSDA, the gain and bandwidth are 

calculated by the following equation [30]: 

 

𝐺 =  
𝑔𝑚

2𝑘 𝑅𝐼
2(𝑘−1)

 𝑅0
2 

4
  (3) 

 

𝜔𝑐 =
2

√𝐿 𝐶
  (4) 

 

As a comparison between Eq. (3) and Eq. (1), the DA's gain 

depends on ɡ2
m while CSSDA's gain depends on ɡ2k

m, so for 

high gain CSSDA is used. 

 

3. METHOD 

 

As a gain cell in distributed amplifiers, Quasi differential 

amplifier is proposed to be used because of the advantages of 

differential input, stable performance, noise cancellation, and 

good voltage gain. Figure 5 depicts a single stage of the 

QDDA amplifier. The current source in this circuit is transistor 

M3, whereas the bias transistors are M1and M2. The 

transistor's drain M2 collects the output, while M1 receives the 

input signal. Mc is a cascode transistor used to reduce the 

variation of the capacitance values in the gate and drain lines 

and then to obtain full bandwidth. 

The equivalent circuit of the transistors in the Quasi 

differential amplifier configuration is shown in Figure 6. 

The voltage gain of a QDA is identical to the gain of a 

conventional source amplifier and may be calculated as 

follows: 

 

|𝐴𝜈| =
1

2
𝑛𝑔𝑚𝑅0  (5) 

 

The gate and drain lines of a Quasi differential distributed 

amplifier (QDDA) can be matched if their equivalent feature 

impedances are equal to the system impedance. In this case, 

the artificial transmission line is lossless and the cut-off 

frequency can be determined using the formula below: 

 

𝜔𝑐 =
2

√𝐿𝑔𝐶𝑔
=

2

√𝐿𝑑𝐶𝑑
=

2

𝑍0𝐶0
  (6) 

 

 
 

Figure 5. Quasi differential distributed amplifier (QDDA) 

schema 

 

 
 

Figure 6. Equivalent circuit of the Quasi differential 

amplifier 
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Figure 7. Schematic diagram of the proposed CSSQDDA 

 

Cascading the DA is a common technique for achieving 

high gain to the DA amplifiers. In a typical DA, good input 

impedance matching and good input isolation give good 

stability and negligible harmonic factors and oscillation, and 

then good and easy cascading of the gain modules may be 

obtained. If k identical amplifier circuits are cascaded, the 

cascade gain will be as follows: 

 

|𝐴𝑣|𝐶𝑎𝑠𝑐𝑎𝑑𝑒 = |𝐴𝜈1|𝑘 (7) 

 

The voltage and power gains for cascaded single stage 

Quasi differential distributed amplifier (CSSQDDA) are: 

 

|𝐴𝜈|𝑐𝑎𝑠𝑐𝑎𝑑𝑒 = (
1

2
𝑔𝑚𝑅0)

𝑘

  (8) 

 

|𝐺|𝑐𝑎𝑠𝑐𝑎𝑑𝑒 = (
1

2
𝑔𝑚𝑅0)

2𝑘

  (9) 

 

The circuit shown in Figure 7 is the design of k-stages 

CSSQDDA. The cascade connection of multiple amplifier 

stages requires a blocking-dc section after each stage for dc 

isolations. It is a capacitor known as Metal-Insulator-Metal 

capacitor (MIM) [29]. 

4. RESULTS AND DISCUSSION  

 

To validate the proposed idea of the CSSQDDA, it has been 

compared with the classical CSSDA. The two circuits used the 

same components for the passive and active cells and same 

number of stages (five) to gain 25dB for 30 GHz bandwidth. 

Figure 8 shows the simulation gain responses, the upper curve 

is the response of the proposed amplifier and the lower is the 

response of the classical amplifier.  

 

 
 

Figure 8. Gain of CSSDA VS CSSQDDA 

 

The CSSQDDA reaches more than 25dB gain and 

bandwidth of 30GHz as well as being stable and flat in the 

response, while CSSDA gives less gain and bandwidth about 

20GHz. On the other hand, the CSSQDDA needs more 

transistors number.  

Based on the benefits of the CSSQDDA, a proposed single-

stage four cascades amplifier is designed. The goal is to 

achieve voltage gain S21=20dB, bandwidth=30GHz, 

reflection losses less than -10dB, and very low noise figure 

(NF). Using Eq. (6), the value of Lg and Ld are found 

corresponding to the values of Cg and Cd, while Eq. (8) used 

to find the necessary transconductance value. The obtained 

results of the circuit are given in Figure 9. It is performed by 

S-parameter analysis on ADS. The amplifier has an S21 of 20 

dB and BW up to 30 GHz. Good reflection losses are also 

achieved. Figure 10 displays a Noise Factor (NF) of 4.809 dB 

as the lowest.  

 

 
(a) 

 

(b) 

 
(c) 
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(d) 

 

Figure 9. The S-parameter of proposed CSSQDDA 

(a) S21, (b) S11, (c) S22 and (d) S12 

 
 

Figure 10. The NF of the proposed CSSQDDA 

 

Table 1. A comparison of the previously announced distributed amplifiers as well as the completion of this work 

 

References Gain (dB) 
BW 

(GHz) 
GBP 

NF 

(dB) 

Ripple 

(dB) 

Area 

mm2 
Technology 

Ref [18] 30 11.5 345 4.1 ±2 2.02 0.13 μm CMOS  

Ref. [19] 17.4  25.7 447 5.1  ±2 _ 0.18 μm CMOS  

Ref. [20] 13  20  260 _ ±1 0.39 65 nm CMOS 

Ref. [21] 12 33.5 402 7 ±2 0.72 0.18 μm CMOS 

Ref. [23] 9 50 450 5.8 ±2 0.58 0.18 μm CMOS 

This work 20 30 600 4.809 ±1 0.74 0.18 μm CMOS 

The final layout design of the amplifier is demonstrated in 

Figure 11. The implemented chip has a size of 813 mm×917 

mm, or 0.74 mm2 when the pads are included. Off-chip 

capacitors and chokes are used in the bias circuit. 

 

 
 

Figure 11. Micrograph of the proposed CSSQDDA 
 

Table 1 presents a description for the performance of the 

proposed CSSQDDA and state-of-the-art CMOS CSSDA 

wideband amplifiers. As can be shown, proposed design has a 

high gain, good linearity, and an average NF when compared 

to previous studies. It is worth noting that if the same CMOS 

technology is employed, that is, if we take (or) into 

consideration, the benefits of the proposed (CSSQDDA) 

architecture will be more pronounced in areas where it 

achieves greater GBP as it is seen in the table where a GBP of 

600 is obtained while the other works reaches 450 in max. The 

reason of this matter is in the use of differential amplifiers 

within the structure of the CSSQDDA which helps to eliminate 

undesired signals and keep flat response over the whole 

bandwidth, so wideband can be achieved, on the other hand, 

the gain of the proposed design is very high since it is 

exponentially depended on the number of stages. 

 

 

5. CONCLUSION  

 

The most important challenge in the design of the 

distributed amplifiers is the low gain-bandwidth product. 

Because of its great cut-off frequency, the Quasi-differential 

amplifier (QDA) topology was chosen for the DA design. This 

Means increasing the bandwidth by using differential 

amplifier cells instead of increasing the number of stages. A 

single-stage four cascaded (CSSQDDA) is built and tested in 

0.18 µm CMOS technology with a successfully demonstrated 

wide bandwidth, high gain with high linearity. The measured 

results showed that the gain of the (CSSQDDA) is nearly 

matches the goal, while there is decay in the gain of the 

traditional CSSDAs, as well as higher bandwidth and better 

linearity. The achieved gain-bandwidth product could be 

regarded as one of the biggest gain-bandwidth products with 

better linearity. Thus, this circuit is useful in microwave 

applications. The suggested (CSSQDDA) occupies 0.74 mm2 

layout area which is very acceptable in comparison to other 

works. The limitation which is hard to be exceeded is further 

increase in bandwidth because it is limited by the values of the 

parasitic elements in active and passive circuit. The low 

fabrication cost of CMOS made it widely used in microwave 

applications. In future works, other techniques instead of 

CMOS, for example, an InP can be used to enhance the 

bandwidth. 
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