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Abstract— This paper presents a Ka-Band CMOS cascode 

power amplifier (PA) designed in a 65-nm CMOS process, 

featuring a cold-FET linearization technique applied to a one-

sided cascode cell within each differential pair. The proposed 

PA employs a differential cascode topology to enhance gain, 

along with neutralization capacitors for stability. To maximize 

output power, a parallel-combining transformer is employed. 

Crucially, this output matching network adopts an intentional 

asymmetric structure to cancel out the phase deviation caused 

by the linearization technique, thereby optimizing both power 

and linearity. Simulation results at 28 GHz demonstrate a peak 

power-added efficiency (PAE) of 35 % and a saturated output 

power (Psat) of 22.8 dBm, with a chip area of 0.47 mm2. 

Furthermore, the proposed linearization technique improves 

the OP1dB by 2 dB and suppresses AM-PM distortion to less 

than 2.6°. 
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I. INTRODUCTION

As 5G and next-generation wireless communication 

systems expand into the Ka-band, the design of high-output, 

high-efficiency power amplifiers (PAs) using CMOS 

processes has become increasingly important. However, due 

to the low breakdown voltage of CMOS processes, it is 

difficult to secure sufficient output power with a single 

amplifier unit alone.  

To overcome this limitation, power combiner technology, 

which integrates multiple PA units into a single output, is 

essential. In [1], [2], a 2-way current combining method 

using transformers was adopted to ensure sufficient output 

power. Compared to voltage combining methods, this 

structure reduces losses due to parasitic resistance by 

lowering the current density in the secondary winding. 

Additionally, it facilitates impedance matching, thereby 

ensuring stable output performance. However, these designs 

primarily focus on simply combining output power, and 

structural limitations remain in compensating for non- 

Fig. 1. Schematic of the proposed CMOS PA 

linearities (AM-AM and AM-PM distortions) that occur in 

the mm-wave band. Although [3] achieved high output 

power with very low insertion loss and an ultra-compact area 

using a parallel combining method with a single-winding 

transformer, it exhibits narrow-band characteristics and 

struggles to perform a functional role in improving the non-

linear characteristics of active devices. 

To achieve high linearity, conventional PA linearization 

techniques include feedback, feedforward, and predistortion: 

feedback uses a closed-loop signal path, feedforward uses an 

auxiliary error-cancellation path, and predistortion 

compensates PA nonlinearity before amplification. Compact 

analog predistorters have been integrated with CMOS PAs 

to compensate amplitude-to-amplitude (AM-AM) and 

amplitude-to-phase (AM-PM) distortion [4], [5]. Unlike 

feedback and feedforward approaches, the proposed cold-

FET linearizer operates as a compact analog predistorter; 

with a drain-source voltage (VDS) of 0 V, its bias-dependent 

equivalent resistance and capacitance generate gain 

expansion and phase lag without DC power consumption [6]. 

However, conventional cold-FET linearizers face 

significant limitations in improving AM-PM distortion. To 

achieve meaningful AM-PM distortion improvement, it is 

generally necessary to use transistors with excessively large 

gate widths or add bulky shunt capacitors [4], [5]. Both 

approaches impose excessive shunt loading on the interstage 

node. A large cold-FET increases the parasitic capacitance 

and associated finite resistive loss, whereas a large shunt 

capacitor increases the shunt susceptance and introduces 

additional passive loss because of its finite quality factor. 

Consequently, the interstage matching network is detuned 

and the effective RF signal transfer is reduced, thereby 

degrading the gain and PAE of the PA. Moreover, 

implementing individual linearizers for each path in  
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(a)                             (b) 

 
(c) 

Fig. 2. Parallel power-combining structure of the proposed PA: (a) 
Simplified schematic of the current-combining transformer. (b) Layout of 

the symmetric current-combining transformer with the input ports Zin1–

Zin4. (c) Layout EM-simulated input-impedance loci at Zin1–Zin4 from 25 to 
30 GHz. 

 

differential or multi-way parallel structures increase the chip 

area and complicate the routing of the interstage matching 

network. 

To overcome these challenges, this letter presents a two-

way parallel-combining PA featuring a shared cold-FET 

interstage linearizer and an asymmetric output matching 

network. Conventional cold-FET interstage linearizers 

employ a bias-dependent resistance and capacitance to 

generate gain expansion and phase lag in the interstage path 

[6]. The proposed linearizer retains this device-level 

linearization mechanism; however, rather than using an 

individual linearizer in each CS–CG interstage path, a single 

cold-FET linearizer is shared between two differential PA 

blocks at a virtual ground. This shared topology reduces 

repetitive Rv–Cv loading, signal loss, chip area, and 

interstage routing complexity. 

The proposed interstage linearizer was also designed to 

improve the return loss of the cascode PA by transforming 

the output impedances to be more closely aligned with the 

optimal load impedances. Simultaneously, it provides the 

gain-expansion and phase-lag characteristics required to 

compensate for the nonlinearities of the main transistors. To 

address the inherent phase and amplitude imbalance caused 

by the one-sided placement of the shared linearizer, an 

asymmetric transformer-based output matching network was 

employed. By intentionally introducing compensating M9 

transmission-line sections, Lcomp = 100 pH, at the linearizer-

connected nodes, the proposed design restores signal 

symmetry while maintaining high efficiency. This integrated 

approach provides a compact Ka-band CMOS PA that 

effectively balances linearity, output power, efficiency, and 

physical size. 

II. DESIGN METHODOLOGY 

Fig. 1 illustrates the schematic of the proposed power 

amplifier (PA). To simultaneously achieve high gain and 

ensure sufficient reverse isolation, a cascode topology was  

 
Fig. 3. Schematic of the cascode cell with the cold-FET linearizer. 

 

adopted. The PA employs a power-combining structure to 

maximize output power by summing the power from two 

differential cascode cells. The power cell consists of 8-unit 

cells, where each unit cell has a dimension of 1.5 μm×24 

fingers, resulting in a total transistor width of 288 μm. 

In the common-source stage of the cascode cell, the 

parasitic gate-drain capacitance (Cgd) creates a negative 

feedback path. As Cgd increases, the stability factor (k-factor) 

decreases, thereby increasing the risk of oscillation. To 

mitigate this and enhance the k-factor, a neutralization 

technique was employed. To determine the optimal 

neutralization capacitance (Cneu), we extracted the parasitic 

parameters of the selected power cell through simulation. 

The results indicated that the intrinsic Cgd is approximately 

110 fF at 28 GHz. Based on this extraction and accounting 

for layout parasitics, a neutralizing capacitor of 88 fF 

(approximately 80% of Cgd) was implemented, effectively 

suppressing potential oscillations. 

As shown in Fig 1, transformer-based matching networks 

were chosen for both input and output stages due to their low 

insertion loss, ease of impedance matching, and compact 

implementation in the millimeter-wave band. These 

networks efficiently convert single-ended signals to 

differential signals and provide inherent DC blocking 

between the primary and secondary coils. Specifically, a 

broadside-coupled transformer structure was utilized. Unlike 

edge-coupled designs, the broadside type leverages both 

vertical and lateral magnetic coupling between the stacked 

primary and secondary coils, resulting in a higher magnetic 

inductance and coupling coefficient (k). 

To optimize performance, load-pull simulations were 

conducted on the differential pair. The input network was 

matched to the conjugate of the input impedance looking into 

the gate to facilitate efficient power transfer. The output 

network was matched to the optimum load impedance for 

maximum efficiency, determined to be Zopt = 18.4 + j33.3 Ω. 

For power combining, a parallel power combiner (PPC) was 

employed, as shown in Fig. 2(a), to combine the output 

currents of the differential PA cells while maintaining 

voltage balance. Fig. 2(b) shows the physical layout of the 

symmetric current-combining transformer. The four input 

ports are denoted as Zin1–Zin4. To examine the impedance 

balance seen by the individual PA cells, Fig. 2(c) presents 

the input-impedance loci obtained from layout EM 

simulation over 25–30 GHz. The two impedance loci  
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(a) 

 
(b) 

Fig. 4. Simplified block diagrams of the proposed PA with (a) the 

distributed linearizer and (b) the shared linearizer. 

 

correspond to the outer-port pair (Zin1 and Zin4) and the inner-

port pair (Zin2 and Zin3). Although the outer and inner ports 

experience different local electromagnetic environments and 

parasitic loading, the geometrical symmetry of the 

transformer yields Zin1 = Zin4 and Zin2 = Zin3. This pairwise 

impedance balance reduces mismatch among the PA cells. 

Such transformer-based current-combining structures have 

been widely employed in mm-Wave PAs because they 

provide a balanced impedance environment for power 

combining [7]. 

Power amplifiers inherently exhibit nonlinear 

characteristics, particularly at high output power levels, 

leading to gain compression, AM-PM distortion, and 

intermodulation distortion (IMD3). These non-idealities 

degrade signal integrity, especially in modern 

communication systems with high Peak-to-Average Power 

Ratios (PAPR). To address this, we adopted an analog 

predistortion scheme using a cold-FET linearizer, as 

opposed to complex digital predistortion or feedforward 

methods. Fig. 3 depicts the schematic of the cold-FET 

linearizer applied to the cascode cell. A cold-FET operates 

with a drain-source voltage (Vds) of 0 V, consuming zero DC 

power. As shown in Fig. 3, the cold-FET can be represented 

by a bias-dependent parallel resistance (Rv) and capacitance 

(Cv). By controlling the gate bias Vg_lin, Rv and Cv vary with 

the input power, thereby altering the phase and gain. This 

mechanism generates gain expansion and phase lag, which 

counteract the gain compression and phase distortion of the 

main PA. 

We evaluated two linearizer configurations. In the 

distributed linearizer configuration [Fig. 4(a)], each PA unit 

employs an individual cold-FET linearizer. Accordingly, 

each interstage node is loaded by a bias-dependent Rv–Cv 

network, and the cumulative capacitive and resistive loading 

reduces the effective signal transfer. In contrast, the shared  

 

 
(a)                           (b) 

Fig. 5. Simulated large-signal characteristics of the proposed PA with (a) 

the distributed linearizer and (b) the shared linearizer. 

 

 
(a)                           (b) 

Fig. 6. Simulated linearity characteristics of the shared-linearizer 

configuration without output-phase compensation: (a) AM-AM and (b) 
AM-PM characteristics at different linearizer bias voltages. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 7. Proposed asymmetric output matching network for phase 

compensation: (a) Layout showing the compensating M9 transmission-line 

sections (Lcomp = 100 pH) at the linearizer-connected nodes. Simulated (b) 
AM-AM and (c) AM-PM characteristics after applying the asymmetric 

output matching network. 
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linearizer configuration [Fig. 4(b)] uses a single linearizer 

between two differential PA blocks at a virtual ground, 

thereby avoiding repetitive loading in each signal path. As 

shown in Fig. 5, the shared linearizer achieves a PAE of 35% 

at 28 GHz, compared with 33.8% for the distributed 

configuration, confirming reduced insertion loss and 

improved efficiency. 

The shared-linearizer configuration was first evaluated 

without output-phase compensation, as shown in Fig. 6. As 

the linearizer bias voltage increases, the cold-FET produces 

gain expansion that compensates for the gain compression of 

the main PA. Consequently, the OP1dB is improved by 1.2 

dB, as shown in Fig. 6(a). The cold-FET also generates phase 

lag, reducing the peak AM-PM distortion from 9.5° in the 

OFF state to approximately 6° at Vg_lin = 0.55 V, as shown 

in Fig. 6(b). However, this improvement remains limited 

because the shared linearizer is connected to only one side 

of each differential pair. Its bias-dependent Rv–Cv loading 

changes the effective impedance of the linearizer-connected 

nodes, producing a residual electrical-phase difference 

between the two output paths. 

To compensate for this loading-induced phase difference, 

an asymmetric output matching network was intentionally 

introduced. As shown in Fig. 7(a), compensating 

inductances, Lcomp = 100 pH, were implemented using M9 

transmission-line sections at the linearizer-connected nodes. 

The values of Lcomp were selected through parametric sweeps 

from 50 to 100 pH. Considering the power-cell output 

impedance, the one-sided linearizer loading, and the current-

combining transformer as a single output network, the added 

inductances adjust the local impedance transformation and 

electrical phase to compensate for the path imbalance. As  

shown in Fig. 7(b), the proposed asymmetric structure 

maintains the improved AM-AM characteristic. Furthermore, 

Fig. 7(c) shows that the peak AM-PM distortion is reduced 

to 2.6° at Vg_lin = 0.55 V. 

III. RESULTS AND DISCUSSION 

Fig. 8 shows the layout of the proposed Ka-band PA 

employing a shared cold-FET linearizer and an asymmetric 

output matching network. The input matching network and 

the current-combining transformer were designed 

symmetrically to maintain balanced power combining. In 

contrast, the output matching network incorporates localized 

M9 compensation sections, as shown in Fig. 7(a), to 

compensate for the residual phase imbalance caused by the 

one-sided loading of the shared linearizer. To reduce 

linearizer-induced loading and associated signal loss, a 

single cold-FET linearizer was placed between the two 

differential PA blocks, while interstage matching was 

achieved through drain-impedance conversion. The 

proposed PA was designed in a TSMC 65-nm CMOS 

process, with a total chip area of 0.76 × 0.63 mm2, including 

all probe pads. The circuit was simulated using Keysight 

ADS, incorporating the EM simulation results of the layout, 

including the power cells and matching networks. The 

supply voltage for the PA is 2.2 V. For class-AB operation, 

bias voltages of 1.42 V and 0.32 V were applied to the  

 
Fig. 8. Chip layout of the proposed PA. 

 

 
Fig. 9. Simulated S-parameters of the proposed PA. 

 

 
(a) 

 
(b) 

Fig. 10. Simulated (a) power gain and PAE, and (b) AM-AM and AM-PM 

distortion characteristics of the proposed PA. 

 

common-gate and common-source stages, respectively. As 

shown in the S-parameter simulation results in Fig. 9, the 

designed PA achieves a small-signal gain of 13.5 dB, S11 of 

−12.2 dB, and S22 of −1.1 dB at 28 GHz. 

Fig. 10 (a) presents the gain and PAE as a function of 

output power. At 28 GHz, the PA has a Psat of 22.8 dBm and 

an OP1dB of 20.3 dBm, with a maximum PAE of 35 %. To 

evaluate linearity enhancement, AM-AM and AM-PM  
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Fig. 11. Simulated IMD3 performance with 100-MHz tone spacing. 

 

distortion were simulated for the circuit employing the cold-

FET linearization technique at the interstage, as shown in 

Fig. 10(b). By applying a linearizer bias of 0.55 V, the AM-

PM distortion was reduced to 2.6°, representing an 

improvement of approximately 3° compared to the off state. 

Fig. 11 shows the simulated IMD3 results under 100 MHz 

tone spacing conditions, achieving 14.5 dBm, 16 dBm, and 

16.5 dBm at 26.5 GHz, 28 GHz, and 29.5 GHz, respectively, 

with a −30 dBc criterion. 

Table I provides a comparison of design trade-offs rather 

than a direct absolute ranking, since the reported PAs 

employ different circuit topologies and operating conditions 

and the results of this work are based on post-layout 

simulations. The proposed PA provides a balanced 

combination of output power, PAE, and AM-PM linearity 

with a compact active area, enabled by the shared cold-FET 

linearizer and asymmetric PPC. 

IV. CONCLUSION 

This paper presents a Ka-Band CMOS cascode PA 

designed in a 65-nm CMOS process. To achieve high 

linearity and efficiency while minimizing chip area, a shared 

cold-FET linearization technique was proposed. This 

structure applies a single linearizer between two differential 

PA blocks, effectively reducing signal loss compared to 

distributed configurations. Furthermore, to compensate for 

the phase imbalance caused by the one-sided linearization, 

an asymmetric output matching network utilizing an 

auxiliary inductance was implemented. 

The proposed PA demonstrates excellent large-signal 

performance at 28 GHz. It achieves a saturated output power 

(Psat) of 22.8 dBm and a peak PAE of 35 %. The simulation 

results confirm the effectiveness of the proposed 

linearization and phase compensation techniques, showing a 

2-dB improvement in OP1dB and suppressed AM-PM 

distortion of less than 2.6°. With a compact core size of 0.47 

mm2, the proposed PA is a suitable solution for high-

efficiency and compact millimeter-wave 5G applications. 
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