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一、 中文摘要 

本計畫主要是在研究當射頻電晶體製程從0.18微米微縮至0.13微米時，雖然fT增加

了，但NFmin卻也隨之增加了約0.2dB而變差。使用50指數的0.18微米 MOSFET在頻

率5.8 GHz時有最小的NFmin值0.93dB，而無論是增加閘極數或減少都會提高其雜訊

指數，此雜訊指數與閘極數不正常的相依性在0.13微米的電晶體中可正確地藉由結

合閘極電阻與基板效應的等效電路模型分析出。 

二、 英文摘要  

As scaling down the RF MOSFET from 0.18 to 0.13 µm technology nodes, the fT 

increases but the NFmin becomes worse by increasing ~0.2 dB. A small NFmin of 0.93 dB 

is measured at 5.8 GHz in 0.18 µm MOSFET using 50 fingers but increases as either 

increasing or decreasing finger number. This abnormal dependence and higher noise at 

0.13 µm is accurately analyzed by equivalent circuit model and due to the combined gate 

resistance and substrate effect. 

 

三、 報告內容： 

甲、 前言： 

The performance improvement and circuit area reduction are the driving force for 

continuously scaling down the MOSFET into RF frequency regime [1]-[2]. However, it is 

not clear if the RF noise can also be continuously improved as scaling down the 

MOSFET [1]. Next, the dominant noise sources in RF MOSFET are still not quite 

understood and the optimized device layout for achieving minimum noise figure (NFmin) 

is also unclear. In this paper, we have studied the RF MOSFETs scaled from 0.18 to 0.13 

µm technology nodes. The scaling gives better RF power gain and fT. However, we have 

found that the scaling did not give better NFmin but increasing by ~0.2 dB at the same 

gate width. We have used the well calibrated equivalent circuit model to analyze such 

abnormal effect and the multi-fingered layout to optimize the NFmin. The NFmin decreases 

with increasing gate finger to a small value of 0.93 dB at 5.8 GHz using 50 fingers layout 

in 0.18 µm MOSFETs. Similar decreasing NFmin with increasing gate finger is also found 

uisng 0.13 µm technology node. However, we have measured another abnormal increase 

of NFmin when increasing gate finger >50 in 0.18 µm device. From our equivalent circuit 



model analysis, the decreasing NFmin with increasing gate finger is due to the decreasing 

thermal noise generated by nonquasi-static gate resistance (Rg-nqs) [2] that is due to the 

delayed turn-on in gate electrode. The thermal noise generated by Rg-nqs is also the 

primary noise source in RF MOSFETs. The abnormal NFmin increase at >50 fingers is 

due to the increasing parasitic shunt RC pass to substrate and modeled by Zg-sub. This is 

the fundamental limitation of RF technology on high conductivity Si substrates [3]-[6] 

and is especially important for passive transmission lines and inductors. The small 

increasing NFmin as scaling down from 0.18 to 0.13 µm technology node is also due to the 

increased Rg-nqs because of the smaller gate area and larger resistance as scaling down. 

Therefore, the scaling below 0.13 µm technology node may further degrade the RF noise 

unless a modified T-gate structure is used. 

 

乙、 研究方法 

The RF MOSFETs using 0.18 and 0.13 µm technology nodes are studied in this work. 

In additional to the low resistance silicide gate technology, the multi-fingered gate layout 

can further reduce the gate resistance by connecting in parallel. The finger width is 5 µm 

and the finger number is ranged from 20 to 70 at an increment of 10. The devices are 

characterized by DC I-V and 2-port S-parameters using HP8510C network analyzer from 

300 MHz to 30 GHz. Then regular de-embedding procedure is followed to eliminate the 

parasitic effect of probe pad. The NFmin and associate gain are measured using standard 

ATN-NP5B Noise Parameter Extraction System up to 7.2 GHz that covers the most 

important frequency range for wireless communication. The extraction of dominate RF 

noise sources were performed by using an equivalent circuit model of intrinsic MOSFET 

with additional terminal resistance and shunt pass to ground at both input and output 

ports. To avoid non-physically based data in the equivalent circuit model, DC and low 

frequency data are measured and referred in circuit model. 

 

丙、 結果與討論（結論與建議） 

A. Measured NFmin in RF MOSFETs used for circuit: 

Fig. 1 shows the circuit schematic of a typical two-stage low noise amplifier (LNA) [7]. 

From the RF circuit theory, the noise of the whole LNA is determined by the MOSFET in 



the first stage. Therefore, the choosing proper MOSFET to have a lowest NFmin is the key 

factor for LNA. 

 

 

 
 

Fig. 1. The schematic of a two stage LNA. The MOSFET at first 
stage determines the minimum noise in LNA. 

 

Fig. 2 shows the measured NFmin for RF MOSFETs at 0.18 and 0.13 µm technology 

nodes. The measured NFmin shows a general trend of decreasing RF noise with increasing 

the gate finger for MOSFETs in both technology nodes. A small NFmin of 0.93 dB is 

measured at 5.8 GHz using 50 gate fingers in 0.18 µm case, which shows the excellent 

noise performance at such high frequency and can be used for wireless LAN application. 

However, the NFmin increases by ~0.2 dB as scaling down from 0.18 to 0.13 µm 

technology node, which is opposite to the scaling trend. In addition, an abnormal increase 

of NFmin is observed as gate fingers increasing >50 in 0.18µm case. 

 

 



Fig. 2. The measured NFmin of RF MOSFETs at 0.18 and 0.13 µm technology nodes.  
The scaling from 0.18 to 0.13 µm technology gives a worse NFmin. An abnormal increase 
of NFmin at gate finger > 50 is also observed in 0.18 µm case. The modeled data is 
fromthe equivalent circuit model in Fig. 7. 
 

It is noticed that the measured NFmin of MOSFET at 0.13 µm node is comparable with 

the data published in the literature by IBM [1]. Therefore, the increasing NFmin in 0.13 

µm case may be intrinsic to device physics rather than the different technology among 

different companies. Fig. 3 shows the associated gain measured at 5.8 GHz under NFmin 

condition. A decreasing trend of associated gain with increasing gate finger is measured 

for both MOSFETs using 0.18 and 0.13 µm technology nodes. Therefore, the decreasing 

RF noise in Fig. 1 is traded off by the decreasing associated gain. The reason why such 

decreasing associated gain is explained by following relation derived from equivalent 

model [2]: Although the decreasing RF noise is achieved by decreasing Rg-nqs using 

parallel gate fingers, the increasing finger number also increases the undesired Cgd that 

decreases the associated gain. 

 

 
Fig. 3. The associated gain measured at 5.8 GHz under NFmin condition for RF 
MOSFETs at 0.18 and 0.13 µm technology nodes. The scaling from 0.18 to 0.13 µm 
gives higher associated gain but increasing finger number decreases the associated gain. 
 

The increasing gate finger for achieving lower RF noise is also trades off the decreasing 

fT. Fig. 4 shows the fT of MOSFETs using 0.18 and 0.13 µm technology nodes. The 

scaling from 0.18 to 0.13 µm technology improves the fT to ~100 GHz that shows the 

good device performance. It is noticed that the fT decreases as increasing the number of 

gate fingers, which can be understood by following relation [2]: The increasing finger 



number improves the RF noise but also increases the parallel Cgd that decreases the fT. 

 

 

 
Fig. 4. The finger number dependent fT of RF MOSFETs using 0.18 and 0.13 µm 
technology nodes. The increasing finger number decreases the fT. 
 

The large gate finger number layout in RF MOSFET not only achieves a lower RF noise 

but also has better output matching. Fig. 5 shows the S22 of MOSFETs at 0.13 µm nodes. 

The increasing gate finger shifts the measured S22 and pushes the output resistance of 

MOSFET (by extending the S22 to low frequency) close to 50 Ω. This is important to 

choose the proper transistor layout at second stage of LNA shown in Fig. 1. 

 

 
Fig. 5. The measured S22 of RF MOSFETs in 0.13 µm nodes. The increasing finger 
number shifts the output resistance of S22 and close to the desired 50 Ω. 
 

B. NFmin analysis using self-consistent model of S-parameter & NFmin: 

To further analyze the RF noise, we have developed a self-consistent model for both 

S-parameter and NFmin. Figs. 6(a) and 6(b) show the measured and modeled S-parameters 



using the model shown in Fig. 7. Good matching between measured and modeled 

S-parameters and DC I-V (not shown) are obtained for RF MOSFETs in 0.13 µm nodes 

with the smallest 20 and largest 70 gate fingers. The good agreement between measured 

and modeled data is also obtained in other gate fingers of MOSFETs using both 0.13 and 

0.18 µm technologies. 

 

 

 
Fig. 6. The measured and simulated S-parameters of RF MOSFETs with (a) the smallest 
20 fingers and (b) largest 70 fingers using 0.13 µm technology node. The S21 in (a) and 
(b) is divided by 6 and 8 respectively, to fit in the Smith chart. 
 

 



 
Fig. 7. The self-consistent model for DC I-V, S-parameters and NFmin. 

 

Using the same model, we have further simulated the NFmin self-consistently with 

S-parameter and DC I-V. Figs. 8(a) and 8(b) show the measured and modeled NFmin. The 

good agreement between measured and modeled NFmin in Fig. 8 and other gate fingers 

and technology nodes in Fig. 2 indicates the good accuracy of the self-consistent model. 

Using the well-calibrated model, we have further analyzed the main noise source in 

MOSFETs. The Rg-nqs generates the dominate thermal noise in RF MOSFETs, which 

decreases as increasing parallel finger numbers. The Rg-nqs also increases with 

decreasing gate length from 0.18 to 0.13 µm nodes, which explains the abnormal 

increasing NFmin and opposites to the scaling trend. The next important noise source is 

from the shunt pass of Zg-sub. The increasing Zg-sub with increasing parallel gate 

fingers in 0.18 µm case fits well the abnormal increasing NFmin when gate finger > 50 as 

shown in Fig. 2. The Zg-sub represents the RF signal loss to shunt pass to ground, which 

has been identified as the primary RF technology challenge for circuits on current VLSI 

technology using low resistivity Si substrates [3]-[6]. 

 



 
Fig. 8. The measured and simulated NFmin of RF MOSFETs with (a) the smallest 20 
fingers and (b) largest 70 fingers using 0.13 µm technology. Good agreement is obtained 
for all other gate fingers and also for 0.18 µm case. 
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五、 計畫成果自評 

The abnormal NFmin increases as scaling the MOSFET from 0.18 to 0.13 µm nodes has 

been identified by the increasing Rg-nqs. The abnormal increasing NFmin of 0.18 µm 

MOSFETs at gate finger > 50 is modeled by the increasing shunt pass loss to ground. 

Unless a T-gate MOSFET structure is used similar to III-V RF FET, the increasing gate 

resistance with continuous scaling is the fundamental limitation of RF noise in 

MOSFETs. 


