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 The varactor 

functions as a diode with a small on-resistance to conduct 

current, and provides excellent ESD protection. However, 

using the RF junction varactor as the ESD protection re-

quires special design considerations compared with con-

ventional RF circuits. By characterizing with high curr





RF junction varactor is usually e

terize the ESD 

robustness of the devices, which generates a pulse with a 

10-ns rise time and a 100-ns width to simulate the HBM 

ESD condition. The secondary breakdown current It2 
is 

determined by a sudden increase of the leakage current. 

The relation between the TLP second breakdown current 

(It2) and the HBM ESD level (VESD) can be approximated 

as VESD 
(V) ~ It2 

(A)  RHBM 
(Ω), where RHBM 

(= 1.5 kΩ) is 

the approximate equivalent resistance of the human body. 

The ESD bypass current capability of the junction varac-

tors is investigated by varying the device finger width 

(W= 1 and 2 m) and finger number (N= 25 and 50). The 

minimum device length of 0.15 m, limited by the design 

rule, is selected for maximizing the total periphery. Table 

I summaries the corresponding ESD characteristics. 

 

3. ESD-Protected LNA using Junction Varactor 

Fig. 2 shows the circuit configuration of the proposed 

LNA with the complete ESD protection network. The 

LNA employs a two-stage cascode topology. The induc-

tive source degeneration (LS) is used for simultaneous 

noise and power matching, which forms the input match-

ing with LG1, JVT, and JVB. Also, the inductive loads (LD1 

and LD2) are used for gain peaking. The capacitor C12 

performs as the DC block between the two stages, and 

works together with LG2 and LD1 as the inter-stage match-

ing. The inductor LD2 and capacitor CD2 are also utilized 

as the output matching network. The transistor size is 

determined by investigating the noise and gain characte-

ristics as a function of finger width and bias. The 

dual-diode topology (JVT and JVB) is employed for the 

ESD devices at the RF input to provide the direct ESD 

current paths for the PD and NS modes. The power clamp 
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consists of RC (resistor R and MOS capacitor MC) and 

inverter (MP and MN) to trigger the large NMOS (MESD), 

which provides a low-impedance path from VDD to 

ground and completes the ESD paths for PS and ND 

modes.  

The ESD-protected LNA was fabricated in a 65-nm 

CMOS technology with a chip area of 0.52 × 0.7 mm
2
, 

including the probing pads for on-wafer testing. The LNA 

operates from a 1.2 V supply and draws a current of 23 

mA with power consumption of 28 mW. Fig. 3 shows the 

measured S11, S21, and noise figures (NF) of the LNA, 

respectively. The LNA presents a peak power gain of 

16.5 dB, an input return loss of greater than 21 dB, and a 

NF of 6.6 dB at the center frequency of 60 GHz. The 

ESD testing was performed using the Barth 4002 TLP 

testing system. Fig. 4 shows the TLP I-V characteristics 

of four different testing modes (PD, PS, ND, and NS) for 

the ESD-protected LNA [6]. In the PD and NS modes, the 

ESD current goes through JVT and JVB, respectively. In 

the PS and ND modes, the TLP curves show an additional 

offset voltage compared with the PD and NS modes due 

to the power clamp. In all the four modes, the second 

breakdown current It2 up to ~ 1.4 A can be achieved, cor-

responding to an over 2.0 kV HBM ESD level. Table II 

compares this work with other prior arts. This work de-

monstrates a 60-GHz LNA with excellent ESD protection 

level and NF under a very small power consumption 

compared with prior works, as can be seen in Table II. 

 

Conclusion

we proposed of using RF junction varac-

tors as ESD protection and co-designed with a 60-GHz 

LNA. The LNA demonstrated a noise figure of 6.6 dB 

and a power gain of 16.5 dB with a 2.0 kV HBM ESD 

performance.  
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(a)                           (b) 

Fig. 1. The proposed RF junction varactor for ESD protection in mul-

ti-finger topology (a) cross-section view, and (b) layout view.  

 
 

TABLE I  

ESD CHARACTERISTICS WITH DIFFERENT DEVICE SIZES  

 W L N It2 VESD CESD VESD/CESD 

Unit m m -- A kV fF V / fF 

W1N25 1 0.15 25 0.7 ~ 1.0 10.9 91.7 

W1N50 1 0.15 50 1.4 ~ 2.1 21.7 96.7 

W2N25 2 0.15 25 1.4 ~ 2.1 21.4 98.1 

W2N50 2 0.15 50 2.4 ~ 3.6 47.9 75.2 

 
 

TABLE II  

COMPARISON OF THE PROPOSED LNAS WITH PRIOR WORKS 

Ref. This Work [7] [8] [9] 

Tech. (nm) 65 130 65 130 

Freq. (GHz) 60 60 60 60 

NF (dB) 6.6 8.6 6.1 8.8 

Power (mW) 28 65 35 54 

S21 (dB) 16.5 20.4 19.3 12 

HBM (kV) 2 1.5 -- -- 
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Fig. 2. Schematic of the proposed ESD-protected LNA.  
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Fig. 3. Measured S11, S21, NF of the proposed ESD-protected LNA.  
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Fig. 4 Measured TLP I-V characteristics of the proposed 

ESD-protected LNA. 
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