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1. INTRooUCTloN 

The ESD protection method for RF integrated circuits 
becomes more important as operation frequencies increase. 
The parasitic capacitances of ESD protechon elements 
make it very difficult to design high frequency circuits. 
Although some ESD protection methods were proposed, 
such as distributed ESD protection [1][4], there are few 
works on ESD protection issues for high frequency 
applications. Also, the ESD protection issues in compound 
semiconductor microwave monolithic integrated circuits 
have not been discussed seriously yet [Z]. Because thermal 
conductivities of compound semxonductors are much 
lower than silicon, compound semiconductor MMICs are 
more sensitive to ESD events [Z]. Especially, inputs of 
LNAs tie vulnerable to ESD events. Here, we proposed a 
solution to protect high frequency MM0 from ESDs. The 
Ku band LNA is addressed, which endures 4400V(testcr 
limit) HBM test. 

II. ESD PROTECTION USING SHORT-CIRCUITED STUB 

Fig.1 shows power distributions of current waveforms in 
various ESD tests such as HBM, MM and CDM. All of 
them have much lower bandwidth compare to microwave 
region at which most of MMICs work. Using the frequency 
characteristics of ESD signals, we designed the input 
matching circuit of Ku-band LNA with a high pass filter, 
which consists of a short stub placed at the very front as in 
Fig. 2. RF signal flow from the input port to the amplifier 
circuit. When ESD event 1s occurred, the ESD current 

shunt to ground through the short stub between input pad 
and ground. 

Fig. 1. Frequency specmm of the current waveform calculated 
for (a) human body model (HBM), (b) machine model (MM), (c) 
charged device model (CDM) AAer [,I 

Fig. 2. Short-circuited stub as ESD element 

During ESD events, the circuits must not ix destroyed. 
Capacitors or resistors whose ESD capability is very low 
[5] musf not be located m the ESD current path. This is the 
very reason why we designed the short-circuited stub to be 
situated in front of DC blocking capacitor. ESD pmtectmn 
device can endure high ESD voltages by minimize power 
dissipation during the events. It is well known that the 
thermal conductivities of compound semiconductors are 
lower than that of Silicon. Thus, MMIC based on 
compound semiconductor is more sensitive to ESD. 
Parasitic components of ESD protection device make it 
very difficull to design matchmg networks at high 
iixqucncies. Because compound semiconductors are more 
vulnerable to ESD, the conventmnal ESD device tends to 
be more bulky than silicon based one. In addition, since 
compound semiconductors are used in high frequency 
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applications, the parasitic elements cause serious troubles 

1 

The proposed ESD protectmn method using short-circuted U’ - 
stub can be a solution in high frequency ICs. Because the 
protection element of short-circuited stub is composed of 1~ 
only metal hnes, the power dissipation of the protection 
device dung ESD event is very small. This is the reason ~20 
why the ESD device can endure very high ESD voltage. B 

0 

k 
118 

111. P.F CHARACTERISTICS OF THE LNA I.16 

2 stage LNA is designed and fabricated wth 0.15um 
pHEMT The RF chamctenstu of designed LNA arc 
showed in Table I. 

m-\; 1.11 -+Me==mmt 

llrl 1,s na 112 114 116 n.8 

TABLE I Frequency [GHz] 
^... _ 

Smce ESD events occur frequently in the input of LNA, 
the protection device place only in input pan. The same 
method can he applied to the output. Here, no ESD 
protectums are apphed to the output to compare ESD 
endurances. Figure 3 shows the measured s-parameters 
and noise figure of designed LNA. 

To get flat charactetistics of gain, the feedback with 
capacitor and resistor beween the drain of the first stage 
and the drain of the second stage 1s applied. The mductive 
degenerahon in the tint stage and common source 
topology allow low noise figure as well as high gain. 

IV. ESD TEST RESULTS 

To test the proposed ESD protection using short- 
circuited stub, we measured the S-parameters of LNA after 
HBM ESD currents are applied to the input. We used the 
tester whose ESD voltage limit IS - 44OOV. We could not 
find any changes in the stub after the ESD test No changes 
are measured in S-parameters, too. It implies that the 
protection device endures 4400V (tester hmit) HBM ESD. 
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Fig. 4. Measured S-parameter after ESD test at input pad 

The HBM ESD tests I” the output are performed and 
the also followed by S-parameter measurements. As is 
showed in the measured S-parameters (figure 6), the 
unprotected output part LS very sensitive to the HBM 
ESD. First, the DC blocking capacitor of output part is 
destroyed at the lowest HBM ESD voltage, and the S- 
parameter IE changed. In the figure 6, the dashed lines of 
S-parameters are measured after the failure of DC 
blockmg capacitor. The dotted lines of S-parameters are 
measured after the failure of resistor. Although resistors 
are known to be more endurable to ESD than capacitors, 
the reSistor was destroyed at the ESD voltage as low as 
1OOOV. The pictures of the destroyed resistor and 
capacitor are showed m Figure 5. 

Rg. 5. Picmre of MMIC and the destroyed components after 
ESD test at output. 
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Frequency [GHz, 
(c)S21 

F,g. 6. Measured S-parameter after ESD test at output pad 

While conventional ESD protection devices have 
substantial parasitic capacitances, the proposed ESD 
protection utilizes one part of matching circuits as a ESD 
protection device. Therefore, this protection method must 
be very effkient and effective at high frequency MMICs. 

v. coNcLusloNs 
An ESD protection using short-circuited stub is 

demonstrated, which is used as a part of matching circuits. 

Ku band LNA with the protection device-in the input was 
fabricated. This endures HBM ESD voltage as high as 
4400V(tester limit). This method becomes more efficient 
as the opetiting frequency increases. The LNA shows the 
noise figure of 1.24 dB and 24.5 dB gain at the tiequency 
range of 11.7-12.7 GHz. 
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