
(7B-2) 

A new monitor to predict hot-carrier damage of PMOSTs. 

R. Woltjcr and (}.M. I'aui/cn 

Philips Research Laboratories, 5600 .lA liiiulliovcn, The Netherlands 
Tel: 31-40-743551 Fax: 31-40-743390 Telex: 35000 phtc nl nlwtfau 

I lot-carrier degradation of PMOS transistors is worst at low gate voltages when electrons 

arc injected and trapped in the gate oxide near the drain. This negative oxide charge causes 

an extension of the drain by an inversion layer, reducing the eircctivc length [ l , 2 ] . Although 

this channel-shortening mechanism is well known, the threshold voltage or the trans-

conductance are still used to characterize the amount of damage [2,3,4]. We propose to use 

the channel shortening, normalized on the oxide thickness (A/Wnx) to characterize the 

damage. The normalization is motivated by the larger oxide capacitance of a thinner oxide, 

requiring more oxide charge to form the inversion layer that extends the drain. 

The relation between the elTective length and the threshold voltage (in saturation) appears 

to be identical for stressed and unstressed transistors (figure 1) but an extra series resistance, 

proportional to AL^, is present after degradation (figure 2). In both figures, each curve 

consists of characterizations made before (O) and during (line) a hot-carrier stress at low gate 

voltage. The different curves are measured on transistors from one wafer with difTercnt initial 

lengths and degraded under various stress conditions. According to figures 1 and 2, a de

graded (at low VQ ) PMOS transistor behaves like a shorter transistor with an extra scries 

resistance at the drain side. Minimalization of the threshold voltage shift during degradation 

may be achieved by optimizing short-channel effects: transistors with an optimized L^ - V-^ 

relation will show less threshold voltage shift for the same channel shortening. 

Figure 3 shows that the (measured) damage after 0.! .s of degradation correlates with the 

(measured) damage after 5000 s of degradation, 'fhc different symbols are for different tran

sistor types with gate oxide thickness ranging from 25 nni to 8 nm with conventional drain 

or LF)D and with cither p ' - or n'-poiysilicon gate materials, 'fhc measurements for all tran

sistor types show the same correlation, thus proving that A/^„//,„ is the correct measure for 

the amount of damage when comparing different transistor types. Note that we measured for 

each transistor type in figure 3 transistors of different lengths, degraded at different drain 

voltages and at gate voltages that cause negative charge injection (0 > Vc, > Ko/3). 

Figure 4 shows that the (measured) damages after 0.1 s and KX) s have the same relation 

as the (measured) damages after 10 s and i(X)00 .s of degradation. I'he relation appears to be 

valid for a factor of 1000 extrapolation in time, independent of the total duration. These two 

sets in figure 4 make plausible that figure 3, relating the damage after 0.1 s with the damage 

after 5000 s may also be used to predict the degradation aficr 10 years when starting from 

measurements after 2 hours of degradation (extrapolating over the same factor of 50000). 
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figure 1. Relation between the efTcctive 
length and the threshold voltage before (0) 
and during (line) degradation. Buricd-
channel transistors with 12..5 nm gate oxide 
thickness are degraded at V^ = - 1.5 V with 
-5> Kn> - 8 V. 
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figure 3. iVlcasurcd normalized channel 
shortening after 0.1 s of degradation plot
ted versus the measured normalized channel 
shortening after ,5000 s. The difTcrent .sym
bols are for different transistor types. 
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figiU'e 2. Criiangc in the .series resistance 
ol' the drain versus the change in cdcctivc 
length for the experiments in figure 1. 'flic 
transistor width is 10 iim. 
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figiirc 4. Relation between the normalized 
channel shortening after 0.1 s and 100 s of 
degradation (-I-) and the same quantities 
after 10 s and 1(X)00 s of .stress (x). 
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