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Abstract

The studies of PMOS transistors in CMOS technologies are reviewed, focusing on the snapback and breakdown

behavior of the parasitic PNP BJTs in high current regime. A new failure mechanism of PMOSFET devices under ESD
conditions is also analyzed by investigating various I/O structures in a 0.13 gm CMOS technology. Localized turn-on of the
parasitic PNP transistor can be caused by localized charge injection from the adjacent diodes into the body of the
PMOSFET, significantly degrading the ESD robustness of PMOSFETSs. Based on 2-D device simulations the critical layout
parameters affecting this problem are identified. Design guidelines for avoiding this new PMOSFET failure mode are also

suggested.
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Fig. 3. Location (circled) of the PMOS failure in an
actual inverter. The pull-up PMOSFET (M1 in
Fig. 1) and pull-down NMOSFET are shown.
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Fig. 4. IV curves generated by TLP tests of an
output driver circuit and an isolated PMQOS
transistor. There is a distinct change of slope at
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Table 1. The Iayout information and ESD test results of
various /O circuits. DR1 is the distance
between the negative strike diode and the
guard ring (see the representation of layouts in

kH

Fig. 7).
DR1 n+ guard ring | HBM Fail Level
VO A 0.8 (m Incomplete 22 kV
VOB 0.8 tm Incomplete 24 kV
70C | > 08 m Incomplete 29 W
/0D 1.0 m Incomplete 34 kv
/O E 22 im complete >5 kV
n* p* n+/n n* Guard Ring p*IVES n* O pad

(guardring) (Vss) (/O pad)

a8 5 AH /O EFH=2oM PMOS ESD &4tel of.
PMOS &%= & 709l 2 28 Alojo e
o, p+ (Vss)2t n#n-(/O TE)Z ?M =
negative strike CHO|2E(2@ 29| Di)= REH
ol | x|stct

Fig. 5. An example of PMOS failure in an actural /O
circuit. PMOS (M1 in Fig. 52) devices are @ oRi - DRZ
located in two different block. A negative strike
diode (D1 in Fig. 5.2), which consist of p+ (Vss)
and n+/n- (I/O pad) in on the far right.
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Simulated /i-Vy characteristics of a PMOS
transistor in /O circuit with various distances
between the guard ring and the negative diode.
DR1 lower than 1.2 #m considerably affects the
triggering voltage of PNP transistors. Here, Rgr
is 0 Q and DR2 is 0.6 um

Fig. 10.
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Simulated collector and base currents of the
parasiic NPN transistor (T2 in Fig. 8 as
functions of the emitter-base voltage with
various distances between the negative strike
diode and the guard ring (DR1).
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Fig. 12. Simulated current gains as functions of
emitter-base voltage with various distances
between the negative strike diode and guard
ring (DR1).
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