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Abstract- According to previous work about PESD optimization [1],
there are some potential risks such as low breakdown voltage (Vgp)
and low holding voltage (V;) can be improved for power-rail ESD
application. Through drain region design with P-type
concentration engineering, the enclosed P-Well in Deep N-Well
(EW) in drain region was proposed with high ESD performance
(HBM>8kV) and good turn-on efficiency (V=8.1V) without
suffering from low Vgp and latch-up issues.

[. INTRODUCTION

For high voltage input-output (10) interface ESD application,
Laterally-Diffused MOSFET (LDMOS) is widely utilized and
embedded in low voltage logic CMOS technology. A traditional
N-type LDMOS (N-LDMOS) cross-sectional schematic is
shown in Fig. 1 (a). In previous work [1], drain-back (DB)
structure [2]-[4] and PESD implant [5], [6] layer are utilized for
better ESD performance, as shown in Fig. 1 (b). However, for
5V power-rail ESD application, the low holding voltage of 4.5V
will suffer latch-up under overshooting voltage/current on
power line. Besides, low breakdown voltage (Vgp) of 6.0V
indicates the potential reliability risk under 5V operation, as
shown in Fig. 2 and table. 1. In this work, a new drain
engineering ESD N-LDMOS is proposed without latch-up and
reliability danger for 5V whole chip ESD design in 110nm
CMOS logic process.
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Figure 1. T he cross-sectional view of (a) Traditional N-LDMOS and

(b) N-LDMOS with the DB and PESD.
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Figure 2. The TLP-measured IV curves of N-LDMOS with DB and
with DB+PESD (P,=0).

TABLE L THE ESD CHARACTERISTICS OF N-LDMOS WITH (A) DB
AND (B) DB+PESD. (HBM 8KV IS TESTER LIMIT.)
LDNMOS ESD characteristics (W=600um)
Scenario HBM v,
Va(V) Vi(V) IxA 5D
tl( ) h( ) IZ( ) (kw (W
Traditional 10.9 8.0 0.3 14 10.1
DBonly [/ 112 /[ 88 [V 26 || 40 10.1
PO Juag2 ] 45 [y es M| >80 [ 60

I1. DEVICE EVOLUTION

For better ESD robustness, P-type doped region (PESD layer
in last work [1]) is inserted in drain side to create a parasitic
SCR [7]-[9] in N-LDMOS. Meanwhile, the P-type region
provides a punch through path toward PW nearby source side,
which improves the turn-on efficiency. Consequently, high ESD
level and better turn on efficiency ESD N-LDMOS was
obtained [1].



The cross-sectional view of new proposed ESD design is
shown in Fig. 3. A lighter doping of P-Well (PW) was
substituted for PESD to mitigate the low Vpp effect without
extra mask cost. Besides, a deep N-well (DNW) was adopted to
enclose the drain region of N-LDMOS and to create parasitic
SCR path, as shown in Fig. 3(a). The new design was named as
enclosed PW (EW) in this work. Prior work and N-LDMOS
with P* doped region at edge of drain close to gate, which are
compatible with standard process for cost concern, are also
studied for comparison, as shown in Fig. 3(b) and (c). Notice
that DB structure wasn’t adopted in this work.
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Figure 3. The cross-sectional view of N-LDMOS with
(a) New design enclosed PW in DNW (EW)
(b) PESD and (c) P* doped region at edge of gate in drain.

III. RESULTS AND DISCUSSION

The ESD results of proposed EW design and other scenarios
are shown in Fig. 4 and Table 2. Noted that the more
concentration of the drain p-type region is (P">PESD>EW), the
lower Vy, and V,; are obtained, as shown in Fig.4. There are two
mechanisms in the correlation of drain P-type concentration and
V4. First, ESD path is stacked by a reverse diode and a SCR in
series (N'/PNPN). Higher V,, was observed in EW since the
drain P-type concentration of PW is less than that of PESD and
P, so the Vpp of the reverse junction N*/P in EW is higher than
that of N'/PESD and N*/P".

Second, V}, characteristic after SCR turns on is correlated to
the product of B gain of parasitic BJT PNP and NPN. In
proposed structure, the drain P-type doped region indicates the
emitter of PNP. While doping concentration of emitter becomes
heavier, the B gain of PNP in SCR is enhanced and then Vy
becomes lower. Therefore the correlation of V, is
EW>PESD>P".
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Figure 4. The TLP-measured IV curves of N-LDMOS with
(a) EW, (b) PESD and (c) P".

TABLE IL THE ESD CHARACTERISTICS OF N-LDMOS WITH (A) EW,
(B) PESD AND (C) P*. (HBM 8KV IS TESTER LIMIT.)
. LDNMOS ESD characteristics (W=600um)
Scenario BN 7
w/o DB BD
EwW 8.1 6.4 53 >8.0 8.9
PESD 5.7 4.6 6.0 >8.0 5.0
P+ - - 6.5 - <0.5

The mechanism of V. trend is also correlated to the
concentration of drain P-type doped region. The more
concentration is, the lower V; is observed because of the worse
punch through behavior toward source side PW region.
Therefore V,; of EW is higher than that of PESD and P suffers
minor punch through without snapback behavior. The
mechanism of Vgp trend is identical as shown in Table 2.
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Figure 5. T he cross-sectional view and circuit sketch of traditional N-LDMOS
with gate-coupled by resistor (GR) design.

On the other hand, a traditional low-trigger N-LDMOS with
gate-coupled by resistor (GR) design [10]-[11] is also compared
in the same process, as shown in Fig. 5. The results are presented



in Fig. 6 and Table 3. Higher ESD robustness is observed in EW
design because the additional parasitic SCR sinks more ESD
current than parasitic BIT of GR N-LDMOS. The new proposed
EW design is verified with high ESD performance and efficient
turn-on speed in addition to latch-up free V;, behavior without
low Vgp risk and extra cost.
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Figure 6. The TLP-measured IV curves of N-LDMOS with EW and GR.

TABLE IIL THE ESD CHARACTERISTICS OF N-LDMOS wiTH EW
AND GR. (HBM 8KV IS TESTER LIMIT.)

. LDNMOS ESD characteristics (W=600um)
Scenario B %
(w/oeDB) | v, ViV, I,(4 BD

tl( ) h( ) tZ( ) (kl/) (I/)
EwW 8.1 6.4 5.3 >8.0 8.9
GR=10kQ 7.9 7.2 3.8 5.2 10.1

IV. CONCLUSION

New proposed drain engineering design of 5V N-LDMOS is
successfully verified in 110nm 5V CMOS process. With
enclosed PW in DNW (EW), the ESD performance is robust
(HBM>8kV) with efficient turn-on speed (V;=10.9->8.1V).
Breakdown voltage can be also improved (Vgp=6V—>8.9V) and
holding voltage is adjusted for better latch-up immunity (V=
4.5V->6.4V) in power-rail ESD application compared with
previous 10 ESD design [1]. The new drain engineering EW
design is an excellent solution for 5V power-rail ESD
application in CMOS technology without extra cost.
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