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A PMOS multipled LVTSCR device for ESD protection
with a higher holding voltage
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Abstract: A novel LVTSCR structure for 5 V on-chip protection against Electrostatic Discharge(ESD)
stress at input or output pads is presented. Silvaco 2D TCAD software is used to simulate the device
including electrical and thermal characteristics. The new device exchanges the diffusion region of N+ and
P+ in N-WELL and introduces a PMOS-like structure to discharge ESD current before Low Voltage
Triggering SCR(LVTSCR) starting to work. And the device simulation results show that it obtains a higher
holding voltage(10.51 V) and a faster turn on speed(1.05 x 107" s) compared with LVTSCR, with the
triggering voltage only increasing slightly from 12.45 V to 15.35 V. Also, in order to make sure that the
PMOS structure will trigger first and will not cause thermal breakdown problem, nearly the same channel
length as NMOS should be chosen for PMOS structure.
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In recent CMOS and BiCMOS technologies, ESD protection has a practical problem for the demand of a lower triggering
voltage and a higher holding voltage within a small layout area. SCR could be used for ESD protection because of its high
second breakdown current(It2) and low-capacitance'". But its high switching voltage has limited the use of SCR-based

devices in on-chip ESD protection'™. In order to trigger SCR at a low voltage, an NMOS structure is included in LVTSCR"

shown in Fig.1 and Table 1. When it comes to the application of PAD
mixed-voltage interface ESD, Complementary-LVTSCR could have a l:
good performance™. Also, modified lateral SCR(MLSCR) and ‘J__l

Capacitance Coupling Triggering SCR(CCTSCR) were designed based “ox N+ D[P+

on a lower triggering voliage strategy” . And the PMOS trigger
-8]

DI DI

structure is also suitable for ESD protection” . Although a lower

triggering voltage is important, a higher holding voltage within an

acceptable triggering voltage is more practical to avoid Latch-Up Effect.

. . . . . Fig.1 Structure of normal LVTSCR
Transforming the LVTSCR at the diffusion region of N+ and P+ in
N-WELL, shown in Fig.2 and Tablel, can raise its holding voltage, but

the triggering voltage(Vtl) will increase either. The LVTSCR and

transformed LVTSCR have a same working process. First, the NMOS is

brokendown and triggers the SCR structure starting to work, shown in
Fig.3 and Fig.5. Then the device will reach its holding point since

current rising, shown in Fig.4 and Fig.6. So another pre-triggering

mechanism is needed to lower Vil of the transformed LVTSCR, in order P-SUB

to design an ESD device with better performance based on a higher
holding voltage. These features about LVTSCR and PMOS are combined
together with a novel multiplexed PMOS in the PMOS multipled LVTSCR(PMLVTSCR).

Fig.2 Structure of the transformed LVTSCR
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Table! Layout parameters of normal LVTSCR, transformed LVTSCR and PMLVTSCR

device name D1/um D2/um D3/um D4/um D5/um D6/um
normal LVTSCR 3.6 2.7 3 0.65 1.5
transformed LVTSCR 3.6 2.7 3 0.65 1.5
PMLVTSCR 3.6 2.7 3 0.65 1.5 0.65
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1 PMLVTSCR

The PMOS transistor with a multiplexed P+ is designed into the PMLVTSCR for pre-releasing ESD pulse, shown in
Fig.7, Fig.8 and Tablel. In 5V on-chip ESD protection, choosing 50 pm as the standard width of the devices, layout area
only increases slightly from 1195pum’ to 1332.5um’. Because the

breakdown voltage of PMOS is lower than that of NMOS, PMOS will —

breakdown first and the PMLVTSCR’s triggering point can be observed. IJ—_I é -
And the PMOS will show negative resistance characteristic until it Pﬂ Do | P+[D3 D4 |N+| D3| P+
reaches its holding point. Then the PMOS will show resistance oDl R D bI
characteristic and the rising voltage will cause NMOS to breakdown. D N_WELLD1

Later, the SCR structure will be triggered and start to discharge current. P-SUB

Compared with the transformed LVTSCR, PMOS in PMLVTSCR can Fig.7 Structure of PMLVTSCR

help LVTSCR as an assist suppressor. Also, its current percentage will
increase since SCR reaches its holding point and shows resistance characteristic. So PMLVTSCR will represent the

characteristic of PMOS partially after reaching its holding point. As a result, the holding voltage will increase compared



524

JIANG Tong-quan,et al: A PMOS multipled LVTSCR device for--- 317

with transformed LVTSCR as well. With the lattice temperature rising, the thermal breakdown of PMLVTSCR will finally

occur.

2 Simulation

Using the 2D device simulation tool-Atlas of Silvaco, the total current density
distributions of PMLVTSCR were obtained by DC simulation. As shown in Fig.9, the
PMOS will breakdown first due to the voltage rising. And the triggering point of

N

PAD |

Ry P+

Fig.8 Equivalent circuit of PMLVTSCR

PMLVTSCR can be observed. Since the holding point of PMOS was reached, the
PMOS turned to show resistance characteristic. And the voltage on NMOS caused it to breakdown, shown in Fig.10. Then

Fig.11 shows that the SCR structure will be triggered and start to discharge ESD current. Later, the SCR structure reached

its holding point. As Fig.12 shown, the current percentage through PMOS will increase in the mean time. So the PMOS

plays a full-time assist suppressor role though a whole ESD process.

microns

microns

Fig.11 Current density distribution when SCR structure triggered
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reached its holding point

Analyzing the I-V characteristic curves and characteristics table which are resulted from DC simulation and shown in
Fig.13 and Table2, comparing them with that of the normal LVTSCR, PMOS-base LVTSCR, transformed LVTSCR and
PMOS, it can be seen that the PMLVTSCR represents the highest holding voltage without increasing its triggering voltage

too much. Also, the triggering current is the highest. So PMLVTSCR has a good ESD characteristic for 5 V circuit on-chip

protection. In order to find out the transient response characteristics, a 30 V step voltage with a 0 s ramp time is used

during transient simulation(choosing the point which has the corresponding current that equals to 80% of the highest
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current as a reference point of turn on speed). As a result, Fig.14 and Table2 show that PMLVTSCR represented a faster
turn on speed compared with normal LVTSCR, transformed LVTSCR and PMOS-base LVTSCR due to its PMOS structure.
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Fig.13 Simulated DC I-V curves Fig.14 Transient time simulation
Table2 Characristics of PMOS, normal LVTSCR, transformed LVTSCR and PMLVTSCR
DC simulation transient simulation
triggering current/A triggering voltage/V holding current/A holding voltage/V highest step current/A turn on speed/s
PMOS 0.0394 7 16.99 0.053 9 13.900 0.0397 1 9.65X10™"
LVTSCR normal 0.03511 12.45 0.3992 7.029 0.15100 5.85%X10"°
PMOS-base LVTSCR 0.0360 9 17.03 1.1610 7.368 0.1627 0 7.87X10"°
LVTSCR tran 0.0365 4 21.42 0.3380 10.370 0.0711 5 1.40%X 10710
PMLVTSCR 0.0537 0 15.35 0.423 8 10.510 0.1106 0 1.05%107°
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that the highest temperature of PMLVTSCR will occur at N+

junction in N-WELL,

not at

the

PMOS structure.

This

phenomenon illustrates that the appropriate PMOS, which has
nearly the same channel length as NMOS, added in PMLVTSCR, will not cause thermal breakdown problem.
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Fig.15 Simulated DC IV curves of different PMOS lengths
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3 Conclusion

In order to design a device that has a higher holding voltage for 5 V on-chip ESD protection circuit in a limited layout
area, a PMOS structure was introduced at the region of N-WELL using a P+ of a transformed LVTSCR as a source. Atlas
was used to simulate the characteristics of PMLVSCR, normal LVTSCR, transformed LVTSCR and PMOS. The I-V curves,
total current density distributions and lattice temperature distributions were obtained by DC simulation. And the step
response solutions were resulted from transient simulation. As a result, PMLVTSCR represented a higher holding voltage
and a faster turn on speed compared with LVTSCR. The triggering voltage increased slightly from 12.45 V to 15.35 V, but
it is worth for a higher holding voltage in practical using. Also, the lattice temperature distributions showed that if
choosing nearly the same PMOS channel length as NMOS, the PMOS structure introduced into this novel device will not

cause thermal breakdown first.
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