ESD Simulation to Find Corr elation Between J unction Depths and Snapback Slope Using 0.35μm nMOSFETS

Xin Yi Zhang, Zhiping Y u, Robert Dutton, and Stephen Beebe^*

Stanford Uni versity * AMD Cor poration

Futur e Work

• The r esults need to be v erified with differ ent grid densities. • Test structur es need to be fabricated to v erify the simulation r esults. • Transmission Line Pulsing (TLP) method should be used to measur e the test structur es.

Conclusion (cont.)

V_{drain}

V_{drain}

Curr ent Flow Plot for LDD Curr ent Flow Plot for DDD

Conclusions

The following conclusions ar e reached:

• The snapback slope (1/R_{sb}) does incr ease as the n^- junction depths incr ease. • The snapback slope does not depend on the junction cur vatur e of the n^+ region (X_{j,D}).

During the snapback mode, the curr ent flows from the b ulk to the drain contact. As shown in the contour figur es, the curr ent must pass thru the n^- region to r each the contacts; ther efore, the r esistance of n^- region plays a r ole in determining the snapback slope.

Discussion

Based on the simulation r esults, the snapback slope (1/R_{sb}) decreases with deeper n^- junction depths. In theory , 1/R_{sb} should incr ease because the sour ce/drain diffusions resistance decr eases with incr easing junction depth; ho wever, deeper junctions ha ve larger junction cur vatur es, assuming the lateral diffusion constant is the same, so the larger junction cur vatur e adds mor e lateral r esistance. Fr om simulation r esults, the effect of n^+ junction depths on the snapback slope is not obser ved.

X_{j,1} X_{j,2}

Junction Cur vatur e Due to Lateral Diffusion

Additional Resistance by Deeper X_{j,2}

n^- n^-

Simulation Results

---- X_{j,L}: 0.08μm, X_{j,D}: 0.10μm ---- X_{j,L}: 0.11μm, X_{j,D}: 0.15μm X_{j,D}: 0.06μm same for all cases

---- Xj,L: 0.14μm, Xj,D: 0.20μm ---- X_{j,L}: 0.11μm ----X_{j,L}: 0.14μm ---- X_{j,L}: 0.17μm

0.0 5.0 10.0 15.0

0.00

0.10

0.20

0.30

0.40

Drain Voltage (V)

Snapback Slope vs. X_{j,L} and X_{j,D} for the LDD Structur e

Drain Curr ent (A)

0.0 2.0 4.0 6.0 8.0 10.0

0.000

0.005

0.010

0.015

Drain Voltage (V)

Snapback Slope vs. X_{j,L} for the DDD Structur e

Simulation Pr ocedur e

For both DDD and LDD structur es, the following simulation pr ocedur es were used:

• Thr ee cases of junction depths f or each structur e were simulated:

1. X_{j,D} (n^+ junction f or the LDD structur e) was varied fr om 0.10μm to 0.20μm in incr ements of 0.05μm; X_{j,D} (for the DDD structur e) was constant at 0.06μm.

2. X_{j,L} (n^- junction f or the LDD structur e) was varied fr om 0.08μm to 0.14μm in incr ements of 0.03μm; X_{j,L} (n^- junction f or the DDD structur e) was varied from 0.11μm to 0.17μm in incr ements of 0.03μm.

While varying the junction depth, the length of the gate mask changes to k eep the effect channel length the same f or all junction depths, so that the change of R_{sb} would be affected by X_j’s only.

Simulation of the Snapback Slope (1/R_{sb})

This study examines the r elationship between the junction depths (X_j) and snapback slope. A LDD and a DDD (double-diffused-drain) structur es shown below, were constructed fr om AMD’s 0.35μm nMOS.

LDD Structur e DDD Structur e

X_{j,L}

V_{drain} Vdrain

Gate Mask Gate Mask n^+ n^- X j,L Xj,D

X_{j,D}

n^+

n^-

Modeling of Snapback Slope (1/R_{sb})

In the snapback mode, the curr ent rises along a line with slope 1/R_{sb}, where R_{sb} is the snapback impedance. R_{sb} equals the sour ce and drain diffusions and contact resistance. The de vice incurs no damage in the snapback mode unless the curr ent level becomes high enough to trigger thermal runaway (also called second br eakdown), a positi ve feedback pr ocess. The goal of ESD pr otection is to raise the ESD failur e thr eshold. By incr easing R_{sb}, the abo ve objective can be achie ved because larger R_{sb} delays the formations of hot spots. Usually , the magnitude of R_{sb} is increased by incr easing the contact r esistance.

I_{drain} V_{drain}

Modeling of V_{sb} (cont.)^1

Based on the model cir cuit, V_{bs} = I_{sub} (R_{sub} + R_{ext}) - V_{SB.} When Vbs > 0.6, the parasitic bipolar tur ns on. Once the parasitic bipolar is on, the nMOS goes into snapback r egion, and the snapback v oltage (V_{sb}) is determined by the br eakdown voltage (BV_{dss}) and effecti ve curr ent gain of the parasitic BJT ( β_{eff}). V_{sb} ~ BV_{dss} / (β_{eff})^{1/n} ~ BV_{dss} (L_{eff}/L_d)^{2/n} / 2^{1/n}, where L_{eff} (W_B of the parasitic BJT) is the effecti ve channel length, L_d is the electr on diffusion length in the p-type substrate, and n is an empirical constant.

1. K.L. Chen. “The Effects of Inter connect Pr ocess and Snapback V oltage on the ESD F ailur e Thr eshold of NMOS Transistors, ” IEEE Transactions on Electron Devices , VOL. 35, NO. 12, December 1988.

Modeling of V_{sb}

The magnitude of the first br eakdown voltage (V_{t1}) depends on the junction depth and junction cur vatur e; the value of the snapback v oltage (V_{sb}) depends on the parasitic bipolar as well as V_{t1}. The snapback v oltage can be modeled as f ollows: G S D

R_{sub}

R_{ext}

V_{bs} -

+ V_{SB} - + I_h

Design Constraints

For best ESD pr otection, ther e are limits on the v alues of the critical I-V parameters:

• The V_{t1} should be designed to ha ve the smallest br eakdown voltage so that it will breakdown first to pr otect the inter nal cir cuitry fr om br eaking do wn.

• The V_{sb} should be lo wer than the gate-oxide br eakdown voltage as well as the avalanche br eakdown voltage.

• The snapback slope (1/R_{sb}) should be small, pr eventing curr ent cr owding and increasing the ESD failur e thr eshold.

• Extr emely high curr ent causes silicon to heat up abo ve its melting point; ideally , I_{t2} should be chosen as high as possible, b ut it is limited by the thermal capacity of the device.

Intr oduction to ESD Pr otection (cont.)

The I-V cur ve for the nMOS cir cuit abo ve is shown below:

• V_{t1} is defined as the trigger v oltage, which is the v oltage needed to trigger the device into snapback after the a valanche br eakdown.

• V_{sb} is defined as the snapback v oltage; it clamps the cir cuit voltage at V_{sb}. • V_{t2} and I_{t2} are defined as the second br eakdown voltage and curr ent r espectively;

beyond V_{t2}, the device is damaged.

I_{drain}

V_{drain}

V_{t1}

V_{t2}, I_{t2}

V_{sb}

1/R_{sb}(Snapback Region)

Intr oduction to ESD Pr otection

The MOSFET configuration sho wn below is often used as a part of an ESD pr otection cir cuit. During normal operation, the pr otection cir cuit is off; ho wever, during ESD str ess, as a lar ge dischar ge pulse is applied to the drain, the nMOS goes into avalanche br eakdown followed by snapback, which is a parasitic bipolar action. Once in snapback mode, the nMOS can be used to clamp v oltage and dischar ge current.

Pad

Normal Circuit

Resear ch Motivation

As device dimensions shrink, designing ESD pr otection cir cuits becomes mor e challenging, especially in MOS technology . The pr otection cir cuits ar e more prone to damage due to higher curr ent densities, which r esulting fr om smaller de vice area. It is known that the magnitude of the snapback slope (1/R_{sb}) directly affects the ESD failur e thr eshold. This study examines the dependence between the junction depths (X_j) and snapback slope (1/R_{sb}) based on AMD’s 0.35μm nMOS.

Intr oduction

Electr ostatic dischar ge (ESD) is one of the most important r eliability pr oblems in the integrated cir cuit industry . It is r esponsible for about one-third of field failur es. The traditional design of ESD pr otection cir cuits by trial-and-err or is not only time consuming, b ut also, it yields non-r eusable cir cuits which can not be migrated to futur e technologies. A better design methodology is to employ numerical de vice simulation, which tak es into consideration the underlying ph ysics. Process and layout parameters of the de vice can be varied, with the r esults r evealing important insights into the dependences of de vice characteristics with r espect to the v aried parameters. These dependences can also be used to pr edict the perf ormance of similar cir cuits in futur e technologies, so pr evious design efforts ar e not wasted, b ut rather le veraged in cr eating new cir cuits.