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Background

What is NBTI
— Negative Bias Temperature
Instability
— Bias condition for NBTI
o Vsupb= O;
* Vs=Vds =0;
* Vgs = negative
NBTI| mechanism

— A hole is attracted to the
Si/SiO, interface and it
weakens the Si-H bond until

PMOSFET

it breaks.

— Hydrogen diffuses into the
oxide and leaves an

-VGs

N+

N-well

interface trap.
— Generation of Si/SiO,,

P substrate

interface trapping, usually
referred to as “donor-like”
interface traps, and oxide
charge.
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NBTI Impact on PMOS

» Parametric shift
— Increase of Vin
— Decrease of gm
— Increase of loff
— Decrease of ldsat

AP

A 4

Stress time

AVth — Ce"Ea/kTeﬁVGStn
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NBTI Impact on FPGAs (l)
VoD .

— TDDB: gate oxide

Vin 5 Ve HCA: NMOS.

' L NBTI: PMOS

Vin 7 .

Vou /—\ /——\
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NBTI Impact on FPGAs (ll)

* Krishnan, IEDM 2003
— 10% ldsat to 5% RO frequency degradation
— Question: what is the relationship between Vth and propagation
delay?
 Reddy, ITC 2004
— Significant parameter drift during RO burn-in
— Question: what is the NBTI impact on parts screening?
« Pagaduan, IRPS 2000
— FPGA performance degradation due to NBTI
— Propagation delay 2.5%
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NBTI Impact on FPGAs - Statistic Impact ()

« An analytical expression was given for the change in inverter
propagation delay |

1
ATt =kV,, — 1
: VDD _ Vth(O) — AVm VDD - Vtk(O)

— AVth follows a statistic distribution, not a single value
— Vdd follows a statistic distribution, not a single value

» Worst-case on AVth is too pessimistic
— Statistic analysis on both AVth and Vdd is needed

— Actual propagation delay is much less than worst case propagation delay
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NBTI Impact on FPGAs - Statistic Impact (ll)

Assumptions ) ‘ | l | | |
— Vdd=1.5V, normal
distribution with 10% as 181 .
3*sigma boundary
—  AVth=100mV, normal ver ]
distribution with 10% as 1al i
3*sigma boundary ' \
Actual propagation delay g 121 7
is about 2% of worst £l |
case propagation delay 5 U
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NBTI Impact on FPGAs

« Goal
— Investigate the correlation of NBTI to FPGA delay

« DUT
— Commercial FPGA board Spartan -3
— FPGA with 0.25um CMOS technology

« Approach
— On-board timing circuitry design
» To be able to monitor circuit delay
« To be potentially sensitive to NBTI induced degradation
— Test
» Bench test for circuitry timing characterization
 Reliability test for possible NBTI induced degradation
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NBTI Impact on FPGAs

« Design of on-board timing circuitry
— Invert and non-invert switch
— 5 delay choices
« Maximum delay is about 95% circuit coverage
« Maximum delay is 3000 LUTs
— 33 MHz sampling clock
« Output of Gate A is high only when its both inputs are high
« The width of the output high of Gate A is equal to delay time

 The LED HEXDISPLAY shows the number of the output high of
Gate A during one second sampling triggered with the 33MHz
clock

 Circuit delay is equal to

_ HEXDISPLAY
33000000* frequency
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NBTI Impact on FPGAs — Design of Experiment
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NBTI Impact on FPGAs — Results & Discussions
« Stability check — delay change within 0.5%
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NBTI Impact on FPGAs — Results & Discussions

« Temperature bias test (TBS)
— Powered at Vdd=1.2V and 80°C for 24 hours
— Characterized at ~ RT, an increase of 1~1.3% on delay time

2.7350 . Characterization Temperatures:

2.7300 Z |

2.7250 : 1. Pre-TBS, 27.3C
w 2.7200 o 2. 15 minutes after TBS, 27.0C
> g;jgg 3. 17 hours after TBS, 26.6C
E B 4. 23 hours after TBS, 26.0C
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Summary

+ The statistical impact of PMOS NBTI degradation on
circuit delay is presented.

e A on-board timing circuitry has been developed to
detect and measure timing delays in SRAM-based
LUT commercial FPGAs.

« Initial experiment data of the on-board timing circuit
are presented.

+ Testing is on-going and more results are expected.
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