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Reliability Measurements

What is special about reliability measurements!?

Birck Nanotechnology Center

Precision measurements

Customized measurements
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Different Reliability Measurements
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Measurements at low voltages/temperature can be very noisy
as well as time consuming.
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What should we measure

In general,
Y axis : (Some parameter that
contains signature of degradation

e.g., VT’ IG’ ID’TBD’ ......
X axis: time

@ different V T, sample

stress?
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Stressed/Temporal Measurements

N 1s 10s 100s 1000s Stress time_
UG i
T’ I—FS u‘2’1s szss 1031s ]

Some measurements can be done on the fly (Drain current, SILC,... )
while for some, we have to stop and measure (Id-Vg, charge pumping,...)
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Measure-Stress-Measure (MSM)

T‘ Bs 21s 1265 1031s
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Taking snapshots sequentially...
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Circuit Schematic

x 10°

VG,stress= 2V
T=400K

After 3 hour)
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Ve(V)

Measuring 1d-Vg as a function of time, for a certain stress condition
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Different Components

Device

Probe station

(a) Voltage/Current Source Unit
(Power Supply)

(b) Voltage/Current Measure Unit
(Multi-meter)

Sl Device Integrated version:
v Source Measure Unit
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1. Devices
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DUT |width[Length| S | D | G

10 0.12 1 2 3
10 1 22 23 21
10 0.13 4 5 6
10 0.25 19 20 18
10 0.14 7 8 9

10 0.17 15 16 14
10 0.15 10 11 12
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2. A modern Probe Station

™

The benchmark for on-wafer test

and characterization eVue™-II Digital Imaging System

» Easy probe set-up and navigation

# Simultan=ous display of up to three cameras and optical
magnifications

» Widest field of view for easy navigation

» Highest optical magnification far precise proba alignmant

Semi-automatic and Manual 200mm Platform

versatile mic . - » Live mation frama rate ta avoid damage to probes orwafer
ersatile mic mounts + Intemal focus allaws fast Z- profiles ta maintain contact
» High-=tability or large-area ovEr tem paraturs

» Tilt back allows easy access to probes
# Manual, motorized or programmable

Nucleus™ Prober Control Software

» Automatic wafer alignrant

» Auto X¥T and theta carraction for sub- micron ste pping
# Automatic die size measuremeant toal

» Real-tima wafer mapping

# Integrated e¥ue-II managament

» Serial and IEEE remote caommunication support

Connectlon panels

# Coax, triazial, and pin jack feed-traughs available

» Limit cable strain and maotion for measurement stability

# Instrument stays connected to at back of panel

» Prabe connection made at front af panel

# Simpls to rearrange cabling when needad
—— ErgonomIic acce

ary mount

PureLine™ technology

# Enhanced EMI shielding

» Lowest spectral noize floor and system AC noize
# Ideal for Low level and 1/f measurements

» Keyboard and microscope controls easily accessed
» Maintains an orderly warkspace on platen and b=nchtop

TopHat™

» Maintains MicraChamber intagrity

AttoGuard® # Allows full access to positioners and micrascope at any

# Extends instrument guard to completely sumround water temperature
» Makss the station invisible ta the instrumant » Allows adjustments withaut exposing chamber to extarnal
» Extremely Low capacitance and leakage characteristics Erwirenment

» Fast sattling times » Maintains chuck temperature, thermal equilibrivm, and

mechanical stability during probe adjustments
Rollout stage
» Full waer access for safe and easy loading i Modular chucks

» Maintains chuck integrity without contaminating layers kg - i a0 weye——— ——— — » FemtoGuard® triaxial and coax versions availabla

» Easy access to calibration substrates on auxiliary chucks ¥ . # High-performance thermal and economical non-thermal

options
MicroChamber® + Wide range of temperature cpticns fram -£0 to 300°C and
higher

» EMIshielding for low naise measuremants
» Erwironmentally s2aled for maisture free low temp measuraments
# Low valume for the fastest purge

# Light tight to eliminate the need for a dark bax

# 200mm and 150mm versions

Awnlillary ¢

CKS

# Two integrated mounts for calibration substrates

» Thermally isolatad to prevent load drift over temparature
# Contact height can be setindepandently from wafer

» Microwave absarber options available

MicroChamber access door
» Hardware interlack to protect user fram hazardaus chuck bias valtage
# Fullwidth far easy access towalers and cal substrates

Chuck vacuum control
Flaten LIt

# Easy contact and separate function for probe cards and positioners
» Mwailable micrometer adjustmant to set probe card contact

» Independent zones for various wafer sizes, die and shards
» Separate controls for auxiliary chucks

\ Manual mode stage control
Compact footprint + Intuitive manual contrals
» Suitable for banch top use to preserve lab space » Wafer can be removed inthe event of a power outage

» Optianal vibration isclation table

CASCADE

Noise, leakage and vibration isolation ....
Temperature controller...

Automatic, remote operation ...
Alam ECE-695



Probe Station: a closer Iok

. \ /Probe Pins
r‘ > -
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3. Source-Measure Unit (SMU)

Standard SMU
Precision SMU (Better
resolution)
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Noise and Resolution

Current Measurements vs. Time Comparison of
Various Keithley DC and Pulsed I-V Instruments
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The accuracy depends on speed of the measurement
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Running standard measurement

& cp - Keithley Interactive Test Environment - [ves-id#1@1]

jﬁ File View Project Run Tools Window Help

- 8 x
iriciactive Tost moauevos i [IENRNCNICEERIS L SN BIEE W (2
e 1
Site: ] Defintion | Sheet | Graph | Status |
= [; Timing | Exit Conditions | Output Values I Speed: INorrnaI LI Mode:|'3'-'-'33|:-il'lg LI
Drain [smuz -
FORCE MEASURE |
Bias V: 0.05V Measure |: YES
Range |: Auto
Measure V: NO
Compl: 0.4
Gate smu = Bulk |GNDUj.
FORCE MEASURE | FORCE MEASURE |
Sweep V (Master) Measure |: YES Common: OV Measure | = bi&
Type: Linear Range I: Auto .—I Measure V =
Start: -5V Measure V: YES
Stop: 5V Range V: Auto
Step: 0.1V Compl: 0.1A
| Points: 101
Source [smuz
FORCE MEASURE |
Bias W: OV Measure |: YES
Range |: Auto
b Measure V: NO
Compl: 0.14
L~

Standard program can be used for
common measurements

iﬁﬁifti .
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A complex measurement setup

Oscilloscope Pulse Pulse Pulse
(arbitrary interrupted continues..

G shape) to sense
— . . voltage o
Sample
SMU’s Switch Vsn
~  Measure il
LCR meter leakage
current
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1. MSM (1,-V)

]ﬁ %s %15 1ﬁ265 16315 <
g i | f

06 08 T 17 1
Ve(V)

Setup Measurement Sequence Output
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Measurement Flow Chart

Initial
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R 2
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Measurement Code: MSM (1,-V)

#include "keithley.h*
...... SM U2

Il1. Settings
devint();
limiti(SMUI, le-1); limitv(SMUI, 10);
Il 2. Connect pins to SMUs, GND,..
conpin(SMU |, gate_pin, 0); conpin(SMU?2, drain_pin, 0); SMUI

Il 3. Apply stress
forcev(SMUI,Vg_stress); forcev(SMU2, 0);
delay(t); devclr();

x 10
R B
//4. Measure Id-Vg
// Apply drain Voltage
forcev(SMU2,V_drain);
for (ct=1; ct<Vg_length; ct++) —~
{ /I Apply Gate Voltage <
forcev(SMUI,V_gate(ct)); 0
/[ Measure Drain Current
measi(SMU2, &i_meas(ct));
}
e ————— 2
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Charge pumping (CP)

Function
Generator SMU?2
1— N . . o
4_&, lep"Nir Circuit Schematic
.
) o
24 =
E| Si loxide
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... Measurement Code (CP)
include "keithley.

...... FG

Il1. Settings
devint(); limiti(SMUI, le-I); limitv(SMUI, 10);
sprintf(cmd, "*RST\n"); fcnstat = kibsnd( fg, -1, GPIBTIMO, strlen(cmd), cmd);

- SMU2
Il 2. Connect pins to SMUs, GND, Pulse Generator

conpin(SMU |, drain_pin, source_pin, 0); conpin(SMU?2, bulk_pin, 0);
conpin(GPI_fg, gate_pin, 0);

/1/13. Apply Voltage
forcev(SMUI, 0); forcev(SMU2, 0); °

/| Pulse Generator

sprintf(cmd, ":VOLT %fV\n", ampl); fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);

sprintf(cmd, ":VOLT:OFFS %fV\n", offset); fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);

sprintf(cmd, ":FREQ %f\n", freq_CP); fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);

sprintf(cmd, ":FUNC:PULS:DCYC %f\n", 50); fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);

sprintf(cmd, ":FUNC:PULS:TRAN %le\n", le-7); fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);

sprintf(cmd, ":OUTP ON\n"); fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);
Alam ECE-695
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/14. Measure CP current

measi(SMUI, &icpl); SMU2
measi(SMU2, &icp2);

/I5. Reset Instruments

sprintf(cmd, ":OUTP OFF\n");  fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);
clrcon();

/16. Save data

fprintf(fp_out, “icp = %e A, icp2= %e A”, icp|, icp2);
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Fast Measurement Issue: Noise

Ip [nA]

| # 3rd Order Polynomial Fit
| Si#0N: 1_6om

| Vps=-50mV

¢ Baw Data

WYL = 2m/0.07Hm

Room Temperature

ampbell, IRPS ‘08 10°

Current Measurements vs. Time Comparison of
Various Keithley DC and Pulsed I-V Instruments
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Extraction of V; and AV,

VG stress 2V Different devices L

0.8
Vg (V)

Maximum g, ....other method..
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Degradation

Temperature Activation

T,>T,>T, = Slope = - E,/2.3

g
Scaling If
]
T, =
T S
e
1 o
(@) o0

0 (b)

Stress time 1/kgT

av. ~exp( -4 1)

Temperature dependent data
a)  Data scaled along X/Y-axis

Scaling factors: S, = 1,S,, S
b) log,S vs. (1/kT) drawn
Slope = -E,/2.3

Wide range of temperature (27 °C ~ 150
OC)
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10"}
60 mV A \ 5 yga_r

NBTI Lifetime & Safe Condition

Lifetime

AV, [Volts]
S

Time [sec]

%Nm
V... depends on

N, dose Temperature DC/AC
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Conclusions

We have answered the following questions:

* Why precision measurements are so important in reliability
modeling,

e Characteristics of reliability measurements
* What are the different components for a measurement setup,

* How to perform SMS-I V. and Charge pumping
measurements

* How to use the raw data to extract useful information
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