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CMOS Tedting —

INTRODUCTION

= Motivation
» Most studentstaking Factory classare not yet familiar with the test
equipment used in the test lab.
= Goal
= CreateaPowerPoint Manual, and electrical tests, so that most
people will be ableto easlly perform the electrical tests, and extract
the necessary data.
=  Assumptions
= Operator has a base knowledge of:
1) The electrical tests being done

2) How to extract necessary information from the gener ated
Curves.
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ﬁ CMOSTesting /ﬂ

TEST EQUIPMENT

Semi-automatic Prober

o4

i

: .-...L::t:--..
l dEniE. .

Automatic Prober
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CMOS Testing

ﬁ

TEST EQUIPMENT

Manual Prober

- = = @ spm

© December 15, 2008 Dr. Lynn Fuller

Page 4




CMOS Testing

ﬁ

=

TEST STATION

p |
Light Source /d
1
L CCD Camera
iy T - Ill |
. 1= PC Interface -~ -ﬁ““_’ J
Switch Matrix = = . .:. =

Microscope

. \ Ji'y
T[-_H .._q. i =

. {
HP4145 tester

Semi-Auto
Probe Station
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CMOS Testing

HP4145 - PRESS THE ON BUTTON TO POWER UP

Data Transfer &
Standby LED’s

Screen

(Displays useful information
and options)

12 Measurement LED

(turns on when
- On Button . measurement is in progress)

Press the On Button to Power Up

Rochester | nstitute of Technology
Microelectronic Engineering
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ﬁ CMOS Tedting

SWITCH MATRIX - PRESS THE ON BUTTON TO POWER UP

Switch Matrix
Indicator

On Button

Copy Button

Rochester | nstitute of Technology

Light Pen

Press the On Button to Power Up

Microelectronic Engineering
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PC DESKTOP

CMOS Testing /ﬁ

» Log onto PC, locate the two icons shown below, Double
click on ICSicon

Osprey Camera Software

My Metwatk Switch
Places

Interactive Characterization
Systems

HP4145 tester interface software

(used to setup and execute all electrical tests)

far Mulkimet;, ..,

/A m)
N\
\
\
%
| @Etal‘tl @MEEDSDTZEFDWBLF‘DTHt—[E.- | < ’ 10:36 AM
N —————
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y CMOS Tedting —

|CS SETUP

;IS
Flle Instruments Measure Opticris | Winc

= Start ICS
= |ICS
1. Click ok for any window that pops-up
Select GPIB card (NI 32 Thunk), Okay

2.
3. Select tester (HP4145), Connect
4,

Configurethen Poll (make sure PC talks
to thetester, watch communication LEDS)

i start| ) Document1 - Microsaft . “j_’-n:s- =] Windaws Task Manager | (AMD [ 1040am

, © December 15, 2008 Dr. Lynn Fuller H  Pageo




CMOS Testing

|ICSSETUP DETAILS

x
P mmm—mm—mmmmmm———— - - Type
= |CS Setup TR
I I Sub-Type BD Addr
I 1. Sdect GPIB card (N| 32Thunk)\ Ni32Thunk RN
I
2. Sdect tester (H P41545) I - Options:
. . I Timeout
3. click Config... button on the I s T] T Show Messages
| nstruments window then Pol | Dolay
____________________ _ JI No Delay  »| [~ Show Log
OK Cancel |

)

Bvailable Selected T . =

TS| | comects

HP4140 Lo GPIB 1D ROM Version

:Eﬂ;g-ﬁ el 11458 Semiconductor Parameter Analyzer 1.1

N\ :Eﬂgg 0K | Cancel | Baoll
N\ HP4280 -
OK B

vz
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CMOS Testing

ﬁ

|ICSLOAD ELECTRICAL TESTS

=

;T ICS

|NEAM

File Insteuments Measurs Options | Windoew: Help

= | oad dectrical tests

1.

Download ICS Test Setups.dat file from

Dr. Fuller’swebpage:

http://www.r it.edu/~lffeee/labnotes.htm

Right Click, Save As, Save to desktop

L ocation highest level, then [docume~1],

then [your username], then [desktop]
In ICS Click File > Import
Navigate to the desktop
C:/documn~1/user name/desktop

5. Open “FAC_SUB.dat”
|BIEIRT Telny x| RIEITNT Telnix
|EEETTT sini x| RETEEE ainl(BETTET siolx)|KTETT sinfx]
LD -] =TE4 | S0l x| KRN sio) | BT @loix)
~ oA = E] . Foll=TE] 7 v -Tlel 1] 3 Nrieio TR JT= S|
siolx|BENET ol x)|KIFT T siold|EETEE sioix|
Sinx||RIEEE sio|BIETET a0l (KT i)
WD [ aszam
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CMOS Testing

LIST OF ELECTRICAL TESTS

Test Name
VDP-POLY
VDP-MET
VDP-N
VDP-P
VDP-PWELL
CBKR-N
CBKR-P
CBKR-POLY
NFAM

NVT

NSUB

PFAM
PVT

PSUB

NFIELD
PFIELD
INV

Description

Poly Van Der Pauw

Metal Van Der Pauw

N+ Van Der Pauw

P+ Van Der Pauw

P-well Van Der Pauw
CBKR Metal to N+ silicon
CBKR Metal to P+ silicon
CBKR Metal to Poly
NMOS Family of Curves
NMOS ID - Vgs

NMOS Sub Threshold ID-Vgs

PMOS Family of Curves
PMOS ID - Vgs

PMOS Sub Threshold ID-Vgs
NMOS Family of Curves

PMOS Family of Curves
Inverter Vout versus Vin

Parameters to be extracted
Poly Sheet Resistance

Metal Sheet Resistance

N+ Sheet Resistance

P+ Sheet Resistance

P-Well Sheet Resistance

Specific Contact Conductance for metal to N+ silicon
Specific Contact Conductance for metal to P+ silicon

Specific Contact Conductance for metal to Poly

Lambda

Max gm

Vin

Sub Threshold Slope
Imax/Imin

Lambda

Max gm

Vin

Sub Threshold Slope
Imax/Imin

N Well Field Vit

P Well Field Vit
Imax

Vinv, Voh, Vol, Vih, Vil

Rochester | nstitute of Technology

Microelectronic Engineering

Units
ohms/square
ohms/square
ohms/square
ohms/square
ohms/square
mmho/pm2
mmho/pm2
mmho/pm2
1/Volts
mho/um of channel width
Volts
mV/decade
# of decades
1/Volts
mho/um of channel width
Volts
mV/decade
# of decades
Volts

Volts

Amps

Volts

© December 15, 2008 Dr. Lynn Fuller

Page 12




CMOS Testing

ICS—-SELECTING AND RUNNING A TEST

\

\

;s

|nmos_ipvp

B — -

Elle Instruments Measure Q;ptldns Wlindo: Hﬁp

1.
2.

3.

Display the“Measure” window

Click the Measure button (8t" from the left)

Use drop-down box to select a test

PFAM
NVT
PVT
NSUB
PSUB
NFAM

— VDP-POLY, VDP-METAL, etc.
CBKR-N, CBKR-P, CBKR-POLY

M_M

INV

FIELD NMOS VT

FIELD_PMOS VT
Click the“ Single” button to run the selected electrical test

| TR T e

SR =

selector

Test

Measure 5],

NMOS_IDVD

EEEE eiois e

[ o5 oV

Q|E|| X!
Q|E|| kl

Q|E|| x|
Q|E|| x|

|

.El_l_l

£
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CMOS Testing

ﬁ

PROBE STATION —SHOULD ALWAYS BE POWERED ON

Zoom

Thumb
Screws

i

Stage Micrometer
(moves stage up and down)

Focus 2

| Focus 1

- Probe Card

Wafer Stage

© December 15, 2008 Dr. Lynn Fuller

|= Page 14




ﬁ CMOS Testing
INSERTING PROBE CARD

Choose Probe Card

»* Thereare2types. 1) 10pincard, & 2) 12 pin card
Sub-CMQOS:. 10 pin probecard
DAC lots: 12 pin probe card
Adv-CMOS: 10 pin probecard

Probe Card Slot

= Remove Probe Card (If oneisin the probe station already)
1. Twist Micrometer “up” (coupleturns)
2. Loosen 4 thumb screws
3. Removecard

» |nsert Desired Probe Card
1. Push cardintothedot
2. Tighten 4 thumb screws

]

e
— -
— I

e p—

— ; -

— b i

—= -

— -

= =

- E

— =
—
—
e
-
—
—— = =4
L ma
L ———
—
L ———
e .

L ——— _

Probe Card

Rochester | nstitute of Technology

Microelectronic Engineering
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ﬁ CMOS Testing

PROBE STATION —SHOULD ALWAYS BE POWERED ON

Y-Axis & X-Axis

2%

Index: move

indexing distances \ 4 the stage a
} large distance
Index/Jog toggle B indicated by

SWitCh the user .
: J0gg: moves
the stage a

small distance.

Home &
Load/Center
Buttons
Probes §
Up/Down $ Stage Movement
Vacuum ‘f Thumb \ |
On/Off |4 Screws g Probe Card

i) o i 4
/8, I8
¢ 4
I IR

A

4 ¥
i
i g

|
© December 15, 2008 Dr. Lynn Fuller |=

Page 16

| Wafer Stage




CMOS Testing

=

ﬁ

LOAD WAFER

Move Stage to the L oad Position

Pressthe“Load/Center” button (moves stage out)

L oad the Wafer

Make surethe vacuum switch isturned off
L oad the wafer onto the center of the chuck
Wafer flat towardsfront of thetool
Turn on the vacuum
Pressthe“Home” button
Wafer isloaded and ready for viewing using Osprey

Rochester | nstitute of Technology

Microelectronic Engineering
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OSPREY — VIDEO IMAGING SETUP

ﬁ CMOS Tesiing ﬁ

= TurntheLight on

= Turnthedial on thelight source clockwise until optimal brightnessisachieved

= Start Osprey Software on your Desktop
= Click “close’” on the window that pops-up.
= Second window is a video image of the microscope imaging.
= Window cannot be resized but magnification (zoom) can be changed

= Adjust zoom and focus

Eljt_h'm!;q:tn!ﬂm[_m'_‘htl
@ W d 2w e s @ T

===

Faebary pen 101 - Mcrnsolt 'Word
38 O proy - SealtE ap ity e | ] per e 11 - e |
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y CMOS Tedting —

SETUP STAGE HIGHT

= Maneuver probes over empty street
1. Set Index/Jog switch to Jog
2. Usearrow buttons appropriately
3. Stop when over street (empty space between die)

» Make probes contact Aluminum in the street
Toggle Probes down (set separate/contact switch to contact)
Use micrometer to move probe card down
When probes dide (very small amount) stop moving micrometer
Toggle probes up (separate)
Move station small amount, and look for probe marks
- Black markswherethe probes scratched the aluminum
- Marksshould be small elongated dots (Ex. )
6. Repeat Asneeded (move micrometer up if needed)

o wDdDEF

Rochester | nstitute of Technology

Microelectronic Engineering /
[ |= /
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CMOS Testing

SWITCH MATRIX

—

Switch Matrix
Indicator

On Button

Copy Button

=  Turn on Switch Matrix (should be on from page 5)

» UselLight wand to activate different switches
= Point wand at a circleon theindicator.
=  Push button on thelight wand.
= LED should toggle on and off.
» Columnsindicate pin number on the probecard.
» Rowsindicate SMU number (A =SMU 1, B=SMU 2, etc.).

=  Push the Copy Button.

SMUs ar e connected.
= L eave this button turned on.

Light Pen

= Activatesthe appropriate switches (LED ison) so that indicated probe pins and

: © December 15, 2008 Dr. Lynn Fuller |=
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ﬁ CMOS Tesing ﬁ

STANDARD PROBE CARDS

Probe
Card

9 8
NN
HE

6 4
. . 12 Pad
HEE

1 3

ol Il

10 11

Chuck HP 4145
Test Fixture

™\
\
\
% Rochester Institute of Technology Numbers indicate switch matrix column
Microelectronic Engineering /
i M
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Layout of CMOS test chip for
microel ectronic engineering
manufacturing courses. This
chip has transistors down to 0.5
Lm gate length, a variety of test
structures, digital and analog
circuit building blocks including
A-to-D and D-to-A converters,
operational amplifiers,
transconductance amplifiers,
and filters of various types.

L

'Ri"'_F‘J W '-r\r"' 4‘

Rochester | nstitute of Technology
Microelectronic Engineering

ﬁ CMOS Testing
SUB-CMOS MIXED CMOS TEST CHIP

- —— r— ——A—— - 3 O D — L
futute iy b *
rr ety

s L!Em_l_“f
Dr. Lynn Fuller, Lisa Bonanno 2003
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CMOS Tesing

SUB-CMOS Die Photograph

T MENENE NEEENE s
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CMOS Teding

ADVANCED CMOS TEST CHIP

J
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CMOS Testing

SPICE PARAMETRIC CMOS TEST CHIP

i © December 15, 2008 Dr. Lynn Fuller
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CMOS Testing

DAC 2003 PROJECT CHIP

IC0: EEGBItDAC Vi > EEBBIRDAC V1 (1)

m = = s
i I &

T oS e e e . B, e e
YRS RS R R

AT AT A A A R
RS B T T T B

& Ae R b A R
I‘FE?:“E‘E'E‘?E‘E"E

3 3 i
oy BE B A o EEES S : EE
i = (winln

mlamam e

ClE3 I 6 Rl el @B 6@ -0 e O R W CC3 1 -l t3 Bl el ©of ed TATE ol o o

B W COUECT EL ae il
EE0EEEE
G388
s ey Xe e e N e e
b e X e e O e
o
T NE A e e A
I e X A I R

GRS i [ [ 1 (1R
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(R R mmmmmmmm CRLRT ]
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ﬁ CMOS Tesing ﬁ

GENERAL TEST INSTRUCTIONS

Test die in the center of the wafer, then upper left, upper right, lower
right, and lower left (about Y2 way between center and edge).
Extract parameter values from the test results.

Create a PowerPoint document from test_results.ppt master (see
example data powerpoint afew pages below) on Dr. Fullers
webpage at http://www.rit.edu/~Iffeee/labnotes.ntm (save as) record
Lot#, Wafer#, Die location (center, top left,etc), pictures of die, test
results graphs, extracted parameters and comments. Email to Dr.
Fuller at [ffeee@rit.edu

Test 01 —Van Der Pauw and CBKR. Record Average of five tests

Test 02 — Transistors, test small transistors (L=2um for SMFL,
L=1um for Sub-CMOS and Adv-CMOS). Record resultsin
power point document.

Test 03 — Inverters, Ring Oscillator. Record Average of five tests.

Test 04 —NMOS VT wafer map /

© December 15, 2008 Dr. Lynn Fuller |= Page 27




ﬁ CMOS Tesiing ﬁ

GENERAL TEST INSTRUCTIONS

Substrate or Well Connections. Most of the test structures
Incorporate diffusions. In Resistors, Van der Pauw’s and Transistors
the junctions between the diffusions and the substrate/wells are
normally never forward biased. Asaresult the test engineer needs
to evaluate the applied test voltages and connections to the
substrate/wells and connections to the diffusions to ensure proper
bias conditions.

For example: a P+ Van der Pauw in an N-type Well requires that the
WEell connection always have the highest positive voltage that is
applied. If a separate (5" pad) connection is available (not often
because there are only 4 SMU'’ s) that can be set to a high voltage.
Otherwise the substrate is normally connected to one of the four
pads of the Van der Pauw. This pad can be swept with positive
voltage thus keeping the substrate/well junction reverse biased.

\
\

Rochester | nstitute of Technology

Microelectronic Engineering /
| |= /
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ﬁ CMOS Testing

GENERAL TEST INSTRUCTIONS

Each test requires you to:

Find the structure you want to test

Place the probes

Open the test by restoring the “testname”-1 (example PFAM-1) in
|CS, view the test setup to see what SMU’s do what.

Set the switch matrix for the HP4145 SMU'’ s to the probes you are
using, consistent with the test setup.

Edit the graph by making changes in the title, moving the cursors
to the correct location

Copy the plot using ctrl print screen, (paste into word, copy from
word to power point, crop and paste in correct Iocatlon)

Extract the data, such as threshold vol tage or LAMBDA and enter
the value in the data table in the powerpoint

Save the powerpoint, minimize the data plot on ICS

When done email the powerpoint to Lynn.Fuller@rit.edu

\
\ Rochester | nstitute of Technology
Microelectronic Engineering
I /
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TEO1 Van Der Pauw and CBKR

5/04/06 MESA IGMSINQ S36801
8:31:04 Instruction Group Inquiry QPADEVOOOW RIT

Type information. Then Enter.
1=Display document, 5=Display detail

Plant . . . . . . . : RIT
Instruction group . . SUB-CMOS-TEO1 TEST COMPLETED WAFERS
Revision . . . . . . 150

Opt Subgroup Text
1.0 Test Resistive Devices
Test Yan Der Paw for Poly, Metal, n+/p+ Diffusion, Well
Cross Bridge Kelvin Structures for contact resistance
V¥ia chain yes/no test (enter yes if via chain is good)
See SPC chart for PolySi Resistance (PolySRes.pps)
See SPC chart for NRRHOS (NTRHOS.pps)
See SPC chart for WellRes (WellRes.pps)
See SPC chart for PTRHOS (PTRHOS.pps)
Record Rhos(poly, metal, p+, n+, well)
Gc (metal-to-polylmhos-sq um, Gc(metal-to-p+)mhos-sq um
Bottom

W wWw-Joo 0N h Wi
[ I c» [ s Iy o I oo I = I o I o

F3=Exit F4=Prompt F5=Refresh F10=View 2 F12=Cancel

© December 15, 2008 Dr. Lynn Fuller =



ﬁ CMOS Testing
VAN DER PAUW TEST STRUCTURES FOR SHE
RESISTANCE
| | Rs V1-V2
Q % k /
Vi Vo /
|
|
( ) ; g
V1-V2) P a
RS = I In 2
%/@
AR Vi _

= )

\
\ Rochester | nstitute of Technology
Microelectronic Engineering
: © December 15, 2008 Dr. Lynn Fuller
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CMOS Testing

— "\

| CROSS BR

S

DGE KELV
RUCTURES FOR CONTACT RESIS

N RESISTANCE TES

[ANCES

Gc

—

V1-V2

V1

V2

RcC |

I 1

_ (V1-v2)

ohms

Rochester | nstitute of Technology
Microelectronic Engineering

Gc =
(V1-V2) W1xW2

mhos/pum?

: © December 15, 2008 Dr. Lynn Fuller |=
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ﬁw CMOS Tesing

TEO1 Test Structures for SUB-CMOS Process M1 XED Product

R AT N
ERTIED g

s e m LA
o @pnan .i:[:r. ]-:u: ﬂ':l}.l:l_:t:fl bl :
Start Here L n*il!; f{.-

i B
: ::: :ll“ l“” J IIIIIIL

ll~ l"ll“l:l- lllll'—l ..l...q‘lllli

) §_WR U N EY NEEEEEN )
RIiBIBAIBELD,
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INVERTERS, VAN DER PAUW AND CBKR

Lot Number = FO50118 — Wafer Number = D4 |, Die LocationR= |, C=

CMOS INVERTER — FOS0118 - WAFER 0 - P-well Van Der Pauw FOROE18 - WAEER D4 - P+ \an Der Pavw
T PAW e s

FCS0118 - WAFER D4 - Poly Van Der Pauw FOS01 18 - WAFER D4 - Metal Van Der Pauw

§50dn s nion __

R = b Wan Dier Paow
rSoaun

i A

=1F W= ]
Al 0100y

| ap:anonny
Sep 00

Tsngang

-
= 0D

2LIM 3 ZLIN 1 T N+ CEKR
000 i “irebmy
= .

A el
- - il T A
2
i.
mwm
F

-
L

Caons S81H
s 1O &

VDROR

R T s R Te R Py b = AMWE :
ocaaf | I' il I | 1 4 digik; : bie f Contt
dad bt 4 o - i ik L il
9 4 1 4 " sr,:.
" Soape B0 W
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EXTRACTED PARAMETERS FROM

INVERTERS, VAN DER PAUW AND CBKR

Lot Number = FO50118 — Wafer Number = D4 |, Die LocationR= |, C=
Contact Gs CBKR Inverter
P+ 42 mmho/pm?2 vink > v
VinH 3 Y,
N+ 8 mmho/pm?2
VoL 0.4 Y,
poly 37 mmho/pm?2 VoH i v
Vinv 26 Y,
Ring Oscillator Vdd=5V
I max 45 mA
# Stages 73 Gain 215
Period 104 Nsec DO=ViL-VoL 2.0 v
td 0.712 nsec D1=VoH-ViH 15 V
OpAmp
Rhos Van der Pauw :
Gain None
P+ 115 Ohms Offset None mVolts
N+ 5.8 Ohms GBW None Hz
well 614 Ohms V1A CHAIN
Poly 20.0 Ohms M1-P+ None ohms
Al 0.0662 Ohms M1-M2 None ohms




ﬁ CMOS Tesing ﬁ

TEO1 Test Structures for SUB-CMOS Process M1 XED Product

Van Der

Paw: Metal

Van Der
Paw: Poly

Rochester | nstitute of Technology

1 | C | = i | |
- : = k

Microelectronic Engineering /

[ |= /
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ﬁ CMOS Tedting

TEO1 Test Structures for SUB-CMOS Process M1 XED Product

Cross Bridge Kelvin : I_\I+ I?+ PC_)LY

Van Der Paw: P Well

Iadd g~ 1—-_:-4'

Rochester | nstitute of Technology
Microelectronic Engineering

Van Der Paw: P+ D/S
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CMOS Testing

=

| TEST SET UP FOR POLY VAN DER PAUW (SUB
CMOS, MIXED) CHIPS

Test Name: VDP-POLY

1 234567 89101112

smu1 OOOOO0OO0@OOOO
SVV-1000000] 0000
SV 0/0/0000000e @
SIVI0/00000/000ee |

Switch matrix

R V1-V2

3

J

\

\
Place a cursor on the graph
here to extract rhos value

A RL M R M&l

HAN 7. 'HHI

© December

15,2008 Dr. Lynn Fuller

SMU1 11 Sweep 0.1to5Volt
SMU2 |12 Mode =0, MeasureV1
SMU3 V1 Com

SMU4 V2 Mode =0, MeasureV2
USER F | Rhos | =4.532 (V1-V2)/1

Page 38




CMOS Testing

ﬁ

TEST SET UP FOR METAL VAN DER PAUW

Test Name: VDP-MET

1 234567 89101112 |

SMU1
SMU2
SMU3

0000000 006,
900000000000
90/0/0000000 ¢

SMU4

OCO0000@0000®

Switch matrix

7

\
Place a cursor on the graph
here to extract rhos value

SMU1 Sweep 0.05to 5 Volt
SMU2 |12 Mode =0, MeasureV1
SMU3 V1 Com

SMU4 V2 Mode =0, MeasureV2

: © December

USER F | Rhos

15,2008 Dr. Lynn Fuller

= 4532 (V1-V2)/l1

Page 39




ﬁ CMOS Tesing ﬁ

TEST SET UP FOR N+DS VAN DER PAUW

Test Name: VDP-N+ SMU1 11 Sweep 0-10mA

SMU2 |2 Com

1 234567 89101112

SMU3 V1 Mode =0, MeasureV1

smu1 O@OOOOOOOOOO
sMu2l OOOO@OOOOOOO

| SMU4 V2 Mode =0, Measure V2

SVIVEIO0] (000000000

V21990 00000000 4.532 (V1-V2)/I 1

Switch matrix

J

|
A \
Place a cursor on the graph

Ehere to extract rhos value 11 121 2 3 /
: © December 15, 2008 Dr. Lynn Fuller H  Page40




ﬁ CMOS Tedting

TEST SET UP FOR PWell VAN DER PAUW

Test Name: VDP-PWell

1 234567 89101112

0 (0000000000
9000 0000000
00 000000000
OCOO0@OO000000

Switch matrix

J

AR N\

SMU1
SMU2
SMU3
SMU4

here to extract rhos value

EL Bl EL B
1M12 iz e
SMU1 11 Sweep 0-10mA
SMU2 |2 Com
SMU3 V1 Mode =0, MeasureV1
SMuU4 V2 Mode =0, MeasureV?2
USER F | Rhos | =4.532 (V1-V2)/1

%\. Place a cursor on the graph

: © December

15,2008 Dr. Lynn Fuller

Page 41




CMOS Testing

ﬁ

TEST SET UP FOR P+DS VAN DER PAUW

Test Name: VDP-P+

1 234567 89101112

smu1] O@OOOOOOOO00O
smMu2l OOO0O0@OOOOO0O
SVVEIOO (000000000
sMU4 OOO@OOOOOOOCO

Switch matrix

J

JnsEEeg N\

here to extract rhos value

%\, Place a cursor on the graph

B R RS p
il i B
B A RN
SMU1 11 Sweep 0-10mA
SMU2 |2 Com
SMU3 V1 Mode =0, MeasureV1
SM U4 V2 Mode =0, MeasureV?2
USERF | Rc =4532(V1-V2)/l1

{ © December 15, 2008 Dr. Lynn Fuller
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ﬁ CMOS Testing /ﬁ

TEST SET UP FOR N+ CBKR

Test Name: CBKR-N _A__1_

1 234567 89101112

smu1| O@OOOOOOOOOO ey i i
0000 0000000 re.. 74 FU W\

SMU2

SO0 00000000

SNV 1090 (00000000 18 1 ;' N LI B Hh fm
Switch matrix - : g

V1-V2 v IO B . R

Rc _k/ _ ﬁ ﬂ ﬂ gl El.

SMU1l |11 sWeep 0-10mA
SMU2 |12 Com
A ~. Place a cursor on the graph SMuU3 | V1 Mode =0, Measure V1

1E \i here to extract Specific SMU4 |V2 | Model=0, MeasureV?2

Contact Conductance value USERF |Rc |=(V1-v2)/1 /

: © December 15, 2008 Dr. Lynn Fuller Page 43




CMOS Testing

ﬁ

TEST SET UP FOR P+ CBKR

Test Name: CBKR-P

1 234567 89101112

SMU1
SMU2

0 10000000000
0000 0000000
SO0l 000000000
smMu4 OO 0@OO0O0O0O00O

RC—

Switch matrix
V1-V2

k/

=

A4 ~. Place a cursor on the graph
here to extract Specific
Contact Conductance value

ﬂﬂ?’ﬁlﬂ

il o s

T E R o

SMU1

SMU2 |12 Com

SMU3 V1 Mode =0, Measure V1
SMU4 V2 Mode =0, Measure V2

{ © December 15,

USER F

Rc

= (V1-V2)/l1 /

2008 Dr. Lynn Fuller
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ﬁ CMOS Testing /ﬁ

TEST SET UP FOR POLY CBKR

Test Name: CBKRPOLY r4—=—q94- -
123456789101112 B A L_LLJ u By
smMu1| O@OOOOOOOOOO = LN maf{ee B
sMu2l OOOO@OOOOO00 i.H O 0 H R R ‘Efo
st Fotiestas
1@ B (312 (5 DRl

Switch matrix

mﬁd@ﬁ@mwﬁ

Rk/ "popGp .

V1-V2

SMU1 Sweep 0- 10mA

!
sMuU2 |12 Com
A ~. Place a cursor on the graph SMuU3 | V1 Mode =0, Measure V1
\ here to extract Specific _|smua  |v2 | Model=0, MeasureV2
Contact Conductance value USERF | Rhos | = (VL-V2)/I1 /
{ © December 15, 2008 Dr. Lynn Fuller Page 45




TEO2 TRANSISTORS

5/04/06 MESA IGMSINQ S$36801
8:35:54 Instruction Group Inquiry QPADEVOOOW RIT

Type information. Then Enter.
1=Display document, 5=Display detail

Plant . . . . . . . : RIT

Instruction group . . SUB-CMOS-TED2 TEST COMPLETED WAFERS
Revision . . . . . . 150

Opt Subgroup Text
1.0 Test PMOS and NMOS Transistors
for threshold voltage, tranconductance, lambda,
subthreshold slope, min and max current value on the
subthreshold test
2.0 Record V¥Tn,VTp,gmn, gmp, sub-Yt-slope, Isub-min, Isub-max,
Lambda, transistor width&length for nmos & pmos, ¥t field

F4=Prompt F5=Refresh Flo=View 2 Fl2=Cancel

© December 15, 2008 Dr. Lynn Fuller =



Lot Number = FO50118

MOSFET IV CHARACTERISTICS
Date = 11-17-2006

Process= SMFL CMOS

Wafer Number = D4

Produ

t = DACO3

NMOS L/W = 2/16

D4 2{18=L/W Center

17800m
E
1.4000m E. e ——
1.2800m " v
1.0000m E.
O o7800m E.
0.5000m E- |
0.2600m 1
25380
D200mEe s oo 1o o o loon ol en il
a0o0 L0 zom0 3000 4000 5000
YD
Fit #2: Curzorz: ¥ ¥
|[Nene 44162 |1 51%m

oo [ agiem

NFAM

L starz 00000 |
v | Stop: 80000

Conditions: 045
| éwp: SMUI |

(IR

Srep: 00931V

(B 61 | B niess
| Step: ShUZ

| Start: 00000
| stop: 50000 Y/
| Step: 06000
[Pz 11

| Tan: St
|l 000

;Con: Shilg
|\al:0 000y |

PMOS L/W = 2/16

[ 2E00m

FOS0118 Wafer D4 Center LAW=ZNE

1l g rh
Manm

NMOS 1D WS VES

1c

Fit #1:

Hone

=3

NMOS SUBVT

0.001 1.000 2.000 3.000 4000

e}
Fit #2: Cursors: X ¥
None 48500 [0.01%m
43500 | 140m
02000 |0.05%n
13000 171000
08:36:50 13000 [1.01700

5.000

Condtions:

Step: SMUT
Start: 0.1000
Stop: 5.0000
Step: 4.9000
Pis 2

Swp: SMUZ
Start: 0.0000 W
Stop: 5.0000
Step: 0.0500 W
Pts: 101

Con; SMUZ
il 0.0000 v

Con: Shill4
%l 0.0000 v

FOST 16 - MMOS Fiald W~ 23y

PMOSFET SUBWT

FOS 15 - PRIOS Field W - 23




MOSFET EXTRACTED PARAMETERS

Lot Number = FO50118 — Wafer Number = D4, DieLocationR= , C=
PMOS NMOS Units
Mask Length / Width 2/16 2/16 um
VT -1.51 1.36 V
Lambda (for Vgs = Vdd) 0.115 0.0417 V-1
Max gm / mm of channel width 21.3 31.3 S/mm
ldrive 54.4 93.8 HA/Um
lon/loff @ Vd = 0.1V 6 5 Decades
lon/l off @ Vd = 5V 7 6 Decades
loff @ Vd = 0.1V 5.9e-11 5.0e-10 A/um
loff @ Vd =5V 5.9e-11 5.0e-10 A/um
Sub-Vt Slope @ Vd = 0.1V 90 190 mV/Dec
Sub-Vt Slope@ Vd =5V 90 190 mV/Dec
DIBL @1nA/um :DVg/DVd 0 0 mV/V
Fied VT -23 23 V




CMOS Tesing

TEO2 TEST STRUCTURES

—

nOo-0oooab - .__= l,'; FRpnay -
nooooooth =E

i!ulﬂul'lllﬂ_!lﬁ
Sl = = == ==

O @0 EL O s
dud oz adan U

T EEms ll__mﬂl J IIIIIIL

_= mEn R

rt

= BN gy N §y NEEEEEN
| m hE & =

| NMOS &PMOS | e
test transistors

I l‘llmllﬂ “.“.q‘ RES J

: © December 15, 2008 Dr. Lynn Fuller |=
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y CMOS Tedting —

LARGE NMOS FAMILY OF CURVES

Test Name: NFAM _j 1 __11

1 234567809101112 PE B P B
smu1| @O OO0 OOOOOOO
sMu2| OOOO0® OOOOOOO

SVI0 9000 1000000 A& A B
smu4| OOO0O00 0O00OO0 A Al E"" J“' :

Switch matrix

N UEN ﬂ‘ii

+lds —» Saturation Region
+5
+4
NMOS — 43 +Vgs
+2
— SMU1l |Vds | Sweep0-5V, 101 steps

+Vds

SMU2 Vgs | 11 Steps0- 5V
SMU3 Com |Vs=0

Extract: Lambda SM U4 /
. =

i © December 15, 2008 Dr. Lynn Fuller Page 50




CMOS Testing

ﬁ

LARGE NMOS ID-VGS

Test Name: NVT

1 234567 89101112

SMU1
SMU2
SMU3
SMU4

[ 000 000000
00/0/0.0]0]0/0000®
90000 000000
000000000000

Switch matrix

Vto

Extract: Max gm, Vto

SMU1 Vgs | Sweep 0- 5V, 101 steps
SMU2

SMU3 Com [Vs=0

SM U4

© December 15, 2008 Dr. Lynn Fuller
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CMOS Testing

ﬁ

LARGE NMOS SUBTHRESHOLD

Test Name: NSUB
1 23456789101112

smu1| @O OO0@ OOOOOOO
sMu2| OOOOO0 OOOOOOO
SVIO0000] 00000
sMU4| OO OO0 OOOOO0O

Id(Amps)
102

104

Switch matrix

—

1056 LightsO
]]_'87 / /
108 AN

Sub Vit
Slope
(mV/dec)

Vgs

Extract: Imax, Imin, Sub Slope

1 SMU1 Vgs | Sweep 0- 5V, 101 steps
SMU2
SMU3 Com [Vs=0
SM U4

© December 15, 2008 Dr. Lynn Fuller
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CMOS Testing

ﬁ

NMOSFIELD VT

Test Name: NFIELD

1 234567 89101112

SMU2
SMU3

smu1| OOOO0O0@OOOOOO
(90000000000
OO0 OOOOOOO
SV O 90000000000

Switch matrix

+lds —» Saturation Region
+5
+4
NMOS — 43 +Vgs
+2
A—
+Vds

SMU1 Vds | Sweep Oto 20V, 101
steps

SMU2 Vgs | 11 StepsOto 20V

SMU3 Com |Vs=0

© December 15, 204

SMU4
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ﬁ CMOS Tesing ﬁ

LARGE PMOS FAMILY OF CURVES

Test Name: PFAM _j 1 __11
1 234567809101112 PE B P B
smu1| @O OO0 OOOOOOO
SVV/0000 1000000,

sMu3| OOO00 @OO0OO0 — V- A B
smu4| OOO0O00 0O00OO0 A Al E"" J“' =4

Switch matrix

N UEN ﬂ‘ii

+lds —» Saturation Region
+5
+4
NMOS — 43 +Vgs
+2
— SMU1l |Vds | Sweep0-5V, 101 steps

+Vds

SMU2 Vgs | 11 StepsO0- 5V
SMU3 Com [Vs=0

Extract: Lambda SM U4 /
. =

{ © December 15, 2008 Dr. Lynn Fuller Page 54




CMOS Testing

ﬁ

LARGE PMOS ID-VGS

Test Name: PVT

1 234567 89101112

SMU1
SMU2
SMU3
SMU4

[ 000 000000
00/0/0.0]0]0/0000®
90000 000000
000000000000

Switch matrix

Vto

Extract: Max gm, Vto

SMU1 Vgs | Sweep 0- 5V, 101 steps
SMU2

SMU3 Com [Vs=0

SM U4

© December 15, 2008 Dr. Lynn Fuller
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CMOS Testing

ﬁ

LARGE PMOS SUBTHRESHOLD

Test Name: PSUB
1 23456789101112

smu1| @O OO@ OOOOOO0O
sMu2| OOOOO0 OOOOCOOO
SV O0000] 00000
sMU4| OO OO0 OOOOO0O

Id(Amps)
102

104

Switch matrix

—

1056 LightsO
]]_'87 / /
108 AN

Sub Vit
Slope
(mV/dec)

Vgs

Extract: Imax, Imin, Sub Slope

1 SMU1 Vgs | Sweep 0- 5V, 101 steps
SMU2
SMU3 Com [Vs=0
SM U4

© December 15, 2008 Dr. Lynn Fuller
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CMOS Testing

ﬁ

PMOSFIELD VT

Test Name: PFIELD

1 234567 89101112

SMU2
SMU3

smu1| OOOO0O0@OOOOOO
(90000000000
OO0 OOOOOOO
sMU4| OOOO0O0 OOO0O0OOO

Switch matrix

+lds —» Saturation Region
+5
NMOS —— +f3 +Vgs
+2
— SMU1 Vds | Sweep 0to-20V, 101
+Vds steps
SMU2 Vgs | 11 StepsOto- 20V
Extract: ~Vt | SMU3 Com |[Vs=0
: SM U4
© December 15, 204 -
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TEO3 INTEGRATED CIRCUITS

5/04/06 MESA IGMSINQ S$36801
8:37:20 Instruction Group Inquiry QPADEYOOOW RIT

Type information. Then Enter.
1=Display document, 5=Display detail

Plant . . . . . . . : RIT
Instruction group . . SUB-CMOS-TED3 TEST COMPLETED WAFERS
Revision . . . . . . 150

Opt Subgroup Text
i 1.0 Test Inverters and Ring Oscillator

2.0 Record V¥ilL, ViH, VoL, VYoH, ¥inv, Imax, Ring Oscillator
Frequency, Number of Stages

F4=Prompt F5=Refresh Fl0=View 2 F12=Cancel

Rochester | nstitute of Technolog
Microelectronic Engineering

© December 15, 2008 Dr. Lynn Fuller



CMOS Tesing

TEO3 TEST STRUCTURES

lllill nmn
nOo0ooooo
nooDooAoguo

R AT N
ERTIED g

aEm R m -'- NN g g EE e
nnnpnnn.pnn - s

i 2
r ﬂj IIIIIIL =ty
1;?_!‘-““‘!“:!—1—1 “.“.q‘lllli

| ¥ _FEFIEEE EEEEEN (S
BB BAIBELD. =

i © December 15, 2008 Dr. Lynn Fuller |= Page 59




INVERTERS

ﬁ CMOS Testing

VOUT

+V
VIN— — VOUT —
Voh

|
ViNe—  fovo
i

ViL

DO noise margin=ViL-VoL

D1 noise margin=VoH-ViH

: © December 15, 2008 Dr. Lynn Fuller
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ﬁ CMOS Testing /ﬁ

INVERTER TEST SETUP

Test Name: INV
1 234567 89101112

smu1| OOOOO 000000
SYIZ100000]0000ee )
sMU3| OOOO0O0 O@OOOOO
SV 9000000006 @

Switch matrix

VOUT
+
Voh|

I max
Id(;iA

V8L . VIN -

0 _ +V

VIL “vih SMU1 Vdd | Constant +5V
DO noise margin=ViL-VoL
p- N, Dinoisemargin=Vor-ViH SMU2 Vin | Sweep 0to +5V, 101 steps

\ Extract: Voh, Vol, Vih, Vil, SMU3 Vout || mode, measure Vout
Vinv, Imax, Gain SMU4 | Com |O0Volts //
' H

1 © December 15, 2008 Dr. Lynn Fuller Page 61




CMOS Testing

TEO3 RING OSCILLATOR

Rochester | nstitute of Technology

Microelectronic Engineering

. © December 15, 2008 Dr. Lynn Fuller H  Page62




ﬁ CMOS Tesiing ﬁ

RING OSCILLATOR, td

Seven stagering oscillator _ _DO.DO_DO
with two output buffers \
td=T/2N |
td = gate delay o[>0 y
out

N = number of stages
T = period of oscillation

Vout »

T = period of oscillation

Rochester | nstitute of Technology

Microelectronic Engineering /
| |= /

1 © December 15, 2008 Dr. Lynn Fuller Page 63
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ﬁ CMOSTesting ﬁ

TEO3 INSTRUCTIONS

= Moveto manual probe station. )ﬂn .

» Place wafer on stage and apply vacuum. u_“ ! fy

= Move stage such that Ring Oscillator |smi“N T ——
the field of view.

= Move manual probesto make contact
with the“*GND”, “OUT", and “VDD”
probe pads.

» Usea DC power supply tosupply 5V to
VDD, and 0V to GND.

» Usethe oscilloscopeto view & measure
the frequency.

= 17,37 or /3 stages. | Output:

Open Folder name: Textronixoutput on desktop
Open Program 7470 (DOS)

Click Aquire; Request address number 7
e Data will download to computer and plot will update

Microdlectronic Enginesring| PTINt plot or save as. filename.gif /
. /

1 © December 15, 2008 Dr. Lynn Fuller |= Page 65




CMOS Testing

OPERATIONAL AMPLIFIER

T+
ML |
— P uw M3, ~M4
c" 40/10 ﬂlz
% M6
10/20 10/20
M10 — | H @ —
—t >y 4010 >
@ @ wis| Hyg w2 [0 I 1015
o—| e ~ [0
o in- | o2
Gl V'O H G ' vin+
H -4 | H L Vout
©r ~Twsl = ' e
—] F+ 2020 e I =
M8 I—I I ot 1020
o -V 20
p-well CMOS dimensions Vin ©
(HM/um)

Rochester | nstitute of Technology

o—
=+

Slope = Gain

Vout
+V=+6
+6_\
+ Vout
-V=-6

Vos

.\
2omv 0 +20mv

b Vin

Set up the HP 4145 to sweep the Vin from -20 mV to +20 mV
in 0.001V steps. Measure Gain and I nput offset voltage.

Microelectronic Engineering

i © December 15,

2008 Dr.

Lynn Fuller
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CMOS Testing

ROCHESTER INSTITUTE OF TECHNOLOGY
MICROELECTRONIC ENGINEERING LFF OPAMP.XLS FILE3B
LOT F960319 OPAMP TEST RESULTS - 1-29-97
Frequency Gain Vout Vin
hi 7 9723 1\(/) m\é Op Amp Frequency Response
5 7353387 95 2 GBP = 500,000 Hz
100 73.33036 9.28 2 &Y
200 70.31748 6.56 2 70 B .
300 67.53154 4.76 2 =
400 65.48316 376 2 60
500 63.97314 3.16 2 50
600 62.41148 2.64 2 40
700 61.51094 2.38 2 o
800 60.34067 2.08 2 ,% 30
900 59.46256 1.88 2 o 20 -
1000 58.68997 1.72 2 =
1100 58.0618 1.6 2 10
1200 57.50123 15 2 0 *
1300 57.14665 1.44 2
1400 56.5215 1.34 2 B
1500 56.1236 1.28 2 “20 e bbb
1600 55.56303 1.2 2 1 10 100 1000 10000 100000 1000000 10000000
50000 20 0.02 2 Frequency Hz
500000 0 0.002 2
/ \\ 10000000 -20 0.0002 2
\
\ Rochester | nstitute of Technology
Microelectronic Engineering
| -
i © December 15, 2008 Dr. Lynn Fuller Page 67




5/04/086 MESA IGMSINQ $36801
8:38: 46 Instruction Group Inquiry QPADEVYOOOW RIT

Type information. Then Enter.
1=Display document, 5=Display detail

Pilant . . . . . . . : RIT
Instruction group . . TEOQ4 WAFER MAP OF VT

Revision

Opt Subgroup Text

1.0 Take data for wafer map of ¥t, test all transistors

(see wafermap.pps)

2.0 Compute +/- 10%, 20%, 30%, 40% of target:
CMOS Targets are +/-1.0, PMOS Target is -2.0 volts
Record data row by row, each character in a row
represents a different column (die), the value will be
5 if within 10% of target
4 1f between -20% and -10% of target
6 1f between +10% and +20% of target
3 if between -30% and -20% of target, etc.

F3=Exit F4=Prompt F5=Refresh Fl0=View 2 Fl12=Cancel

© December 15, 2008 Dr. Lynn Fuller =



CMOS Testing

ﬁ

NMOS ID-VGS

Test Name: NVT

1 234567 89101112

SMU1
SMU2
SMU3
SMU4

[ 000 000000
00/0/0.0]0]0/0000®
90000 000000
000000000000

Switch matrix

Vto

Extract: Vto

SMU1 Vgs | Sweep 0- 5V, 101 steps
SMU2

SMU3 Com [Vs=0

SM U4

© December 15, 2008 Dr. Lynn Fuller
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CMOS Testing

///’====ﬂ

TEO4 INSTRUCTIONS - WAFER MAP

=

= MeasureVt for NFET
on each dieinal5x 15
array centered on the
wafer.

= Record information in
MESA and on an excel
spreadsheet using the
Binning described in
below.

(@)
o
0]

no die

value<(Target-70%)
(Target-70%)<value<(Target-50%)
(Target-50%)<val ue<(Target-30%)
(Target-30%)<value<(Target-10%)
(Target-10%)<value<(Target+10%)
(Target+10%)<value<(Target+30%)
(Target+30%)<value<(Target+50%)
(Target+50%)<value<(Target+70%)
(Target+70%)<value

©Coo~NOoOOUh,WNEFLOQONO

Row 1

Row 15 ~ =

Col 1

Col 15

= H|

= H[ H] KA
/

VIE H P HILBEDN
= = |4 H| Hl H| A
=l A A H] H] H] H
| H] B HL HI HI H

H B HH

\\ —l

Rochester | nstitute of Technology

Microelectronic Engineering

Example Data

nmos V't target +1
000000000000000
000050505050000
000000000000000
005060507050700
000000000000000
004040304030300
000000000000000
004040404040400
000000000000000
004050405090600
000000000000000
005050606060700
000000000000000
000050505050000
000000000000000

(lll\:

© December 15, 2008 Dr. Lynn Fuller
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Lot Number = F050118
Wafer Number = D3

Family of curvesfor L=4um MOSFETS

2um/32pum L/W NMOS AND PMOS



SMFL CMOS DAC TEST STRUCTURES

ﬁ CMOS Tesing ﬁ

o] Il
[ TN

|'|

J 2150 20 ) D ) ] FUTOa e 00 e o) e
i-il\ -'i
' S ll

lll'll

T u J i

71T T L o T e e =

. - - 1 - - = g = ] MY P T Em p= S e

Rochester | nstitute of Technology

Microelectronic Engineering 2/16 L/W NMOS FET

© December 15, 2008 Dr. Lynn Fuller H  Page72




CMOS Teding

//’/’===|

SMFL CMOS DAC TEST STRUCTURES

I
I_I

—

g U

H" '}

] 171 ] i) w1 5] » ) 1§ A0l o

|1MME,LJQHHDH

6 o

|||1 N ﬁaﬂunmm1n1ﬂ|_

T TR

gl (8] b 1] =0 5] L) qi?_ﬂ_l? JMEEEIEEIEES

oo 2/16 L/W PMOS FET

© December 15, 2008 Dr. Lynn Fuller H  Page73




CMOS Teding

ﬁ

SMFL CMOS DAC TEST STRUCTURES

1 | | ‘Iﬂﬂlﬂlﬂ'ﬂﬁlulﬂnl

ARIRARIRIRI

" SIS SYEIEEE) I_! !_l Ii

l1111111

VAN DER PAUW AND CBKR /
, 2008 Dr. Lynn Fuller |= /
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CMOS Testing

SMFL CMOS DAC TEST STRUCTURES

L = 2um INVERTERS

ITI IT]

ml

i

4]

__________

Rochester | nstitute of Technology
Microelectronic Engineering

: © December 15, 2008 Dr. Lynn Fuller |= Page 75




ﬁ CMOSTesing ﬁ

SMFL CMOS DAC TEST STRUCTURES

| ia| i~ Lo A1 )

3] ] ._Jr_! i gl i@

1A

Rochester | nstitute of Technology

Microelectronic Engineering 37 STAGE 2um RlNG OSC”_LATOR /
| =
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