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This document 1s a collection of test results showing problems with
various semiconductor devices made 1n the microelectronics

fabrication laboratory. The objective is to provide useful

information for identification of the source of problems and to

enhance the education of our students.
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’ M= E3 “ PFAM-1 HEE
PMOSFET ID vs VGS condtions L/W = 2/4 PMOS Conditions
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SUB-CMOS PROCESS
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1.0000m
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110901 D1 NMOS 2/8
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4.5000
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2.6667
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Y-int:1.5596m
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X-int:-79.1126

Fkk

ICS

10:49:26
01/22/2013

> X000

5.000

Conditions:
Swp: SMU1
Start: 0.0000 V
Stop: 5.0000 V
Step: 0.0833 V
Pts: 61
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Con: SMU3
Val: 0.0000 V

Con: SMU4
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Over etched contact cuts makes a non-ohmic
(rectifying or Schottky) contact with the
lighter doped n-type area of the drain/source.
P-type devices have ohmic contacts.
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CONTACTS TO SILICON
I I
' V Vv vV
Ideal Ohmic Rectifying Tunneling Ohmic
Al/p-silicon Al/n-silicon Al/n+-silicon
R,
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‘ ADV-CMOS PROCESS

lysis

140 7

ID (uA/um)

o

*This 1s RIT’s first sub-0.5 um Transistor*

T~

AN

ID-VD for NMOS Transistor

VG=3.5V

VG=2.92V
VG=2.33V
VG=1.75V

VG=1.17V
VG:P.58V

1 2
VD (volts)

4

Lmask drawn — 06 um
Leffective = 04 Hm

Mike Aquilino May 2004
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SILICIDE FORMATION CONSUMES SILICON

Too much silicide formation makes a non-
ohmic (rectifying or Schottky) contact with

the lighter doped n-type area of the ol
drain/source. ;1: 2% L,;-,i:; s
— gr ’ ‘“ .
y/— =N ESE AT f.l u'JJ:* fJJf;.-ufl-ﬂst
Rochester Institute of Technology IMEC Meetmg
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Family of curves for
[=2um MOSFETs

2um/32pum L/W NMOS AND PMOS
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NON UNIFORMITY IN PLASMA ETCH OF POLY

Family of curves for
[=2um MOSFETs

2un/32um L/W NMOS AND PMOS /
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GOOD DEVICE SUB THRESHOLD CHARACTERISTICS

ELITLH HEIE
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Occasionally our 1lum Devices Work
Why does the sub-threshold plot not flatten out at the bottom?

Answer: Vt is ~0.5 volt and swing is ~100mV/decade so at zero volts
the device can be down 5 decades of current which is 109 it should
flatten out at ~ 10-'! or 1012 need higher Vt or smaller swing

| -
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F110901 D2 PMOS 1/4

Microelectronic Engineering
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DRAIN INDUCED BARRIER LOWERING

DIBL = change in VG /change n VD
at ID=1E-9 amps/um
or 1.6E-8 amps for this
size transistor

b =~ (1.1957-1.1463)/(5-0.1)
-4.000 -3.000 -2.000 -1.000 — ~ IOmV /V

PMOSFET SUB VT
Conditions:
Step: ShLA
Start: -0.1000 %'
Stop: -5.0000 4
Step: -4.9000 %
Prs: 2

Swpe Skl

A A — | Start: 1.0000 4
/— -G.udn -4.000 .00 .o
Rochester Institute of Technology —
Microelectronic Engineering Wi
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PUNCH THROUGH

& =15
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MOBILITY DEGRADATION

| Axis

Cursors

Fits

[ Cpts

1/16 NMOS ID VS VGS

0.3000m 0.1200m
[ - 0.1000m
0.2000m ._
r 0.0800m
I 0.0600m
O o1o000m |-
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GM

Conditions:

Con: SMU1
“al: 0.1000 V

Swp: SMUR
Start: 0.0000 V
Stop: 5.0000 V
Step: 0.0500 v
Pts: 101

Con: SMU3
Val: 0.0000 V

Con: SMU4
“al: 0.0000 v

Short channel

Rochester Institute of Technology

Microelectronic Engineering

# NVT-1 BEIE
,mI 32/16 NMOSID VS VGS .
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long channel
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VELOCITY SATURATION

4 NFAM-1
5 1/16 =L/W Botom Right
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Canditions:

Swip: ShAUN
Start 0.0000 Y
Stop: 5.0000 ¥
Step: 0.0833 v
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Step: SU2
Start 0.0000 V
Stop: 5.0000 v
Step: 05000 V
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Wal 00000V
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+ NFAM-1 HEE
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Stop: 5.0000 v
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o
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Yal 00000V
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02/01/2013 AN

Note: Id should increase with (Ves-Vt)® in long channel devices

long channel
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RIT’s FIRST SUB MICRON TRANSISTOR

Mark Klare 7/22/94 Electron beam direct write on wafer, n-well
process SE12 dose, P+ Poly Gate PMOS, shallow BF2 D/S 1mplant,

no Vt adjust implant. 8T
L=0.75um ! -3.
Xox=300 A <! :
D/S Xj =0.25 um jé/ -2.0
P+ poly Z i)
Nd well ~3E16 = f’ffso
i _Q_S

Vt =-0.15 0
O .5 45 0 35
Sub Vt Slope=130 mV/dec Vds Volts 3.0

RhtIttthhlgy
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WHAT IS WRONG?
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— D3 4/16=L/W Botom Right Conditions:
02500p ”‘JM l‘l |’ M‘ \ *“ Z :pilmuz
- “Mm ,l”!‘ l. ”l 1 \‘H ” \ " ’ m H W " ‘ \l\')", =
0.000 1.000 2.000 VD 3.000 4.000 5.000
Fit#1: Fit #2: Cursors: X Y NO CONNECTION
Spooitim | Stz e Switch Matrix Programmed Wrong
i T 1125 - Switch Matrix Not Copied
T - o013 A Incomplete Contact Cut Etch
Wirasiaironie Erpmenting 2

Aluminum Oxide Between M1 and M2

%
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“R-1 -0 x
=101 e _olx|
o
o Nwell Resistor _ ;
é 0.0600m Fondtions: 2 POly ReSIStor Conditions:
[ S SMLIT &) 15000 S ST
= [ . L W
_ ::ar‘t. fﬁDUDUDUDUD \:f — : < | Stant -2 00000V
0.0400m [ : op anmn pp— Stop: 2.00000 v
w . tep » Step: 0.04000 v
!E: [ Fre 1 g&: [ Pts 101
5 0.0200m £ L
- 0.5000m [
“ X CU”_- ShU2 5] " Con: SMU2
[ Val- 000000 v r Val 000000 v
| <_[ 0.0000 L - <C 00000 L
o [ J‘}&' " L
E 0.0200m [ e S C
0. e FA,,{; -0.5000rm |
B - o&' = F
@ L 5 o L
2 L Lt =,
e [ e o I
= 0400k :yw’f = -1.0000m [
L I
0.0800m 1 1 1 -1 &000m [ 1 1 1
200 -1.000 nnnn 1.000 2.000 2000 -1.00m 0.000 1,000 2.000
Fit #1: Fit #2: Cursors: X Y Fit #1: Fit #2: Cursors: X A
Type: Cursor Mane 1| 0.60000 0.01503m Type: Cursor None [J| 0.54000 0.43580m
Slp:0.02497m == | 0.75000 -0.01893m S1p:0.68073m B Py =] -0.40831m
Wint:0.045440 = [) Yirt:0. 130330 e (=)
Hint:-1.51952m N = int:-0.19146rm B =
ICs 144847 I ICS 14:54:44 B
10/26/2009 Fay 10/26/2009 FaN
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IS THIS GOOD?

# ELLEN-1 =1a) x|
o P+poly-m1 Via Chain 512 Vias
=
= 0.0400u
" ,l,
5 4
i 0.0200u
=
(&)
&

-0.0200u B

-0.0400u [ 1 1 I

-10.000 -5.000 0.000 5.000 10.000
VA
ICS 10:44:06
10/21/2009

NO
Open Circuit, both electrical and visual

evidence
H /
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IS THIS GOOD?

# ELLEN-1

m1-m2 Via Chain 512 Vias

| Axis

0.5000m
0.4000m £
0.3000m
0.2000m E-
0.1000rm E

0.0000 F
-0.1000m
-0.2000m f
-0.3000M E e
“04000m .
-0.5000m E

Cursars

IA

lopts | Fits |

-10.000

Fit#1 Fit #2:

-5.000

Cursars: X

0000
VA

Y

-3.70000

-0.12440m

Type: Cursor MNone
Slp:0.03357m kil

1.50000

0.05015m

Yint-0.19811u

Hint:5.80169m

ICS 09:33:26
102172009

g 4 11 (O

5000 10.000

NO

R = 1/slope = 1/.03357m = 29,788 ohms
' AR which 1s 58 ohms/contact

: © February 7,2013 Dr. Lynn Fuller
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M1-M2 Via chain 512 via

[
i

N DD Ml

VA LA Hd T L N T

[
-

L]
¥

b

RN TR 1Y

o

0 LAY A

TN 1) L A

0 v )
00 ) A
R 2L A% LV B

0L LN 2,

K

512 Vias FO31201

YES
M1-M2 Via chain with 512 Vias and total
resistance of 118 ohms or 0.231 ohms per

Rochester Institute of Technology contact

Microelectronic Engineering /
| -
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WHAT IS WRONG:
# NFAM-1 HE=E  PFAM-1 HEE
2 2/4=L/W PMOS = L/W = 2/4 PMOS Conditiens
= 04000 Conditions Z 0.2000m
— ' Swp: SMUM — [ Swp: SMUT
[ Start 0.0000 Y - Start: 0.0000Y
F Stop: 5.0000 Y [ Stop: -5.0000V
. 0.0800 - Step: 0.0833 ¥ 2 0.0000 | ﬁ:e_p:1 E]01.0500 W
5 L Pts 61 é : S
0.0600 [ P Step: SMU2
Step: SMUZ
r Start 0.0000 Y -0.2000m [ Start: 00000V
= L Stop: 5.0000 4 m L Stop: -5.0000 V
o O oo Step: 0.5000 ¥ 2 Q 2 Step: -0.5000
- [ Pis: 11 - 0.4000m Pts: 11
£ 00200 [ Com SMU3 E L Con SMU2
. - Val 0.0000V [ Wal: 0.0000 Y
3 06000 [ reaeee
062000 [ e eennenes .. Con: ShU4 F Con; SMUM
r Yal: 0.0000 v : val: 0.0000 v
L -0.3000m [ L L L L
-0.0200 1 1 L L 5000 -4.000 -3.000 2000 -1.000 0.000
0000 1.000 2000 3000 4000 5000
) : Fit#1: Fit #2: Cursars: X Y
FiL#1: Fit #2 Cursars % A Type: Clrsor Nane O[-0.500  |-00345m
Type: Linear ﬁl‘iine [1]4.3333 0.0606 Sip 1 DOODE+020 | [7+ o3| 01500 T3 0345m
Slp 0.0197m 5| 20833 00198 ini 1 5000E-018 | [ )
-int 1 5596m O nt-0.1500 2<
ont-79.1126 =
- b > ICS 15:01:02 i
ICS 15:05:29 212013 A
01/312013 N
Testing PMOS with NMOS-1 Setu Testing PMOS with PMOS-1 Setu
A\

Rochester Institute of Technology
Microelectronic Engineering
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WHAT IS WRONG?

# PFAM-1 H= B
s . L/W = 2/4 PMOS Conditions:
I ’ m [ Swp: ST
Start: 0.0000 ¥
I Stop: -5.0000 ¥
© 0.0000 L Step -0.0500 ¥
iz L Pts 101
=
o
N Step: ShUZ
-0.2000m £ Start, 0.0000 ¥
— [ Stop: -5.0000 ¥
2 9 I Step: -05000 W
I 0000 [orrscesmmssssmnsesssseasssomsossosnsess Pis 11
& [ Com SMU3
[ WVal 0.0000
05000 [ esmessonarsosssess™
i Con: Shil4
. Val 0.0000 v
-0.8000m L 1 1 1 1
-5.000 -4.000 -3.000 -2.000 -1.000 0.000
Fit#1 Fit#2 Cursors: X ¥
Type: Cursor None [1[-0.1500 -0.0345m
Slp:1 00DCE+020 | [ <>[-01500 -0.0345m
Yint 1 5000E+019 | [™* O
Xint-0.1500 =
ICS 15:07:02 [
01/31/2013 AN
T

AN

Rochester Institute of Technology

HEE

Conditions

Swip: ShU1
Start: 00000 V
Stop: -5.0000 V
Step: -0,0500 ¥
Pts: 101

Step: SMU2
Start: 0.0000 V
Stop: -5.0000V
Step: -0.5000
Pts: 11

Con: SMU3
Val: 0.0000 vV

Con: SMU4
Val 0.0000 Y

“ PFAM-1
L/'W =1/4 PMOS
E 2.0000m
0.0665n
Z
£ -2.0000m
-4.0000m
PEa
= -6.0000m
&
=4 -8.0000m
-10.0000m
-0.0120 1 1 1
-5.000 -4.000 -3.000 -2.000
Fit#1 Fit #2 Cursors: X Y
Type: Cursor MNone [1]-0.1500 -04142m
Slp:1.0000E+020 | [ <>»[-0.15800 -04142m
Vint1.5000E+019 |[™*" [«
Xint-0.1500 i b
IS 14:57:00 e
01/31/2013 AN

-1.000

Microelectronic Engineering

Leffis almost zero

Poly over etched making L too small
PMOS works at /W = 2/4 but not at 1/4

' © February 7,2013 Dr. Lynn Fuller
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NON UNIFORMITY IN PLASMA ETCH OF POLY

Lot Number = FO50118 Family of curves for
Wafer Number = D3 L=2um MOSFETs

2um/32pm L/W NMOS AND PMOS /

| © February 7,2013 Dr. Lynn Fuller H  Page 29
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Testing — Device Problem Analysis

SINGLE AND DUAL PHOTO CELL

Single 600x300 Photo Cell

— Conditions,
F Swp: SMUT
F Start: -2.00000 ¥
L —
[ Stop: 2.00000 v S‘ — u
1.0000u (. Step: 0.04000 v i
E Pts: 101
L Con: SHIL2
< oo or 6 A/m2
-1.0000u [
=
200000 [ I I !
2,000 -1.000 0.000 1.000 2.000
VA
Fit #1 Fit #2 Cursors: X ¥
Mane Hone 1] 0.00000 1.08800u
s e <[ 0.36000 0.041350
— — <[ 0.32000 090854y
i = = | 0.40000 -0.26045u
s 104812 [-| 0.00000 0.04408u
104272009 iy
Isc = 0.585 uA
Dual Photo Cell (left) - .
onditions
2.0000u
Swp: SMUT
Start: -2.00000 v/
Stop: 2.00000 v I‘
1.0000u | Step: 0.04000 ¥ °
= Pts: 101
-4
Con: SMUZ
< oo ‘al: 0.00000 ¥
-1.o000u [
-2.0000u I 1 1
2 -1.000 0.000 1.000 2.000
VA . . .
— it oot Diode Characteristics
500 f - Hone None ][ 0.00000 0585800
4 = = <>|0.00000 7.96990n . . .
nology= B 5
= — — =
ng 1c5 11:29:09 <1
10/27/2009 AN

| © February 7,2013

Dr. Lynn Fuller
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8-CELL PHOTO BATTERY — NOT CORRECT

= : L T I
' J

sp— = p—
ErpEs BEEEER
— o |
= B 1 i I 1 Ip
e - - -1 =
= il ._E -'! E ] E
I i A - 1 -4
.- o | ' i i |3
] I 1yl - i

e Bl O S AL O s

8 Cell Photo Battery contitions
2.2500u
Swp: SMUT
20000y Start: 0.00000 V
176000 F. Stop: 2.00000 Y/
Step: 0.02000 Y
15000 B Pl 101
1.2500u -
Caon: SMU2
< ot Val: 0.00000 v
075000
0.5000u f
02500
B.52651
-0.2500u 1 | 1
0000 0500 1.000 1500 2000
VA b
Fit #1 Fit #2 Cursors: X ¥ De SlgIl Errors 1
_|| |Mone MNane [J| 044000 1.18200u :
T [~ |044000 | D.41584u s
—f— -_ |
Al n s [ < 026000 0.01733u e S OO C O Se o s et
o I [~ =[028000 0017330
s 111348 [=<][01B000 | -0 185000
10/27/2009 JAY I all I llO COIIeC

Microelectroi
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8-CELL PHOTO BATTERY

b 8 Diodes in Series
(= 10.0000m
E 7.5000m [
e
I 5.0000m |
é
o<
- 2,5000m [
0.0000
-2.5000m . L ;
-5.000 -2.500 0.000 2,500 5.000
VA
Fit #1: Fit #2: Cursors: X o
N Non [1] 2.4000 0.9282m
e = <>|-2.4800  |-0.3512u
i == O[0.0000  [-0.2943u
E= = = - —p—
Ics 12:30:24 I EFEEZEE EFPFEEE BE
02/01/2013 A

EM!.,! F.'FT' -

Design Errors Fixed
eochoner s re = & Diode Characteristics
ochester Institute of Technolo

Microelectronic Engineering i Shlfts DOWIl Wlth nght
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WHAT IS WRONG WITH THIS DIGITAL CIRCUIT

Design Errors — Missing Contact Cuts

ochester Institute of Technology

R
Microelectronic Engineering /
| -
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K=< Testing — Device Problem Analysis ﬁ\\

MASK DEFECTS

Rochester Institute of Tecl

Microelectronic Enginee
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JOHN GALT CMOS TESTCHIP

- T ||
lﬂiy.lll blolald|via
T gt o

Defect

2010

© February7 2013 Dr.Lynn Fuller
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MASK DEFECT

N

This defect will cause a short through the pn junction of our solar cell.

Defect

© February 7,2013 Dr. Lynn Fuller
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LARGE 5mm X 5mm PHOTODIODE

P+/N Photodiode Smmx5mm Conditions:
0.5000m
Swp: ShIU1
0.4000m Start; -2.00000 v
Stop: 2.00000 v
(0.3000m Step: 0.02000 %
Pts: 201
0.2000m
Con: ShL2
0.1000m “al: 0.00000 %
<L oOOE A __
-0.1000m
.0.2000m
0.3000m B
-0.4000m
N ) S B BN S
-2.000 -1.000 0.000 1.000 2.000
VA
5 !“ﬂ““ Fit #1: Fit #2: Cursors: ¥ Y
mim R R e A None None (000000 |-0.14080m
[ e e e o | 0.00000 0.01383m
X RN IR — pe— >
R AR - - =
'HHHH Ic5 13:46:58 b=l
R R A 11800 A
AR MR
IR R R R . .
L. Isc = 0.15mA (short circuit current)

Rochester Institute of Technology
Microelectronic Engineering or 9 . 09 A/ m2
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73 STAGE RING OSCILLATOR

The Ring Oscillator Works
Is It Working Correctly?

Electrical Test Results

Design

73 Stage
4X Buffer
[=2um
5Volt Supply
. Frequency = 4.37MHz
Period=T =2 N td = 230ns
td = 1.58ns

: © February 7,2013 Dr. Lynn Fuller |= Page 38
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RING OSCILLATOR LAYOUTS

‘[!1!‘[!‘[!11!‘[!‘[!".

L

e e R R

?

q%,_ 1 tF L

ST

-----
o s o e s e s e s S e

____________________

VAT

4/16

Rochester Instift

Microelectronicly

—d

L] []
e e e e

[T =1

____________________
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MOSFETS IN THE INVERTER OF 73 RING OSCILLATOR

JRiEEEEiEN 73 Stage Ring Oscillator

ochester Institute of Technology

R
Microelectronic Engineering /
| -
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Ing — i lysis
// e

FIND DIMENSIONS OF THE TRANSISTORS

=

NMOS

PMOS

73 Stage
L 2u 2u
W 12u 30u
AD 12ux12u=144p 12ux30u=360p
AS [2ux12u=144p 12ux30u=360p
PD 2x(12u+12u)=48u | 2x(12u+30u)=84u
PS 2x(12u+12u)=48u | 2x(12u+30u)=84u
NRS 1 0.3
NRD 1 0.3
Use Ctrl Click on all NMOS on OrCad Schematic

)\ Use Ctrl Click on all PMOS on OrCad Schematic
Then Enter Dimensions

%

© February 7,2013 Dr. Lynn Fuller =
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SIMULATED OUTPUT AT 5 VOLTS

RRL J T h
5Vde— ﬁ ET ,_ ET ,_
RITSUEP? RITSUEP] RITSUBP?
AS = 360p AS = 360p AS = 360p
AD = 360p AD = 360p | AD=360p
1 L=2u L=2u L=2u
PD = 84u PD = 84u PD = 84u
PS = 84u PS = 84u PS = 84u
NRD = .3 NRD = .3 NRD = .3
M4 NRS=.3 |M5 NRS=.3 |M6 NRS = 3
4{'_ W = 30u 4{'_ W = 30u 4{'_ W =30u
— —
RITSUBN RITSUBNT RITSUBNJ
D = 144p D = 144p D = 144p
S =48u S=18u S =48u
| As=144p S =144p S = 144p
na L=2u L=2u L=2u
=0 PD = 48u PD =48u PD =48u
W=12u W =12u W=12u
NRS = 1 NRS = 1 NRS = 1
NRD = 1 NRD = 1 NRD = 1

Three Stage Ring Oscillator with Transistor

Parameters for 73 Stage Ring Oscillator and Supply of

\

f\\S volts

td=T /2N =5.5nsec/2/3

td = 0.92 nsec

© February 7,2013  Dr. Lynn Fuller =
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HOMEWORK
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1. Problem1

2. other

Rochester Institute of Technology
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