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INTRODUCTION

This document will describe a new CMOS test chip. The test chip
will be used to develop CMOS process technology and to verify
analog and digital circuit designs. In addition the test chip includes a
variety of CMOS compatible sensors and signal processing
electronics for those sensors. A section of the chip is for
manufacturing process characterization and transistor parametric
characterization. Other sections of the chip have basic digital and
analog circuits, chip scale packaging designs and projects to evaluate
various Microsystems architectures. For example a variable
frequency oscillator, binary counter and shift register allows for
capacitor sensor measurement and Blue-Tooth wireless transmission
of data to a remote host. The test chip will be used with RIT’s SUB-
CMOS and ADV-CMOS processes.
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RIT SUBu CMOS

RIT Subu CMOS
150 mm wafers
Nsub = 1E15 cm-3
Nn-well = 3E16 cm-3
Xj=2.5um
Np-well = 1E16 cm-3
Xj=3.0 um
LOCOS .
Field Ox = 6000 A
Xox =150 A
Lmin= 1.0 ym
LDD/Side Wall Spacers
Vdd =5 Volts, Vto= +/- 1 Volt
IWO Layer Metal

Rochester Institute of Technology
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SUB-CMOS 150 CROSSECTION
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DESIGN RULES

We will use a modified version of the MOSIS TSMC 0.35 2P 4M
design rules. Eventually we hope to be compatible with MOSIS but
new process technology needs to be developed at RIT to do that
(PECVD Tungsten, improved lithography overlay, 4 layer metal). We
plan to use one layer of poly and two layers of metal. We will use the
same design layer numbers with additional layers as defined on the
following pages for manufacturing/maskmaking enhancements.
Many of the designs will use minimum drawn poly gate lengths of
2um where circuit architecture 1s the main purpose of the design.
Minimum size devices (Drawn Poly = 0.5um, etc.) are included to
develop manufacturing process technology.
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LAMBDA, Lmin, Ldrawn, Lmask, Lpoly, Lint, Leff, L

Source at 0 V

—

Lambda = design rule parameter, A, ie 0.25um

BEEESAEE [ min = min drawn poly length, 2A
_Lmask =? Depends on +/-bias
[ Lpoly |

Lpoly after poly etch
Lpoly after poly reoxidation

Giato §Lresist after photo (resist trimming??) 0.50um

Drain at 3.3V

Ldrawn = what was drawn

Internal Channel Length, Lint =distance between junctions, including under diffusion
Effective Channel Length, Leff = distance between space charge layers,Vd = Vs=0
Channel Length, L, = distance between space charge layers, when Vd= what it is

Jq Extracted Channel Length Parameters = anything that makes the fit good (not real) /
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MOSIS TSMC 0.35 2POLY 4 METAL PROCESS

General Information
About MOSIS
Products

Processes

Prices

Support

User Group

Events

Job Openings
News

Work with MOSIS
Owverview

Getting Started
Design and Test

Requests
Bun Status

Project Status
Test Data

Docs and Forms
Documents

Forms/Agreements

Web Forms

Quick Reference
MNew Users
Experienced Users
Purchasing Agents
Design and Test
Academic Institutions
Export Program
Subrmit & Project

Search MOSIS

Search |

http://www.mosis.com/Technical/Designrules/scmos/scmos-main.html#tech-codes

MOSIS SCMOS Technology Codes and Layer Maps

SCN4M and SCN4M_SUBM

This is the layer map for the technology codes SCH4M and SCN4M_SUBM using the MOSIS Scalable CMOS layout rules
{_SCMOS), and only for SCHN4M and SCHN4M_SUBM. For designs that are laid out using other design rules (or technology
codes), use the standard layer mapping conventions of that design rule set. For submissions in GDS format, the datatype is

"0" {zero) unless specified in the map below.

SCHN4M: Scalable CMOS N-well, 4 metal, 1 poly, silicided. Silicide block and thick oxide option available only on the TSMC

process,

SCHN4M_SUBM: Uses revised layout rules for better fit to sub-micron processes {see MOSIS Scalable CMOS (SCMOS) Design

Rules, section 2.4%,

Fabricated on TSMC, AMIS, and Agilent/HP 0.35 micron process runs. See "Notes" section of layer map for foundry-specific

options,
Layer GDS CIF CIF Synonym

N WELL 42 CWN
ACTIVE 43 CAA
THICK ACTIYVE 60 CTA
POLY 46 CPG
SILICIDE BLOCK 29 CSB

N PLUS SELECT 45 CSN

P _PLUS SELECT 44 CSP
CONTACT 25 GCCC CCG
POLY CONTACT 47 CCP
ACTIVE CONTACT 48 CCA
METAL1 49 CM1 CMF
YIA 50 C¥1 CVYA
METALZ 51 CM2 CMS
YIA2 61 C¥2 CV¥S
METALS 62 CM3 CMT
YIAZ 30 CV¥3 CvVT
METAL4 31 CM4 CMQ
GLASS 52 COG
PADS 26 XP
Comments -- CX

Rule
Section

LU'|

.LU\

ERRIER s B e B
(= T e T, T N O Y B - I | L R O = L I O I

Notes

Optional for TSMC; not available for Agilent/HP nor AMIS

Optional for Agilent /HP; not available for AMI

Can be replaced by CONTACT
Can be replaced by CONTACT

TSMC 0.35 ricron 0,25 SCMH4ME
2P4rd (4 Metal
Polycided, 3.3
VG WY

Non-fab layer used to highlight pads
Comments

© October 22, 2009 Dr. Lynn Fuller |= Page 8




MOSIS TSMC 0.35 2-POLY 4-METAL LAYERS

%METAIB

These are the main design |

MASK LAYER | MENTOR GDS | COMMENT

NAME NAME #

N WELL N_well.i 42

ACTIVE Active.i 43

POLY Poly.i 46

N PLUS N_plus_select.i 45

PPLUS P_plus_select.i 44

CONTACT Contact.i 25 Active_contact.i 48

poly_contact.i 47

METALI1 Metall.i 49

VIA Via.i 50

METAL?2 Metal2.i 51

VIA2 Via2.i 61 Under Bump Metal
Metal3.i 62 Solder Bump

ayers up through metal two

© October 22, 2009 Dr. Lynn Fuller
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MORE LAYERS USED IN MASK MAKING

LAYER NAME GDS | COMMENT
cell_outline.i 70 Not used
alignment 81 Placed on first level mask
nw_res 82 Placed on nwell level mask
active_lettering | 83 Placed on active mask
channel_stop 84 Overlay/Resolution for Stop Mask
pmos_vt 85 Overlay/Resolution for Vt Mask
LDD 86 Overlay/Resolution for LDD Masks
p plus 87 Overlay/Resolution for P+ Mask
n plus 88 Overlay/Resolution for N+ Mask
tile_exclusion 89 Areas for no STI tiling

Rochester Institute of Technology

Microelectronic Engineering

used in layout and mask maki
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OTHER LAYERS
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Other Design Layers
P+ Resolution (87)
STI Resolution (82)
Stop Resolution (84)
Vt Resolution (85)
85 Active Resolution (83)
N+ Resolution (88)

ITHTI

ITTHT

]
-

83

Q
o

Tk

1.5

Design Layers
N-WELL (42)
ACTIVE (43)
POLY (46)
N-SELECT (45)

i,
ctive

P-SELECT (44)
CC (25)
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MASK ORDER FORM

N

Rumchartar Inrtituts af Tochunlngr
Hicrmalsctranic Enginssring

Attachmsnt Far Hark Ordar Farm

Dats E-FEEFEI:II:IEI

Rsguartmr

Dir. Lynn Fuller

Dariqn Darcripti| CHOS_TESTCHIF_Z00# Final

4 rill-:I|':|'.urn-dl'd:rnu.rl:wtchij_al:ll:lTl'GHEIS TESTCHIF_Z00% Final.q-

cturs Rarmlutinn 0.5 Hirrmr 135 Flats Sixs 5" 5" 0"
Scals Factmr X Rmtats rnone & mf lawalrfplart 1
Arrarx non
Darigm Hark
Larasr Lawal
Hams Humbaer Hamas Humber Bunlsan Functinn [Ty Ty
HWELL 1 n-uelli dz [de OF #10R 21 INVERT Diark Ficld Mark
aligrment 21
MLl Fir e
ACTIVE 2 azkive=aresa.i qz [dZ0F £2] Clear Field Mark
ackive=arsa.e 53
STOF 3 n-uelli dz (42 OF 4] Clear Ficld Mark
shannel_rtop 2dq I
FHMOSNT i Foblur_reole sk, dd4 44 OF %51 Dark Ficld Mark
pmor_uk 25
I FOLY 5 poly.i JE none Clear Ficld Mark, Eiar layer & +0.50m
LOD-H ) rplur_rolect. d5 [d5 0OF %61 IHYERT Diark Ficld Mark
LOO ik
LOO-F 7 pplur_rele =k, dd [dd OF #&]1 IHVERT Duark Fizld Mark
LoD ik
H+O= E) r_plur_rele =k, d5 [d5 0F #2]1 IHNVERT Duark Fizld Mark
nplur 2%
F+D= a Foblur_reole sk, dd4 (44 OF %71 INVERT Dark Ficld Mark
Eplur 27
(s 10 sonkack b [250FR %7 OF 471 INVERT Dark Ficld Mark
Ackive _conkack d
Foly_conkact. d7
METALA 11 mckall.i d4 none Clear Field Mark
W& ic Wia.i 5 INYERT Diark Ficld Mark
METALZ 1z mekals.i 51 nOnG Clear Field Mark
Va2 1d Viaz E1 nOnG DarkFizld Mark
METALZ 15 mekals EZ nOne Clear Field Mark
I
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FLOORPLAN AND HIERARCHY

CMOSTestchip2007
Process
Digital
Primitive Cells
Basic Cells
Macro Cells
Analog & Mixed
Projects
Packaging
MEMS
Project 1
Project2
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OVERALL CHIP LAYOUT

The test chip 1s divided 1nto
nine cells each 5 mm by 5
mm. The cells are divided
into 36 individual tiny cells
each 800 um by 800 um in
size plus 200 um sawing
streets. Most structures fit
into the tiny cells including
a 12 probe pad layout for
probe card testing. The
overall chip size 1s 14800
um by 14800um plus 200
um sawing street to give x
and y step size of 15 mm by
15 mm.

-

(14800,14800)
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JOHN GALT CMOS TESTCHIP

2008
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4-BIT MICROPROCESSOR
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ANALOG TO DIGITAL CONVERTER

Register

Successive
Approximation
Reqister
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BIG NMOS AND PMOS FETS

L/W = 100um/150um

Big enough for easy Nanospec Measurements

Not for device testing /
[ L /
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FIELD OXIDE NMOS AND PMOS FET’S

PMOS FIELD OX

NMOB FIELD DX

AL PR

A E_Lr_a

A A_L_F_&

A E_L_F_1

R

an

/
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FIELD OXIDE ID-VGS, EXTRACT VI(FIELD)

NMOS Field Vt > 10 volts

N

NMOS FIELD VT 7 PMOS FIELD VT

-4.0000n

5.000 10.000 16.000

-10.000

Rochester Institute of Technology

Microelectronic Engineering

Pmos Field Vt < -25 volts

J
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NMOS AND PMOS TRANSISTORS

8/8 16/8 32/8 1/32 2/32 4/32 8/32 16/32 32/32

8/4 16/4 32/4  1/8 2/8 4/8

1/4 2/4 4/4

|= Page 22
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FULLY SCALED SUB MICRON TRANSISTORS

o s | B |
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NMOS TEST RESULTS

NMOS ID VS VGS

NMOS SUB VT

4.000

| © October 22, 2009 Dr. Lynn Fuller H  Page 24




TRANSISTOR PARAMETER EXTRACTION

NMOS Transistor Family of Curves

1\

mEEEEuA

Rochester Institute of Technology

Microelectronic Engineering

l[dmax at Wgs =5 and Yds =5
ldsat at Vgs =5 and Yds = 4

Length L=
YWidth W =

ldmax =

ld=at =

Lambda = slopefldsat
| drive =

rJ

o

0.4447

0. 4422

0.006

111
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TRANSISTOR PARAMETER EXTRACTION

NMOS Transistor lds vs Vygs with Vds = 0.1 volts
NMOS ID VS VGS

g max =

0.0056/ 5

A intercept = YT

0.75

grm =

217

YW =

I

Rochester Institute of Technology
Microelectronic Engineering

0.75
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TRANSISTOR PARAMETER EXTRACTION

NMOS Transistor Subthrehold Plot atVd = 0.1 and Yd =5

Measure in the Dark

NMOS SUB VT

Irmax @ Wds=01 | 2 50E-05]|A

Imax @ Yds=5 | 4 44E-04]A

Irnin i@ %ds=0.1| 1.55E-12|A

Irnin @& Wds=5 | 1.55E-12|A

Ws at [d=10nA, Wd=0.1 0.440(%

Y at [d=TnA, Wd=0.1 0. 320(%

%s at [d=1nA, Wd=5 0.320(%
londloff @& Wds=0.1 7.21|DEC
londloff @ Vds=5 8.46|DEC

sub-threshold swing = 120{m%/DEC
DIBL = 0.0[m"

A

Rochester Institute of Technology

Microelectronic Engineering
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TRANSISTOR PARAMETER EXTRACTION

NMOS Field Oxide FET, Id versus Vgs

NMOS FIELD VT A Intercept =

i o deticin Field %T =

Lon: EMLN

B, 004N 2 Wak 01000y

5.000d0n £ s BT [
A S SWZ

4. 00000 £

10 11 1)) TS - o

20000k . . . |

Con: SMUM

Cursorg: X R
Wal DUy

10,0000 1.16595n

1\

Rochester Institute of Technology
Microelectronic Engineering
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PMOS TEST RESULTS

-2.000 -1.000 0.000 -1 00 -4.0000u
0 -4.000 -3.000 -2.000 -1.000 0.000

Note: Vt adjust mask made incorrectly
Vt=~-2.0
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MOSFET EXTRACTED PARAMETERS

Lot Number = FO80729 — Wafer Number = D2, Die Location R= , C=
NMOS Units
Mask Length / Width 2/4 2/4 pm
VT -2.0 0.75 \Y%
Lambda (for Vgs = Vdd) 0.018 0.006 \%%
Max gm / mm of channel width 0.90 2.17 mS/mm
Idrive 33 111 MA/pm
Ion/Ioff @ Vd = 0.1V 7.47 7.21 Decades
Ion/Ioff @ Vd =5V 8.52 8.46 Decades
Ioff @ Vd = 0.1V 3E-13 1.55E-12 | A/um
Ioff @ Vd =5V 3E-13 1.55E-12 | A/um
Sub-Vt Slope @ Vd = 0.1V 99 120 mV/Dec
Sub-Vt Slope @ Vd =5V 99 120 mYV/Dec
DIBL@1nA/pm =AV /AV, 0 0 mV/V
Field VT -25.2 10 \Y%




RING OSCILLATORS AND SEM STRUCTURES

e Un-buffered Output

17 Sta ./ W=2/30 Buffered Output

OOHONE | IEEEED |SE000E | ENNEE | SRR
T % :

-
LR R . =

dHEREAS AL il

___________________

R SEM Structures
Microelectronic Engineering CM O S Inver ter CI'O 3SEC ti Oy

ochester Institute of Technology

: © October 22, 2009 Dr. Lynn Fuller |= Page 31




RING OSCILLATOR DESIGN

Rochester Institute of Technology
Microelectronic Engineering

2um gate length

5 Volt

73 stage

4x Buffer Output
1x Buffer Output
Unbuftered Output

: © October 22, 2009 Dr. Lynn Fuller
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RING OSCILLATOR RESULTS

ﬁ—cmmmmhumum;»—ﬁ

17 Stage =
unBuffered s
L=8um
Frequency = 2MHz |
Period = 500ns |
td = 14ns

Agilent

law:. 0000005

V/ These worked the others did not.

73 Stage
4X Buffer
L=2um

Frequency = 4.37MHz

Period = 230ns
td = 1.58ns

: © October 22, 2009 Dr. Lynn Fuller |= Page 33
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SEM PICTURE OF INVERTER CROSSECTION

Rochester Institute of Technology
Microelectronic Engineering J
| B /
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SEM CROSSECTION OF MOSFET

NMOSFET

P-well

PMOSFET

VR

hester Institute of Technology
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VAN DER PAUWS AND CBKR’s

NWELL PWELL N+ P+ N-POLY M1 P-POLY M2

2um Ml1toPoly  2um MItoP+ 4um M1toPoly 4um M1toP+
2um M1toM2 2um M1toN+ 4um M1toM?2 4pum M1toN+

2um Ml1toP+ 2um M1toN+ 4um M1toP+ 4pum M1toN+

: © October 22, 2009 Dr. Lynn Fuller H  Page 36

/




VAN DER PAUW TEST RESULTS

VDP WELL

1.1000k

1.0001

0om
a0m

0.1000m

(3]
-0.1000m 200.0000

N _|'|.|'| no 1.000 : 3.000 4.000 R

Fit #1: Fit #2:
MHane MHane

Rhos=888 ohm/sq

~

Rochester Institute of Technology
Microelectronic Engineering
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VAN DER PAUW TEST RESULTS

Metal 1

Rhos=0.0457 ohm/sq

~

Rochester Institute of Technology

VDP Metal

01200

0.1000

|
)

0.780

0.8100 0.0457

Microelectronic Engineering

0.1000

o W W (PR,
I" Yoy 0.0000

1.000
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VAN DER PAUW TEST RESULTS

VDP Metal

0.1200

3 dead
PP R g o s g
i

Wb Ledid ¥

0.250 0.750 1.000 I

0.0r15

Metal 2
Rhos=0.0615 ohm/sq

~

Rochester Institute of Technology
Microelectronic Engineering
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SERPENTINES, COMBS, AND VIA CHAINS

III T Annnoan

I TROGO0CAN
BN 0 RANAI i
QTR ORA0CAD
04 D BRNAI]
BB
[C04 0 BATAI
I BOBnORIN
BI040 comAD:
Qr08 doa00n:
BI04 BONALTE
018 DE{0CE

i
1anoanoonn
1anonnoonn
fnnnanoon
fannaooan
fannaooon
jnnnaooonn
faooaonogn
faooaonogn
lanoanooan
loognnoen
nnaoonan
lnognnoen

=m=ea

e it e A e A e B e B S I da S

To evaluate metall, metal2, CC and Via layer quality.

) O

Rochester Institu
Microelectronic [l
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MI1-M2 VIA CHAIN

M1-M2 Via chain 512 via

0 1 V8543

-10.000 -5.000 0.000 5.000 10.000

VA

N (VRS

-
]

-0.0169
0.0169

')
n.

QAR T,
":muwt-;a-ctrvmg'

L
L1

¥/ o R 2K R
e L

AR Y

10

FO08120

(.
I

M1-M2 Via chain with 512 Vias
and total resistance of 118 ohms
Rochester Institute of Technology OI’ 0.23 1 Oth pef COIltaCt

Microelectronic Engineering /
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SENSORS

VR

Interdigitated and Plate Capacitors
Diodes and Heaters

Resistors

Photovoltaic Cells, 1x, 2x, 4x

Two side by side pn diode sensors for differential readout

Rochester Institute of Technology

=

Microelectronic Engineering
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CAPACITORS

M2 M1 M1 to M2 M1 to Pol

120 Fingers gives ~0.3 pF 670um/470um Plate
~3 pF

r Institute of Technology

Rocheste
Microelectronic Engineering J
| B /
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PARALLEL PILATE CAPACITORS

VR

TEOS=4000A TEOS=5000A

Measured = 22.5pF Measured = 29.4pF

Calculated= €0 er Area/d Calculated = 22pF
=(8.85e-14)(3.9)(670x470)(1E-4)/(0.4)

=277.2 pF

Rochester Institute of Technology

=

Microelectronic Engineering
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METAL ONE INTERDIGITATED FINGER CAPACITORS

Measured: 1.1pF 120 fipgers

Calculated: 2.3pF 3um line
3um space
Er=49

Overlap = 440um

Rochester Institute of Technology
Microelectronic Engineering
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INTERDIGITATED FINGER CAPACITOR CALCULATIONS

- | | | |

28 Capacitance for very Thin Interdigitated Fingers Cevios Teate
29 | S S : Capacitance, C = 2 26E-12|F

30 OC=LN[%]§ | Jog[(?.n-l)ﬂs] ] Number of Fingers, N = 120

31 = At ) relative dielectric constant, er = 4.9

32 ¢ ° Length of finger overlap, L = 440/um

33 width of fingers, w = 3/um

34 spaoeI between f|ingers, S = 3lum

VR

=

Rochester Institute of Technology

Microelectronic Engineering /
' © October 22, 2009 Dr. Lynn Fuller =
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DIODES AND HEATERS

Poly Heater on top of Diodes
__ F"' H:I. vDD VO

P* H1

T

| | k [ |

ester Institute of Technology
croelectronic Engineering

| © October 22, 2009 Dr. Lynn Fuller
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DIODES AND HEATER TEST RESULTS

Diode with heater

0.6000m
0.4000m |
<
0.2000m |
0.0000 L
-1.000 -0.500 0.000 0.500
Fit #1: Fit #2: Cursors: X Y
None None [1| 0.64000 0.05020m
A R <»| 0.60000 0.04132m
o T IS
o o =
IcS 09:37:15 4
11/11/2009 FAN

~

\

1.000

Heater at 10 volts
T=25+0.04V/(2.2mV/°C)
=432 °C

Rochester Institute of Technology

Conditions:

Swp: SMU1
Start: -2.00000 V
Stop: 2.00000 V
Step: 0.04000V
Pts: 101

Con: SMU2
Val: 0.00000 V

Diode with heater

Conditions:

Swp: SMU1
Start: -2.00000 V
Stop: 2.00000 V
Step: 8.00000m
Pts: 501

Con: SMU2
Val: 0.00000 V

Microelectronic Engineering

0.1000m
0.0750m [
< 0.0500m [
0.0250m [
0.0000 |
0.000 0.500 1.000 1.500
Fit #1: Fit #2: Cursors: X Y
None None [1] 0.93600 0.05134m
<>/ 082400 |0.05130m
=
ICS 10:02:24 =1
11/11/2009 pay

Heater at 20 volts

T=25+0.11V/(2.2mV/°C)
=75 °C

© October 22, 2009 Dr. Lynn Fuller
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RESISTORS

N+ 1in Pwell

|= Page 49

P+ 1in Nwell

© October 22, 2009 Dr. Lynn Fuller




RESISTORS

|
1
—-E! =

e -

E

=]
1l
|
T
I
I
I
I
E3

L

F____:______:____:_____
S

..|_____________

Nwell in P substrate 6 different N+ Poly
Resistor Designs

(missing contact cuts)

Rochester Institute of Technology
Microelectronic Engineering /
| B /

| © October 22, 2009 Dr. Lynn Fuller Page 50




RESISTORS

NWell

R = 1/SLOPE
= 1/0.025m

= 40,000 ohm

Rhos = 40K/39

=1026 ohm/sq

Nwell Resistor

0.0600m

0.0400m [

0.0200m [
< 0.0000 £

-0.0200m [

-0.0400m [

-0.0600m L 1 1 1

2000 -1.000 0.000 1.000
Fit #1: Fit #2: Cursors: % ¥
Type: Cursor None [ 060000 0.01503m
Slp:0.02497m s <>| 076000 |-0.01893m
Yint:0.04544u s =]
int-1 81952m = =
Ics 14:43:47 >
10/28/2009 Fay

2.000

Conditions:

Swp: BMUT
Start: -2.00000 V'
Stop: 2.00000 v
Step: 0.04000 v
Pts: 101

Con: SMU2
Wal: 0.00000

1.5000m

Poly Resistor

Poly

R = 1/SLOPE
= 1/0.681m

= 1468 ohm
Rhos = 1468/39
=37.6 ohm/sq

Conditions:

1.0000m -

0.5000m

Swp: SMUT
Start: -2.00000 v
Stop: 2.00000 v
Step: 0.04000 v
Pts: 101

Con: SMU2
“al: 0.00000 %

<C 0.0000

-0.5000m |-

-1.0000m

-1.5000m 1 1

-2.000 -1.000 0.000 1.000 2.000

Fit #1 Fit #2 Cursors: ¥ ¥
Type: Cursor Mone 0.64000 0.43580m
Slp:0.68073m i -0.60000 -0.40831m

Yint:0.13033u

wint:-0.19146m

ICS 14:54:44
107262009

>XM[C|e|0

© October 22, 2009 Dr. Lynn Fuller
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RESISTORS

prinmuelressel B R=12K ohms
Theoretical R = Rhos L/W
=45 (12*390)/9 = 23K

p+ in n-well resistor

R=37.1K ohms
Theoretical R = Rhos L/W
=45 (12*390)/6 = 35K

p+ in n-well

R= 139K ohms
Theoretical R = Rhos L/W
=45 (12*390)/3 = 70K

Rochester Institute of '8
Microelectronic Engin &

| © October 22, 2009 Dr. Lynn Fuller |= Page 52




RESISTORS

h ; Poly
: z =g R=1468
| . ~_ Rhos=37.6

’ If)W=390/10

nWell
R=44K
Rhos=1.13K Rhos=320

= e

SRE  pEE
S
i "

390/10um 390/30um
/W

P+ 1in nWell

R=1.78K

R= ]/sl()pe Rhos=45.7

Rhos= R W/L

JAsiEiEinN

- L/W=390/30

n+ in pWell P+ in nWell
R=1.46K R=582

Rochester Institute
Microelectronic Engin

L/W=390/10

: © October 22, 2009 Dr. Lynn Fuller =

Rhos=37.4 Rhos:44.8/
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PHOTOVOLTAIC DEVICES

P+ in Nwell

| © October 22, 2009 Dr. Lynn Fuller H  Page 54




SINGLE AND DUAL PHOTO CELL

Single 800x300 Photo Cell

— Canditions
Swp: SMUT
Start: -2.00000 v/
—
Stop: 200000 ¥ S‘ j— l I
1.0000u [ Step: 0.04000 ¥ *
Pts: 101
Con: SMUZ2
< o or 6 A/m2
-1.0000u [
=
-2.0000y 1 1 1
2,000 1,000 0,000 1.000 2,000
Fit #1 Fit #2 Cursors: X ¥
Nene Nane 1] 0.00000 -1.08500u
= o <[ 0.38000 0041350
— — [ 0:32000 0 90854u
= — =Z|0.40000 0.26045u
cs 104812 <] 0.00000 -0.04408u
10/27/2009 Ay
Isc =0.585 uA
Dual Photo Cell (left) c .
onditions
2.0000u
[ Swp: SMUT
F Start: -2.00000 v
: or m
1,0000u [ Step: 0.04000 .
- F Pts: 101
-] [
F Con: SMUZ
< oo Vsl 0.00000
-1.0000u |-
-2.0000u L 1 L L
2,000 1,000 0,000 1.000 2,000
— Fit #1 Fit %2 Cursors: X ¥
50]0/ 3 Mone Mone 1] 0.00000 -0.58560u
s s <[ 0.00000 7 9E350n
hnology— = =
- = = =
n,
g ics 11:29.08 et
10427/2009 AN

| © October 22, 2009 Dr. Lynn Fuller |= Page 55




8-CELL PHOTO BATTERY

T e ————
2

— s,

f 1 Ik

Al Ore w_se © AL o6

8 Cell Photo Battery contitions
2.2500u
Swp: SWMUT

20000 £ Start: 000000

175000 F Stap: 2.00000 Y

- Step: 0.02000 Y

" E Pts: 101
1.2500u
Can: SMUZ

< 1000 val: 0,00000

0.7500u F

050000 f

0.2500u

6 5265

-0.26000 1 1 1

0.000 0.500 1.000 1.500 2.000
VA *
Fit #1 Fit #2: Cursors: X N De Slgn ErrOrS
Mone None 1] 0.44000 1.18200u
- - <>[044000 0.41554u L = L = L S
— — -— e
| 0.28000 0.01733u s T ———
= = = |0 26000 0017330
s 111349 1| 0.16000 -0.18500n
S + an + not correct
Microelectro

| © October 22, 2009 Dr. Lynn Fuller




BIG PHOTO VOLTAIC CELL

J

|= Page 57

© October 22, 2009 Dr. Lynn Fuller
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LARGE 5mm X 5mm PHOTODIODE

P+/N Photodiode 5Smmx5mm

Conditions:
0.5000m
Swp: ShIU1
0.4000m Start; -2.00000 v
Stop: 2.00000 %
0.3000m Step: 0.02000 %
Pts: 201
0.2000m
Con: SMU2
0.1000m “al: 0.00000
<{ 0000
.0.1000m
-0.2000m
0.3000m B2
-0.4000m
os00OmE . L . . . .
-2.000 -1.000 0.000 1.000 2.000
VA
!HHHH Fit #1: Fit #2: Cursors: ¥ ki
!mmmm Mane MNaone [ 0.00000 -0.14080m
RS SR o o < 0.00000 -0.01383m
AR RN HANARART — — )
HHHH RIRHE EHH R - - =
ratrnd RIS AR R IcS 13:45:58 L]
R AR R 11182009 A
| R R R
R R AR AR . .
SRORIRSHERR Isc = 0.15mA (short circuit current)
Rochester Institute of Technology 9 09 A / 2
Microelectronic Engineering OI' . m
| /
| © October 22, 2009 Dr. Lynn Fuller |= Page 58




DIGITAL CIRCUITS

VR

Primitive Cells
INVERTER, NAND2.,3.4, NOR2,3.4, NULL

Basic Cells
XOR, MUX, DEMUX, ENCODER, DECODER
FULL ADDER, FLIP FLOPS

Macro Cells
BINARY COUNTER
SRAM

hester Institute of Technology
ele

=

Roc
Microelectronic Engineering

| © October 22, 2009 Dr. Lynn Fuller |= Page 59




PRIMITIVE CELLS WITH PADS

. - - |
INV/INOR4 NOR3/NAND2 NOR2/NAND3 INV/NANDA4

r Institute of Technology

Rocheste
Microelectronic Engineering J
| B /

| © October 22, 2009 Dr. Lynn Fuller Page 60




CMOS INVERTER

CMOS

TRUTH TABLE

2.5um

Lpoly = 1.0um

- o

VIN |VOUT

/

0.35 um

|= Page 61

Leff

© October 22, 2009 Dr. Lynn Fuller

Rochester Institute of Technology




INVERTER TEST RESULTS

0.4000m

5.000

-
| Output |D|

.

TR 1 5 oo i v o o

Vi

\

Rochester Institute of Technology

Microelectronic Engineering

, © October 22, 2009 Dr. Lynn Fuller =




PRIMITIVE CELLS

|= Page 63
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/%—cmmmmmmm;)—ﬁ

PRIMITIVE CELLS

Out .~ NAND2

(o fon Lo o o o (i [ flom o iom fam fom [
e e e N S e e e e

& _ _ .
HH Rochester Institute of Technology
Microelectronic Engineering
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NOR?2

--_,.-‘,_.

i :-
*’,
Zim &ﬂ;' k£

Rochester Institute of Technology

= é_ 1 & K] 4 ba] e} i
Qutput | D_|

LA oo oo o fom o

GGraph Display
see above

~ aat

S owi o Nawp

i oo o) v )i i o i i i i
o o ) o) ) ] i i o f i)

D D - HDJIIIIIII

|t righ] Hih) i

Microelectronic Engineering

, © October 22, 2009 Dr. Lynn Fuller |= /

Page 65




Qutput

T

araph Display
see above

F

F

\|Setting
the inpuk

terminals s
af the LUT

Rochester Institute of Technology
Microelectronic Engineering

| © October 22, 2009 Dr. Lynn Fuller |= Page 66




Rochester Institute of Technology

0

1 12 13 14 15 16
lHigh I Lo lHigh I Lo _Hi-;]h l Lo _Hi-;]h]

e

iaraph Display
see above

Setting
the input
kerminals

of the LT

—

O

Microelectronic Engineering

| © October 22, 2009 Dr. Lynn Fuller
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BASIC DIGITAL CELLS WITH PADS

Multiplexer XOR  Full Adder Encoder  Decoder Demux

ARV

RES BND

Edg Triggered DFF
™

\ Rochester Institute of Technology

g Microelectronic Engineering /
: © October 22, 2009 Dr. Lynn Fuller =
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470 1 MULTIPLEXER

}

1

B
)

Rochester Institute of Technology

— ) C

Microelectronic Engineering m

© October 22, 2009 Dr. Lynn Fuller
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470 1 MULTIPLEXER

s[=len 5 | Dlelen] i . -
T - : = = - - — - unnins ’ ‘ i — -
output |, - | Bt | ]
5_1 4 5 ] Q 10 11 1 1 14 15 16 5_1 4 5 i I Q 10 11 1 1 14 15 16
Output | N Output | N

High

Sg COOCOC000000000C iffiJ_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J
I o o 0 0 [ 6 o 5 o TS o 5 5 o 6 o o o )

B D1(C5 5 ) 65 ) o o ) v o ) ) O O 5 5 ) ) ] o o o ]
J_J_J_JMJ_J_J |
MR o o o] o fo o o

|"l 2' @l ||l 2 {i> 6 Input an: utput testing.vi I =] |
QOutput 5 - 5 |
2l 4 &5 & 7 910 11 1r 13 14 15 18 ut f|
Out[:_)ut | “ 'g: 1 El [ TR TV R N I BT S
— Output U_|

M= e e 6 o ) G,ajwJ_J_J_J_J_J_J_J_J_J_J_J_J_J_U_J
BE = o o o oo o o =
ocevs (o) R e e Y O O | |-

of khe LT of the LLIT

- JJ_MJ_@@J_@@UH@@ —

| © October 22, 2009 Dr. Lynn Fuller H  Page 70




BASIC CELL XOR

Input A
A!
S A'B

B XOR

- Port out >
Input B —

portin > ]-— XOR = AB+APB’

gl

XOR

Port in

Rochester Institute of Technology
Microelectronic Engineering

: © October 22, 2009 Dr. Lynn Fuller H  Page71 /
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L

Vi id

=

d

Lynn Fuller

Vi 10

7]

r
——

d

OV
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Output | z

T =)

Graph Display

i i o) o

’ . J A [
= .——..ﬂaﬂ.f—:—*'&————’.i Bt i s il m——— i ‘g—-————rﬂ_—r‘-ﬂ-—-

Rocheste

Microele

© October 22, 2009 Dr. Lynn Fuller

Page 73

L - lwl-'-‘-#m—n:-r-ll-l-l-:’\- -




]

| =k =] N
T"T Tafml Taff (74T o

TR

|

.I.I"I.Irl. |.|.|

IEE. SR

T

TR |
Lynn Fuller

NOK oWl W Tl N aewn N e W (KR

F it (et i bl (el i
Tal (Tnl Tu Tal (Tnl Tu

|

T

nand3 hand2 nand? hands

INEENEYIT
NEEREL

-

B

i |
T

3

ST T T SR T T |={mk = lm i bt (el e ikl |
T a1 U Taf jTal Taff Tal jml Ta Tal (Tl Tgfial

.
3
Q
S
S
=

© October 22, 2009 Dr.
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FULL ADDER

HYNR ¥
wesy )
R SRR CARh I Rh I“

I
AR A S B e u A C LN e AN A EA RS
- -~ an » -

Y

1

b “")‘
| 1

ir1 1
It~ i

e ¥ -~

o

i}

|) MISSING VIA

/

|= Page 75
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1TO 4 DEMULTIPLEXER

_ e R
— ReLE e e e o | M L)X

i
Qutput ,52‘
Output z:\

WIECEEE . .. EERE . ..

s | 10808088808 )8 )8
BN ) o o o o o) ) e o o] o) ]

Vas \\ Correct

Rochester Institute of Technology

Microelectronic Engineering IEN @ ] j
' © October 22, 2009 Dr. Lynn Fuller =

| Page 76




DECODER

A _q, D R0 Bl B2 O3
.

|
. ".}_r
(A H——t
..]L 4
—--t-\.aw. |
— _ i

]

) | L
—
=zt
i
st s uu'cl'-

“.-
-~
-
e
— 1= |
Y ;‘i“::.j..______._..-.._..»
I O v o

C“(')rr’eclt-

, © October 22, 2009 Dr. Lynn Fuller H
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ENCODER

Q —— i i ABCD|Q0 QI
o — , Coded
> = Gutput L 10000 0
Q, Lines Bt ‘:leu 'C.HH E-L. O 1 O O O 1
Digital Encoder -t ol e 00101 O
512 inputs can be coded into 9 lines 0001 1 1
which is a more dramatic benefit

g h DO__ Ql
C D) o—Q,

D No Connection

{1 6 Input and 6 Dutput testing.vi
=
Output IJ,|

=
Qutput |
o

/ T | oy ) ey ey o o) e e e e e e
EEEEEEEE (B o v G o f o o fe o (i fioe o (o o i

Settl ng

S [ o o o) o o o o o o o)
5 (o (o o (o o o o o o o (o o o

| © October 22, 2009 Dr. Lynn Fuller H  Page78 j




EDGE TRIGGERED D TYPE FLIP FLOP
Positive Edge Triggered
: D FF —D Q-
— Q_
D,

Inputs Cutputs
CLE D c|d g
0 T 0 1
1 T 1 0
X 0 Q Q
X 1]1Q Q

Rochester Institute of Technology
Microelectronic Engineering

: © October 22, 2009 Dr. Lynn Fuller |= Page 79




D FLIP FLOP WITH SET AND RESET

DFF SET RES
BURAK

| © October 22, 2009 Dr. Lynn Fuller H  Page 80




JK FLIP FLOP

/

L
%
’,

a
E =
& @
_.“ &
] ..m =]
aw| m gloflo—o olo
- . B
G s L& AL
= bl O 1O o ro—| oo O
i ]
= = = R
= £ T ] | D e~
fa¥ | N P o
iJ [}
a —
= Z
0 oY c
= £,
il a
gl o
— o
i N
- oI S
k N
ERE= = o
[ N
H 5
“ Qo
i i)
G YA §
SSSE— ®
m ” ==
n_ s m oy
m.|w_

. = zlm




T-TYPE FILP-FLOP

TOGGEL FLIP FLOP

D—D#
w#— QBAR

Q: Toggles High and Low with Each Input

T—2

T Qnl1 Q

0 0 0 T Flip Flop 1s a JK FF
0 1 1 With J and K connected
1 0 1 together and labeled T
1 1 0

VR

=

Rochester Institute of Technology

Microelectronic Engineering /
' © October 22, 2009 Dr. Lynn Fuller =
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BINARY COUNTER USING T TYPE FLIP FLOPS

State Table for Binary Counter
_ A —
o Present Next F-F
A B State State Inputs
A A B C|A B C Ty Tp Te
0O 0 O 0 0 1 0O 0 1
0 0 1 0 1 0 0O 1 1
B 0 1 0 0 1 1 0O 0 1
0 1 1 1 0 0 1 1 1
'—:l} T 1 00| 10 1] 0 0 1
B — 1 0 1 1 1 0 0 1 1
B — 1 1 0 1 1 1 0 0 1
1 1 1 0 0 0 1 1 1
A A \A
c BC\. 0 1 BC\ 0 1 BC\ 0
T Qnl Q 00{o|0| o00[g|O0]| 00|1
0 0 0
II)“II’“t — Te o o 11 1 o1{ofo| o1|1|1] o01]1
ulses |
C i ‘1’ (1) 11| n|1]1]| 1|1
\\ TOGGELFLIPFLOP 19| 0| 0 10/ 010 10| 1
Rochester Institute of Technology
Microelectronic Engineering TA TB
: © October 22, 2009 Dr. Lynn Fuller H  Page 83




3-BIT BINARY COUNTER WITH D FLIP FLOPS

ochester Institute of Technology
ineeri

R

Microelectronic Engineering /
| /
| =
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8-BIT BINARY COUNTER

COUNT

41 FUL3IE3

20

o1

o2

03

4

05

40

COUNT
ENAELE

Rochester Institute of Technology

Ealral i Fslrel N Esrs] i Esirsl i rel sl Fel e i Felrel i relrs

i

oF

42

43
44

45

46

47
48

49
50

51

52
53

54
55

56
57

Microelectronic Engineering

| © October 22, 2009 Dr. Lynn Fuller
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8-BIT BINARY COUNTER




8-BIT BINARY COUNTER WITH PADS

ochester Institute of Technology

R
Microelectronic Engineering /
[ |= /
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MACROCELLS

3-Bit Binary Counter / Shifter
8-Bit Binary Counter / Shifter
SRAM

Microcontroller

Etc.

Rochester Institute of Technology
Microelectronic Engineering

: © October 22, 2009 Dr. Lynn Fuller
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ADDITIONAL CIRCUITRY TO RESET, SHIFT, COUNT

EQ, QCECE Q
R U
v L CE

D R QDJ LD R Q— L[) R QE_ LD R Q|-

!
mkfjl_

© October 22, 2009 Dr. Lynn Fuller |= Page 89




3-BIT BINARY COUNTER/SHIFT REGISTER

RIS ——— e

; OF f _witbozet _res ;

Binary Counter
Serial Output
Asynchronous Reset
Count Up Enable
Shift Out Clock Input

Rochester Institute of Technology Count Up ClOCk IHpU.t

Microelectronic Engineering S t art B it and S tOp B it /
| g

| © October 22, 2009 Dr. Lynn Fuller Page 90




RAM

S

END

DD

Rochester Institute of Technology
Microelectronic Engineering

|= Page 91
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ANALOG AND MIXED MODE CIRCUITS

VR

Operational Amplifier

Inverter with Hysteresis

RC Oscillator

Two Phase Clock

Analog Switches

Voltage Doubler, Tripler

Analog Multiplexer

Comparator with Hysteresis
A-to-D

D-to-A

OTA, Biquad Filter, Elliptic Filter
Programmable Binary Weighted Resistors

hester Institute of Technology
ele

=

Roc
Microelectronic Engineering
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SPICE PARAMETERS FOR SUB-CMOS PROCESS

*This file is called: RIT_MICROE_MODELS.TXT

*1-15-2007 FROM DR. FULLER’S SPREADSHEET WITH VT0=0.75

.MODEL RITSUBN49 NMOS (LEVEL=49 VERSION=3.1 CAPMOD=2 MOBMOD=1
+TOX=1.5E-8 XJ=1.84E-7 NCH=1.45E17 NSUB=5.33E16 XT=8.66E-8 NSS=3E11
+XWREF=2.0E-7 XLREF=2.95E-7 VTHO0=0.75 UO= 950 WINT=2.0E-7 LINT=1.84E-7
+NGATE=5E20 RSH=1082 JS=3.23E-8 JSW=3.23E-8 CJ=6.8E-4 MJ=0.5 PB=0.95
+CJSW=1.26E-10 MJSW=0.5 PBSW=0.95 PCLM=5

+CGS0=3.4E-10 CGD0=3.4E-10 CGB0=5.75E-10)

*1-17-2007 FROM DR. FULLER’S SPREADSHEET WITH VT0=-0.75

.MODEL RITSUBP49 PMOS (LEVEL=49 VERSION=3.1 CAPMOD=2 MOBMOD=1
+TOX=1.5E-8 XJ=2.26E-7 NCH=7.12E16 NSUB=3.16E16 XT=8.66E-8 NSS=3E11 PCLM=5
+XWREF= 2.0E-7 XLREF=3.61E-7 VTH0=-0.75 U0= 376.72 WINT=2.0E-7 LINT=2.26E-7
+RSH=1347 JS=3.51E-8 JSW=3.51E-8 CJ=5.28E-4 MJ=0.5 PB=0.94

+CJSW=1.19E-10 MJSW=0.5 PBSW=0.94 NGATE=5E20

+CGS0=4.5E-10 CGD0=4.5E-10 CGB0=5.75E-10)

Rochester Institute of Technology

Microelectronic Engineering J
| B /
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OPERATIONAL AMPLIFIER

LR I
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VERSION 1 OPERATIONAL AMPLIFIER

v

S
Mi11 I—T_'

[-»>—a L/W M 4

|— 80/20 — ‘ I— 6
—+ 20/40 ! 20/40 M
M10 | I— — I— I—

[»>— 80/20 — I @ | I—>—

@ I_I @ 20/30 |— 20/30 [ — 120130
M9 | I~ - —{\0—0

[-»>—"80/20 V | 1 |_| Vél)n-l- ‘

@ I—+ | I— Vout
|—d
I— M5| 1
|—€—20/40 I T | 2040 | :—4—_
MS |_| ‘20/40
.
v @)
p-Well CMOS dimensions
L/W
Rochester Institute of Technology (um/pum)

Microelectronic Engineering J
| B /
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R/C 2/2 OpAmp

CMOS INVERTER

CMOS OPAMP

Conditions:

1000

Op Amp
Gain -4.89Kk
Offset 0 m Volts
GBW Hz

Rochester Institute of Technology

Microelectronic Engineering

© October 22, 2009 Dr. Lynn Fuller
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OPAMP 1

All had missing metal one due to over
etch. Metal lines at 3um.

Redesign with bigger metal lines.

| VDD IN- VBB IN+ OUT

| © October 22, 2009 Dr. Lynn Fuller H  Page97




e e Bt e

OpAmp: 1 R/C 2/2

Conditions:

Yal: 0.0000 A

Can: ShU4

020 0260

¥ Op Amp
Gain -2.4k
Offset 47 m Volts
GBW Hz

Rochester Institute of Technology
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OPAMP 2

CMOS INVERTER

Conditions:

A O W=l
Al 2H10

FIF o Op Amp
Gain -939
Offset -1.6 Volts
GBW Hz

Rochester Institute of Technology

Microelectronic Engineering
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INVERTER WITH HYSTERESIS — RC OSCILLATOR

4

Vdd

—o | M1 —q| M2 —q| m

3
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5 Vout
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/
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TWO PHASE CLOCK

S\
CLOCKBAR L—) DJo— @3
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TWO PHASE NON OVERLAPPING CLOCK

Clock
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TWO PHASE CLOCK

Circuit of previous page at 100Khz

1INt e
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NEW TWO PHASE CLOCK

R_—__ ¢t

CLOCK

Wy

) oo P
pe sl

CLOCKBAR

S t;
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CLOCK

WINSPICE SIMULATION FOR VERSION TWO + BUFFERS

R
t

CLOCKBAR |—§>_>O > >° Lo,
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TWO PHASE CLOCK WITH BUFFERS

« 1IN OUTIOUTZ GND

T[kdllﬂl F‘HHEE IELK
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ANALOG SWITCH

W

«|
|_|
>

Vin

0-5V Logic
Control

!

+5

e
L —  Vout
p L1l
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VOLTAGE DOUBLER / TRIPLER

B )
AN
\@1 of L <
CL03/ l{Load
Cl — C1
ol

g
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Voltage Tripler
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OPERATIONAL TRANSCONDUCTANCE AMPLIFIER

v CMOS Realization

+
O+V
Va + '
TIout
Vb— . B HAIYV[:; N[Ii—|
| l
| ‘ 12/30 ' 12/30 1230 o ‘ﬂ '
V- Ibias |_| 1=
_ Iout
/30 I M1 2 12/30
T
Vm' I_| V1n+ —
I N e me
_ < .
g% gm(Va-Vb) Vref :_l 12/3% - : }‘ :_
Vb— . Ibias | | ‘ (
O -V
o P ) Note: gm is set by IbiaSJ
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SPICE ANALYSIS OF CIRCUIT ON PREVIOUS PAGE

____________________________________

____________________________________

VR
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BIQUAD FILTER

V+ V+
V+
- |t L |t
_ Sm1 + o — ﬂ Vout
) m2 )
| = | ] |
V- Ibias V- .
V- Ibias V+ Ibias _
C2
\ ],
- “ —ﬂ
|-
V- Ibias
/ AN V- Ibias
VC
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BIQUAD FILTER

Vout = (?C,C,V + 5 Cp g1y Vi + 8y 8ims V/(S?°CCo+ sC g 3+8,,8101)

This filter can be used as a low-pass, high-pass, bandpass, bandrejection and
all pass filter. Depending on the C and gm values a Butterworth, Chebysheyv,
Elliptic or any other configuration can be achieved

For example: let Vc=Vb=0 and Va=Vin, also let all g be equal, then
Vout = Vin / (s*C,C,/ g,.g,,+ sC,/g,+ 1)
which is a second order low pass filter with corner frequency at

V

W, = gmNclc2 and Q = C,/C,

/ \ Rochester Institute of Technology

g Microelectronic Engineering /
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OTA, BIQUAD ELLIPTIC FILTER

gain

LOWPASS FILTERS
Butterworth
Chebycheff
Elliptic —_,
) l
frequency

Rochester Institute of Technology
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2'20 o1 1

3 BIT ANALOG TO DIGITAL CONVERTER
8V +V| Vin Segment . .
< 3. 5>VO Detector 0 Desodlng 'I:()glc )
AN 0
6V I >o |—/ 1
= U L - Py °
5V 3 - T
= 0L pse—0 .
4V 3 S
< 1 — . .
3V T >
= 1 —\0
A P, [
= I —0
N v ;\| > |_> NERY w\_% w\_r
Wt \ = Comparators ] b L/|
€

20 1
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3 BIT ANALOG TO DIGITAL CONVERTER

< BIT A-TO-D

Rochester Institute of Technology

Microelectronic Engineering
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3BITDTOA

Vref

=
[y
[y

b2 b2 b3 b3
v | MSB

Jo

— Vout

_

[ AN AN AN AN AN AR
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OTHER ANALOG BUILDING BLOCKS

VR

Comparator With Hysteresis

Voltage Controlled Oscillator

Binary Weighted R-2R Current Source

EEPROM

Binary Weighted EEPROM Selected Current Source
CCD

CCD Shift Register Ile
More... N“

Rochester Institute of Technology

=

Microelectronic Engineering

| © October 22, 2009 Dr. Lynn Fuller |= Page 119




PROJECTS

Wireless Capacitive Sensor
Spectro Photometer
Hearing Aid

CCD Imager

VR

=

Rochester Institute of Technology

Microelectronic Engineering /
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WIRELESS CAPACITIVE SENSOR PROJECT

Ye

CTS

X

AAAN
RC Oscillator RC Oscillator
+—>0—1 2.4 kHz T
1 5 Hz 3V
= Stop Bit N
SCLK RCLK )

RX

RTS

1 10-bit (Left) Shift Register

Bluetooth Serial /

RF Link

140 0 0 0 0 0 0 0 O

1

Start Bit

— A A A A A A A

A

[>o— CoKEN 8-bit

CCLK

O 0 0 00O 0 0 O
RCLK

rRco Binary Counter 5 R o<}

—  ANN—

[00000000]

Internal Counter

RC Oscillator
Sensor 7]

o1

L
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UP/DOWN COUNTER AND SHIFT REGISTERS

Many of these circuits need Up/Down counters and shift registers.
In the next few pages we will look at one type of counter and see
how to modity it to also function as a shift register.

- aininink ol abebs —tl o

; OF F_waithozet _res ;

-1'.'.1.'.':“ ——

Binary Counter
Serial Output
Asynchronous Reset
Count Up Enable
Shift Out Clock Input

Rochester Institute of Technology
Microelectronic Engineering Count Up CIOCk Inpu t

Start Bit and Stop Bit /
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SPECTROPHOTOMETER

7-Bit Analog Multiplexer

128 PHOTODIODES

D1
D2
D3
D4
D5
D6
D7
D8

SWITCHES A

= = =
+ s <
+ -
+ e ¥
= ¥ s
e e
Y
'+ ¥
A B B C C

llllllllVVVVVVVVVVVVVVllll

1A...G

7 BIT COUNTER 1

Sync

s I

Clock

Rochester Institute of Technology

Microelectronic Engineering

Reset

——

— " Analog out

Sync pulse
(at 00000005)
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SPECTRO PHOTOMETER PROJECT

Reset —
C Internal
| 100 pF
+ R Vout
1

7 B it Counter

R
Microelectronic Engineering N

ochester Institute of Technology N “l n 0 nJ
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HEARING AID PROJECT

TONE
CONTROL
AUTOMATIC STATE VARIABLE | | ,urpyr !
I>—PREAMPLIFIE TS R0 VARIABLE HIGH PASS BUFFER

MICROPHONE RECEIVER

ANALOG SIGNAL
PROCESSOR

Biquad Filters

EEPROM

MEMS Micr OphOIle 4 Order High Pass 4" Order High Pass
MEMS Speaker Pole Constant, Zero Varied Zero Constant, Pole Varied

Energy Harvesting | -

-10 4

%%%%%%%%% F IS SF
PP E P E PP PTG S H S S S
LS S U S R S S NN RN )\@ ‘o@ @Q & %@ @Q ,\90 %@ o)@ \@\\@\ )\,ﬁ\\m\ \Q \@\

5L
204

I—zs—— -—-
304

™
\ -40 +
Rochester Institute| -++

—a—GAIN 1
—a—GAIN 2
—a—GAIN 3
—o—GAIN 4

—a—GAIN 1
—a—GAIN 2
—=—GAIN 3
—o—GAIN 4

: = sl
Microelectronic En I

FREQ HZ

=
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PACKAGING

Wire Bond Pads
SODIMM Connectors

(Zero Insertion Force)
Solder Bump

Rochester Institute of Technology
Microelectronic Engineering
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WIREBOND PADS FOR PACKAGING

Pads ~0.22mm x 0. 22mm
With ~ 0.030mm space
Wire 1s ~75um diameter
Bond 1s ~150 um diameter

12 pad configuration for 12 pad probe card

8 pad configuration for 8 wirebond location
package

che Ittthhlgy

Rochester
Microelectronic Engineering
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S.0.DIMM CONNECTOR

144 CONTALCT(S), FEMALE, RIGHT ANGLE SINGLE PART
CARD EDGE COMM, SURFACE MOUNT, SOCKET

' |This product ships from a Jameco satellite warehouse, usually
within 2 to 3 the next business day when received by 5:00PM
EST. Please choose expedited processing at checkout if you
prefer to have the other products on vour order ship
imrmediately, Separate shipping charges would then apply.

Jamecao PAN B01588PS
Mfg MOLE= INC,
Mfg # 54697-1440 #*yre term
RoHS? Yesk at this lawe
In Stock ¥ supply run;
quantity wi

Contact Gender FEMALE
Filter Feature B

- Yiew Tech
Mlxed.CDntacts {[a] Data Sheet
Mounting Style RIGHT ANGLE
Mounting Type BOARD %ﬁas#
Murnber of Rows Loaded Z TOME Ttk
Zingle Part Card Edge SINGLE PART CARD EDGE
Connectar Type COMN
Terrminal Pitch (rarm) 0.8

~

\

Rochester Institute of Technology
Microelectronic Engineering
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SOLDER BUMP TEST CHIP

1000um center-to-center
225um diameter circle

Under bump metal is

Cr/N1 and 1s defined by a
lift-off lithography.

The solder 1s printed
using a 150um
photoresist and solder
paste. (or 500um solder

ball 1s placed over circle)

/
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RIT SOLDER BUMPS

Rochester Institute of Technology

Microelectronic Engineering

X169
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HOMEWORK

.

Calculate the expected values of the poly heaters over the diode
temperature sensors on page 47.

For the PMOS transistor shown on page29 determine Lambda,
Idrive, gm max, and Vt. Use correct units as shown on page 25-
27.

Why 1s the gate delay different for the two ring oscillators shown
on page 33.

List the digital circuits that were shown to be working correctly 1n

this document.
Write a 150 word abstract for the John Galt Chip and the test
results shown 1n this document.

~
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