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INTRODUCTION \

The design of microsystems involves the integration of MEMS, on
chip custom integrated circuits, off chip electronics such as power
supply chips, microcontrollers and communication components.
The integration 1s often done at the printed circuit board (PCB)
level. This document will illustrate some of the various components
used at the prototype, PCB and System level.
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MICROSYSTEM DESIGN

Multi-Sensor MEMs Chip
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PCB PROTOTYPE

Prototype evaluation: breadboard sensors and signal processing
electronics at the PCB level to evaluate different approaches for
realizing microsystems.
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Jennifer Albrecht Dan Smith
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MEMS Universal Fluid Interrogation Sensor (MUFINS)

Temperature

Fluid Level and Conductivity
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GATE LEVEL DESIGN AND SIMULATION
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TRANSISTOR LEVEL CIRCUIT DESIGN AND SIMUILATION

RC_OSCILLATOR.TXT
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PROTOBOARD REALIZATION
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EXPRESS PCB - FREE SOFTWARE FOR PCB DESIGN

“~ExpressPCE - C:\Documents and 5% IE fuller rmicrae. rit edu TR s (B 2.pch ]

File Edit “iew Component Lawout Help
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Using “Express PCB”

< free software/
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ARTWORK GENERATION
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Print using a laser printer onto a transparency

/

|= Page 10

©June 13,2010 Dr. Lynn Fuller

=




MAKE COPPER PCB BOARD

1. Cuttwo sided copper board (6”x 9”) into smaller size that can be
spin coated with photoresist (3°x 3’’). Use shear in machine shop.

2. Clean Board with 400 grit sand paper or very fine steel wool
followed by using Soap, Water and Blow Dry.

3. Spin coat with photoresist (HPR504) at 1500 rpm, 60 sec.

4. Bakein Oven 100°C, 4 min. (gray oven near ion implanter)

5. Place Transparency on Board and Flatten with Glass Plate

6. Flood Expose, (10 sec = ~ 100mj/cm2) on Karl Suss MA150

7. Develop m CD-26 Developer (~1 min), inspect

8. Repeat 2 to 5 for other side of two sided board

9. Test with drop of etch mixture on bare copper area, rinse, dry

10. Hard bake in Oven 140°C 15 min

11. Etchin Mixture of Water, H202, HCI (3:2:1)

12. Strip Resist in Acetone, Rinse in Water

13. Drill holes.
14. Cut Board mnto Individual Packages Using Shear in Machine

é S
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MAKE COPPER PCB BOARD

-

| al her

2-sided copper PCB - Shear
1/32” x 67°x9”
473-1011-ND $8.82
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MAKE COPPER PCB BOARD

SCS Spin Coater
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MAKE COPPER PCB BOARD

’ Etching of PCB
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Flood Expose o
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Drinking Water Sensor
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PICK, PLACE AND SOLDER TOOL

CEM A — Center for Electronics Manufacturing and Assembly

Dr. Ramkumar, Ph.D.
Director

Phone :585-475-6081
Fax: 585-475-7167
E-Mail: smrmeti@rit . edu
Foom MNo: 1518, CIMS

Address:

CEM&

Foom 15183

78 Lomb Memorial Dr
Rochester, MY
14623

Jeff Lonneville
jaglasp@rit.edu

/8-1552
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ADXL325 ALIGNMENT IMAGES

\

_ Image of bottom of ADXL325
AC\opper Traces with Solder Paste Superimposed on Copper Traces
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BMA140 ALIGNMENT IMAGES

\

_ Image of bottom of BMA140
AC\opper Traces with Solder Paste Superimposed on Copper Traces
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TEMPERATURE RAMP DURING SOLDERING
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COMPLETED BOARD WITH SOLDERED COMPONENTS
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SURFACE MOUNT

’urface Mount PCB

Dr"¥an Puchades
Nicholas Liotta
Dan Smith
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XRAY IMAGE OF ADXL325 SOLDER JOINTS

Glenbrook X Ray Inspectlon

Rochester Inst
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XRAY IMAGE OF BMA140 SOLDER JOINTS

Shows Possible Problem with Y and Z outputs shorted together
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MEMS MULTI-SENSOR CHIP’s

Prognostic Integrated Sensory MEMS (PRISM)

1-AxisAccelerometer
Temperature Sensor

Humidity Sensor
X & Y Strain Sensor

FRLLER
PRISH

£008

4mm x 4mm Chip

Health Management Solution to Predict
Equipment Performance and Readv
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MULTISENSOR MICROSYSTEM

MEMS Multisensor Chip
Acceleration (shock)
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PARTIAL LIST OF PROTOTYPE COMPONENTS

Power Conditioning Components:
NEG Lin Regulator; Voltage Converter CMOS SW-CAP; POS Lin Regulator;
3.3V Regulator;

Integrated Circuits:
Schmitt Inverter; Op Amp Lo Wltage MOS; Microcontroller; Counter/Shift
Register, Instrumentation Amplifier, Multiplier, Waveform Generator

Passive: 100Kohm, 10Kohm, 1Kohm Trimpot; SMD Resistors many values from
100ohm to 10 MEG ohm; Axial Lead Resistors Y4 watt, all values; Chip Capacitors
0.001uE 0.1uF, 1.0uE 10uFE more;

Other:

LEDs IR, Red, Green, Blue, White, Yellow; Diodes, MOSFETs N and P;
Bluetooth Radio

Hardware: Connector for Pin Strip Header, Pin Strip Header, 2-sided copper PCB

AN

\
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PROTOTYPE AND PCB PARTS

©June 13,2010 Dr. Lynn Fuller H  Page?27




POWER CONDITIONING COMPONENTS

Description Digikey Part Number |Package |~Price

POS Lin Regulator Variable LM317MBSTT3GOS |SOT-223 |$0.72
CT-ND

POS Lin Regulator 3.3 Volt 576-1151-ND 8-SOIC |$1.11

Voltage Converter CMOS SW-CAP | MAX1044CPA+-ND | 8-DIP $2.68

Wltage Converter CMOS SW-CAP | MAX1044CSA+-ND [ 8-SOIC |$3.26

NEG Lin Regulator 296-11417-5-ND 8-SOIC | $5.60

SOT-223
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SWITCHED CAPACITOR VOLTAGE CONVERTER

a1 EEp s
Op-Amp Power Supplies

EIATIA-232E and EIATIA-562 Power Supplies
Cata-Acquisition Systems

Hand-Held Instruments

Fansl Meters

_____ Typical Operating Circuit
NRLT ‘
CiFs e SPALY
WILTHE
+ SAAX]LAN
-1~ LE
L ICLTAa0
CAP.
o [
T il
WOLTAGE
1™ 1

HEGATIVE VOLTAGE CONVERTER

Pin configurations

o MAX1044CSA+-ND
Vigmgmmp. | CMOS
E % | 1.5-10 Volt Supply

Package information

oM INCHES MILLIMETERS
MIN Max MIN MAxX
= — A | D036 | 0044 | DEd 111
:_ﬂ_ﬁ_ﬁ_ A1 | 0004 | 0008 LR LY 0.0
= - T B | 0010 | 0074 | Das 0.35
C | o5 | D.O07 013 018
O | 0116 | 0120 | 288 3.05
E H E | 0116 | 0130 2495 .05
2 0.02 356 063
(:B H | 0,188 | D188 4.78 o.03
L | O0ME | 0036 | D4d 0.65
EREL ——=
e ¥ F1-00m
I
. * S —
Ich b~ — A «
i I 1 fi— 4 8-PIN uMAX
i | e | I- -1
T f PACKAGE
SHLTEE i
B 1 L

Muom cannot assume responsibiity for use of any circutry other than ooty entely embodied in a Mavim prodict. No ot patant lcenses are

mpkad Mawm m=arwes the oght lo change the crowbryand specifica tons wethout nobice at any tme
12

© 1994 Maxm Inegrabed Products Frinted UZA

Maxan Integrated Products, 120 San Gabriel Drive, Sunnyvake, CA 94088 (408) T37-7600
AMANRAA s g regisiersd tredemark of Maxdm Imegrated Producls.
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INTEGRATED CIRCUITS

Description Digikey Part Number Package | ~Price
Hex Schmitt Inverter CD40106BCN-ND 14-DIP $0.40
Hex Schmitt Inverter CD40106BCMXCT-ND | 14-SOIC $0.32
Quad Op Amp Lo VWltage MOS | NJU7034D-ND 14-DIP $1.43
Dual Op Amp Lo VWltage MOS | NJU7032M#-ND 8-DMP $0.83
Quad Bipolar Op Amp 1.8t012V | MC33204DGOS-ND 14-SOIC | $1.46
PIC33 Microcontroller DSPIC33FJ64MC804- 44-TQFP | $7.26
E/PT-ND
CD4034B 8-Stage Counter/Shift |296-14237-ND 24-DIP $1.88
24-DIP 14-DIP

EERRINELL]

- 44-TQFP -

)
1
|.-- II

siEREdTREN
[
|
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INTEGRATED CIRCUITS
Description Digikey Part Number Package |~Price
AD9833 Waveform Generator MAX038CWP+-ND 10-MSOP | $8.20
ADS534 Analog Multiplier ADS534JDZ-ND 14-CDIP | $31.58
Instrumentation Amplifier INA10THP-ND 14-DIP $19.13

1\
1\1%‘%\\ 14 S
S

OIC

10-MSOP
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HEX INVERTER WITH HYSTERESIS

Connection Diagram

" | L CD40106
CMOS
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14-Lead Small Outiing intagrated Circuit (301C), JEDEC MS-012, 0.150" Harrow lezs*) $ﬁ|
Package Humber M144 Hus ey

14-Lead Plasflc Dual-in-Line Package (PDIP), JEDEC ME-001. 0.300" Wide
Packags Numbar N144
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LOW VOLTAGE CMOS OP AMP

B G NJU7032M
N-} 4 -1 CMOS
N L i 3-16 Volt Supply
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MICRO-CONTROLLER (uP)

e\

MICROCHIP

dsPIC33FJ32GP302/304,
dsPIC33FJ64GPX02/X04, and
dsPIC33FJ128GPX02/X04
Data Sheet

High-Performance, 16-bat
[hgital Signal Controllers

3 to 3.6 Volt Supply

-40 to 85°C

13 Analog Input Channels, 10 Bit
7 DAC Output 15 Bit, IOOKsps

Serial Communlcatlon Port
More

&

JUHo00uo0n

S

0000000000~

S|LK SCREEN

]DDDDDDDDD[—-—
Al

RECOMMENDED LAND PATTERN

00000000 —-

—ii—

T

Unks MILLIMETERS

Clmerslon Umks| — WIN - ] HOM | Max
Contact Phch E 0.80 BSC
Conlact Pad Spazlw 1 11.40
Conlacl Pad Spaciag [] 11.40
Conlact Pad Widih [X44) X1 0,55
Conlact Pad Length [Xd4d) bl 1,50
Dlslarcs Bebwean Pads ¥

| © June 13,2010 Dr. Lynn Fuller
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Proposed Sine Wave Generator Chip

§ MAXO038 / MAX038CWP

Waveform Generator
§ Veuppry =35V ~40mA each
§ Vemp=+1V
§ fynp=4 MHz

4+ 0.1Hz to 20MHz Operating Frequency Range

+ Triangle, Sawtooth, Sine, Square, and Pulse
Waveforms

4+ Independent Frequency and Duty-Cycle
Adjustments

* * o+ »

350 to 1 Frequency Sweep Range
15% to 85% Variable Duty Cycle
Low-Impedance Output Buffer: 0.1Q
Low 200ppm/°C Temperature Drift

AN

AC signals used in the test circuitry must be
sine waves because high frequency

components of square waves were coupling to
other sensors on the chip.

TOP VIEW

mer 7] ° ~ V-
GND [ [19] out
3] amaam fel oo
Ma] maxoss frve
£0sc [5| 6] DV+
GND [5 ] 15 | DGND
DAD! [7 ] 4] svic
FADJ [5] [13] PoI
GND [g ] [12] PoO
1IN [10] 1] 6o

DIP/SQ

20-DIP

Rochester Institute of Technology

Microelectronic Engineering

"~ 20-SOIC
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PASSIVE COMPONENTS
Description Digikey Part Number Package |~Price
1/10 watt, Thick Film Chip RHMxxxyHCT-ND* 0603SMD | $0.08
Resistors, 10M, 2M, 1M, 200K,
100K, 20K, 10K, 6.04K, 2K,
1K, 604, 200, 100
Chip Capacitors, 16-50V,100pf, | 399-xxxx-1-ND SMD $0.05 -
1000pf, 0.1uF, 1.0uF, 10uF $0.55
100K ohm potentiometer 3006-104LF-ND 3-lead $1.70
10K ohm potentiometer 3006Y-103LF-ND 3-lead $1.70
1K ohm potentiometer 3006Y-102LF-ND 3-lead $1.70
100K ohm 3mm Trimpot 3313J-104ECT-ND SMD $1.50
10K ohm 3mm Trimpot 3313J-103ECT-ND SMD $1.50
1K ohm 3mm Trimpot 3313J-102ECT-ND SMD $1.50
* RHM = Rohm Semiconductor, xxx= 2 or 3 digits for resistance value, y = power of
10 multiplier, H = 1%, CT=cut tape, Example RHM12.0KHCT-ND 1is 12.0 Kohm
: © June 13,2010 Dr. Lynn Fuller = i
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PASSIVE COMPONENTS - RESISTORS

eDimensions (Unit : mm) Chip Resistors
flﬁ No. Material
0.3+0.2 ,'I e @ @ | Resistive element (Oxide metal thick film)
R @ @ | Silver thick film electrode
0.340 2 \ £ @ |Nickel electrode
L 16:04 e @ |Sn electrode
) \(El- § @ |Alumina substrate
e ® | Overcoating (Resin)
L] — T %
3
o
[+

Rochester Institute of Technology
Microelectronic Engineering
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| Digi-Key Part Number |399-1121-1-HD Price Unit|  Extended
| Quantity Available | Available Break| Frice Price
| Marafacturer |Kemct 10 005000 050
o E — 100 002930 203
turer Part
N o | COB0SCID1KSGACTU 500 001682 2 44
Descrioti CERAMIC 100PF 50¥ NP0
e Tnzns >
Lead Free Status f;;:z Lead free f RoH3 compliant
| All prices are in US dollars.
| Digi-Key Part Number [399-3525-1-ND Price Unit|  Extended
| Quantity Available | A vailable Break| Frice Price
| Murufacturer [Kenet 10 055000 550
— 100 032500 32.50
M‘“‘“ﬁ“““;:jhm C1206C 1 DEKARACTT 500 018750 5375
er
1,000 0.13000 130,00
Descrioti CERAMIC 10UF 16V XTR
b Gl
Lead Free Status ISRt::-Iui Lead‘f%fRDHS cotnpliatit
| All prices are in US dollars. \
e Size see next page

Rochester Institute of Technology
Microelectronic Engineering
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CHIP CAPACITORS

[

— LxW=2mm x 1.25mm

"

!

. TIN PLATE

ELECTRODES - CONDUCTIVE
METALLIZATION

"NICKEL PLATE

DIMENSIONS—MILLIMETERS AND (INCHES)

5
Elt SEE ) METRIC .
e | sor cone L - LENGTH W - WIDTH THICKHESS B - BANDWIDTH sepapaTion | OIS
minimum
TR DEDS | 0.6(.024)% .03 (001) | 0.3 =(012) = 03 [001) 0.1 (.ODE) £ 05 (.002) NiA R
D40z J 1005 1002 .05 (002) | 0502+ 0% (002) 0.20 { 008} -40 |.01E) 0.3 012)
20 1608 1.6.063) £ 15 (.005) | 0.6 [.032) =15 [.OOK) 025 (014) .15 [D0E) 0.7 | 023) ¢- ,
2012 2.0(.073)+ 20 (008) | 1.25 (049 = .20 [ 00E] 0.50 (.02 + 25 (.010) D.75 { 030) Saier Wave £
i 3206 | 5.20125) % 20 (D05) | 16 LDE3 = 20 U0E) | SespapsTE | Q.0 L02) .25 (L10) A i Refa
I 3005 | S.20.128)% 20 (.00F) | 2.8 028 = 20, 008) | forthickness | 050 [02) = .25 (L10) A
1808 aEin | 25077 % 300012) | 201075 = 20 008 | dmensions. [ToE0 oo £ 3% (013) A
1812 at3z | 25017714 .30 (012) | 2.2 [ 126} 30 (012 TLED (024) = 25 [014) NIA
2 4564 | £.5(.177) £ .30 (012) | 6.4 [252) = 40 (016 050 (024) = 35 L014) N Soider Refiow
2220 5650 | 5.6 (220 £ .20 (018) | 5.00.157) = 40 (O1E) TLED (024) = 25 (.012) NI
2255 566 | 5.6 (.220) £ .20 (016) | 6.3 [.248) = 40 (016 DUGE (024) £ 35 (014) N

© June 13,2010 Dr. Lynn Fuller
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PASSIVE COMPONENTS - TRIMPOT

Digi-Key Part Number |33131-102ECT-ND Price|]  Unit| Extended
Quantity Available | & vailsble Break| Price Price
1 130000 120
Manufacturer |Bourtis Inc.
— 10 1.50000 15.00
Man turer Fart
Nuhor 33131-1 100 132000 132.00
500 1.20000 600.00
Descriotion | TEIMPOT 1K ONB ML
TR | S ERMET SMD
Lead Free Status / RoHS .
Siatus Lead free £ BoH3 cnkﬁhant
All prices are in US dollars. \

\

10 plus 2 more zeros = 1000 ohms

Rochester Institute of Technology

Microelectronic Engineering /
|
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OTHER COMPONENTS

Description Digikey Part Number Package | ~Price
NMOSFET BS107P 200V 3.3A IRF610PBF TO-220 | $0.68
PMOSFET 100V 230ma Vth~-2.5 |ZVP2110A-ND TO92-3 | $1.13
NMOSFET 100V 320ma Vth~2.5 |ZVN2110A-ND TO92-3 | $0.81
PMOSFET 100V 75ma Vth~-2.5 | ZVP3310FCT-ND SOT23-3 | $0.83
NMOSFET 100V 100ma Vth~2.5 | ZVN3310FCT-ND SOT23-3 | $0.70
MOSFETSs Matching N and Pin | UP0497900LCT-ND 6- $0.71
same package SSMINI

Surface Mount NPN BJT MMBT3904LT3GOSCT |SOT23-3 | $0.07
Surface Mount PNP BJT MMBT4403LT1GOSCT |SOT23-3 | $0.07

khl

SOT23-3

TO-220 ‘%/
X
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OTHER COMPONENTS
Description Digikey Part Number | Package | ~Price
IR LEDs 751-1027-ND Axial $0.50
1N4448 Diode IN4448CT-ND Axial $0.062
I1N4448 Diode BAS-16 BAS16FSCT-ND SOT23-3 | $0.031
SFH4110 IR Diode Side Look —950nm | 475-1087-ND Axial $0.31
SEP8736 IR Diode Side Look — 880 nm | 480-1969-ND Axial $1.38
CSDO1060A SiC Schottky Diode | CSDO1060A-ND TO220-2 |$1.38

% '1..
L\ Axial ©
. \
Slde N "".__
Rochester Institute of Technology LOOklng
Microelectronic Engineering
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IN4448 DIODE

| Digi-Key Part Number |14448CT-ND Price]  Unit|  Exiended
| Quantity Availahle | & vailable Break| Price Price
1 0.08000 008
| Manufacturer |Fajrchjld Semiconductor
_— 10 0.04300 043
Manufacturer Part |, )0\ orp 100 0.03120 312
Number
1,000 0.01296 1296
Deseription | DICDE SCLIUNC 1007 4013
D0-35
Lead Free Status / RoHS .
Status Lead free f RoHS compliant
All prices are in US dollars.
| Digi-Key Part Number [EASI6FSCT-ND Price Unit|  Extended
| Quantity Availahle | Available Break| Price Price SOT-23
1 011000 011 2
| Manufacturer |Fa.i.rch.i.ld Semiconductor
10 002500 036
Manufaciurer Part
N |BASLS 100 006120 6.1%
1,000 | 002563 2565
Descringion | C1ODE ULTRAFAST HI COND
TPUON T3
Lead Free Status / RoHS .
Status Lead free f RoHS compliant
All prices are in US dollars.
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Connection Diagram
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DISCRETE MOS TRANSISTORS

Digi-Key Part Number | ZVH21104-ND Price Unit|  Extended
- - Break Price Price
Quantity Available | 3,489 1 1 05000 08
Manufacturer |Zetex Inc 10 0.81000 210
Manufacturer Part Number | ZVH21 104 100 048600 48 .60
500 0.37200 129,00
Description I%’I[%SEF? H-CH 100 3200 4 1,000 0.30600 306.00
- 2500 0.27000 675,00
5000 0.23400 117000

Lead Free Status / RoHS Lead free / RoHS compliant ’ ’
Status 10,000 0.22500 225000

0.0400 e U - PP | !

. annn I
I 0.0z250

0.000 1.000 2.000 3.000 4.000

_____ 3.000 4.000 5.000

1.7500
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DISCRETE MOS TRANSISTORS

| Digi-Key Part Number | ZVF21104-ND Price|  Unit|  Extended
| Quantity Available 3,792 Break Price Price
1 1.50000 1.50
| Manufacturer |Eetex Inc

10 1.12300 1125
Manufacturer Part Number | ZVF21104 o0 067500 7 50
Description I%J;SEFEFT P-CH 1007 23002 500 0.52500 262.50
- 1,000 0.42500 42500
Lead Free Status / RoH5 Lead free / RoHS compliant 2,500 0.37500 83750

atatus

All prices are in US dollars.

PMOS Transistor

-4.000 -3.000 -2.000 -1.000
-2.000 -1.000 0.000

Fit#1:

Mane
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DISCRETE MOS TRANSISTORS —- SURFACE MOUNT

Digi-Eey Part Number | ZVHI310FCT-HD Price Unit Extended
Quantity Available | Availsble Break| Price Price
| 093000 093
Manufacturer | Zetex [nc
10 065200 f .98
Manufacturer Part Number | ZVHI310FT A 100 041250 a1 25
Description IS”[I:]C%FEEET N-CH 100V .14 500 032550 16275
i 1,000 | 0.26350| 26350
Lead Free Status / RoHS .
Siatus Lead free / RoHE compliant

All prices are in US dollars.
Digi-Key Part Numher | ZVF3310FCT-ND Price Tnit|  Extended
Quantity Available | Available Break| Price Price
Manufacturer |Zetex Ine ! 111000 111
10 0.33300 233
Manufacturer Part | oy pog) gpr 100 0.49950 4995

Mumber
MOSFET P-CH 100¥ 75MA 0o 045550 14z
Description ST 733 1,000 0.31450 314.50

Lead Free Status / RoHS _
— Status Lead free f RoHSE compliant
VEFEFF [l prices are in US doltars.
Microelectronic Engineering
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Receptacle

length, Straight, Gold Plated

OTHER \
Description Digikey Part Number Qty ~Price
Receptacle for Pin Strip Header 929850E-01-36-ND 6pinrow | §3 31
Pin Strip Header, Breakable 029450-01-36-ND 36pinrow | §4 85
14 DIP Socket ED60001-ND each $1.09
2-sided copper PCB 6”°x9” 473-1011-PCB-ND Each |$10.38
Prototype boards From Computer Eng Each | $10.00
Wire for Prototype boards C2004x-100-ND White, Red, $16.24

BlLue, BroWn
Solder RMA Flux, 25AWG,63/37 KE1201-ND $40.25
Solder Iron 25 Watt WP25-ND $38.92
Solder Iron Tips ST5-ND $3.44
- e EESEMH e R i i

VA \\ M A é’;lvlv Sgr%% glgfﬁfrb?égllﬁlliey TR UM AR
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REFERENCES

1. WWW.digikey.com
2. www.Newark.com

3. Data sheets for all the components.
4. RIT_Package.pdf contains information on how to make PCBs at

RIT. See http://people.rit.edu/~Ilffeee/labnotes.htm
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