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SHAPE MEMORY ALLOYS & 
MOSFETS
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REVIEW...



V (voltage) = I (current) x R (resistance)
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why is this a “bad” voltage divider?
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current draw?



I (current) =     V (voltage)   
                        R (resistance)



battery capacity = 110mAh
110 mA for 1 hour

220 mA for 1/2 hour
2.5A for ??
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battery capacity = 110mAh
how long will the battery last here?



where does all that energy go?
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power (watts) = voltage (volts) x current (amps)
                        = energy (joules)/second



a “short”
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SHAPE MEMORY ALLOYS
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martensite phase: deformable
transition temperature (~50-150 C)

austenite phase: remembers parent shape
shape setting temperature (~500 C)

set parent shape



Nitinol
Nickel Titanium alloy

“Nickel Titanium Naval Ordnance Laboratory”

http://www.stanford.edu/~richlin1/sma/sma.html



sheet, tape, wire, blocks 



untrained wire from McMaster
http://www.mcmaster.com/#nitinol-wire/=gg08x4 



pre-trained wire

Dynalloy: http://www.robotshop.com/dynalloy-flexinol-006-lt-actuator-wire.html

Biometal: http://www.imagesco.com/nitinol/biometal-helix.html



we’ll be using:
“Flexinol”, “muscle wire”



we’ll be using:
Flexinol or “muscle wire”
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POWER & ENERGY
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power (watts) = voltage (volts) x current (amps)
                        = energy (joules)/second



we’ll be using:
Flexinol or “muscle wire”





power (watts) = voltage (volts) x current (amps)

if voltage is constant, as current increases....?



power (watts) = voltage (volts) x current (amps)

as power (energy/s) increases, so does...?



what happens to nitinol + too much heat?



what happens to nitinol + not enough heat?



martensite phase: deformable
transition temperature (~50-150 C)

austenite phase: remembers parent shape
shape setting temperature (~500 C)

set parent shape



we want to control the change with an Arduino, but...



maximum IO pin output 40mA, .04A

we need 410mA, .41A





MOSFETS



MOSFETs

metal-oxide-semiconductor field-effect transistor



voltage controllable switch



  Semiconductor Components Industries, LLC, 2010

October, 2010 ï Rev. 1
1 Publication Order Number:

NTD5867NL/D

NTD5867NL

N-Channel Power MOSFET
60 V, 20 A, 39 m!

Features
• Low RDS(on)
• High Current Capability
• 100% Avalanche Tested
• These Devices are PbïFree, Halogen Free/BFR Free and are RoHS

Compliant

MAXIMUM RATINGS (TJ = 25°C unless otherwise noted)

Parameter Symbol Value Unit

DrainïtoïSource Voltage VDSS 60 V

GateïtoïSource Voltage ï Continuous VGS !20 V

GateïtoïSource Voltage
 ï NonïRepetitive (tp < 10 !s)

VGS !30 V

Continuous Drain
Current (R"JC)

Steady
State

TC = 25°C ID 20 A

TC = 100°C 13

Power Dissipation
(R"JC)

TC = 25°C PD 36 W

Pulsed Drain Current tp = 10 !s IDM 76 A

Operating Junction and Storage Temperature TJ, Tstg ï55 to
150

°C

Source Current (Body Diode) IS 20 A

Single Pulse DrainïtoïSource Avalanche 
Energy (VDD = 50 V, VGS = 10 V, RG = 25 #,
IL(pk) = 19 A, L = 0.1 mH, TJ = 25°C)

EAS 18 mJ

Lead Temperature for Soldering Purposes
(1/8″ from case for 10 s)

TL 260 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional operation above the Recommended
Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.

THERMAL RESISTANCE MAXIMUM RATINGS

Parameter Symbol Value Unit

JunctionïtoïCase (Drain) R"JC 3.5 °C/W

JunctionïtoïAmbient ï Steady State (Note 1) R"JA 45

1. Surfaceïmounted on FR4 board using 1 in sq pad size 
(Cu area = 1.127 in sq [2 oz] including traces.

DPAK
CASE 369AA

(Surface Mount)
STYLE 2

MARKING DIAGRAMS
& PIN ASSIGNMENT

60 V
39 m# @ 10 V

RDS(on) MAX ID MAXV(BR)DSS

50 m# @ 4.5 V

http://onsemi.com

1 2
3

4

See detailed ordering and shipping information in the package
dimensions section on page 2 of this data sheet.

ORDERING INFORMATION

1
Gate

2
Drain 3

Source

4
Drain

Y
W

W
58 67

N
LG

Y = Year
WW = Work Week
5867NL = Device Code
G = PbïFree Package

G

S 
NïCHANNEL MOSFET

D

IPAK
CASE 369D

(Straight Lead)
STYLE 2

1
2

3

4

4
Drain

2
Drain

1
Gate

3
Source

Y
W

W
58 67

N
LG

20 A

18 A

+
_

to Arduino pin
HIGH = on
LOW =  off

MOSFET

high current actuator

_ +
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next week’s assignment



a prototyping trick...



open lab hours tomorrow
no formal lab session



optional lab session: training nitinol
Friday at 11am with Sam



pay Emily for your kits!


