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ABSTRACT

The Thesis demonstrates the experiment and design of energy harvesting. It is

developed to harvest the energy from pushing cart wheels. That energy will be

collected in the battery in order to use for control electronic devices. The wheels

will generate a energy source from

pushing its and also transfering to

electromagnetic energy,according to Faradey's Law. Two wheels is composed of

magnetic set and copper set. The magnetic set will adhere both left and right of the

rotor. The copper set will be casted by rasin which adheres to the stator. When the

wheels rotates, it brings about electricity. With testing the prototypical wheels, it is

found that it give the 2.22 km/hr of velocity. Therefore, | also collect this energy to

the battery.
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Magnetic susceptibility and Permeability data for selected materials

Permeability Relative permeability
Material;l W) (W/de)
Metglas 1;26 1000000
Iron (99.95% pure Fe 0.25 200000
annealed in H)
Permalloy 1.0x10" 8000
iron (99.8% pure) 6.3%10 5000
Electrical steel 5.0x10 4000
Ferritic stainless steel 1.26x10™ - 2.26x10™ 1000-1800
(annealed)
Martensitic stainless steel | 9.42x10" - 1.19x10 " 750-950
(annealed)
Ferrite (manganese zinc) >8.0x10™ 640 (or more)
Ferrite (nickel zinc) 2.0x10" - 8.0x10™" 16-640
Carbon Steel 1.26x10" 100
Nickel 1.26x10" - 7.54x10" 100 - 600
Neodymium magnet 1.32x10"° 1.05
Aluminum 1.256665%10 1000072
Wood 1.25663760x10 1.00000043
Air 1.25663753x10 1.00000037
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A1519% 2.1 AAnuFugrunatindnvesunurindieg (ve)

Magnetic susceptibility and Permeability data for selected materials
Permeability Relative permeability
Materials W) (W/kio)
Vacuum %107 (ug) 1
Copper 1.256629%10"° 0.999994
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2.1.8 YvAana211 (Coil)
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= |
AN 2.2 asdFsuiisuruinenaianeausalwiln (8]

AWG Diameter Area Resistance Max
NO. | [inches] | [mm] [rn_n‘12] [Ohms/ | [Ohms/ | Current
1000 ft) km] [Amperes)

0000 0.46 11.684 107 0.049 0.16072 302




o = '
M13719% 2.2 m'h"NL‘lJ‘iEI‘ULﬁUUﬂuﬁﬂﬂﬂaﬂﬂ%aﬂuﬂﬂ‘lWﬁﬂ (i‘la)

AWG Diameter Area Resistance Max
NO. | [inches] | [mm] [mmzj [Ohms / thms / | Current
1000 ft] km] [Amperes]
000 | 0.4096 | 10.40384 85 0.0618 0.202704 239
00 0.3648 | 9.26592 | 67.4 0.0779 0.255512 190
0 0.3249 | 8.25246 535 0.0983 0.322424 150
1 0.2893 | 7.34822 424 0.1239 0.406392 119
2 0.2576 | 6.54304 | 33.6 0.1563 0.512664 94
3 0.2294 | 5.82676 | 26.7 0.197 0.64616 75
4 0.2043 | 5.18922 | 21.2 0.2485 0.81508 60
5 0.1819 | 4.62026 16.8 0.3133 1.027624 47
13 0.072 1.8288 2.62 2.003 6.56984 7.4
14 0.0641 | 1.62814 | 208 2.525 8.282 5.9
15 0.0571 | 1.45034 1.65 3.184 10.44352 a7
16 0.0508 | 1.29032 131 4.016 13.17248 3.7
Iy 0.0453 | 1.15062 1.04 5.064 16.60992 2.9
18 0.0403 |} 1.02362 | 0.823 6.385 20.9428 25
19 0.0359 | 091186 | 0.653 8.051 26.40728 1.8
20 0.032 0.8128 | 0.518 10.15 33292 \ 1.5
21 0.0285 0.7239 0.41 12.8 41,984 1.2
22 0.0254 | 0.64516 | 0.326 16.14 52,9592 0.92
25 0.0226 | 0.57404 | 0.258 20.36 66.7808 0.729
24 0.0201 | 0.51054 | 0.205 25.67 84.1976 GSTT
25 0.0179 | 0.45466 | 0.162 32.37 106.1736 0.457
26 0.0159 | 0.40386 | 0.129 40.81 133.8568 0.361
27 0.0142 | 0.36068 | 0.102 51.47 168.8216 0.288
28 0.0126 | 0.32004 | 0.081 64.9 212.872 0.226
29 00113 | 0.28702 | 0.0642 81.83 268.1021 0.182
30 0.01 0.254 | 0.0509 103.2 338.496 0.142
31 0.0089 | 0.22606 | 0.0404 130.1 426.728 0.113

16
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A1519% 2.2 msadseuiisurunnusalavauadlii (de)

AWG Diameter Area Resistance Max
NO. | finches] | [mm] | [mm3 | [Ohms/ | [Ohms/ | Current
1000 ft] km] [Amperes]

32 0.008 0.2032 | 0.032 164.1 538.248 0.091
33 0.0071 | 0.18034 | 0.0254 206.9 678.632 0.072
34 0.0063 | 0.16002 | 0.0201 260.9 855.752 0.056
35 0.0056 | 0.14224 | 0.016 229 1079.12 0.044

36 0.005 27 | Q0127 414.8 1360 0.035

37 0.0045 | 0.1143 0.01 8231 1715 0.0289
38 0.004 0.1016 | 0.00797 | 659.6 2163 0.0228
39 0.0035 | 0.0889 |0.00632| 831.8 2728 0.0175
40 0.0031 } 0.07874 | 0.00501 1049 3440 0.0137
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#u [10]
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4.
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Temperature 40% charge level 100% charge level
{recommended slorage charge level) {lypicel user charge level)
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P = V¥ (mW)

10 41.19 0.42236 17.3970084
30 38.398 1.1148 42.8060904
50 34.788 1.6644 57.9011472
82 29.698 23622 70.1526156
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P = VI (mW)
@ Favg (MA) Vae (V)
10 27.278 0.27278 7.461
30 25.84266667 077528 20.035
50 23.16 1.158 26.819
82 22.15853659 1817 40.262
100 20.434 2.0434 41.755
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180 15.82 28476 45.049
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13 Voltage of Wheel
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9.2.1 Max666

13-0821; Rew 3, 7596

MAXIMN

v.2 Data sheet gunsalBianvsafiaduatisasdnniswaseu

Dual Mode™ 5V/,
Micropower Voltage Regulators

General Description
The MAXB63/664/666 CMOS voltage

& maximurn quisscent current of 12,A
used sither as 5 volt, fixed output
additional components, or can be
to 18V two eucternal

output current capabil
with low input-ou tiwdlﬂmﬁlb.
Include current limi

1Ir-n‘;"ulltc)r are bom pin and al:*.g ible
n rically

with the ICL7663 and ICL7864 and ;:m .

replace these devices, improving performance

Features

4 Dual Mods Operstion: Fixed +5V or Adjustable
from +1.3¥ o +18V

@ Low Power CMOS: 124A Max Quiescent Cument
¢ 40mA Output Current, with Current Limiting

Pin-Compatible Upgrade of ICL7883
# and ICLTS64

# +2V 10 +16.5V Operating Range
¢ Low Battery Detector (MAX866)
@ No Output Over-Shool on Power Lp

Ordering Information

m&nﬁ.ﬂmmm@mm?& PART TEMP. RANGE  PIN-PACKAGE
includes on-chip mhmmw #d [WOGECD 0T 470C Do
MAXGEICPA  0'Cio+70°C B Lead Plastc DIP
= Applications MAXBEICSA 0°C 1o +70°C 8 Lead Small Outline
Hendil it MAXBEIEPA  40°Cio +B5°C 8 Lead Piastc DIP
IP.%I'nthhysmm MAXBBIESA  -40°Cio +85°C B Lead Small Outling
) MAXBEIMJA  S5'Clo +125°C B Lead CERD#®
A e Adex . gt Jyamitef MAXBGACD __ D'Clos?’C__ Dice
Long-life Battery Powered Systems MAXBE4CPA  ("Clo+70°C 6 Lead Plastc DIP
MAXBEICSA  0'Clo+70°C B Lead Small Outing
Pin Configuration | MAXEB4EPA  40°Clo+85°C B Lead Plastc DIF
MAXBB4ESA  40°C10+85°C B Lead Small Outine
Top View MAXGSMMIA  SS'Clo+125°C 8 Lead CEROW
MAXBE6C/D 0"Clo +70°C Dice
MAXGBECPA  (PClo+70°C B Lead Plastic DIP
MAXGS6CSA  ("C10+70°C B Lead Smali Outine
MAXGSBEPA -40°C 1o +85°C 8 Lead Pasoc C1P
MAXGBEESA  -40'C1o+85°C  ALoad Small Quiling
MAXGS6MIA  S5'Cio+125°C B Lead CERDIP
Yourz 3 5] 6%
BERSE (7] [T Veumy
i [0 7] Vet
e b 1 5) sow —— Typical Operating Circuit
. 1
SENSE [T] (5] W (PON) ‘r'b L]
Vot [3 7] L0 .m:i g el
Tla () Wiy 1 MAX883
& (1] [ SHOM =
M Yot e
I -
MAXILMN Maxim integrated Products 1

For free samples & the latest lterature: hitp:/www.maxim-ic.com, or phone 1-800-998-8800

O99XVIN/YOIXVIN/ESOIXVIN
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MAX663/MAX664/MAX666

Dual Mode §V/Programmable
Micropower Voltage Regulators

ABSOLUTE MAXIMUM RATINGS

.. GND -D3V 10 Vi 0.3V
GND 03V 1o Vgyp, 03V
GND -0.3V t +% 5V

MAXEE3, 666 — Pin 2 (Vo 1z, Vour)

ALL DEVICES
Power Dissipation

Plastic DI® {Derate B 3mW*C abave +50°C) .. .
Small Qutline |Derste SmW*C above +50°C) .
CERDIP (Derate BmW*C above +50°C) ...........
Operating Temperaluse Rangs

. -85°C 10 150°C

ﬁorm'hmnrw
Veernaraeens *30'C

Lead Temperature |Soldering

MAXEE3 — Pin 3 [V, atd
Output Sink Current, R
et Supply Voltage ...l Ve
Termina! Voltage
Pirs 13,56.7 oov Vi 0.3V 1o GND +02V
Pin2 . v.,,-o;w:nvm‘-c.:w

OuwSluuCurrlm (me

1hose listed unoer “Absoiuls Mawmum Ratings may ClLsa POrTaneTt

St aboww
Operalian of Ihe davice A 1hass o sny DiFer cond
absohse for

meg

Perexes mary mitec! device relahi ity

ELECTRICAL CHARACTERISTICS, MAX663 AND MAXG66

(Vg ™ *BV, Vg r = 48W, T, = +25°C., uness ofhecwite noted |

AAMage 10 the dovice Trese are stress
Mmm rdicated in the operationsl sechions of the specifications &

caly and luncnonal
impled Esposse ho

PARAMETER SYMBOL CONDITIONS MiN YR MAX UNITS
Over Temperature (C] | 20 ‘ 1wy | W
Inpol gt v"‘_ Over Temperature (E, M) 22
NG Load, Vi = +16 !V
Ty = 428G 3 12
Owescent Current Ig Over Teperature (C) 15 uh
Over Temperature |E M) i, B ) 20
Vypy = GND
Output Voltage Vour Over Temperature (C, E) | ars 50 525 v
Qver Tamrperature (M) i 45 50 55
Line Regulatian NoyridNay | 12V < Vo £ 1V, Vg - 2 003 038
| MAXGES TmA < 11,1 < 20mA | 30 70
Load Reguiation Hayr! Soyr MAXRD SOuA < gy < SmA | 0 50 no
Vs XX MAXBES 1mA = lor = 20mA | o 70
Reference Vollage Varr Vour * Varr i
Reterance Tempea .l.r“.u‘r Over Tamperature
Viggr Intarnal Threshold lor Vg = Ve for +5V Out
Fiked +5V or Adjustabla Gutaut Vi Vigs * Yy for Adjuatatie Out - il
Over Temperature (C. E| ~0m =10 nA
Vger Inpuat Current lsgr Over Temperature (M) 428 o
Vinon M| = Output Of 14
Shuldown Input Voltage M Viesion Varen LD._' Output On aa W |
snmum Inw‘l Current lgaicay 0.0 110 nA
| SENSE Ing Inpit Threshald Vour - Vseuse | Current Limat Threshold | 05 v
SENSE Input Rasistance Papnse 3 M1
Vi ® 22V, 1 = 1mA 200 500
Input-Outdut Saturation L) cuT
" AR Vin = 9V, loyy = 2mA 0 150 0
Resistance, MAXESY I-’o:m V:.‘ » 18V, four - smA eL o w04 |
Output Current, Vg A3V < Vi = SISV { i
| (Vour On MAXEEE) lour Veu = Vour * *15V | = -~
i{ . Ty o 025°C 10
| Mirimum Load Currenl LA Over Temperaiune (C. E| { LT} Iy
L Over Temperature (M) | 10.0

MAXIMN
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(Vi ™ 0, Ny iy = ~8N T =

Dual Mode 5V/Programmable
Micropower Voltage Regulators

ELECTRICAL WWN meu AND MAXE68 (continued)

LBI input Threshoid HLII MAXESEE 121 128 137 v

LBl Input Current L™ MAX666 . +¥W nA
LBO Output Saturation Aenr MAKBEE, Igar = 21A % 100 n
LBO Outpit Leakage Current MAXB66. LBI = +14V ) T e
b e Vi MAX863 09 v

Vyc Sink Current (Nota 1) e | maxega 80 20 mA
;lmpﬂlhln Cosfticiant MAXBED +25 m/ e

Note & This output (MAXSEI anty) has a positive temperature coefficient. Using it in conjunction with the input of the regulator ot Viger.
negate

coefficient results in the outou! vortage. The Yy pin will nOL SOUFCE Current

ELECTRICAL CHARACTERISTICS, ma«
(Vi * -8V Vipyy = -8V T, = +25°C, unless otherwise noted

PARAMETER ] SYMBOL COMNDITIONS N e MAX UNITS
\ Tamperature (C) -20 -Ws
Inpy Ve Vi Over Temperature (E, M) -22 ¥
Na Load, Yy, = -16.8V
Ty +28°C 4 12
Quis tCurrent o (;nrfmnuu (] 15 wA
Dnr'luuporllurl(z Mp 20
Cutput Violtage Vour ’B'm Tumpluiun iC.E) -475 -850 -525 v
Over Temparatura (M} ~4.5 ~50 5.5
Line Reguistion oy Nag | =2V % Vi & =15V, Voum = Viage om 023 v
Lowd Regulation Woyr! Soyr :’ggvsm"mﬂ'- 20 50 n
Rsterence Vorage Vet Yok T S, QT L
Reference Tempco. g /AT Over Temparature 100 PTG
Vger Internal Threshold for
Fingd -5V Vaer < Vo for -5V Out, v
Oulad Oprieg e 5 YaC ool < "
Vagr Input Current gy Over Temperature (C, E) | o 0 WA
Over Temperatuce (M) | 425
Vi = Qutput O i =14
Shutdon Input Vorrage Vison Van LO » Dustput On , 03
[Snuidown Input Carrent | dwem | : 0m 0 nA
SENSE Input Threshald Vour - Vagssg | Current Limet Threshokd I 0.8 g ¥
SENSE Input Resistance —a i 3 ma
Viours connected 1o Vgyr,
Input-Outout Seturation A V.., =V lgyr = -1mA 150 500 n
Aesistance SAY 1 =WV, gy = -!mA 0 ]
) . A~ Vln' 18V, hoyt = | w0 L
" [ Tamsasc -10
| Minimum Load Curent bpmani | Over Tempersture (C. E} 54 nA
L | Ovar Temperature (M) } w -_30.0
MAXIMN ]

:
|
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MAX663/MAX664/MAXG666

Dual Mode 5V/Programmable
Micropower Voltage Regulators

Typical Operating Characteristics
MAXSSE MAXSES Vours, MAXSSS
INPUT-OUTPUT DS FEmENTIAL INPUT.OUTIT O PERENTIAL INPUT-OUTPUT DIFFERENTIAL
ve. QUTPUT CURRENT . OUTPUT CURRENT va. OUTPUT CURRENT
u 1 »
5 11T el S i vy 0 L.
| Tass25°C Ta=+28°C Tano2tt 1
" H o AND Vourz Vin = -2V
o Vi = o2 " g U |-comecten .
I -
i : f 4 = Vi o i:: s 5 1
[ "] nd [
:" o Vet L] ? u fu
e ] - Vo = 416V
“ Fi = a % | ] .
:: V--;I’lm . ] : ] 1 “;l-w
. [T1] . , " ey
LN SN I B B R BB Tt s R BE ANSN A SN L] n " n »
oy ot It
OUIESCENT CURRENT GUIESCENT CURRENT
ve. INPUT VOLTAQE vi. TEMPERATURE
g Toas T o T TN
" ivwrl-%li'” Bl
Ta» 425
' . N \ Jash
i Vour = ¥V e
> L] -
3 S (-
¢ R ‘ {1
e A T T N
10 TR
] 10 (T (T [T [T
L] (]
F B " R W W = -8 ] B ® N L] . L] " Wy s L}
v M TERPEMTUNE |0 Fitpatecy puj
Pin Description
L Mame [ FUNCTION (Ses tar for dotal)
Vourinm | Reguiator Qutputs)
Vi Raguiatos nput
SENSE Currant limdl serae input
LBI Low batiery detection input
LBO Low banery detection output
SHUTDOWN :D‘Iublu SUIPU 1OF minimum powar
Ground this pin for 8V optputor |
Vgt Connect 10 axternal residtve divider far
adjustable cutput
v Ternperaiure-proportional vaitage
w for pagadive TC output

Figure 1 MAXSEY Positive Aegulator, Biock Disgram

MAXIMN
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Dual Mode 5V/Programmable
Micropower Voltage Regulators

Figure 2. MAXG64 Negative Regulator, Biock Diageam

Detailed Description

As shown in the block diagrams for each device
{Figures 1, 2, and 3), the main elements of the
MAXEBX family of reguiators are a micropower
bandgap reference, an error amplifher, and one or
two series pass output devices. A P-channel FET
and an NPN transistor are used on the MAX663,
two N-channel FETs are used in the MAX864 , and
ane NPN output transistor is used in the MAXG6S.
All regulators also contain two comparators, one
for current limiting (C1) and another which selects
fixad 5V or ad|ustable output operation (C2).

The bandgap reference, which is trimmed to 1.30V
£30mV, is internally connected to one Input of the
error amplifier, Al. The feedback signal from the
regulator output is supplied to the A1's other input
by either an on-chip voltage divider or by two
external resistors. When 'ﬁn is grounded the
internal divider provides the error amplifier's feed-
back signal for a fixed 5V outpul. When Vgt is
maore than 50mV above ground (below ground for
the MAXE64) the errar amplifier's input is switched
directly to the Vggr pin and external resistors set
the output voltage,

Gomglrutor C1 monitors the output current via the
SENSE input and shuts down the regulator's out-
put{s) by disabling A1. An external current sense
resistor, Ry, sels the limit value. The MAX883 and
AXBE6 current-limit when the voltage on Rg
exceeds 0.5V. The MAX884 current limits at 0.6V,

The MAXE63 has an additional amplitier, A2, which
provides a temperature-proportional output, Voc.
When this is summed Into the inverting input of the
error amplifier, a negative temperature coefficient
results at the output. This is useful when powering
liquid crystal displays over wide temperaiure
ranges.

MAXIMN

Figure 3 MAXESS Postive Regulatar With Low Battery Detector,
Biock Diagram

The MAXE66 has a third comparator, C3. which
compares the LBI input to the internal 1.30V ref-
erence. The Low Battery Qutput, LBO, is an open
drain FET connected to Ground. The Low Battery
threshold can also be set with a voltage divider at
LBl In addition, all devices also have a SHUT-
DOWN input which disables the error amplifier
and regulator output(s),

Besic Circuit Operation

Figure 4 shows the connections for fixed 5V output
positive and negative regulators. The Vger input is

rounded and no external resistors are required.

igure 5 shows adjustable output operation with
current limiting. The output voltage is set by R1
and A2 and the current limit threshold is set by
Rey. Vouy should be connected to SENSE if current
limiting L not used and the SHUTDOWN input
should be grounded if not used.

Output Voltage Selection

It Vger is not connected 1o Ground, the output
voltage is set by the equation.

Vout = Veey = R—"F:—‘R"g. where Vggr = 1.30V
or, to simplify resistor selection:

Vour
R2 = A1 = {735y - 1)

Since the input bias current at Vggy has a maxi-
mum vaive of 10nA, relatively large values can be
used for R1 and A2 with no loss of accuracy. 1M}
is & typical value for R1. The tolerance on Vggy is
guaranteed to be less than +30mV. This allows the
output to be preset without trim pots, using only
fixed resistors in most cases.

999X VIN/PIIXVIW/ESIXVYIN
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MAX663/MAX664/MAX666

Dual Mode 5V/Programmable
Micropower Voltage Regulators

'
s o |- BLE R i - L
ek - 3.. - Wi o it I
IRt IS - Ny-da-R [Ty ™ e
MAXEET el MAXEE] "
X886 MAXE66
L et o U
" w e - i
|| [ Ii l,é_ j.‘.'
T
Ny =10 ., v
1
-0 Ve e 4 F
weyr v LA e L] st
Yt - - :
maxim | wrrer b g ot fgaan g LT -
MAXGAS Yty el P ] . L
Maxian : L
W MAXBE4 A
L1
li '! Il! L Su
>
{ %! -
J;
Figure 4. Connactions for Fixed 5V Oufput Figure 5 Connectons for Adjustatie Output
Current Limiting should be driven with a CMOS level since the

Internal current limiting is activated on all MAX66X
devices when the voltage difference between Vour
and the SENSE input exceeds an internal threshold
The limit value is externally set by R using the
equation:

Vi Veu = 0.5V for MAXB83 and MAX666

Rlow® T8 V| =06V for MAX664

(Ver = Vout - Vsense)
where Rcy 18 the current limit sense resistor and
Iy is the maximum current. Re, should be chosen
50 that neither the S50mA absolute maximum output
current speciication nor the maximum power dis-
sipation is exceeded,

it current kmiting is used, remember that 1he addi-
tional voltage drop across Ry must be considered
when determining the regulator's dropout voltage
It current limiting is not used, the SENSE input
should be connecled to the output(s).

Shutdown Input
The SHUTDOWN input allows the regulator to be
turned off with a logic level signal. Since the current
drain in shutdown made is limited 1o the regulator's
quiescent current (12uA Max) this is sometimes
desirable in applications whera wery low power
consumption is neaded. The SHUTDOWN input

input threshold is only 0.3V (-0.3V on the MAX664).
in TTL systems. an open-collector driver with a
pullup resistor will work with the MAXB63/666 if a
small collecior current is used 1o keep the oulpuls
Vsat below 0.3V. Collector currents as low as 1uA
are suitable since the SHUTDOWN pin's input
current is less than 10nA. Note that the MAX864's
SHUTDOWN input is activated by a negative level.
On both positive and negative regulators the
SHUTDOWN input should be grounded for normal

operation.
Low Battery Detection

The MAX666 contains on-chip circuitry for low
battery or iow power supply detection. If the voltage
st LB (Low Battery input, pin 3) falis beiow the
regulator's internai reference (1.30V) then LBO
(Low Battery Output, pin 7), an open drain output,
goes low. The threshold can be set 10 any level
above the reference voltage by connecting a resistive
divider to LBI (Figure 8) based on the equation:

VBatT
R3 = Ra x (T - 1)
where Vparr is the desired threshold of the Low
Battery Detector and R3 and R4 are the LBI input

divider resistors. Since LBI's input current is no
more than 10nA, then R3 and R4 can have high

MAXIMN
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Dual Mode 5V/Programmable
Micropower Voltage Regulators

[ _!I
L] T Towy =gy it & -En ﬂ»“,-.‘
Py
Yorr uhr--'!-mn-w-t
.
n bt
mem 'J? TE ¥y « Lot/
Suamary = LI Y
Figure 6 Adjusteble Positive Oulpul With Low Battery Detection Figure 7. Te Progx Output Eq MAXOEI
values to minimize loadi The MAXB64 ( output] uses two

. I, for exampie, Vour
were 5V, then a 6V low- threshold could be
set using 10MQN for R3 and 2.7MN for R4, When
megohm resistor values are used, special attention
should be paid to PC board leakage which can
introduce error at the LBI input.

Output

Tha Ve output (mxm only) has a tive
temparaiure coefficient of about +2.5m . When

lmplifhf (Vger) through a resistor, this positive

coefficlent results in a controllable negative tem-
perature coefficient at the oulput of the MAXB63,
At 25°C the voltage at the ﬁad output is typically

0.9V. Figure 7 shows a sim diagram of the
MAX and the equations for setting both the
outpul voltage and tempco when Vyc is used.

When not used, Vrg should be left unconnected,
Negative output temparature coefficients are most
commonly used i Co

tempco of the LCD threshold. Figure 8 shows

e S L e

Application Hints

Input-Ouiput (Dropout) Voltage
A regulator's minimum input-output differential. or
dropout voltage, determines the Iowmunhh Inpul
voltage. In battery powered systems this wilt determing
the useful end-of-ife battery voltage.
and MAXB66 have a dropout voltaga

rdwwuwam\fb':lﬁhu:ld The dropout -
will then dcpondogrn'h P-channel s
saturation resistance multiplied by the load current
(see MAXEBB3 Electrical Specifications, Rgar).

negative N-channel

FETs as output devices so its dropout voltage is also

a mncﬂon of Rgar times its load current (see
al Specifications).

Electric
Output Connections

When using dnlhsMAI!&hlbwcmmL

output connection. For
should be used alone Vourt1 should be left un-
connected, 1 Is not provided on the MAX688. On
the MAXG64, 4, and Voyurz should aiways be
connected proper operation and lowest
dropout
o W WP ol i
-
T
mﬂ
v bd 008 o e
- M0
3 o
+. TR
‘ [ 151 T ]

. Consistent
Over more than 40°C a0, a8
opposed 1o about w'cmwmmmm is

w:ﬂnm MME#SOHI.DI—M
Displey of squivaient,

999X VIN/YOOXVIN/E9OXVN
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MAX663/MAX664/MAX666

.
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9.2.2 Mosfets VN222L

Vi Y VNO610L, VN10KLS, VN2222L
Vishay Siliconix

N-Channel 60-V (D-S) MOSFETs with Zener Gate

PRODUCT SUMMARY
Part Number | Vigpioes Min (V) | rosion Max (2) | Vasm (V) In (A)
WIS 10L 5@ Vye =10V 0B 23 aa7
VNIHLS ] 2@ Voz=10V 081223 o3t
W22zt TS @ Npg =10V CLlZ3 023
FEATURES BENEFITS APPLICATIONS
& Zener Diooe input Profected »_ Ewxra ESD Prosscion & Dnvers: Roays. Sclenokds, Lamps. Hammers. Deplays.
* LowOn-Resistance: 32 ® Low Ofser Voltage Memories. TransEiors. el
® Urralow Thresnold: 1.2V ® Low-Voliage Cperation = Banery Cperated Systems
* Lownput Capacmance 38 pF & Hig-Speed. Eacly Driven ® Scild-Suale Aeays
* Low inpul and Cuipul Leakage = Low Errer Veitage ¢ InductiveLoad Drivers
TO-226AA D-m"_m'.‘
i VhNoetoL 2 i
— nice Mark
s 1 C:V:‘ Fronl View 9
. oy VHIDKLS
5
] 6) VNZ223L
= =W ]
222
o (‘;- LU
‘5" = Siliconts Logo
Top View xayy = Ds%e Code
VNDE! 0L
WNZ223)

ABSOLUTE MAXIMUM RATINGS (T, = 25°C UNLESS OTHERWISE NOTED)

VN22221L
Parameter Symbol VNOS10L VNIOKLS Unit
Cran-Souce Vokage Vos [ [ ‘
Cax Souce Valage v; 15-0 13-0.3 d
Tas 3 € 027 CEL
Centnuous Orain Current (T, = 130°C) Tene ) — e .
S —
Putsed Drain Current* Ioag 1 [E.)
P Ta=22°C E] CE] "
ower Dsnpanon F,
Ta= 100 C £ D32 T4
T e —— e
Trermal ResElnce. Junction-So-Ambent [y 155 125 ow
Operaing Juncticn and Storage Temperaare Range Ts Tug -33 1o 130 =

Netes
a.  Pubse wicth imied by maximum unction femperavre

DocsmentNumber: 70213 WW ¥ghay com
5-04278—Pev. F 10 Jui-01 111



VNO610L, VN10KLS, VN2222L

vi

Vishay Siliconix

Y

SPECIFICATIONS (T, = 25°C UNLESS OTHERWISE NOTED)

Limits
VNOEEOL
VNTKLS NZ2Z2ZL
Parameter Symbol Test Conditions Typs | Min | max | Min | Max | unit
Static
Drain-Bource Breakdown Voitage Vipnoss Vas =0V Ip= 100uh 120 5 0
v
Gate-Threshoid Voltage Vs Vog=Vas Ip=1mA 1.2 0.8 23 og 23
Gale-Body Leakage ln=s Vos =0V Vor = 13V ] 100 100 n&
Vom =48V Vom0V 10 10
Zero Gae Voltage Drain Curemn A
Ti=123°C 00 200
Crv Stale Dran Current® ‘oo Vos = 10 V Vaz = 10V ' 075 [E;] A
Vor=3V ip=024 F] 73 73
Drain-Source On-Regstance” fo%ion; Vau=10 Vip =094 3 ) 7.5 Q
I Ty 123'C a8 F] [(EE]
Forwars Tramaconouciance ™ Vaz=10V. =0 5A 300 100 00
ms
Common Source Cutput Corducance® B TIV. =003 A a2
Ingut Capacitance Cas 38 e 60
Outpud Capactance Canr Voe =25V Vpp =0V 1o | MHZ 16 F] F1] F
Rewerse Transfer Canactance Crae 2 5 3
m‘ <€
Tum-On Time o Voo =15V Ry =234 T 10 10
In = QOB A Voey =10V ne
Tum-OF Time b O oTms L 0 10 10
Kotes
2 For DESIGN AID OKLY rat subject 10 producton testog, VNCPCG

k. Fuletest PYW < 300 us duty cycle

=2%.

£ Swichrg e i essenialy independens of IpETaIng leTperaiue

e ]
11-2

Cocument Kumber 70813

5-04273—Rew F 160
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WVY VNOG10L, VN10KLS, VN2222L

Vishay Siliconix
|'rvm|.cummuﬂcs (Ta = 25°C UNLESS OTHERWISE NOTED) |
Ohmic Region Characteristics Output Characteristics for Low Gate Drive
0 T T 10 oV
] - Vas=20V |
} i J 3
H
& 2
E E L1 e
3 &
5 g
4 o4
? g /
£ A / 3v
22 L j
£ =
. 3 T
o 04 o8 12 18 20 | 1 2 3 4 1
Vpz = DRin-o-Scurce Vokage (V) ¥z = Dran-io-Source Vomage (V)
Transler Characleristics On-Resistance vs. Gate-lo-Source Voltage
AN ; 7 -
’ Voz= 15V { | '
| | e \
o4 1 \ |
4/ ‘ = 1
< | 8 \ |
o 03 g 4 230 mA L'
¢ \\Vg
(] | (E | ’
“ o2 l 6 3 300 A W
4 { A Io = 50 mA
£ | 8 i .
o1+ - |
| i | e
| =
|
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Vishay Siliconix
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2.2.3 Transistor (PNP) 2N3906

2N3906

New Product Vishay Semiconductors
formerty General Semiconductor

Small Signal Transistor (PNP)

) 4

TO-226AA (TO-92)
0.181 (4.6} 0.142(38)
I3 Features
I « PNP Silicon Epitaxial Planar Transistar far
I switching and ampiifier applications.

' + As complementary type, the NPN transistor
2N3904 is recommended.

+ On special request. this fransistor is also
manufactured in the pin cenfiguration TO-18.

« This transistor is also available in the SOT-23 case
with the type designation MMBT3906.

mn. 0482 [125) 0.181 (4.6}

mar. 4 Mechanical Data
Case: TO-92 Plastic Package
0.0%8 (2.5) Dmensions in rcnss Weight: aporox. 0.18g
[t iasm' Packaging Codes/Options:
& ¢ E6/Bulk - 5K per container, 20K/box
E7/4K per Ammo mag., 20K/box
oy

Maximum Ratings & Thermal Characteristics nums: « = sue rmpemre uess onemse secies

Parameter ‘Symbol Value Unit
Caollector-Emitter Voltage ~Veeo 40 v
Collector-Base Voltage ~Vcao 40 v
Emitter-Base Voltage ~Vgao 5.0 v
Callector Current ~-lc 200 mA
! =25 W
Power Dissipatian :Fr.: =22'r;g Py 61255 ".:,‘,"
Thermal Resistance Junction to Ambient Air R: ua 250" cw
Junction Temperature T; 150 *C
Storage Temperature Range Te —£5t0 +150 G

Nole: (1} Vala provided hat isacs ore #ept al ambient temperatire

Document Numker BE114 www vishay cam
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2N3906

Vishay Semiconductors
formerly General Semiconductor

Electrical Characteristics . . ='c uss serwes nzes,

Parameter Symbol Test Condition Min Max Unit
Neg- 1V -lc=0.1mA 60 —
Nece-1V, -lc=1mA 80 s
DC Current Gain hre Vee-1V -lc = 10mA 100 300 -
VCE«1V, -lc = 50 mA 60 —
. Vee« 1V, -ic =100 mA a0 —_
flector-Emitter Cutoff Current -lcev Ves=3V Ve =30V — 50 nA
Emvtter-Base Cutoff Current | -leav Vee=3V -Vce =30V — 50 nA
Collectsr Saturation Voltage Nk Ig . ;g r iy 00'245 v
Base Saturation Voltage VBEsa :g I ;g m: ::: : ;ﬂ - ggg v
Collector-Emitter Bre‘Mc.:;vn Voltage -Wam:aﬁ \ o=1 m'A;Ia =0 40 - vV
Colisctor-Base B;eakdawn Voltage -V{ERiCBO -lo =10 uA, I; =) - 40 —_— Vv
Emﬁtgngg lBrealg:Iawn_ Voltage -V{'e_ggac- e =10 BAle=0 L - v
input Impedance b Vo 12‘: Iﬁ; - 1 10 ke
Voltage Feedback Ratio o/ B BT ™Y Yas- = Be10t | —
f:urrem Gain-Bandwidth Pmduct fr "V j 301‘("3;{)-}71;210 mf‘ 250 — MHz
Collector-Base Capacitance Coea | -Voe=35V. f= 100 kHz — | 435 pF
Emitter-Base Capacitance Ceso | -Ves=0.5V. = 100 kHz — 10 pF
Smai Signal Current Gain o LR ST /Y a00 Of0 -
Output Admittance hoe Ve 211:\';' :;: oA 1 40 us

wwa vishay.com
2
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2N3906

Vishay Semiconductors
formerly General Semiconductor

Electrical Characteristics .. = ¢ uiew cremie noea

Parameter Symbol Test Condition Min Typ Max Unit
: . -Vee =5V, -lc = 100 pA.

o i . F o |Re=tw f=toasom] — | — 4 =

Delay Time (see fig. 1) ta -let = 1mA -lc = 10 mA — — 35 ns

Rise Time (see fig. 1) tr dB1=1mA -lc =10 mA, — —_ 35 ns

Storage Time (see fig. 2) 1tz iR -ie:};;\:A - = 225 ns

Fall Time {see fig. 2) t JB‘_TE'IE‘:‘E'_:\AM - - 75 ns

Fig. 1: Test carcuit for delay and rise time
* total shunt capacitance of test jig and connectors

w310V ?tz:.'s

fDK{"’ B
= iCy<ADpP
300 ns A

Fig.2: Tesicircut for storage and fall time
* tolai shunl capacitance of test jig and connectors

10<1;<500me-—wl , o= " 102V
DUTY CYCLE = 2°%
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