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Abstract

This project aims to study the magnetic field sensor with two diodes structure the three
terminals are anode and two cathodes(cathode land cathode 2). This sensor can detect the
magnetic field perpendicular with device surface by Hall Effect. Lorence force charge to carrier
and lead charge carrier to deviate . This is the cause that makes the different currents at cathode |
and cathode 2 terminals.These¢ currents will be compared and applied to detect the magnetic field

value.This result will be used to design and apply for magnetic detecting circuit.
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4.3.10 NITVIUNIUNIMNTDO(Deposition)
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4.4 NITUIUM TG 1Y H(Meltalzation Process)

L A g L] 1 ° L
mendsannsaiuginssimsfsdnihdionsumimstedlsnnudou amud1ay
\g " @ t: ' ] L 1 1 1 4 1 yy
YUADUAYIUNTZN AT UTINA1I990991 ns ol uAnzdIum1IveeRUnssinalfang
uoniuegluanindsldamwisaldnundd 1838 wiludeadrgnszuaumandalady
(Meltalzation Process)now
' 3 i
N3z UINnTAR Tadu(Meltalzation Process) Asyuaunisadasuveslanziiom
véﬂwv Vlw‘ﬁ & @ o A 1 1 o o d‘I wAulyﬂ Il
wiadugnihme Idh vieuoudnindreunenitelu dinsumsdenlonzimelHindeuurdu
o 4 9/ * ¢ a ! d = . A o o A '
Fanawine iilusevasuuy Tevuiinsesre Toriuila(Ohmic contact) W3suaudniuFouds
A a1t o o s kg = = c‘ a
moluveesessmdsliguauiamu mldsseduianuddaouiinnudumiudg Ianmi
Ill ﬁ a 1 & & aa a ] 3 @ o Pl A A a
HhgeRauuuiuAgineu laoen leauazeunsadadhdualannuii1éda g lanshilen
1418 srqiiionAL) nosawuazin Ag Hudu
= ™ o 3/ a - ¥
matlalunszuiumsuaa lamsulhinadansiedovas luszuugyyinialesly
- . & ad ey - Y 1 '
matianszuIumsszviolugyyiniAEvaporation)Fuiluit i dunlfenios lifinade
1 4
M3sNs Nz loosuualidadonssogmsldnuuesldnasarzdu dimfumsndoulans
] F 4 0 a’/’ [ A o (%
A laTasmsi i ldsuanuseunin 1§Avinniaman(Tungstan) 3 8(Molynum)

- -
madamnteulonsuszvuggygnne

Fovgvaatu

-~ ‘Flfa'uuﬁ')

awdmaei+lane

-y
fidnmsiediau

Diffusion
pump

jUn 2.9 Tasserdrevounios Filament Evaporator



dy a N o v N =~ = ' 5 . N o N o N
wnansiidwenasianubidmsunislsnuienistnyiniu lweygislmilulydsslosununisan

lunsdlla visdu Bnnanuilvdnudadilon uaznedendidsnivesenalsynaseniinisdiliuly



45

=1 v - (= ] g a1 ¥ ar o ]
uuniilaleToauuuguasi Wfiavuuimandanu@z=0uaz 1850 Tudaase ins
Maumeluniemadunisvesdszgnimzegluaniizfavgand1afie Yszgninzainms
+ o 4 4 - 4 o qw 4 dy (e + 2
P (o lun)eziimswdouimunamisvesnszua deirldnmzadoun lddsas N7 Ay
[ 4
avaunlsa 1 duualsa 2 yfluuuaduase uazfiUSumvenszuaiidrvewnlse 1 Ay

1 o & g Ve 1 4
unTsa 2 iduTai ldinadevesnseueiiugud

Toa

‘\‘_’U——DU IKI
Of—— |0

N~ z

Qj—|0
O|l—— |0

P X
o] PR o I,
00 - Y
o|l—— |0
® Nfe!

7% 4.1 Aememsnfeudivesnme luanizauga

A o ' g4 a1t a 3 o ¥ a =
uailofleumwimandariu lufiansdminduiuAigd nssi(fian e 2) winzdgn
o_ ¥ g a ° 'Y E] A a 1 a = Il a
ATENMAYUTIDDLT UENAN -y "ﬂ'lal“r’iW'lﬂz‘]ﬁlﬂﬂﬂuﬂﬂgiuﬂﬁﬂ'lﬁ x §AUeAu Jlusiemie
= o &£ o a 1 ' a °
I.ﬂU'Jﬂ‘UI.liQﬂﬂﬁu"I?J"INW'llﬁ!ﬂﬂﬂ’ﬂi.lllﬂﬂﬂ‘NﬁZT‘l']'Nﬂizllﬁll.ﬂiﬁﬂ 1 ﬂﬂﬂixltﬁllﬂiﬁﬂ 2 gﬁ“ﬂ']

Wiinaarsvosnszua lumdugud

Taa
— »
B, ® vol— o
. /~ e z
p- © —la
X
F 0 — e Lez
o—" o N Y
o / Q
UIIADLTULHANI -y o / o)

51l#1 4.12 fiemumswdsuivesnme luaniig luauga



46

y T ] - r a 13 ° L] o
Lﬁaﬂamﬂumuuﬂmmmmﬁﬂummn U ‘D%:‘ﬂ11ﬁlliﬂﬁﬂliu°ﬂMLL5Qﬂ5$ﬂWﬂUﬂizi}

& — o ¢
WINSWINYH MUAUNIT ‘FLIZFL :e.VDX.BZ WINEGNLUIINTENMNINUITINDLITHYUN

g o o ' [} ] 4 g
duith idlssgumzinteuiifounuluyuiindrediv 91n HH =H,.B, Falszgnine

) { o { 4 a A = £ o o o ¥
vndunidsauuiivalea 2 wasufidsuuuluyuinhaluludwalsa 1 degi Tl

¥
@

r ¥
Aseuaualsa 1 LWN%HLMﬁluV}NﬂﬁUﬁUL!ﬂIﬁﬂ 2 a3 TANANUUANAIITSHINATUANS

o3

5 (R

L

UIIADITUFRANIG -y

< A & y & 1 -
;U1 4.13 Yssywmzmdeud luyunediumunnuvuiuuiuyesauiusiman
4.6 misenuvuuunillnlaleauvuy

] 4 1 P=1 [ @ - o
ﬁ‘]'iJ‘lSﬂL!Uw‘]BBﬂllﬂ 3 E‘lJL&‘U‘lJ uazumazgﬂsmwagﬂ'st}ﬂu 29x82 A9 50 4 m Ny

100 2 m ( D 52HEHI9TENINTI P AUNY)

- flazuz 50 Hm

17 4.14 TasearaunniiTnlaTeauuuguuuiil szey 50 4 m



f
He

319 4.15 Tnsesahauuniilala Toauuuguuuiiz fissos 50 pm

3 4.16 TasaardraumnilTnla Teauuuguuuii3 fszuz 50 gm

47



P
-NIsuT 100 1 m

[ &

AR i § S —
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1U7 4.19 Tnssrfraunniilalaloauuuguuuiiaz fisses 100 g m
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1. MnuazeIauNuganeu
9 . o~
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¥ - -
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2. n5zuuns IW18aInns A widan 1
Himsoiowda ludaRmivesunuganou

wdeuthen lues ¥iauIn (AZ,1350) Spin 3000 rpm
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JUN 4.22 unuganoundsiiums I 1ad Inns i
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5. NSEUIUMIUNS a5 TUSoU (Diffusion)
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6. NITUIUNTT drive in (Temp 11000C)

- Dry Oxidation Ay O, 1200 cc/min 30 W
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10. nszuIuunsasnevoaWesa (Diffusion)
- Diffussion N, 800 cc/min 25 mﬁ
- 0, 1200 c¢/min 10 W1¥I

- ulumIazals HF 5%
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- qulush DI udafindls

¥

- w1 DI ufaaes

- whldudad N,
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R REEY

Sio,

P+

N-Sub

Ul 431 winddneuvaziimsunsaisie

11. ASEUIUMS drive in (Temp 1100°C)
- Dry Oxidation A28 0, 1200 cc/min 15 W17
- Wet Oxidation 51802 1000 cc/min 20 UIN
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Sio,
P* N*

N-Sub

JU9 432 uruFanRBUNTINT Drive in

36



12. aszuaunts WIndInns i wrdaf 3 (Contact)
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m3Ufudeuandn (Alignment (M 3))
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13. NFEUIUNIT Etching
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15. mundevegiidionluggyyniadlenies Evaporator
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JUN 4.37 uRuTARBUNTURRDUBUIHEY

16. nszUUMI I Iad Inns W uindaf 4 (AL)

!
et luae ¥iauIn (AZ) Spin 3000 rpm

puAduN 95°C 20 W

MsUUgaUNITR (Alignment (M 4))

N1IRIBLAY (UV Expose)
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UV light

N-Sub

P I aa 1 ¢ o
JUR 438 uHuTAnDUYMEABNIAAN 4

N-Sub

1R 4.39 uiuaedneundIumI I IAa Tnns WA

17. ATZUIUNIT Etching (Al
- ﬁjﬂmf'lmsa:ma Phosphoric Aid
- guhuth DI uffinils
- fuluh D uffaes

- uhldudsde N,

60



¢ AL

Sia,

N-Sub

¥
ar

317 4.40 uuFaneundInszuIuMIinguegiiiion

LYl

¥
18. nszurumMIdaiho lues

1 9 4{ é &
Julu Asetone uAMINHY 1 W

qulu Asetone udafiaes 1 widl

' i Y A &
quﬁlum DI LAINHUI

v uy Y o
- quluid DI uAhTeq

whldutede N,

N-Sub

] ¥
sUR 441 wruganaundsdranihionluas



19. Sintering
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53 mdsegnAnal¥au

53.1 seruswil (Op-Amp, Operational Amplifier)
ao1lioutl(Op-Amp) HuFosod 5 uS un1993¥010RU19IA Operational  Amplifier

U995 901810DABATADrect couled amplifer) Alidnsvvwgaaldmsffounduuuvan

& o 2 3/ ug LY < o
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input input
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input input
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Voltage Gain (Av) o0 > 200,000
Band Width (BW) o0 1 MHz (“?1 Av=1)
Input Resistance(Ri) Q0 2MQ2
Output Resistance(Ro) 0 50 2 da75 Q2
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Negative Saturation
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3UN 5.20 2995U18KAANS (Difference Amplifier)
va - vl va _va — O
Rl R2
RZ J 2
v, =| —=+1|v,——,
( 1 1 (1)
V, =Vy Y 0 _0
R R,
v, = R, v
*“\R+R )’ (5.2)
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2199505 oUARLUDVAY va =vb  UnuA1 vb 910 (5.2) 11 va 193(5.1)

v, = £+1 R, vz,—ﬁg-v1
R, R, +R, R,

® jaz1lmild

=2~ oy -ty
"R (*RJR) " R (5.3)

(5.4)

R
=)

4

® i\ R =R, uaz R =R, 1A

vV, =V, VY

o

(5.5)
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5.3.5 Tlsunsululnsneninsnines(aTs9Cs2)
#include <REGXS51.H>
unsigned char a=0,b=0,¢=0,d=0;
unsigned char number1[]={0x3f,0x06,0x5b,0x4f,0x66,0x6d,0x7d,0x07,0x 7f,0x6£,0x00};
unsigned char number2{]={0xbf,0x86,0xdb,0xcf,0xe6,0xed,0xfd,0x87.0xff, 0xef,0x80};
North_pole(void) interrupt 0
{

Pl=number2[a];
P2=numberl[b];
}
Pl=number2[a];
P2=numberl[b];
}
Pl=number2[a];
P2=numberl[b];

South_pole(void) interrupt 2



ct++;
iflc==10)
{
c=0;
d++;
ifld==10)
{
d=0;
Pl=numberl[c];
P2=number2[d];
}
Pl=numberl[c];
P2=number2[d];
}

Pl=numberl[c];
P2=number2[d};
}
main(void)
{
Pi1=0x3f;
P2=0x3f;
IT0=1;
ITl=1;
EA=1;
EX0=1;
EXI=1;
while(1);
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@ MOTOROLA

Dual Low Power
Operational Amplifiers

Utilizing the circuit designs perfected for recently introduced Quad
Operational Ampilifiers, these dual operational amplifiers feature 1) low
power drain, 2) a common mode input voltage range extending to
ground/Vgg, 3) single supply or split supply operation and 4) pinouts
compatible with the popular MC 1558 dual operational amplifier, The LM158
series is equivalent to one—half of an LM124.

These amplifiers have several distinct advantages over standard
operational amplifier types in single supply appiications. They can operate at
supply voltages as low as 3.0 V or as high as 32 V, with quiescent currents
about one-fifth of those associated with the MC1741 (on a per amplifier
basis). The common mode input range includes the negative supply, thereby
eliminating the necessity for external biasing components in many
applications. The output voltage range also includes the negative power
supply voltage.

Order this document by LM358/D

LM2904, LM2904V

LM358, LM258,

DUAL DIFFERENTIAL INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

8
1

- N SUFFIX
¢ Short Circuit Protected Outputs PLASTIC PACKAGE
¢ True Differential Input Stage CASE 626
# Single Supply Operation: 3.0 Vto 32V
® Low Input Bias Currents 5%
¢ Internally Compensated !
® Common Mode Range Extends to Negative Suppi D SUFFIX
9 9 Pply PLASTIC PACKAGE
® Single and Split Supply Operation CASE 751
® Similar Performance to the Popular MC1558 (S0-8)
¢ ESD Clamps on the Inputs Increase Ruggedness of the Device without
Affecting Operation
MAXIMUM RATINGS (Tp = +25°C, unless otherwise noted.) PIN CONNECTIONS
LmM258 LM2904
Rating Symbol LM358 LM2904V | Unit Output AG] B Voc
Power Supply Voltages Vdc 7] Qutput B
Single Supply Voo 32 26 lnputs A 1 ]
Split Supplies Veo VEE | 16 £13 VEE/Gnd ] Inputs 8
Input Differential Voltage VIDR 132 126 Vdc (Top View)
Range (Note 1)
Input Common Mode Voltage VICR -03t032 | -0.3t1026 | Vdc
Note 2
Range (Note 2) ORDERING INFORMATION
Output Short Circuit Duration tsc Continuous Operating
Junction Temperature Ty 150 °C Device | Temperature Range Package
Storage Temperature Range T, -55t0 +125 °C LM2904D S0O-8
g8 ‘eMmperalure "ang St Ta = —40° to +105°C
Operating Ambient Temperature TA °C LM2904N Plastic DIP
Range
M SO-8
LM258 -2510 +85 - LM2904vD Tp =—40° to +125°C
LM358 010 +70 - LM2904VN Plastic DIP
LM2904 - -40 1o +105
LM258D SO-8
LM2904V - —40t0+125 Ta =-25°to +85°C
LM258N Plastic DIP
NOTES: 1. Split Power Supplies.
2. For Supply Voltages less than 32 V for the LM258/358 and 26 V for the LM2904, the LM358D SO-8
absolute maximum input voltage is aqual to the supply voliage. Tp =0°to +70°C
LM358N Plastic DIP
© Motorola, Inc. 1996 Rev 2



LM358, LM258, LM2904, LM2904V
ELECTRICAL CHARACTERISTICS (Vi =5.0V, VEE = Gnd, Tp = 25°C, unless otherwise noted.)

LM258 LM358 LM25S04 LM2904V
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit

input Cffset Voltage Vio my
Veg =50Vto 30V (26 V for
LM2904, V), Vic =0 Vio Voo ~1.7 V,
Vo =14V.Rg=0Q
Tp =25°C - 2.0 5.0 - 20 7.0 - 2.0 7.0 - - -
Ta = Thigh (Note 1) - - 170 - - |90} - - 10 - - 13
Ta = Tiow (Note 1) - - |20 ] - - [ 90| - - 10 - - 10

Average Temperature Coefficient of Input | AV|o/AT | - 7.0 - - 7.0 - - 7.0 - - 7.0 - pvieC
Offset Voltage
Ta= Thigh to Tiow (Note 1)

Input Offset Current ho - |30 | 20 - | 50 | s0 - 50 | so0 - 50 | 50 nA
Ta = Thigh to Tiow (Note 1) - - |10 ] - - 150 | - 45 | 200 | - 45 | 200
Input Bias Current e - —45 | -150 | - —45 | =250 | - —45 | -250 | - —45 | =250
TA = Thigh 10 Tiow (Note 1) - | -50 |-300| - [ -50 |-s00| - | -50 |-s00| - | -50 |-500

Average Temperature Coefficient of Input Alyy/ 8T - 10 - - 10 - - 10 - - 10 - pAS°C
Offset Current
Ta= Thigh to Tiow (Note 1)

input Common Mode Voltage Range VICR v
{Note 2), Ve = 30 V (26 V for LM2904, V) 0 - 283 [+] - 283 0 - 243 0 - 242

Voo =30 V(26 Vior LM2904, V), 0 - 28 0 - 28 0 - 24 0 - 24
Ta = Thign 10 Tiow

Differential Input Voltage Range VIDR - - Vee - - vee - - Vee - - Vee v

Large Signal Open Loop Voltage Gain AyvoL vimv
R =2.0kQ, Vcg =15V, For Large Vo 50 100 - 25 100 - 25 100 - 25 100 -
Swing,
Ta= Thigh to Tigow (Note 1) 25 - - 15 - - 15 - - 15 - -

Channel Separation CS - -120 - ~ =120 - - -120 - - -120 - dB
1.0 kHz 515 20 KHz, Input Referenced

Common Mode Rejection CMR 70 85 - 85 70 - 50 70 - 50 70 - ds
Rg s 10kQ

Power Supply Rejection PSR 65 100 - 65 100 - 50 100 - 50 100 - dg

Output Voltage—High Limit (T = Thigh to VOH v
Tiow) (Note 1)
Voo =5CV,RL =2.0kQ, T =25°C 33 | 35 - 33 | 35 - 33 | 35 - 33 | 35 -
Ve =30V (26 V for LM2904, V), 26 - - 26 - - 22 - - 22 - -
RL = 2.0 kQ
Ve =30V (26 Vfor LM2904, V), 27 28 - 27 28 - 23 24 - 23 24 -
Rl = 10 k2

Output Vohage—Low Limit VoL - 5.0 20 - 5.0 20 - 5.0 20 - 5.0 20 mv
Vee =50V . RL=10kQ, Ta = Thigh to
Tiow (Note 1)

Qutput Source Current o+ 20 40 - 20 40 - 20 40 - 20 40 -
VIDp=+10V.Vgc=15V

3

Qutput Sink Current lo-
Vip=-1.0V,Vcc =15V 10 |2 | - | 102 | - 10 | 20 | - 10 [ 20 | -
ViD= =10 V. Vg = 200 mV 12 | so - 12 | s0 - - - - - - -

QOutput Short Circuit to Ground (Note 3) Isc - 40 80 - 40 60 - 40 60 - 40 60

22|53

Power Supply Current (Ta = Thigh to Tigw) lcc
(Note 1)
Ve =30 V(26 V for LM2904, V), - 16 | 3.0 - 15 30 - 1.5 3.0 - 1.5 3.0
Vo=0V.R =
Voo =5V.Vo=0V R == - 0.7 1.2 - 0.7 1.2 - 07 1.2 - 0.7 1.2

NOTES: 1. Tigy = —40°C for LM2904 Thigh

= +105°C for LM2904
= =40°C for LM2904V

+125°C for LM2904V
-25°C for LM258 +85°C for LM258
0°C for LM358 +70°C for LM356
2. The input common mode voltage or either input signal voltage should not be alicwed to go negative by more than 0.3 V. The upper end of the common
mode voltage range is Voo -1.7 V.
3. Short circuits from the output to Vo can cause excessive heating and eventual destruction. Destructive dissipation can result from simuttaneous shorts
on all amplifiers.
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LM358, LM258, LM2904, LM2904V

Single Supply
I—=Ycc

1 -0

30Vio VCC max
{max) I

Q0 Q0

2 -0

= VEg/Gnd

vee

Split Supplies

0000

1
2

= 1.5VioVegmax)
-G

o

Representative Schematic Diagram
{One—Half of Circuit Shown)

= 15Vio VEE(max)
VEE ‘?—T

Bias Circuitry
Common to Both
Output Amplifiers
[
? 1 ! B o Vee
- Q5,7 oz |
Q16 Rem—— Re—e—{ Q14 | |
Qi3 | |
40k | I
Q19 | I
' { | |
5.?pr Q12 b [ Q2| |
LY
25 | [a23 |
. ¢ e
I |
Q20 | I
I I
Inputs E’ 1 | |
o— Q21 | |
o | @ | |95 I
Qs L‘ Q1 | 24k |
Qs 'ﬁw | ' |
Q26 rJ L\l 20% | |
¢ ’ . * ’ | * ' 0 VEE/Gnd
CIRCUIT DESCRIPTION
The LM258 series is made using two internally
compensated, two—stage operational amplifiers. The first .
stage of each consists of differential input devices Q20 and Large Signal Voltage
Q18 with input buffer transistors Q21 and Q17 and the Follower Response
differential to single ended converter Q3 and Q4. The first VCCI= 15vldc
stage performs not only the first stage gain function but also R =20kQ
performs the level shifting and transconductance reduction Ta=25C

functions. By reducing the transconductance, a smaller
compensaticn capaciter {enly 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single—ended converter. The
second stage consists of a standard current source load
amplifier stage.

Each amplifier is biased from an internai-voltage regulator
which has a low temperature coefficient thus giving each
amplifier good temperature characteristics as well as
excellent power supply rejection.

1.0VDIV

Rl e st s saelansalenes
1 AR NARSREIARE " SRR AR AR RN

5.0 us/DIV
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Figure 1. Input Voltage Range

Figure 2. Large-Signal Open Loop Voltage Gain
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Figure 4. Small Signal Voltage Follower
Figure 3. Large—Signal Frequency Response Pulse Response (Noninverting)
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Figure 5. Power Supply Current versus Figure 6. Input Bias Current versus
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Figure 7. Voltage Reference Figure 8. Wien Bridge Oscillator
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[
[
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Figure 8. High Impedance Differential Amplifier Figure 10. Comparator with Hysteresis

4

Hysteresis
VoH
Vo |
I
I
VoL }
VinL i VinH
- Rl Vref
VinL = Ry + Rz (VoL — Vref)* Viet T
€2 R1
VinH = Rq 4+ o (YOH — Vref) * Vref
gg=C{t+a+h)(ez-eq) H=___R_1__ (VoH- VoL
R1+R2
Figure 11. Bi-Quad Filter
A 1
R o0k fo=7xRC
by R1=QR 1
vip Cf _R1 Vmi=g VeC
—(— "= Tap
100 k RI=TNR2
C1=10C
Vief T {g f 1 é) kHz
¢ ) Bandpass -
p—= =
Vref ¢ Cutput __)5\,3\’_ ;BP: }
R1 N =
NE 3 Ct
b——|(——e Notch Output R =160 k2
C =0.001pF
R1 =16MQ
Ve Where: Tgp = Center F Gai Rz =18MQ
re ere;  Tpp = Center Frequency Gain R3 = 16 MO

TN = Passband Notch Gain
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Figure 12. Function Generator Figure 13. Multiple Feedback Bandpass Filter
Vier=d v, Triangle Wave
ref 72 YeC Output ¢ ‘\;RVZ\, J_
300k c
Vref O R3 v Ri C
O——AAA—t o in
o 75k o4 o —{—e Vo
R1 100k Square R2 co
G e— Wave CO=10C
C Vref Qutput
A < Vref Vel
Rf ref =3 VCC
Ri+Rc R2R1
3 CR¢R1 . R3 = R2 +R1 Given: fo = center frequency

Alfg) = gain at center frequency

Choose value fg, C

) __Q
Then: R3= "—fo C
R3

=TA(f°)

R1R3
R2z —=—
4Q2R1-R3

Rt

For less than 10% error from operational ampiifier. -Q—B°v—;° <0.1

Where fg and BW are expressed in Hz.

If source impedance varies, filter may be preceded with vollage
follower buffer o stabilize filter parameters.
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OUTLINE DIMENSIONS

NOTE 2

N SUFFIX
PLASTIC PACKAGE
CASE 626-05

ISSUE

-K

K

M -]

G
[$]@0.130.05@]T[A @[5 @]

1

2
3

NOTES:!

DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

PACKAGE CCNTOUR OPTIONAL (ROUND OR
SQUARE CORNERS).

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982

MILLIMETERS INCHES
| DM MIN | MAX | MIN T MAX
A 9.40 | 1016 { 0.370 ! 0400
B 610 660 | 0240 | 0260
C | 304 | 4450155 | 0175
D 0.38 051 | 0.015 | 0020
F | 1021 178 | 0.040 | 0070
[ 254BSC 01008SC |
H 0.76 1.27 { 0038 | 0050
J | 020 | €30 0008 | 0012
K| 201 3430115013
7.62 BSC 0.3008SC
M| — ] 1°] — ] 108
N | o7 [ ot ] 0036 ] 0040

@—1‘—0—’_

-

— A

.=

SEATING

2 em

(@] 025 ®[c[B ®[AB]

D SUFFIX
PLASTIC PACKAGE
CASE 751-05
(SC-8)

ISSUE

R

- c
|, T L@
et 1 b

£

NO
1

[REN)

LS

TES.

. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1984

. DIMENSIONS ARE IN MILLIMETERS.

. DIMENSION D AND E DO NOT INCLUDE MOLD
PROTRUSION,
MAXIMUM MOLD PROTRUSION ©.15 PER SIDE.

. DIMENSION B DOES NOT INCLUDE MOLD
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 TOTAL IN EXCESS
QF THE B DIMENSION AT MAXIMUM MATERIAL
CONDITION.

MILLIMETERS
| oiv [N T max

A 1.35 1.75
A | 010 | 625
B | 035 | 040
c 0.18 0.2
D | 480 ] 5

360 | 400
. 1.27 BSG
H| 580 ] 620
n | 025 | 050
L 040 1.25
[ 0o 7°
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Features

* Compatible with MCS-51™ Products

* 8K Bytes of In-System Reprogrammable Flash Memory
* Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-level Program Memory Lock

* 258 x 8-bit Internal RAM

* 32 Programmable /O Lines

* Three 16-bit Timer/Counters

* Eight Interrupt Sources

* Programmable Serial Channel

* Low-power Idle and Power-down Modes

Description

The AT89CS52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel’'s high-density nonvolatile memory technology and is
compatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventiocnal nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
which provides a highly-flexible and cost-effective solution to many embedded control
applications.
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Philips Semiconductors

Product specification
L ]

NPN switching transistor 2N3904
FEATURES PINNING
* Low current (max. 200 mA} PIN DESCRIPTION
» Low voltage (max. 40 V). 4 collector
2 base

APPLICATIONS 3 emitter
» High-speed switching.

DESCRIPTION 1 1
NPN switching transistor in a TO-92; SOT54 plastic 23 —

package. PNP complement: 2N3906. - e — 2

3
MAMZ79
Fig.1 Simplified outline (TO-92; SOT54)
and symbol.

QUICK REFERENCE DATA

SYMBOL. PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voitage open emitter - 60 Vv
Vceo collector-emitter voltage open base - 40 v

Ig collector current (DC) - 200 mA
Piot total power dissipation Tamb<25°C - 500 mw
heg DC current gain lc=10mA; Vg =1V 100 300

fr transition frequency Ic =10 mA; Vge = 20 V; =100 MHz 300 - MHz
tos turn-off time Icon = 10 MA; lgan = 1 MA, lgog = -1 MA - 240 ns

1997 Jul 15
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Product specification

NPN switching transistor 2N3904
LIMITING VALUES
In accordance with the Absolute Maximum Rating System {IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. | UNIT
Veeo collector-base voltage open emitter - 60 \
Vceo collector-emitter voltage open base - 40 \%
VEeBo emitter-base voltage open collector - 6 \%
lo collector current (DC) - 200 mA
lem peak collector current - 300 mA
lem peak base current - 100 mA
Piot total power dissipation Tamb < 25 °C; note 1 - 500 mwW
Tsig storage temperature -85 +150 °C
T; junction temperature - 150 °C
Tamb operating ambient temperature -85 +150 °C
Note
1. Transistor mounted on an FR4 printed-circuit board.
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONBITIONS VALUE UNIT
Rinja thermal resistance from junction to ambient | note 1 250 KW
Note
1. Transistor mounted on an FR4 printed-circuit board.
CHARACTERISTICS
Tamb =25°C.
SYMBOL PARAMETER CONDITIONS MIN. MAX. [ UNIT
lceo collector cut-off current le=0;, Veg=30V - 50 nA
leBo emitter cut-off current lc=0;,Vgg =6V - 50 nA
hre DC current gain Vee =1V; note 1
Ilc =0.1 mA 60 -
Ilc=1mA 80 -
Ic =10 mA 100 300
Ic = 50 mA 60 -
Ic =100 mA 30 -
VeEsat collector-emitter saturation voltage |I¢ = 10 mA; Ig = 1 mA; note 1 - 200 mV
lc =50 mA; Ig = 5 mA, note 1 - 200 mv
ViEsat base-emitter saturation voltage lc =10 mA; Ig = 1 mA; note 1 - 850 mV
Ic =50 mA; Ig = 5 mA; note 1 - 950 mvV
Ce collector capacitance lE=1e=0;Veg=5V,f=1MHz - 4 pF
Ce emitter capacitance lc=ic=0; Veg = 500 mV, f = 1 MHz - 8 pF
fr transition frequency Ic =10 mA; Vee =20 V; f= 100 MHz 300 - MHz
1997 Jul 15 3
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Product specification

NPN switching transistor 2N3904
SYMBOL PARAMETER CONDITIONS MIN. MAX, | UNIT
F noise figure Ig =100 pA; Veg =5V, Rg =1 ki, - 5 dB

f=10Hz to 15.7 kHz

Switching times (between 10% and 90% levels); see Fig.2
ton turn-on time Icon = 10 MA; Igon = 1 MA; Igog = =1 MA | - 65 ns
tq delay time - 35 ns
t rise time - 35 ns
tot turn-off time - 240 ns
ts storage time - 200 ns
t fall time - 50 ns
Note

1. Pulse test: t, < 300 ps; 3 <0.02.

Vi=5ViT=500pus tp = 10 us t, =ty 3 ns.
R1=560Q; R2=2.5 ki2, Rg = 3.9 k2; Rgc =270 Q.
Vg =-1.9V, Ve =3 V.

Oscilloscope input impedance Z; = 50 (2.

VBB  Vce
Rg Re y
. (probe) o _(probe) .
oscillosco o——— oscilloscope
S0Pe 4500 4500
R2
Vio- {1 DUT
R1

MLES26

Fig.2 Test circuit for switching times.
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NPN switching transistor 2N3904
PACKAGE QUTLINE
Plastic single-ended leaded (through hole) package; 3 leads SOT54
T 1 I —=-—-T-- ¢
E
|t— o A L |
]
i b
] | i
ir - '
! Rt
W
' 2 P | —‘ _f
o—-—-—- G R
: —
o u—————-+-—~—l
m ety
0 2.5 5 mm
SR N T W [N NN SN N S |
scale
DIMENSIONS (mm are the original dimensions)
UNIT| A b by c D d E o o4 L | L4t
52 | 048 | 066 | 045 | 48 | 17 | 42 14.5
mm | 50 | pd40 | 056 | 0.40 | 44 | 14 | 35 | 254|127 | 457 | 25
Note
1. Terminal dimensions within this zone are uncontrolied to allow for flow of plastic and terminal irregularities.
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC EIAJ PROJECTION ISSUE DATE
SOTs4 T0-02 543 =36 97-02.28
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NPN switching transistor 2N3904
DEFINITIONS
Data sheet status
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.
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NPN switching transistor 2N3904

NOTES
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