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Abstract

This project is a study of wireless system communication called RFID. This report is about
the theorem report, design process and experiment. So we sending no subcarrier mode and used
load modulation mode at frequency 13.56 MHz. This system consists of 2 main parts, reader and
transponder or tag. The energy will be transmitted from the reader. In communication between
Reader, The Reader will decode and extract data to be used later. And we will use PIC
Microcontroller applied for transferring information between Reader and Transponder.
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NRZ coding:

sz ATV FATHE

Unipolar BZ coding:

AL BIALAL

—

tJoj1|1[o[o[T1]|o0
Miller coding: '} r } +
tlo]t1|1]o]|oa|1]o0
Modified Miller '
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flo|1]1|ofo|1]|o
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2. 1mi1Aa Polar NRZ: fiodiiesmlsznouvesnszuaasegiiuadsdadauiiios
1N yagwasamd naiinanazanedesgnanualo-R]
" ar o ar H ar .
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o 9/ . 9y a o o 3 v
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FuiReany 2 nsdiusn uadsmidunafe lavl Idaviiail lifissmlssnsuves Iasulueg
10y
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() Polar NRZ
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24. litude Shift ing (ASK

Ampitucis
Y

Crptal ____

T agnal 2

> i
Oi—ipr Tims {
1 7 ’(i\
" e 3
ASK ASK me dalah’}{i{\ HG“'},J

311 2.10 msveAEAFIVLIA (ASK)
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£ an = b4 ° ¥ a A et ¥ ¢ A a

vosdoyaansanitlowdun Tassmualdueumagavesnaunilauiugudieunuda

¥ = £ 9o P ow I W Feict a ¥

Foyamuiu o Fudiouldfumshidsdyana uazwdedygalsysesaniueunaya i
ﬂ s A a9 s ﬂ a 2 o aa =

Huguaiounuiiadeyaniiadly 1 lunsdimmzuvviiizSonsuiimsuegaauuuiily

o A & s ada .
N¥orila sousonndae (OOK : on-off keying)

242 F ncy Shift Keyi FSK
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: - . "% _:’
—wr Time j'
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(#)
% \_j
5 |
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517 2.11 MsuegE@AFIANND (FSK)
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2.4.3 Phase Shift Keying ( PSK
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=3 é d‘ 9 o\
Lﬂuﬂﬂ‘gﬂﬂuﬂ‘ﬂﬂﬂiﬂﬂ'ﬁﬂﬂ

LF HF UHF Microwave
Freq -Range 125-134 kHz 13.56 MHz 866-915 MHz 2.45-5.8 GHz
Read Range 10 cm 1M 2-TM M
Market share 74% 17% 6% 3%
Coupling Magnetic Magnetic Electro Magnetic ElectroMagnetic
Existilng 11784/85,14223 18000-3.1,15693, EPC CO,C1,C1G2, 18000-4
Standard 14443AB and C 18000-6
Application Smart Card, Small item Transportation Transportation
Ticketing, management, Vehicle ID, vehicle ID(road
Animal tagging, Supply chain, Access/Security, toll), Access/Security,
Access, Anti-theft, Large item Large item
Laundry Library, management, management,
transportation Supply chain Supply chain

@13197 2.1 AMUDINATIIUNY RFID tags U @199

fia : “RFID Overview”, Greg Leeming, Intel

2.8 phwumsudedoyalndlianudaning

Corporation, 2004
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517 2.14 AMUANA1YBINISABAISULY Full Duplex, Half Duplex 1ag Sequential

2.9 maluladl RFID #¥m3femsuuy Duplexing
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(1Y Inductive Coupling
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UNi 3
AS0eNNLILIINDS

3.1 lilsunsu PIC

3.1.1 Flow chart Tilsunsuveslulnsneu Insames ludiuvesswhdideya

( START )

fiTHUA Data
fiezsduiludsnys A

A

VGIBATHIATEA Data
itz o

Exclusive or fil}

clock

A

o4 Data HTUY1 Tx

STOP

51/ 3.1 Blockdiagram vesdadadoyn
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3.1.2 TalsunsuvesluTasaeuInsames luduuesiiudeyn

#include <16F628.h>

#include <stdio.h>

#define CLOCK_T 13560000

#define TxD PIN_B2 /PIN C6 IS TRANSMITTER//
#define RxD PIN_B1 //PIN C7 IS RECIEVE//

#fuses EC_IO,;NOPUT,BROWNOUT,MCLR,NOWDT,
NOPROTECT,NOLVP

#use delay(clock=CLOCK_T)

#use rs232(baud=9600,parity=N,xmit=TxD,rcv=RxDbits=8)

inti;
char a[5],data,datal data2 x,y.c;
void cut()
{ y=0x00;
a[4}=x & 0b00001000;  //a[4]=0x00//
a[3}=x & 0b00000100;  //a[3]=0x00//
a[2]==x & 0b00000010;
a[1]=x & 0b00000001;  //a[1}=0x01//
for (i=4;i>=1;i—)
{
ali] = afil<<(G-1); //0b0x000000/
y =y +alil; //0b0x000000/
ali} = alil<<1; //0bx 0000000/
y=y+alil; //0bxx000000/
}
}
void send()

{
datal= data & 0b00001111; //datal = 4bit 1st 0b00000001//
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data2= data & 0b11110000; //data2 = 4bit 2ad 0b01000000//
data2=data2>>4; //data2 = 0b00000100//
x=datal;
cut();
datal=y"0x55; //0b00000011 ~ 0601010101/
x=data?;
cut();
data2=y"0x55;
while(TRUE)
{
putc(datal);
putc(data2);
delay_ms(10);
¥
}
main()
{
c='A";
data=c;

send();
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o% ] o
3.1.3 Flow chart 984 lu Insneu Insames ludiuvesdrsudeua

213
START
§11 Data 918 Rx
Exclusive or i dock
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AT

uares Das Y sy

“Fail”

et Data iU

STOP

317 3.2 Blockdiagram Y8efda3uyA
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3.1.4 Tlsunsuves luInsnou Insames ludruvesdafudeua

#include <16F877.h>
#include <stdio.h>
#define CLOCK_T 13560000
#define TxD PIN_C6 //PIN C6 IS TRANSMITTER//
#define RxD PIN_C7 /PIN C7 IS RECIEVE//
#fuses XT ,NOPUT,BROWNOUT,NOWDT,NOPROTECT ,NOLVP
#use deiay(clock=CLOCK~T)
#use rs232(band=9600,parity=N xmit=TxD,rcv=RxD bits=8)
#use fast_io (B)
#define use_portb_lcd
#include <led.c>
MitHiSubfanction/////H1111
intij;
char d,x,y,a[5],data[2],code;
void mix()
{ y=0x00;
a[4]=x & 0b10000000;
a[3}=x & 0b00100000;
a[2]=x & 0b00001000;
a[1]=x & 0b00000010;
for =1;i<=4;i4++)
{
ali] =alil>i; y=y+alil;
}
}
void rev()
{
data[0]=getc();
dataf1}=getc();



data[0}=data[0] ~ 0x55;
data] 1]=data 1] ~ 0x55;
x=dataf0};

mix();

data[0l=y;

x=datall1];

mix();

data[1}=y<<4;
code=data[O}+data[1];

3

it Mainfunction///11/111/

main()

{

led init();
output_high(PINDO);
led gotoxy(1,1);
led pute(” RFID 13.56MHz ");
led_gotoxy(1,2);
led pute(" PROJECT4C ");
while(1){
if(kbhitQ) {
rev();
d=code;
led_init();
if(d=="A"
{
output_low(PIN_DO);
output_high(PIN_D1);
led_gotoxy(1,1);
lcd_pute(* DATA RECIEVE ");
delay ms(1000);

44
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led_gotoxy(1,2);
led_putc(* “0"=PASS="o* );
delay_ms(2000);
output_low(PIN_D1);
led_putc("\f");
}
else
{
output_low(PIN_DO);
output_high(PIN_D2);
led_gotoxy(4,1);
Icd pute(* DATA RECEIVE ");
delay ms(1000);
led_gotoxy(1,2);
led_pute{"o O=FAIL=0 O "),
delay ms(2000);
output_low(PIN_D2);
led pute("\f");
}
}
output_high(PIN_AO0);
output_low(PIN_A0);
}
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3.3 3337 Reader

3.3.1 Reader coil Driver
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3.3.3 D-Mod
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unhn 4

ASNAAsy uaziunnKa

4.1 MINAABIIIT Voltage Regulator
- N13NAa8Y Load Regulation
Taomsalaou Rload 8301519 U§MIN3IRAT Vo Ailnan

A5 190 4.1 UHRINANTINANBY Load Regulation

Io RQ Vo(V) Iin (mA)
0 e 481 1.61
Imax/6 3.6k 4.80 3.20
Imax/3 1.8k 4.80 5.95
Imax/2 1.2k 4.79 8.13
2fmax/3 900 478 10.18
5Imax/6 750 471 12.41
Tmax 600 4.76 14.98




o o & ¥ s <
fmﬂuimaﬂ11umuﬁ5m1nuﬂﬂummqma:ﬂi::umeq Load

Regulation

4
4
ﬁ
L ¢
@
&
L

—&—Vout

Vout (V)

0 Imax/6 Imax/3 Imax/2 2lmax/3 Simax/6 Imax
lout

511 4.1 n37M Load Regulation

- A1INAABY Line Regulation

Tasua vin dsasaudadiag Vo

A5 4.2 LFAINAN1INAABY Line Regulation (0.5Io max)

Vin(V) Vo(V) lin(mA)
7 4.79 8.13
10 4.79 8.13

125 4.79 8.13
15 4.79 8.13
175 4.79 8.13
20 4.79 8.13
235 4.79 8.13
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AN 4.3 uaAINan1INAas Line Regulation(lo max)

Vin(V) Vo(V) Iin(mA)
7 4.76 14.48
10 4.77 14.48

12.5 4.77 1448
15 4.77 14.49
175 4.71 14.49
20 4.77 14.50
22.5 4.71 14.50

V out (V)

< <
A5 LRI WAIHVE 321 WSIA W M NuaznsoIa

Y984 Line Regulation
YU —
4 - -
3
2 1 =g=Vout{lout=lmax)
B e B - =\ out{lout=0.5Imax}
0 - - . -
0 5 10 15 20 25
Vin (V)

3119 4.2 N3 Line Regulation
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4.2 nsniuaasnavesfaanamyaniyg

nsuaas Data N1A910 Picl16F628

31171 4.3 n31lua@q Datad1n Picl6F628

nsuaasnaves Reader coil Driver

311 4.4 n3MudAIHA VB Reader coil Driver
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asluaasnavel Data i Load Mod (Ocm.)

51/ 4.5 nsluaranaweq Data 1 Load Mod (Ocm.)

asMuaAINaved Data Nl Load Mod (1cm.)

51/ 4.6 nsluaAIHAYBT Data 1 Load Mod (1cm.)
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asmuaaINaved Data 71 Load Mod (2cm.)

3¢ sy p R R

51 4.7 nylueraHaved Data 1l Load Mod (2cm.)

s uaAINaYed Data 11 Load Mod (3cm.)

51/ 4.8 nsMuaAIHAYDS Data i Load Mod (3cm.)
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anuaassaved Data # Load Mod (4em.)

51/ 4.9 nyMudAINaYDe Data 1! Load Mod (4cm.)

asmuaaiwaved Data 7 Demod

51 4.10 nsluaAINaLE Data 11 Demod
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asmuaanaves Data i Comparator

5111 4.11 nyluaraInavel Data N Comparator

v o = v
4.3 HaYBINNITUAUATUIIAUNITUCAN

msuuzrmihuﬂﬁ'mzmzunﬁ P.Min

LT usefuneu usIUNAY nszuaifindh | mddIidhasen
(cm.) Regulate(V.) Regulate(V.) (mA) R2(W)

0 426 413 3.62 0.11

1 423 408 359 0.13

2 439 426 3.69 020

% 450 418 372 034

4 401 392 3.60 039

ﬁﬁ’Nﬁ 44 uﬂﬂQﬁ'llﬁ‘Iﬁ’Hlmzﬂizllﬁﬁ P.Min
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mmxa‘ma'mﬂé’ummzuﬂﬁ P.Max

JTOTHN usdunsu UIRUNAT nvzuafudn | Mdsdhasey
(cm.) Regulate(V.) Regulate(V) (mA) RI2AW)
0 7.67 5.02 633 045
1 628 5.02 575 045
2 496 482 396 045
3 2.83 2.74 2.09 045
4 374 3.62 3 045

AN 4.5 uﬂmfhusaé'wmzﬂi:uﬁﬁ P.Max
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PN2222, PN2222A

General Purpose
Transistors

NPN Silicon

Features
® Pb—Free Packages are Available®

ON Semiconductor®

hitpz/ionsemi.com

MAXIMUM RATINGS
Rating Symbotl Value Unit
Coliector-Emitter Voltage ~ PN2222 | Vgeo 30 Vdc
PN2222A 40
Cofleclor-Base Voliage PN2222 | Vcgo 60 Vde
PN2222A 75
Emitter-Base Vollage PN2222 | Vigo 50 Vdc
PN2222A 60
Coilecior Current — Continuous ic 600 mAdc
Total Device Dissipation Pp
@TaA=25C 625 mwW
Derate above 25°C 50 mWi°C
Total Device Dissipation Pp
@Tc=25°C 15 w
Derate above 25°C 12 mW/rC
QOperating and Slorage Junction T5.Tag | —5510+150 °C
Temperature Range

Maximum ratings are those values beyond which device damage can occur.
Maximum ratings applied to the device are individual stress fimit values {not
nommal operating conditions) and are not valid simultaneously. If these limils are
exceeded, device functional operation is not implied, damage may occur and
reliability may be affected.

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Raia 200 °CIW
Junction-fo-Ambient
Thermal Resistance, Rasc 833 “CIwW
Junciion-to-Case
*For additional information on our Pb-Free strategy and soldering delails, please

dowmload the ON Semiconductor Soldesing and Mounting Techniques
Reference Manual, SOLDERRM/D.

COLLECTOR
3
2
BASE
1
EMITTER
TO-92
CASE 29
1 STYLE 1
2 3
MARKING DIAGRAM
” T
/I PN h}
222x
YWW

PN222 = Device Code

x
Y
wWW

=20rA
= Year
= Work Week

ORDERI

NG INFORMATION

See detaiied ordering and shipping information in the package

dimensions seclion on

page 2 of this data sheet.

devices are

and best overall value.

recommended choices for future use




PN2222, PN2222A

ORDERING INFORMATION
Device Package Shipping’

PN2222 TO-92 5000 Units / Box

PN2222A TO-92 5000 Units / Box

PN2222AG TO-82 5000 Units / Box
(Pb-Free)

PN2222ARLRA TO-92 2000 Tape & Reel

PN2222ARLRAG TO-92 2000 Tape & Reel
(Pb—Free)

PN2222ARIRM TO-92 2000 / Amimo Pack

PN2222ARLRP TO-92 2000 / Ammo Pack

1For information on tape and reel specifications, indluding part orientation and tape sizes, please refer fo our Tape and Reel Packaging

Specifications Brochure, BRD8011/D.

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless ctherwise noted)

| Characteristic Symbol | min | max | unit
OFF CHARACTERISTICS
Collector—Emitter Breakdown Voltage PN2222 V@riceo 30 - Vdc
(lc = 10 mAde, Ig = 0) PN2222A 40 -
Collecior—Base Breakdown Voltage PN2222 V@ryceo 60 - vdc
(ic = 10 gAdc, I =0) PN2222A 75 -
Emitter—Base Breakdown Voltage PN2222 V@rieBO 50 - Vdc
(e = 10 pAdc, Ic = 0) PN2222A 6.0 -
Collector Cutoff Current Ioex - 10 nAdc
{Vce = 88 Vdc, Vep(om = 3.0 Vdc) PN2222A
Collector Cutoff Current Icso pAdc
(Ve =50 Vde, Ig=D0}) PN2222 - 0.01
(Vep=60Vde, Ie=0) PN2222A - (11131
(Vg =50 Vde, Ie =0, Ty = 125°C) PN2222 - 10
(Vg =50 Vde, I =0, Ty = 125°C) PN2222A - 10
Emitter Cutoff Current IeBo - 100 nAdc
{(Vep =30Vdc, Ic=0) PN2222A
Base Cufoff Current Im - 20 nAdc
(Ve = 60 Vdc, Vepom = 3.0 Vdc) PN2222A
ON CHARACTERISTICS
DC Current Gain hee -
{lc = €.1 mAdc, Vg = 10 Vdc) 35 -
{lc = 1.0 mAdc, Ve = 10 Vdc) 50 -
{ic = 16 mAdc, Vee = 10 Vde) 75 -
{lc = 10 mAdc, Vo = 10 Vdc, Ta =-55°C) PN2222A only 35 -
(lc = 150 mAdc, Ve = 10 Vdc) (Note 1) 100 300
(Ic = 150 mAde, Vce = 1.0 Vdc) {Note 1) 50 -
(lc = 500 mAdc, Ve = 10 Vdc) {Note 1) PN2222 30 -
PN2222A 40 -
Collector—Emitter Saturation Voltage (Note 1) ch(g) Vdc
{ic = 150 mAdg, Ig = 15 mAdc) PN2222 - 04
PN2222A - 03
{Ic = 560 mAdc, Ig = 50 mAdc}) PN2222 - 1.6
PN2222A - 10
Base—Emitier Saturation Voltage (Note 1) VBE(say Vdc
(ic = 150 mAdc, Ig = 15 mAdc) PN2222 - 13
PN2222A 06 12
{ic = 500 mAdc, Ig = 50 mAdc) PN2222 - 26
PN2222A - 20

1. Pulse Test Pulse Width < 300 ps, Duly Cydle < 2.0%.

2




PN2222, PN2222A

ELECTRICAL CHARACTERISTICS (T5 = 25°C unless otherwise noled) {Continued)

] Characteristic [ symbor | mMin | Max | unit |

SMALL-SIGNAL CHARACTERISTICS

Current—Gain — Bandwidth Product (Note 2) fr MHz
(ic =20 mAdc, Vo = 20 Vdc, = 100 MHz) _ PN2222 250 -

PN2222A 300 -
Output Capacitance Cobo - 80 pF
(Veg = 10 Vdc, I =0, = 1.0 MH2)
Input Capacitance Ciba pF
(Veg =0.5Vdc, Ic =0, = 1.0 MHz) PN2222 - 30
PN2222A - 25

Input Impedance hie kQ
(ic = 1.0 mAdc, Vog = 10 Vde, f= 1.0 kHz) PN2222A 20 80
(Ic = 18 mAdc, Vo = 10 Vdc, f= 1.0 kHz) PN2222A 025 125

Voltage Feedback Ratio e X104
{ic = 1.0 mAdg, Vo = 10 Vde, f= 1.0 kHz) PN2222A - 8.0
{ic = 10 mAdc, Vg = 10Vde, = 1.0 kHz) PN2222A - 40
Small-Signal Current Gain hee -
{lc = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) PN2222A 50 300
(ic = 10 mAdc, Vo = 10 Vde, f= 1.0 kHz) PN2222A 75 375

Output Admiftance hoe pmhos
(lc = 1.9 mAdc, Vee = 10 Vde, = 1.0 kHz) PN2222A 5.0 35
(Ic = 10 mAdc, Vg = 10Vdc, = 1.0 kHz) PN2222A 25 200
Collector Base Time Constant v'Ce - 150 ps
(I = 28 mAdc, Vg = 20 Vdc, f = 31.8 MHz) PN2222A

Noise Figure NF - 40 dB
{lc = 100 pAdc, Ve = 10 Vde, Rg = 1.0 kQ, f= 1.0 kHz) PN2222A

SWITCHING CHARACTERISTICS {(PN2222A only)

Delay Time (Ve = 30 Vdg, Vpe(om) = —0.5 Vdc, 7} - 10 ns
Rise Time Ic = 150 mAdc, 151 = 15 mAdc) (Figure 1) t - 25 ns
Storage Time (Vo = 30 Vdc, Ic = 150 mAdc, 1t - 225 ns
Fall Time I1 = Ig = 15 mAdc) (Figure 2) 1" - 60 ns

2. fyis defined as the frequency at which |hg| extrapolates to unity.

SWITCHING TIME EQUIVALENT TEST CIRCUITS

+30V

0 —e
c]"
-2V « CoE
"’i e <215 -‘JCs <10pF
=  Scopernsetime<4ns
*Total shunt capacitance of test jig, connectors, and oscilloscope.
Figure 1. Turn-On Time Figure 2. Turn—-Off Time



VGE: COLLECTOR-EMITTER VOLTAGE (VOLTS) hpg, DG CURRENT GAIN
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CAPACITANCE (pF) NF, NOISE FIGURE (dB)

V, VOLTAGE (VOLTS)

PN2222, PN2222A
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PACKAGE DIMENSIONS

TO-92
TO-226AA
CASE 29-11
ISSUE AL

YVi45M, 1982
2 INGH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R
15 UNGONTROLLED.
4. LEAD DIMENSION IS UNCOHTROLLED IN P AND
BEYOND DIMENSION K MIMNIMUM.
MCHES | MELIWIETERS
 DER] MM} MAX | SN | RAX
Al0is o5 ] 4451 520
Blatzm |e20] 43 | 533
clots jolss | 381 419
D D oo |am | ner | 853 |
'l 6 | D065 @055 ] 115 ] 139
W 0005 Q105§ 247 | 266
J J joois lenx! 83| 450
Kjosm )i -—— j12Wm; —
Lioaspf | £35) —
Wiopso jows | 204 | 266
SECTION X-X Pl —lem| — | 250
Rjois | — ¢ 283§ -——
vV | 015 — 1 38] —
SIVLE®:
PN1. BMETTER
2. BASE
3. COUECTOR
ON Semiconductor and @mw gis of icond { ies, LLC (SCRULC). scn.mmems&emhmmmﬁmm
o any products herein. SCRLLC makes no P v Hies.idﬁyofls p SCI_LCas:mea:yiﬁty

mmammmnwm i ded or ized msﬂm“wmmmammmaﬁm

mmmmdmm and fees arising out of,

cily or § ly, any claim of p

injury or death

with such uni @ i mmﬁmmmmWmemmmwmﬁmmScn_LCSanEqual
Opp AT Action Ermpl This Bt o alf ight fawes and is not for resale in any mannes.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. American Te wcal Supp 800-282-9855 Toll Free
Literature Bistribution Center for ON Semiconducior USAfCanada

P.O. Box 61312, Phoenix, Arizona 85082-1312 USA

Phone- 480-829-7710 or 800-344-3860 Toll Free USA/Canada  Japamn: ON Semk Japan Gy Focus Center
Fax: 480-829-7709 or 800-344-3867 Tolt Free USA/Canada 2-9-1 Kamimegum, Megiro—ia, Tokyo, Sapan 153-0051

Eﬂ:otdefﬁ@usmnm Phone: 81-3-5773-3850




NEC/ NPﬂ SILICON POWER TRANSISTOR
| 2SD882

DESCRIPTION  The 2SD882 is NPN silicon transistor suited for the output
: stage of 3 watts audio amplifier, voitage regulator, DC-DC con- PACKAGE DIMENSIONS
verter and relay driver. in miflimeters {inches)

= (0334 MAX) ©110 MAK)
FEATURES & Low saturation voltage. g [Te32:0zs0u28 :
Vepian SO05V (@1c=2A,13=02A) s ~
* ® Excellent hgg linearity and high hgg. qI %%
heg : 6010400{@ Vee =2V, Ic=1A) S L gz
OLﬁscmn;ingspaearequiredduetosnanandﬁﬁnpackage o |;23) (3
and reducing the trouble for attachment to a radiator. L, 3
No insulator bushing required. 12 “l i

ABSOLUTE MAXIMUM RATINGS

T0.612 MIND

Maximum Temperatures
Storage Temperature . . . .. ..-..-.- ~5510+150 °C | (g oa7j 1]
- - -} -

Junction Temperature . .. .. .. .... 180 CMaximum 532
Maximum Power Dissipations {0.090)]{0.090)
Total Power Dissipation (T3=25°C) ......... 10W i

Total Power Dissipation (Tg=25°C) - . ... .- .. 10W @

Maximum Voltages and Currents (T, = 25 °C}
Veeo Collector to Base Voitage . . .. ... 40 V 1. Emitter
Vego  Collector to Emitter Voitage . . . - . 30 V |2 Colke d to mounting
Vgpo  Emitter to Base Voltage . . .. .- .. 50 V |7
leipey  Collector Current ey ........ 30 A
Icpuse)” Collector Current {putse} . ...... 780 A
*Pulse Test PW = 350 s, Duty Cycle 2%

ELECTRICAL CHARACTERISTICS (Ta=25°C)

SYMBOL CHARACTERISTIC MiIN. TYP. MAX. UNIT TEST CONDITIONS
hegy DC Current Gain 30 150 VCE=20V, ic=20 mA™®
hpE2 DC Curvent Gain 60 160 -400 ‘Vgg=20V, Ic=10A""
fr Gain Bandwidth Product 90 MHz  Vpg=50V,Ic=01A
Cob Output Capacitance 45 pF Veg=10V,1g=0,f=1.0MHz
ics0 . Collector Cutoff Current 10 pA Vo= 30V.lIg=0
IEBO Emitter Cutoff Current 10 BA Vgg=30V.Iic=0
VeEisat) © Collector Saturation Voltage 03 05 v Ic=20A,1g=02A""
VBE(sat) Base Saturation Voltage 10 20 v Ic=20A, Ig=02A""

s#pylse Test : PIN S350 s, Duty Cyele <2 %
Classification of h g

Rank R . a P E
Range 6010 120 | 100 o0 200 | 160 to 320 | 20010400

Test Conditions : Veg =20V, Ic=10A




NEC

2SD882

—~Collector Saturation Voltage—V

Vag(sat)—Bnse Saturation Voitage—V

TYPICAL CHARACTERISTICS (T,=25°C)

TOTAL POWER DISSIPATION vs.
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SAFE OPERATING AREAS

10piCputse) MAX (CEE350 o o)
< 37, —
‘!5 a3 0% ‘:
N lq}b"% A\ o
(3 ”;’:’Qrﬂﬁ“ S 1
o - 3
go3| Y=
S0 i~ |2
i HOTE s
O JL1E=25T >
2. Curves must be derated
Kngarly with & of
0011 temperature andDutyCycle. | i
1 3 6 10 30 60100

Veg—Collector to Emitter Voltage—V

BASE AND COLLECTOR SATURATION

VOLTAGE vs. COLLECTOR CURRENT
1

H =3 ic=10-1p
3 1 1 Pulse Test
1
vV
pE o e
03 H
0.
008 f p
o i
sa\)’
001l JCES
0003}
Qoo 0003 001 003 0.1 03 1 3 10

VGE(sat)

ic—Collector Current—A

DERATING CURVES FOR ALLTYPES .

f

bt

dT—-Parcantage of Rated Current—%

40
20
o 50 100 150
T.—Case Temperature—"C
COLLECTOR CURRENT vs
COLLECTOR TO EMITTER VOLTAGE
< Pulse Test
]
et
= PP e
S " -
» 12 7
% ol -
g s -5
[+2
- :
o 3 2
04 2
Ig=1 mA
[ ] 4 8 12 16 20

Veg—Coliector to Emitter Voltage—V

GAIN BAleﬂTH PRODUCT vs.

COLLECTOR CURRENT

1000E=
£ F VCE=50V
= Forced air

} 300F cooling i
g l {with heat sink)
100 ]
S EBE== i
o &=
£ 3o
o
Z .0

2 10

o
o

c 3
=
Q3
i 001 003 B 1 03

I —Collector Current—A

—Thermal Resistance—°C/W

4R¢p

hpg—DC Current Gain

1000 vee=20v| 7
1 Pulse Test »
1 i -y
s
>
1 f .
sof B
3of £
w
% o
- @
Fxi ==t os 3
£

[ ]
34 BRrilii EEEELER
at
1 o1 2

omioxBam a8 01 03 1 3 10

tance—pF

Cip—Input Capacitance~pF

Cop—Output Capaci

THERMAL RESISTANCE vs.

PULSE WIDTH
“Vee-10 v
ic=0A [
3o} Duty=0.001H{
| i
10=
; i
3 1
14
E =
LE I
! L]
01 63 1 3 10 30 100 300 1000

PW—Pulse Width—ms

DC CURRENT GAIN, BASE TO EMITTER
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ﬂNatiaual Semiconductor

BS170/MMBF170

N-Channel Enhancement Mode Field Effect Transistor

General Description

ing up to 500 mA DC. This product is particularly suited to

low voliage, low curment applications, such as small servo

motor controls, power MOSFET gate diivers, and other
sehi fcat

August 1992

Features

m Efficient high density cell design approaching
3 milion/in2)

m Voltage controlied small signal switch

= Rugged

= High saturation current

= Low Rps(an)

1]
[:]
S
&
DGs L]

TLAGH179-1 TUGI1379-2
TO-52
BS170 s
TO-236AB T3
{SOT-23)
MMBF170
Absolute Maximum Ratings
Symbol Parameter BS170 MMBF170 Units
Vpss Drain-Source Voliage [+ 4] v
Vper Drain-Gate Veltage (Rgs < 1 MQ) 60 v
Vess Gate-Source Vollage +20 v
Ip Drain Current—Continuous 500 500 mA
—Puised 800 mA
Pp Total Power Dissipation 830 300 mwW
Derate above 25°C 66 24 mWrC
TsTora Operating and Siorage Temperature Range ~5510 150 “C
T Maximum Lead Tempevature for Soldering 300 G
Purposes, Yg” from Case for 10 Seconds

RAD-B30M1I5/Printedin U. S A

lo)sisue. ] 10943 pioid apO| Juswsdueyud jsuueyd-N 0.1 d8NIN/0L1SE



BS170

Electrical Characieristics (rc = 25°C unless otherwise noted)

Symbol | Parameter | Conditions [ win | vyp | sax | wnins
OFF CHARACTERISTICS

BVpss | DrainSource Breakdown Voltage Vgs = OV, ip = 100 pA 60 v

ipss | Zero Gate Voltage Drain Current Vs = 25V, Vas =0V 05 | uA

lesst | Gate-Body Leakage, Forward Vas = 15V, Vps = OV 10 | na
ON CHARACTERISTICS (Noie 1)

Vasun | Gate Threshold Voltage Vos = Vas Ip = 1mA o8| 21] 3

Rosjory | Static Drsin-Source Ves = 10V, Ip = 200 mA 2l 5| a

grs Forward Transconductance Vps = 10V, Ip = 200 mA 320 mS
DYNAMIC CHARACTERISTICS

Ciss Input Gapacitance Vps = 10V, Vgs = OV, 24 | a0 | pF

Coss | OutputCapacitance = 1.0MHz 17 | 30 | oF

Crss Revarse Transfer Capacitance 7 10 pF
SWITCHING CHARACTERISTICS (Note 1)

ton | TumOnTime Vop = 25V, Ip = 200 mA, Vgs = 10V 10 | ns

tost Tum-Off Time Rg = 250 10 | ns
THERMAL CHARACTERISTICS

Resa | Thermal Resistance, Junction to Ambient | [ 1 o] -cw

MMBF170

Electrical Characteristics (i; ~ 25°C uniess othenwise noted)

Symbot | Parameter | Conditions [ win | Typ | max | units
OFF CHARACTERISTICS

BVpss | DrainSource Breakdown Voliage Vas = OV, Ip = 100 pA 60 v

Ipss | ZeroGate Voliage Drain Current Vps = 25V, Vgs = OV 05 | pa

lasse | Gate-Body Leakage, Forward Vgs = 15V, Vps = OV 10 | na
ON CHARACTERISTICS (Noie 1)

Vgsgr | Gate Threshokd Voliage Vps = Vgs. Ip = 1.0mA 08|21 s | v

Rosion | Static Drain-Source Vas = 10V, Ip = 200 mA 2l s |

grs | Forward Transconductance Vps = 2 Vpsion). Ip = 200 mA 320 mS
DYNAMIC CHARACTERISTICS

Giss Input Capacitance Vos — 10V, Vgg = OV, f = 1.0MHz o4 | a0 | pF

Coss Ouiput Capacitance 17 30 pF

Cres | Reverse Transler Capacitance 7 10 pF
SWITCHING CHARACTERISTICS (Note 1)

ton Tum-On Time Vpp = 25V, Ip = 500 mA, Vgs = 10V 10 | ns

ton Tumn-Off Time g = 500 10| ns
THERMAL CHARACTERISTICS

Rgsa | Thermal Resistance, Junclion to Ambient [ ] ez [-cw

Note 1: Pulse Test: Puise Widih < 300 gs, Duly Cyde < 20%.




Typical Electrical Characteristics

BS170/MMBF170
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Typical Electrical Characteristics (continued)

BS176/MMBF170
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Typical Electrical Characteristics (continued)

BS170/MMBF170
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FIGURE 12. T0-92 Transient Thermal Response
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BS170/MMBF 170 N-Channel Enhancement Mode Field Effect Transistor

Physical Dimensions inches (maimeters) (Continued)
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e Zns-24n Device Marking
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Hote X Avadiable also in TO-236AA. G your jocal - P Jor delivery and ordering information.
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITIGAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support dewices or systems are devices or 2.
nto the body, or {b) support or susiain He, and whose
failure to perform, when properly used in accordance
with instruclions for use provided in the Iabeling, can
be reasonably expected 0 result in a significant injury
to the user.

A gifical component is any component of a life
support device or system whose failure to perform can
be reasonably expecied to cause the faflure of the fife
support device or system, or o affect #s safely or
effectiveness.
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HOLTEK HT71XX
High Voltage Regulator

Features

+ Low power consumption s High input voltage (up to 24V)
« Low voltage drop » T0-92 and SOT-89 packages

+ Low temperature coefficient

Applications

« Battery-powered equipment. e Audio/Video equipment

e Communication equipment

General Description

The HT71XX series is a set of three-terminal Although designed primarily as fixed voltage
low power high voltage regulators implemented regulators, these devices can be used with ex-
in CMOS technology. They allow input voltages ternal components to ebtain variable voltages
as high as 24V. They are available with several and currents.

fixed output voltages ranging from 3.0V to

5.0V. CMOS technology ensures low voltage

drop and low quiescent current.

Selection Table
Part No. Output Voltage Tolerance
HT7130 3.0V 5%
HT7133 33V +H%
HT7136 3.6V 5%
HT7144 44V +5%
HT7150 50V 5%

1 August 8, 2000



HOLTEK # HT71XX

Block Diagram

Pin Assignment
TO-92 SOT-89
HTFIXXA§ Front View
HT71XX

GND VIN VOUT
@ Bottom View ‘
GND VIN WVOUuT
Pad Assignment Pad Coordinates Unit: pm
Pad Ne. X Y
1 -480.00 -451.50
l o 2 87.50 —444 50
3 482.00 —444.50
[l 2 EY|
< <
g = 2

Chip size: 1374x1294 (ym)?
* The IC substrate should be connected to VDD in the PCB layout artwork.

2 Angust 8, 2000
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HT71XX
Absolute Maximum Ratings
Supply Voltage ......comeereemececscs —0.3V to 28V Storage Temperature ...............: ~50°C to 125°C
Power Consumplion ....c.cceoeeeesseenees 200mW Operating Temperature ................. 0°C to 70°C

Note: These are stress ratings only. Stresses exceeding the range specified under Absolute Maxi-
mum Ratings may cause substantial damage to the device. Functional operation ef this de-
vice at other conditions beyond those listed in the specification is not implied and prolonged
exposure to extreme conditions may affect device reliability.

Electrical Characteristics

HT7130, +3.0V output type Ta=25°C
1 Test Conditions . Unit
Vin Conditions
Vour Output Voltage 5V | Iopr=10mA 285 | 30 315 V
Iour Qutput Current 5V — 20 30 — | mA
AVggr Load Regulation 5V | 1mA<igpr<20mA | — 60 | 100 | mV
Voir Veltage Drop — | Iopur=1mA — 100 | — mV
Iss Current Consumption 5V |Nolead —_ 4 60 HA
R/ S . AVSV <24V ‘
AV, % Vour Line Regulation — | Ipgp=1mA — 02 | — | %IV
Vin Input Voltage — —_— — | — | 2 v
AV, OmA
o Temperature Coofficient | 5V | (00T P50 . — |1045| — |mvrc
HT7133, +3.3V output type Ta=25°C
Test Conditions
Parameter Min. Max.| Unit
Symbel Vi Conditions Typ. i
Vour Output Voltage 55V | Iggr=10mA 3.135| 3.3 {3465| V
Iopr Output Current 55V — 20 30 — mA
AVouT Load Regulation 55V | 1mA<lgpr<30mA | — 60 | 100 | mV
Vo Voltage Drop — Ioyr=1mA — | 100 | — mV
Iss Current Consumption 5.5V | No load — 4 6 pA
. S . 4.5V<V <24V
AV x Ve Line Regulation — | Iogr=1mA — 02 | — | %V
Vin Input Voltage — —_ —_ —_ 24 v
AV, OmA
&.;m Temperature Coefficient | 55V f)?,g?r:; <70°C — | H05 | — |mV/C

August 8, 2000
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HT71XX
HT7136, +3.6V output type Ta=25°C
Symbel Parameter Test Conditions i Typ. |Max. | Unit
ni
Vin Conditions
Vour Output Voltage 5.6V | Ipur=10mA 342 | 36 {378 V
Iogr Output Current 56V —_ 20 — | mA
AVogr Load Regulation 56V | 1mA<lopr<30mA | — 60 | 100 | mV
Vo Veltage Drop — |Ippr=1mA — 60 — | mV
Iss Curreni Consumption 5.6V | Noload — | 30| 70 | pA
.\ S . 4.6V<Vin<12V
AV x Vogrr Line Regulation — | Iogr=1mA —_ 02 | — | %V
Vin Input Voltage — — — | — | 2a | V
AVoer Iour=10mA
—=L . T
AT, Temperature Coefficient | 5.6V 0°C<Ta<70°C — {406 | — {mV/C
HT7144, +4.4V output type Ta=25°C
Test Conditions it
Vin Conditions
Vour Qutput Voltage 6.4V | Igpr=10mA 418 | 44 | 462 | V
Igyr QOutput Current 64V — 20 30 — mA
AVgur Load Regulation 6.4V | lmA<Igyp<30mA | — 60 | 100 | mV
Vorr Veltage Drop — |Ioyr=1mA —_ 1060 | — mV
Iss Current Consumption 64V | No lead —_ 4 75 | pA
AV | ) 5.4V<V<24V
AV, % Vour Line Regulation — | Ioyr=1mA — 102 | — | BV
Vin Input Voltage — — N I RPY I
AV, OmA
T Temperature Coefficient | 6.4V f}';gf,é oG — | 207 | — |mvrC
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HT71XX
HT7150, +5.0V output type Ta=25°C
Symbol Parameter Test Conditions Min. | Typ. {Max. | Unit
i
Vin Conditions
Vour Output Voltage 7V |Iopr=10mA 475 | 50 |525] V
Iour OQOutput Current v — 20 — | mA
AVgpt Load Regulation 7V | 1mA<iour<30mA | — 60 | 100 | mV
Vo Veltage Drop — (IgpT=1mA — 160 | — mV
Iss Current Consamption 7V |Noload — 5 9 pA
" S . V<V <24V
AV, x Vour Line Regulation — |Iopr=1mA —_— 02 | — | BV
Vin Input Voltage — — —_ — | 24 v
AV, OmA
i Temperature Coefficient | TV ?g‘;i G — {1075 — |mVrC
Application Circuits
Basic circuits

Vin Vout
Vi
o HTHXX o 0
+ +
c1 c2
10uF GND 104F

O— . O

Common Single point GND Common
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HT71XX

High output current positive voltage regulator

7t
ol ot V| wTTDOC Ve by
}\1’1' Series
ciy GND e
10pF 104F
O— > O
Conanon Single point GND Common
77
Short-Circuit protection by Tr1
Vi "
G* ""“'
N/
Vour
ARA Vi HT71XX Vour o
Rl Series Jz
= GND +
c1 c2
1opF x 10pF
s —0O
Comon Single point GND Common
7T
Circuit for increasing ouiput voltage
Vin Vour
Vi Vi
o HT71XX o ? O
+& +
Cc1z GNDJ o C2 V¥ 1
10pF ‘ 104F ‘
O O

R2
Vour = Vg (14 20+ I B2
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HT71XX

Circuit for increasing output voltage

Vi Vour
™1 OHTTIXX T +—0O
seoe f
+ + W
ct cz 1
10pF GND y’s 104F l
’¥m
O —O
Comumon Jrsm;iepniﬂlGND Common
Vour=Vxx+Vp1
Constant current regulator
VN
o 1 XX |OF
Series
+ +
ct GND C2 Vx
104F ‘B 10pF ‘ lour
E-4
O
Common
| P =YE+ Is
A
Dual supply
ict
g V| HT7IXX  |Vour
b O
C Series Vourt
Ic2 GND nzcs
10pF
Vel HT74XX | Vour l e
Seties Vourz
cty GND o2 Sri
10uF T 10pF
O . + O
Comunon LCommon
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Hotlick Semiconductor Inc. (Headquarters)

No.3 Creation Rd. II, Science based Industrial Park, Hsinchu, Taiwan, R.O.C.
Tel: 886-3-563-1999

Fax: 886-3-563-1189

Holtek Semiconductor Inc. (Taipei Office)

5F, No.576, Sec.7 Chung Hsiao E. Rd., Taipei, Taiwan, RO.C.
Tel: 886-2-2782-9635

Fax:- 886-2-2782-9636

Fax- 886-2-2782-7128 (International sales hotline)

Holtek Semiconduetor (Hong Kong) Lid.

RM.711, %wer2,ChenngShaWanHam,8330heungShaWanMKowlmn,Hongng
Tel: 852-2-745-8288

Fax: 852-2-742-8657

Copyright © 2000 by HOLTEK SEMICONDUCTOR INC.
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VHF/UHF transistor

R
FAIRCHILD
SEMICONDUGTOR®

KSP10

NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings 1,=25°C uniess otherwise noted

g TO-92
1. Base 2. Emitter 3. Collector

Symbol Parameter Value Units
Veso Collector-Base Voliage 30 v
Veeo Collector-Emitter Voltage 25 \'
Veso Emitter-Base Voltage 30 \'/

Pec Collector Power Dissipation (T,=25°C) 350 mw
Derate above 25°C 28 mwWwi°C
Pe Collector Power Dissipafion (T=25°C) 10 w
Derate above 25°C 8.0 WG
Ty Junction Temperature 150 °C
Ts1e Storage Temperature -55~150 °C
Rth{}-c) Thermal Resistance, Junction to Case 125 °CIW
Rth(-a) Thermnal Resistance, Junction to Ambient 357 “CAN
Electrical Characteristics 1,-25°C unless otheswise noted
Symbol Pamameter Test Condition Min. Max. Units
BVepo Collector-Base Breakdown Voltage Ic=100pA, I=0 30 v
BVceo Collector-Emitter Breakdown Voltage Ic=1mA, Ig=0 25 v
BVeRo Emitier-Base Breakdown Voltage Ig=10pA, Ic=0 3.0 v
‘cao Collector Cut-off Current VCB=25V’ |E=0 100 nA
Ieso Emitter Cut-off Current Vep=2V, Ic=0 100 nA
heg DC Curent Gain Vee=10V, Ic=4mA 60
Vce(sah) | Collector-Emitter Saturation Voltage Ic=4mA, Ig=0.4mA 0.5 v
Vge (on} | Base-Emitter On Voliage V=10V, lg=4mA 0.95 \Y
f Current Gain Bandwidth Product V=10V, Ic=4mA, I=100MHz | 650 MHz
Cob Output Capacitance V=10V, Ie=0, =1MHz 07 pF
Ci Collector Base Feedback Capacitance Vep=10V, =0, &=1MHz 0.35 0.65 pF
Cemb Coliector Base Time Consiant V=10V, Ic=4mA, 9.0 ps
£=31.8MHz
“Pulse Test PW<300ps, Duly Cyce2%

$2001 Fairchild

Rev. A1, Jusne 2001
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KSP10

Typical Characteristics
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Figure 2. Base-Emitter Saturation Voltage
Collector-Emitter Saturation Voltage

Figure 1. DC current
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Figure 4. Rectangular Form

Figure 3. Current Gain Bandwidth Product
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Figure 5. Polar Form
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Typical Characteristics (continued)
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TRADEMARKS

Thefuﬂnningaxeregisuedandmmgisbmdhadema*sFahdﬁHSaanmswisauhmﬁedmuseandisnot
intended o be an exhaustive list of all such trademarks.

ACEx™ FAST® OPTOPLANAR™ STAR*POWER™
Bottomless™ FASTr™ PACMAN™ Stealth™
CoolFET™ FRFET™ POP™ SuperSOT™-3
CROSSVOLT™ GlobalOptoisolator™ Power247™ SuperSOT™-6
DenseTrench™ GTO™ PowerTrench® SuperSOT™_8
DOME™ HiSeC™ QFET™ SyncFET™
EcoSPARK™ ISOPLANAR™ Qs™ TruTranslation™
E2CMOS™ LiteFET™ QT Optoelectronics™ TinyLogic™
EnSigna™ MicroFET™ Quiet Series™ UHC™
FACT™ MICROWIRE™ SLIENT SWITCHER® UltraFET®
FACT Quiet Series™ OPTOLOGIC™ SMART START™ VCX™

STAR*POMWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WATHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRGUIT DESCRIBED HEREIN;
NEITHER DOES [T CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR
CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems 2. A crifical component is any component of a Efe support
which, {a) are intended for surgical implant into the body, device or system whose feilure to perform cvan be
or {b) support or sustain fife, or (c) whose failure to perform reasonably expected fo cause the failure of the life support
when properly used in accordance with instructions for use device or system, or o affect its safely or effectiveness.
provided in the labeling, can be reasonably expected to

result in significant injury to the user.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet Identification Product Status Definition

Advance Information Formative or In This datasheet contains the design specifications for
Design praduct development. Specifications may change in
Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconducior reserves the right to make changes at
any time without nofice in order to improve design.

Obsolete Not in Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
‘The datasheet is printed for reference information only.

©2001 F - i Rev. H3



YV A
GLHERRGANGR]
1= o’ 9 s ] [~ d o A
seLmfuwa i, nqufeunyIfwazaunmniman”, guimidensunw
2541
FuR Srarnenss, “auwmumimian i, madairanssundh
UHTINOSUNEATAIAAS
Rachel Waddingtom, “RFID Handbook™ ,(Second Edition), Jone Wilry & Sons
Ltd 1999



