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ABSTRACT

This project is a study of RFID (Radio Frequency Identification). So, a frequency at
13.56 MHz is used. This system consists of 2 main parts, reader and transponder or tag. The
reader consists of Power supply, Modulator, Demodulator and Power amplifier that can transmit
power 1 Watts and PIC family Microcontroller will be used to control the reader.The Transponder
consists of load modulator. Similarly to the reader, PIC microcontroller will to be used the control
device too but the energy will be transmitted from the reader. In communication between Reader
and Transponder both serial ports of PIC must be used to send and receive data with the Reader.

The reader will decode to show data on LCD screen.
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uni s
MIoONUUVLAZMIAIUIN READER AND TAG

27UY24 READER

5.1 MSAMIUMIAT (NI)_, Y842399391 Reader Coil
Tag coil (U Rectangular loop ¥MA521a (5x 8) em®  $1W9U 1 04 5 30V e
wire bare (d) = 0.36 mm, total dimensions = 0.4 mm ¥ unnu 13.56 MHz Im

View= 43— 48 Vuaz I, a1 liifiu 13.5mA

b

b
1

< y >
319 5.1 urRsAnyUZYDY Tag coil
X = width of coil : cm d. = Total wire diameter : mm
y = Length of coil ; cm X = Average width of coil
b = width of cross section : cm Y = Average length of coil
h = height of cross section : cm h = d, (single layer)

Step1 WA1W03 L
X : Average width of coil = 5¢cm
Y : Average length of coil = 8 cm

b : width of cross section 3% 19 b=nd; +(n-1)0.1 : mm
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M bA n=104n=5314

n 1 2 3 4 5

b (cm) 0.04 0.09 0.14 0.19 0.24

VINAUMIN 27 Inductance of N — Tum Rectangular Coil with multilayer 484

AN710 Antenna circuit design for RFID application HINH 12 v89 Microchip fo

B 0.0276 (CN)* uH
s 1.908C + 95 + 10k
A
o C = x+y+2h
22ld C = 5+8+2(0.04) = 13.08 cm
h = coilheight = 0.1488 mm = 0.015 cm
M1 Lyfin=103n=51d
n 1 2 3 4 5
L, (uH) 0.1836 0.7218 1.57 2.791 4.29

STEP 2 mfi r, (AC), t, (AC), YoM coil
I, : ANNENMYDIIANINNA UTEIm 2n (x+y)

W1 LA n=18n=5914d

n 1 2 3 4 5

1 (cm) 26 52 78 104 130

m®  7(0.36x107)
4

A : Cross section Arca 94879 A = 101.787x 10° m’

INAUNISA 13 DC Resistance of Wire Y93 AN710 Antenna circuit design for RFID

application Wi 6 104 Microchip fo
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/
Fac¥ £r

A

F [ ¥
dafum r, 011, daud n=1083n=591d

n 1 2 3 4 5

r, (£2) 0.04597 0.09195 0.1379 0.18391 0.2298

INAUNITN 15 The skin depth for a copper wire Y04 AN710 Antenna circuit design

for RFID application Hii 6 o4 Microchip fio

1

O : Skin depth = ——
N frmuo
Wounumaaunszld § = 17.923x10°  m

Bare wire dimension ¥949Aa7a (d) =360x 10° m

d > 20

A, 839979 U5z %[a’2 —(d -26Y]

dlounumang 124
A, = %{(360::10‘6)-[(360x10—6)—2(17.923x10-“)]2} = 1.926x 10" m

VINTUNITA 16 The wire resistance increases with frequency, and the resistance due
to the skin depth is calles an AC resistance Y94 AN710 Antenna circuit design for RFID

application 'Hﬁ"lﬁ 6 193 Microchip Ao




[

H 4
WUUNY 1, N/,

¥
o

n
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fA n=1909n=5914

n

1

2

Tsac (Q)

0.2429

0.4859

0.7289

09719

1.2149

MNAUNISA 52 The quality factor Q U89 AN710 Antenna circuit design for RFID

application HUN 6 D4 Microchip

Energy stored in the system per one cycle

o =
0 Energy Dissipated in the system per one cycle
_ reactance
resis tan ce
' 2
wldh Q, = 2L
rsA(‘n

v
o o

»
Wunt Q, Aaud n=1dan=5314

n 1 2 3 4 5
Qu 64.399 126.56 183.51 2.44.668 300.854
90 e = Igac (1 + QUZ)
AMTUMIAT T, . AlA n=10an=531A
n 1 2 3 4 5
Foc (KY) 1.007 7.783 24.547 58.181 109.96

STEP3 ¥11 C, (Resonant) R, Riom QL NQ,

binma = YO+ 17 = 6576V war Av,, =01V
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-3
CBP I _ 13.5x10 _ 497 oF

YOFEAV,., 2(13.56 x10°)(0.1)

9110 ¢Bymsilaldiiiu c = 100F

- 13.5x107
iy Av,.. = [ _ 3 - — =005V
F C, 2(13.56x10°X10x107")
VDCin = VDCinmin + AVDCin
Vpewm = 6576 + 0.5(0.05) = 6.601 V
V/ﬂl(.“.r.m2
Pocin = Vicin ¥ Lag= Prag = Pac = R
L AC
Popc= 6601V x 135mA = 89.11 mW = P
View = Vocimet AVpea 2V, =6.576 + 0.05 + 1.5
= 8126 V
Vi 8.126
Vi = —bt - 2 5.7459 V
2 N2
V. 5.7459)"
Riac = e ( . )_3 = 3705 Q
P, 89.11x10
Ryor = I,//R, . 100f 1, dud n=184n=59zla
n 1 2 3 4 5
Roor (£2) 270.33 353.66 364.99 368.15 369.25

INAUNITN 46 The resonant capacitance %83 AN710 Antenna circuit design for

RFID application WiH 22 404 Microchip fio

1
C = ———
' 4”2f2LTAGn



o o ' P o = ¥
AdUUHIAN CPTﬂﬂVI L A8 n=1604n=35 i’lﬁ'lﬂ
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n

1

2

3

4

5

C,(pF)

750.32

190.85

87.74

49.35

32.11

INANAITA 51 Bandwidth of the circuit Y84

RFID application Wi 22 e Microchip Ao

BW =

1

2aC Pn RTOTn

AN710 Antenna circuit design for

» ¥ b
Aniumin BWA Taefl C,, uag R, fuA n=103n=5 vld

n

1

2

3

BW (1x10%

0.78465

2.361

4.96

8.76

13.42

NNAUMTN 43 Quality factor of the circuit Y894 AN710 Antenna circuit design for RFID

application Wi 22 Y4 Microchipﬁﬂ

» r E
Aatiumiat Q14 Taoh BW_#aud n=1dan=5v1d

n 1 2 3 4 5
Q. 17.28 5.743 2.73 1.547 1.010
uazaz 14A 189 NQ, 489290391 Reader coil Tagii NQ Fd n=184n=5"13
n 1 2 3 4 5
NQ, 17.28 11.48 8.19 6.188 5.050




76

& L] d v : ¥ dy
IWOUINANIIAIUIUNIAT (NI)_ ¥03 Reader mwuﬂmaqﬂ"[ﬂmu

n 1 2 3 4 4
b (cm) 0.04 0.09 0.14 0.19 24
L (uH) 0.1836 0.7218 1.57 2.791 4.29
1,(cm) 26 52 78 104 130
r, ( Q) 0.04597 0.09195 0.13793 0.18391] 0.2298
r,. (Q) 0.2429 0.4859 0.7289 0.9719 1.2149
Qy 64.399 126.56 183.51 244 668 300.854
Foac (KED) 1.007 7.783 24.547 58.181 109.96
R, (Q) 270.33 353.66 364.99 368.15 369.25
C, (pF) 750.32 190.85 87.74 49.35 32.11
BW (1x10") 0.78465 2.361 4.96 8.76 13.42
Q. 17.28 5.743 2.73 1.547 1.010
NQ, 17.28 11.486 8.19 6.188 5.050

STEP 4 11171984 (NI__) 484 Reader coil

il'lﬂfmﬂ‘l‘iﬁ 10 Number of turns and current (Ampere — Turns) Y839 AN710 Antenna

circuit design for RFID application Mif 5 ve9 Microchip

(N Irm.c )reader =

S = Tagloop Are (cm’) =

ZVTAG(W)(a2 + rz)l's

(5x8) cm

= 4%x10°m

27 fS(NQ, ) 1o a’ cOs

38.115x 10°

. 2 . . 3in
a = Radius 999 Reader coil Gliﬂ‘i? Reader coil 41419 (3x6) in’ il:vlﬁ a =—2—

cosc fmualriiiiu 0.9 teiilu margin
Vincemy MHUATH w30 1zt 625 V_
S = 1356 MHz

1r=20.03m
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Hy = 47 x107 H/m

= ] P v & 1 ¥
i]'lﬂﬂ'liﬂi]'l'im'llﬁﬂﬂﬂ'l NQL Nn=3 ﬂ:vlﬁ‘ﬂ'l NQL = §.19 mmmummnﬁum‘i%x"lﬂ

(VL) _ (2)(6.25)[(38x10°°) +(0.03)°]"*
meJreader 9 2(13.56x10°)(0.9)(47 x10~°)(38x107)%(8.19)

= 0311A_,

520131 E1HINTOL YDA Reader coil

] ¥ [ 1
iresnnluTisondl a1 unTun1sviiun 13.56 MHz  Continuous Mode L2151
A Vo Ve a A ¥ A W
120 195119U50 VYD TAG IMIAL 3 50U M50 N, =3 tHold N> N_,_ iH0ADINg
o t ~ - o } 4
#AYDY Load Modulation azu1y/s1ng ladanunilunsdl (\p_, >N, 9nfisdiuan 13

ud21unouMIMIAT (NT) 309 Reader coil 15192 TAAWBY (NI),,_ = 0311 A__

»
1) Anfulumaiy Reader coil 99WU Reader coil Y19 G3x6) in’  (fugl
A 4 .oy & ¥ Py i o o
TNAYUAUAT  11D991AABINTTNABINIIHAYEY Load Modulation N¥AWU 90

Ed
@ o

TAG Ay Niag™ N AtiuTudionld (ND_,_ = 1.833 500
2) 1umsﬁnmﬁmmﬁqdfumwf’faw‘hm‘sﬁm’Jmthﬂniafﬁmﬂ:ﬁmﬂ%’ﬁmmﬁﬁ
ez ldan fafu L 104 Reader Coil Rosvmsannafinaui 13.56 MHz §ae
2.1) ¥Af L 484 Reader Coil An1W@#1 = L,
2.2) 99f1 Self Resonant 489 Reader Coil = Sor

2.3) 1A parasitic C, A9 1R8N
.f:ﬁ‘f’ = ——,—_ Hz
274L,, C,

c, = —= F
£ 2 2
47" fopLpy

Wioisdem Ly, = 144 uH uazianives  f, = 56.3 MHz

»
@

wumamnsedua C, 14



78

C, = 1 = 554  pF

47%(56.3x10°)*(1.44x107°)

2.4) MABURUAUFYDY Reader Coil 1l 13.56 MHz @ Z,,,

-J ) o4
Zp D = ey /1 j2afl,, W f = 13.56 MHz

A T . 4
disunummuanms Z,,,v¢'l9

Z, (13.56 MHz) = j130 2

2.5) VINAINBY Z, ,, 9THIAI0 L, 1

|Z .4 (13.56 MHz)
27

L,, (13.56 MHz) =

o umumauanns Ly, 91314
L, (13.56MHz) = 152 UH

° . 4 4 o . an . .
3} AYuUa Bandwidth (BW) mﬁuagnu Bit Rate 15115 Modulation 1182  Sub carrier

499 TAG 1AM Manchester Coding (319¢WU BW = 21 + 4bit rate uay

1u1ﬂi!ﬂﬂﬁ!i11‘§ﬂ’l1ua 13.56 MHz Continuous Mode 3 sub carrier = 847.5 kHz 3

| 4
| bitrate=  105.9 kbit/sec AT WAIWaUUY  ASK Adtfuisiez e

BW = 2119 MHz

4) 90 N_,_uazduIuseuusd Reader Coil N, 0214

NI 4 ‘
e = Igg = 22 lounuemndums ez 1d
Rd

e = 017 A_,
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5) vy, , BW sethhlldlunisdmuedr P wes  PAWAz19s  Matching

MM R, TAuduu@  PerfectMatch : R, =  TI(BW)(L,,)
a1 R, = #(2119x10°(1.52x10°) = 10118
atuegld = G, YR, = 020 W

\ V. -V 2
WU . VaVoa) = 223.448 £)

125P,

1A Z, 1iNORINTS Match 223.44 O 1 10.118 w3 Z, = J(R,)R,)
wid z, = |/(223.44)10.118) = 4754

v Z, luvmeh R, = 2R, , R,2 Tlldlumsdwimde R, = 2, '/R, srfidoanduia

MR, = 2R,
47.548)°
wld R-2z,R, = W) o 0
2(223.448)
NATUILADINING Iteration Tacriaii Idnindramninde 5) unua Tuaumsdail
Re(Zl) =R, Ritor = 2aBW — Re{zl}
V,~Veer)
Py = (iRd )ZRL s R, = M)“_

1.25P,

Z, = J(R)(R,) , R, =7, /2R,

(31015791115 Iteration 3UAIYD R, iNUAT cusaagifvng 1dasi

Iteration 1 2 3 4 5
Re(Z) (P 5.058 7.607 6.308 6.963 6.636
R, ror € 15.177 12.629 13.927 13.272 13.6

P, (W) 0.438 0.364 0.402 0.383 0.393

R, «€2) 147.737 178.02 160.997 168.937 164.86

Z, € 47.35 47.415 47.350 47.351 47.352

R, € 7.607 6.308 6.963 6.636 6.8
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@

A Yq 9 o a A S oA Ao o & Yo a
sransodonldmldasedua s AegiUnTaimaind andwsndaonldainieg sl

R, = 6 (), P, = 04W, Z, = 47352 £

6) MIAIUUHI Matching

o A4 A T, = @ - A
AFATUIMHIL s C lnﬂlﬂﬂﬂﬁ’mﬁqblﬁﬂ'ﬁ qmlﬂﬂ“ﬁ%ﬂu‘fm'ﬂuu’n (2n -1)(:'.—)

Z 47.352

L = 2 = - = 0555 uH
27f 27(13.56x10°)

cC = ! = 1 = 247.86 pF
247,  27(13.56x10° |47.352) P

’ZCSI = |ZLRdI = 27?1.%

27(13.56x10° )1.52x10°)
129.5 Q2

1l

1
C . = =
’ 20f1Z | 27{13.56x10° [129.5)

90.63 pF
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5.3 @2UY842995 Continuous Drive With Modulator

E=
10V >y
e 12V

jﬂﬁ 5.2 HAATIUVDIIN0T Continuous Drive With Modulator

5.4 2995974Y83 Demodulator

1
'8 L ; : ] Jln
Tey T .
ay s il IhF b
. © o
b L ¥ b
AAAA i i }
I . T =
1 @ W
o L,
BT i)

=
¥ =+
%3
i &
b
[
oE
K
i = gg
i\
z
g =
¥
&E
]
e 3

4l
gl
g}

g1}
8}
gk

g}
Rl

5.3 (1AAII99TAIUUDY Demeodulator

=a.

!

Cwh



82

5.5 Adaptive Threshold Comparator

e I e e
J el
L2 04 L 4
P
R . o | T
P8 Fue 1 ] noew © | TB
78 (21100 DI N . - i > Lse
o — E - DD
e 4
-~
- -

4
Fil—k
$.||
aif -

2
}—ﬁL‘
ayo a

4]
H
gl
A

gll'?; 5.4 LAAINITAIUYD Adaptive Threshold Comparator
aUY04 TAG
5.6 YUMBLUMOUNIIBONILY TAG REGULATOR
1) MUuAR Vo 1i8991n BROWN OUT DETECT ¥4 PIC microcontroller 1l
Mz 4 v fafu Vo aannnndt 4 v idesvinluTswniiludauves Tag

11197 1y Continuous Mode ﬁqﬁ"muﬂ“lﬁ' Vo=43V

2) #1971 R3

2.1) w1 I, MAX

21, ;
1N L, MAX = UM iy [ MAX = 13.50mA uwar  [3,> 200
B,
2(13.50x 1073
1, MAX (13.50x 1077) 135 uA

200

2.2) vin 2.1 9¢1dm L,

23) MUIUAR,B
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° J S 1 V
Auma RBlAIA RB =
(L g paax + 40ud)
wla RB = 14 = 5714 k2
(135ud + 40ud)

wimsiladn BB 1Hiilua1 standard 92141 R, = 5.6 KD

3) fMwme I, mdnna R, Tasdoduswuianasou R, = 1V

1V
3.1 Iy = _]—2— = loomint Ipjpax = Lz max
3
1V
L, = = 178.56uA
5.6 KQ
32) M0 31 I = Ly - L L (I 31970 2.1)

T ADINATT 20 uA 1iipanInl@dmuas I, tol¥m1a1 RB, 144
40uA (2Mw0920uA ) Woulv I, > 20uA

4 MM R, R,

4.1) 1N I, (990 3.2) MABE V,,

ICZmin (A)

_“Comin 1) Volt
5911 %10 °

s Y (26x10°)In

43571 x10°¢

W = 0.590 Volt

Vo ¥ (26x10° )In

42) an31eld 1,

ICZMAX 1V

BIMAX — = P
ﬁZmin ﬁZminR3
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1
1 = = 0.4464  uA
B2 MAX (400)(5.6 k)
4.3) RzB = 1_1‘2_5__—*—__@2_
201 5,000
B = 125 + 0'59_2 = 20608 k()
20 (0.4464 x10™)

4.4) MA1BAIIAIUNY R/R, = K

R _ Vo - X
R, Viea +1.25
- 4.8 -1 = 1.6086

(0.590 +1.25)

45) vn RB uaz K ia RBiilu R, uaz RB =KR, lumsilasnzdesitlf vo P Vo
R 4
NAvams 9

R
Vog, v (1+ =L )125+V
R,

BE2 )

33042

Vo 1 +
o ¥ I o0k

)1.25 + 0590) = 4.876 Volt

5 wm G,
treav1nTuTlsienii ludiuwod Tag ¥iraulu Continuous Mode Fadmuala C, = 1

uF
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7.1.3 dmvedltsunsuveuniesou

#include "C:\Program Files\PICC\Projects\ccsc\TEST X.h"
#include <C:\Program Files\PICC\Projects\ccsc\project_rfid_lcd.h>
void main(}
{
char data in,;
int i=0;
led_init(};
set_trs_a(0x00);
setup_timer O(RTCC_INTERNAL|RTCC DIV 1),
setup_timer_1(T1_DISABLED);
setup_timer_2(T2 DISABLED,0,1);
setup_comparator(NC_NC_NC NC);

setup_vref{FALSE);

while(1)
{
while(kbhit())
{
data_in=getc();
// putc(data_in);
delay us(10);
putc(data_in);

led_putc(data_in);

}
/*

set_tris_a(0);



output_high(PIN_A0),
delay ms(500),
output_low(PIN_A0);

delay_ms(500);

output_high(PIN_A1);
delay ms(500);
output_low(PIN_Al);
delay ms(500);

90
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/Header file #include <C-\Program Files\PICC\Projects\cesch\project rfid led.h>
e

i LCDD.C "
i Driver for common LCD modules 1
i i
/i1 led init() Must be called before any other function. I
i i

/1)l led_putc(c) Will display ¢ on the next position of the LCD.  ///

i The following have special meaning: il
i \f Clear display "
i \n Go to start of second line i
Wt \b Move back one position 1
m i

/11 led_gotoxy(x,y) Set write position on LCD (upper left is 1,1) ////
i "

/1l lcd_gete(x,y) Returns character at position x,y on LCD "

" 1
T T

i (C) Copyright 1996,2007 Custom Computer Services i
#/// This source code may only be used by licensed users of the CCS C ////
//// compiler. This source code may only be distributed to other  ////
/1/ licensed users of the CCS C compiler. No other use, reproduction ////
/1 or distribution is permitted without written permission. 1

/{1 Derivative programs created using this software in object code ////
//{/ form are not restricted in any way. 70

T LT LTI T

// As defined in the following structure the pin connection is as follows:
// DO enable
/- DI rs
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/' D2 rw

// D4 D4

// D5 D35

// D6 D6

/D7 D7

#

// LCD pins D0-D3 are not used and PIC D3 is not used.

/{ Un-comment the following define to use port B

/{ #define use_portb_lcd TRUE

struct led_pin_map { /! This structure is overlayed
BOOLEAN enable; // on to an I/O port to gain
BOOLEAN unused,; // access to the LCD pins.
BOOLEAN rw; // The bits are allocated from
BOOLEAN r1s; // low order up. ENABLE will

int data: 4; /! be pin BO0.
} led;

#locate lcd = getenv("sfr:.PORTB")

#define set_tris_lcd(x) set_tris_b(x)
#ifndef led type
#define lcd type 2 // 0=5x7, 1=5x10, 2=2 lines

#endif

#define lcd_line_two 0x40 // LCD RAM address for the second line
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BYTE const LCD_INIT STRING[4] = {0x20 | (led_type << 2}, Oxc, 1, 6};
// These bytes need to be sent to the LCD

// to start it up.

// The following are used for setting

// the I/O port direction register.

struct Icd_pin_map const LCD_WRITE = {0,0,0,0,0}; // For write mode all pins are out
struct led_pin_map const LCD_READ = {0,0,0,0,15}; // For read mode data pins are in

void lcd_send_nibble( BYTE n ) {
Icd.data = n;
delay cycles(1);
delay_us(10);
lcd.enable = |1;
delay_us(2);
lcd.enable = 0;

void lcd send byte( BYTE address, BYTEn ) {

ledas=0;

lcd.rs = address;
delay_cycles(2);

delay us(10);

lcd.enable = 0;

led_send nibble(n >> 4);

led_send_nibble(n & 0xf};
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}
void lcd init() {
BYTE i;
// set_tris_lcd(LCD_WRITE);
set_tris_b(0x06);
led.rs =0;
Icd.enable = 0;
delay ms(15);
for(i=1;i<=3;++i) {
led_send_nibble(3);
delay ms(5);
H
led_send nibble(2);
for(i=0;1<=3;++1)
lcd_send _byte(0,LCD_INIT_STRINGi]);

void led_gotoxy( BYTE x, BYTE y) {
BYTE address;

if(y!=1)
address=lcd_line_two;
else
address=0;
address+=x-1;

lcd_send_byte(0,0x80|address);

void led_pute( char ) {
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switch (c) {

case \f' :lcd send byte(0,1);

delay ms(2);
break;

case "\n' :lcd gotoxy(1,2); break;

case \b' :lcd_send_by1e(0,0x‘10); break;

default :lcd_send byte(l,c); break;
}

}
//Header file #include "C:\Program Files\PICC\Projects\ccsc\TEST X.h"

#include <16F628A.h>

#FUSES NOWDT //No Watch Dog Timer

#FUSES HS //High speed Osc (> 4mhz)

#FUSES NOPUT //No Power Up Timer

//HFUSES NOPROTECT //Code not protected from reading

/H#FUSES NOBROWNOUT //No brownout reset

/HFUSES NOMCLR /Master Clear pin used for I/O

/HFUSES NOLVP //No low voltage prgming, B3(PIC16) or B5(PIC18) used for I/0
/H#FUSES NOCPD //No EE protection

#use delay(clock=20000000)
#use rs232(baud=9600, xmit=PIN_B2,rcv=PIN_B1,PARITY=N,BITS =8)
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7.2.3 aauvedldsunsuveanioagnvie

#include "C:\Program Files\PICC\Projects\RFID\tag.h"
#include <C:\Program Files\PICC\Projects\ccsc\project_rfid_led.h>

/f#include <C:\Program Files\PICC\Projects\ccsc\test x.h>

void main()
{
char text_to_send;
setup_timer O(RTCC_INTERNAL|RTCC DIV 1);
setup_timer 1(T1_DISABLED);
setup_timer 2(T2_DISABLED,0,1);
setup_comparatoer(NC_NC_NC_NQC);
setup_vref{FALSE);
led_init();
// delay _ms(1000);
while(1)
{
delay us(1000);
putc('H";
putc('L");
putc('T");
putc('M");

{/ delay_ms(1000);

output_high(PIN_A0);
delay ms(100);
output_low(PIN_A0);

delay ms(100);



output_high(PIN_Al);
delay _ms(1000);
output_low(PIN_A1l),
delay _ms(1000);
putc(\f);

99
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Electrical Characteristics Ta=25°C unless otherwise noted (Continued)

Symbol

Parameter

Test Condition

[ Min. | Max | unis

Smali Signal Characteristics

fr Current Gain Bandwidth Product lc = 20mA, Vg = 20V, f = 100MHz 300 MHz
Cobo Output Capacitance Ve =10V, Ig =0,f= 1MHz 8.0 pF
Cibo Input Capacitance Veg = 0.5V, I = 0, f= 1MHz 25 pF
rb'Ce Collector Base Time Constant lp = 20mA, Vg =20V, f= 31.8MHz 150 pS
NF Noise Figure fc = 100pA, Ve = 10V, 4.0 daB
Rg = 1.0KQ, = 1.0KHz
Re(he) Real Part of Common-Emitter I = 20mA, Vg = 20V, f = 300MHz 60 Q
High Frequency Input Impedance
Switching Characteristics
ts Delay Time Ve = 30V, Vegem = 0.5V, 10 ns
1 Rise Time Ic = 150mA, Igy = 15mA 25 ns
ts Storage Time Vee = 30V, I = 150mA, 225 ns
1 Fall Time lg1 = lgz = 15mA 60 ns
Thermal Characteristics 7,=25:C unless otherwise noted
Max. .

Symbol Parameter PN2222A | "MMBT2222A | ~PZTzzzzA | M

Pg Total Device Dissipation 625 350 1,000 mw
Derate above 25°C 50 2.8 8.0 mwWy°C

Rauc Thermal Resistance, Junction to Case 83.3 “Cw
RgJa Thermal Resistance, Junction to Ambient 200 357 125 “CW

* Device mounted on FR-4 PCB 16" x 1.6" x 0.06".
** Device mounted on FR-4 PCB 36mm x 18mm x 1.5mm; mounting pad for the collector lead min. 6em?

Spice Model

NPN (Is = 14.34f Xti= 3 Eg = 1.11 Vaf = 74.03 Bf = 255.9 Ne = 1.307 Ise = 14.34 |kf= .2847 Xtb = 1.5 Br=6.092 Isc = 0
tkr =0 Re = 1 Cjc = 7.306p Mjc = 3416 Vjc = .75Fc = .5 Cje = 22.01p Mje = .377 Vje = .75 Tr = 46.91n Tf = 41 1.1pitf= 6
Vif = 1.7 Xtf= 3 Rb = 10)

®2004 Fairchild Semiconductor Corperation

Rev A1, August 2004
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General Description

The LM185-1.2/LM285-1.2/LM385-1.2 are micropower
2-terminal band-gap voltage regulator diodes. Operating
over a 10pAto 20mA current range, they feature exception-
ally low dynamic impedance and good temperature stability.
On-chip trimming is used to provide tight voltage tolerance.
Since the LM185-1.2 band-gap reference uses only transis-
tors and resistors, low noise and good long term stability
result.

Careful design of the LM185-1.2 has made the device ex-
ceptionally tolerant of capacitive loading, making it easy to
use in almost any reference application. The wide dynamic
operating range allows its use with widely varying supplies
with excellent regulation.

The extremely low power drain of the LM185-1.2 makes it
useful for micropower circuitry. This voltage reference can be
used to make portable meters, regulators or generat purpose
analog circuitry with battery life approaching shelf life.
Further, the wide operating current aliows it to replace older
references with a tighter tolerance part.

May 2003

LM185-1.2/LM285-1.2/LM385-1.2
Micropower Voltage Reference Diode

The LM185-1.2 is rated for operation over a -55°C t0 125°C
temperature range while the LM285-1.2 is rated —-40°C to
85°C and the LM385-1.2 ¢°C to 70°C. The LM185-1.2/
LM285-1.2 are available in a hermetic TO-46 package and
the LM285-1.2/LM385-1.2 are also available in a iow-cost
TO-82 molded package, as well as SO and SOT-23. The
LM185-1.2 is also available in a hermetic leadless chip
carrier package.

Features

m +1% and 2% initial tolerance

® Operating current of 10pA to 20mA

® 102 dynamic impedance

® Low temperature coefficient

® Low voltage reference—1.235V

m 2.5V device and adjustable device also avaitable
m LM185-2.5 series and LM 185 series, respectively

Connection Diagrams

T0-92
Plastic Package {Z)

03551810
Bottom View
Order Number LM285Z-1.2,
LM285BXZ-1.2, LM285BYZ-1.2
LM385Z2-1.2, LM385BZ-1.2
LM385BXZ-1.2 or LM385BYZ-1.2
See NS Package Number Z03A

+E 3:
-O

00851833
* Pin 3 is altached to the Die Attach Pad {DAP) and should be connected
to Pin 2 or left fioating.
Order Number LM385M3-1.2
See NS Package Number MFO3A

© 2004 National Semiconductor Corporation DS005518
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LM185-1.2/LM285-1.2/LM385-1.2

Connection Diagrams (continued)

S0 Package
+ RC NC Ne
8 |7 s s

¢

I B 4
NC NG NC

30551809

Order Number LM285M-1.2,
LM285BXM-1.2, LM285BYM-1.2
LM385M-1.2, LM385BM-1.2
EM385BXM-1.2 or LM385BYM-1.2
See NS Package Number MOBA

TO-46
Meta! Can Package (H)

00551806
Bottom View
Order Number LM185H-1.2, LM185H-1.2/883,
LM185BXH-1.2, LM185BYH-1.2
LM285H-1.2 or EM2B5BXH-1.2
See NS Package Number HO2A

www.national.com




Absolute Maximum Ratings (Note 1)

if Military/Aerospace specitied devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specitications.

(Note 2)

Reverse Current
Forward Current

Operating Temperature Range (Note 3)

LM1856-1.2
LM285-1.2
LM385-1.2

30mA
10mA

=55°Cto +125°C

Electrical Characteristics (note 4)

—40°C to +85°C
0'Cto70°C

Storage Temperature -55°C to +150°C

Soldering Information

TQ-92 package: 10 sec. 2680°C

TO-46 package:10 sec. 300°C
50 and SOT Pkg.

Vapor phase {80 sec.) 215°C

infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

LM185-1.2
LM185BX-1.2 LM385B-1.2
LM185BY-1.2 LM385BX-1.2 LM385-1.2
LM285-1.2 LM385BY-1.2 Units
Parameter Conditions Typ LM285BX-1.2 (Limit)
LM285BY-1.2
Tested | Design | Tested | Design | Tested | Design
Limit Limit Limit Limit Limit Limit
(Notes | (Note 6) | (Note 5) | (Note 6) | (Note 5) | (Note 6)
5,8)
Reverse Breakdown | T, = 25°C, 1.235] 1.223 1.223 1.205 V(Min)
Voltage 10pA < Ip < 20MA 1.247 1.247 1.260 V{Max)
Minimum Operating 8 10 20 15 20 15 20 HA
Current LM385M3-1.2 10 15 (Max)
Reverse Breakdown | 10pA < Ig <€ TmA i 1.5 i 1.5 1 15 mvV
Voltage Change {Max)
with Current 1mMA < Ig < 20mA 10 20 20 25 20 25 mv
(Max)
Reverse Dynamic lg = 100pA, f = 20Hz 1 Q
Impedance
Wideband Noise Iz = 100uA, 60 uv
(rms) 10Hz < f < 10kHz
Long Term Stability :j: 100pA, T = 1000 20 ppm
Ta=25C +0.1°C
Average Iz = 100pA
Temperature
Coefficient (Note 7} | X Suffix 30 30 ppm/°C
Y Suffix 50 50 ppm/'C
All Others 150 150 150 ppm/’C
(Max)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specilic performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The
guaranteed specifications apply only for the test conditions listed.

Note 2: Reler to RETS185H-1.2 for military specifications.
Note 3: For elevated termperalure operation, Tj max is:

LM185 150°C
LM285 125°C
LM385 100°C

www.national.com
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LM185-1.2/LM285-1.2/LM385-1.2

Thermal Resistance TC-92 TO-46 SC-8 S0T23
6,4 (junction to ambient) 180'C/W {0.4" leads) 440°'C/W 165°C/W 283°C/W
170°C/W (0.125" leads)
tl,¢ (junction {o case) N/A BO'C/W N/A N/A

Note 4: Parameters identified with boldface type apply at temperature extremes. All other numbers apply at T4 = T, = 25°C.
Note 5: Guaranteed and 100% production tested.
Note 6: Guaranteed, bul not 100% production tested. These limits are not used to calculate average outgoing quality tevels.

Note 7: The average temperature coefficient is defined as the maximum deviation of reterence voltage at alf measured temperatures between the cperating Tyax
and Ty, divided by Tyax = Ty, The measured temperatures are —-55°C, ~40°C, 0°C, 25°C, 70°C. 85°C, 125'C.

Note 8: A military RETS electrical specification is available on request.

Typical Performance Characteristics

Reverse Characteristics Reverse Characteristics
100 10
s
- £ 8 |
3 g Ta=125°C
"
Z 0 = 6
a‘ Q
g /": E 4
-] o
w Ta=125°C Ta=-55°C = !
g A S 2 Ty 257 Y 4
E / . ;5 ; A= -55°C
Ty = 25°C 5 0 m]
| | i
01 -2
0 02 04 U6 08 10 12 18 0.0 0.1 1 10 100
REVEASE VOLTAGE (V) HEVERSE CURRENT {mA}
00551813 00551814
Temperature Drift of 3
Forward Characteristics Representative Units
12 T l ’” 1.260 T 71
LA 5, - e a IR=100 xA —
= > 1.250
- uL - 1/‘ —
e 03 = ’ g
=
g _dﬂ' " § ‘.z.u
> - o
= A 125‘:: il z
Ta =
§ oo b AT, - 1257 £ 1.230
=
=] pet=1 ] P,
[ - o
[~
1.220
0.01 0.1 1 10 il -85-35-15 5 25 45 65 85105125
FORWARD CURRENT (mA) TEMPERATURE (°C)
00551815 00551816
Reverse Dynamic Impedance Reverse Dynamic Impedance
100 T 10K
1=25Hz 1, = 289
= — g = 100 pA
g g " =
=) Ty - 125°C g ! /
2 z 1o
o LaJ
H Ty =25°C a A
o o 10
E O
=
3 3 /
= Tp= -55°C £ /|
- /
LR 0.1 H
0.0t 01 1 10 00 10 100 %k 10k 100k M
AEVERSE CURRENT (mA) FREQUENCY (Hz)
0551817 09551818
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Typical Performance Characteristics (continued)

Noise Voltage Filtered Cutput Noise
700 T 10,
Ig = 100 uA 1A - 00 uA H I |
500 ' s msmsu roL Low pass
™ 1t
. 500 f 5°L "t ‘IIH Il
= @ -}—MhInwur
z ~ 2 T Al
g ek
-] e
e ] i Fil
=z L] SHARP
100 v 10 = |- CUTOFF FILTER -I
N A JU
) N ==l
10 100 1 10k 100K 100 1« " 100
FREQUENCY {Hz) CUTOFF FREQUENCY (M2)
00551819 00551820
Response Time
20
15 ouTPUT
S ‘_u weutT
; 05 [
& "
a n BUTPUT
= T
=
a =
o
> 1o INPUT
0
? 20 a0 600
TIME {us)
Los51821
Typical Applications Reference from
Wide Input 1.5V Battery
Range Reterence 15v
VIN=23V T0 30V
] "
1M334 12v
4.3k 1MI85-1.2
ouT =
1 1.24%
551823
7 1M385-12
BC551808

Micropower Reterence
from 9V Battery

v

500K

12v

LM3E5-1.2

00451822
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SL74HC00

Quad 2-Input NAND Gate

High-Performance Silicon-Gate CMOS
N SUTFIR
The SL74HCO0 is identical in pinout to the LS/ALS00. The device PlASTIC
inputs are compatible with standard CMOS outputs; with pullup
resistors, they are compatiblc with LS/ALSTTL outputs.
e Qutputs Directly Interface to CMOS, NMOS, and TTL 1
. n h
¢ Operating Voltage Range: 2.010 6.0 V lﬁ mw
* Low Input Current: 1.0 pA 144w '
¢ High Noise Immunity Characteristic of CMOS Devices
ORDERING INFORMATION
SL74HCOGON Plastic
SL74HC00D SOIC
Ta =-55° to 125° C for all packages

LOGIC DIAGRAM
PIN ASSIGNMENT
Al 1 3 atll e i Vee
2 Y1 o2 13[ B4
B w1053 12 A4
arls nl ¥4
a R1 d 5 nl m
A 6 24 al a3
5 \ GD [ 7 5L v3
82—
Y = AB
)
A3 - ) 8 FUNCTION TABLE
Y3
10
83 Inputs Output
A B Y
12 L L H
M —— 1
13 Y4 L H H
B4
H L H
H H L
PIN 14 :V('C
PIN 7= GND

System Logic
Semiconductor



SL74HC00

MAXIMUM RATINGS’

Symbol Parameter Value Unit
Ve DC Supply Veltage (Reterenced to GND) -0.5t0 +7.0 Y
Vin DC Input Voltage (Referenced to GND) -1.5t0 Vg +1.5 \Y

Vour DC Output Voltage (Referenced to GND) -0.5 to Vge H0.5 \Y%
Iy DC Input Current, per Pin +20 mA
lout DC OQutput Current, per Pin 125 mA
Iec DC Supply Current, Ve and GND Pins +50 mA
Po Power Dissipation in Still Air, Plastic DIP+ 750 mw

SOIC Package+ 500

Tstg Storage Temperature -65 to +150 °C

Ty Lead Temperature, 1 mm from Case for 10 Seconds 260 °C
(Plastic DIP or SOIC Package)

"Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
+Derating - Plastic DIP: - 10 mW/°C from 65° to 125°C

SOIC Package: : - 7 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 20 6.0 AY
Vins Vour DC Input Voltage, QOutput Voltage (Referenced to GND) 0 Vee \Y
Ta Operating Temperature, All Package Types -35 +125 °C
te, te Input Rise and Fail Time (Figure 1) Vee =20V Q 1000 ns
Vee=4.5V 0 500

This device contains protection circuitry to guard against damage due to high static voltages or electric
fields. However, precautions must be taken to avoid applications of any voltage higher than maximum rated
voltages to this high-impedance circuit. For proper operation, Viy and Voyr should be constrained to the range
GND=(Viy or Vour)<Vec.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either GND or V).
Unused outputs must be left open.

System Logic
Semiconductor



SL74HC00

DC ELECTRICAL CHARACTERISTICS(Voltages Referenced to GND)

Vee Guaranteed Limit
Symbol Parameter Test Conditions \Y 25°C <85 | <125 Unit
to °C °C
-55°C
Vin Minimum High-Level | Vour=0.1 Vor Vee-0.1 V 20 1.5 1.5 1.5 v
Input Voltage | toud <20 pA 45| 315 | 315 | 305
6.0 42 4.2 4.2
Vi Maximum Low -Level | Vour= V0.1 V 20 05 05 0.5 \Y
Input Voltage [ ourl <20 pA 45 | 135 | 135 ] 135
6.0 1.8 1.8 1.8
Vou Minimum High-Level Vin=Vin or Vi, 20 19 1.9 1.9 v
Output Voltage | logd <20 pA 45 | 44 44 | 44
6.0 59 59 59
Vin=Vip or Vi,
ol €40 mA 45| 398 | 384 | 37
ol <52maA 60 | 548 | 534 | 52
VoL Maximum Low-Level Vin=Vin 20 0.1 0.1 0.1 Vv
Output Voltage Howd <20pA 45| o1 01 | o1
6.0 0.1 0.1 0.1
Vin=Viy
Houvd <40mA 45| 026 | 033 | 04
| lord €52mA 60 | 026 | 033 | 04
Iin Maximum Input VIN=VCC or GND 6.0 +0.1 +1.0 1.0 WA
Leakage Current
Iec Maximum Quiescent Vin=Vcee or GND 6.0 1.0 10 40 HA
Supply Current lour=0pA
(per Package)

System Logic
Semiconductor



SL74HC00

AC ELECTRICAL CHARACTERISTICS(C, =50pF,Input t =t;/=6.0 ns)

(1/4 of the Device)

A e
L4
8 -

Vee Guaranteed Limit
Symbol Parameter V | 25°Cto| <85°C | <125°C | Unit
-55°C
tpry, lpy | Maximum Propagation Delay, Input A or B to 20 75 95 110 ns
Output Y (Figures 1 and 2} 45 15 19 22
6.0 13 16 19
trn, true | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
(Figures 1 and 2) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
Power Dissipation Capacitance (Per Gate) Typical @25°C,Vo=5.0V
Gep Used to determine the no-load dynamie power 22 pF
consumption:
Pp=Cap Vec THce Vee
TEST POINT
vee
DEVICE QuTPUT
— GND
G UNDER
TEST I a*
*Includes all probe and jig capacitance.
Figure 1. Switching Waveforms Figure 2, Test Circuit
EXPANDED LOGIC DIAGRAM

System Logic

Semiconductor
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SEMICONDUCTOR ™

MM74HC4060
14 Stage Binary Counter

Genera| Description This device is pin equivalent to the CD4060. All inputs are
) i } 3 protected from damage due 1o static discharge by protec-
The MM74HC4060 Is a high speed binary ripple carry  yjon diades to Ve and ground.

counter, These counters are implemented utilizing

advanced silicon-gate CMOS technology to achieve speed

performance simiar to LS-TTL logic while retaining the low Features

power and high noise immunity of CMOS. B Typical propagation delay: 16 ns
The MM74HC4060 is a 14-stage counter, which device B Wide operating voltage range: 26V
increments on the falling edge (negative transition) of the g | gy input current: * pA maximum
input clock, and all their outputs are reset to a low level by ) i . .
applying a iogical high on their reset input. The W Low qmes')cent curr‘e.nt. 80 pA maximum (74 Series)
MM74HC4060 also has two additional inpuls to enable W Output drive capability: 10 LS-TTL loads

easy connection of either an RC or crystal oscillator.

Jaunog Aieuig abeis v1 090VOHPLWIN

Ordering Code:

Order Number | Package Number Package Description
MM74HC4060M M16A 16-Lead Small Qutline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
MM74HC40605) M16D 16-Lead Small Outline Package {(SOP), EIAJ TYPE Il, 5.3mm Wide
MM74HCA0E0MTC MTC16 16-Lead Thin Shrink Small Outline Package (TSSOFP), JEDEC MO-153, 4.4mm Wide
MM74HC4060N N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC M5-001, 0.300" Wide

Devices also available in Tape and Reel. Specify by appending the suffix latter “X” to the ordering code.
Connection Diagram

Pin Assignments for DIP, SOIC, SOP and TSSOP
Vee aw 08 a RESET CLOCK CLOCK 1 GLOCK 2

LI AL 14 13 |12 1 |1o |9

l 1 2 3 4 5 6 7 I 3
112 03 Q14 06 [ 07 04 GND
Top View

© 1999 Fairchild Semiconductor Corporation DS065354.prf www.fairchildsemi.com
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Absolute Maximum Ratingsnote 1)

{Note 2)

Supply Voltage (Vcc)

DC Input Voltage (Vy,)

DC Output Voltage (Voyr)}
Clamp Diode Current (lgp}

DC Out

DG V¢ or GND Current, per pin {lcc)
Storage Temperature Range {Terg)

put Current, per pin (lgur)

Power Dissipation {Pp)
{Note 3)
5.0. Package only
Lead Temperature (T )

(Sold

ering 10 seconds)

~0.5t0 +7.0V
=15t Vg +1.5V
—0.5to Vi H0.5V
+20 mA

125 mA

+50 mA

-65°C to +150°C

600 mW
500 mW

260°C

DC Electrical Characteristics (ot 43

Recommended Operating

Conditions

Supply Voltage (V¢c)

DC Input or Cutput Voltage

Vi Vour)

Operating Temperature Range (T,)

Input Rise or Fall Times
(t &) Vee=2.0V
Vee=4.5V
Ve =6.0V

Min  Max
2 6
0 V¢
—40 +85
1000
500
400

Units

°C

ns
ns
ns

Note 1: Maximum Ratings ars those values beyond which damage to the

devica may occur.

Note 2: Unless otherwise specified al voltages are referenced to ground.
Note 3: Power Dissipation temperature derating: plastic “N™ package:

—-12 mW/C from E5°C to 85°C.

Ta=25C Ta=-40 to 85°C ! Ta=-55t0 125°C
Symbol Paraméter Conditions VYee Units
Typ Guaranteed Limits
Vin Minimum HIGH 2.0V 1.5 15 1.5 \
Level Voltage 4.5V 315 3.15 3.15 v
{Not Applicable to Pins 9 & 10) 6.0V 42 4.2 42 v
Vi Maximum LOW Leve! 2.0V 05 05 0.5 v
Input Voltage 4.5V 1.35 135 135 A
(Not Applicable to Pins 9 & 10) 6.0V 18 18 18 v
Von Minimum HIGH Level Vin=Vigor Vi
Cutput Voltage [loutl € 20 pa 2.0V 20 1.9 19 19 v
4.5V 45 44 44 44 v
6.0V 6.0 59 59 5.9 v
Except Pins | V|y=Viyor Vy_
9&10 llourl s 4.0 mA 4.5v 42 398 384 3.7 v
Jlourd 5.2 mA 6.0V 57 5.48 5.34 5.2 v
Pins Vin=Vinof Vi 398 3.84 37 v
9& 10 floutl = 0.4 mA 5.48 5.34 52 v
llouTi = 0.52 mA
Vou Maximum LOW Level Vi = Vi or Vy_
Output Voltage Hout < 20 pA 2.0V [ 0.1 0.1 0.1 v
4.5V ] 0.1 0.1 01 v
6.0v 0 0.1 0.1 0.1 v
Except Pins |Vy=Vyor V.
9&10 lloutl £ 4.0 mA 4.5v 02 0.26 033 04 v
lloutl £ 5.2 mA 6.0V 0.2 0.26 033 04 v
Pins Vin=Vigor vy, 0.26 0.33 0.4 v
9410 lloutl = 0.4 mA 0.26 033 a4 v
ourl = 0.52 mA
™ Maximum Input Current Vin = Vg of GND 6.0V 10.1 10 1.0 HA
tec Maximum Quiescent Vin = Veeor GND
Supply Current louT=0pA 6.0V 8.0 80 160 pA

Hots 4: For a power supply of 5V $10% the worst case output voltages {Voy, and Vo) occur for HC at 4.5V, Thus e 4.5V values should ba used when
designing with this supply. Worsl case Vy, and Vg occur at Ve = 5.5V and 4.5V respectively, (The V;, value at 5.5V is 3.85V.) The worst case Jeakage cur-
rent (n. lec. and loz) occur for CMOS at the higher voltage snd so the 8.0V values should be used,

www.fairchildsemi.com
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MM74HC4060

AC Electrical Characteristics

Veg =5V, Ta=25°C, G = 15pF, t,=t;=6 ns

Guaranteed
Symbol Parameter Conditions Typ . Units
Limit

fraax Maximum Clock Frequency 30 MHz

teuL beLn Maximum Propagation (Note 5) 40 20 ns
Delay to Q,

touL. toum Maximum Propagation 16 40 ns
Delay to any Q

trem Minimum Reset 10 20 ns
Removal Time

tw Minimum Pulse Width 10 16 ns

AC Electrical Characteristics
Voo = 2.0V o 6.0V, Cy = 50 pF, t, =t;= 6 ns (unless otherwise specified)

Ta=25C To- 4010 385°C] T, = 55t 125°C
Symbol Parameter Conditions Vee Units
Typ Guaranteed Limits
faax Maximum Operating 2.0V 6 5 4 MHz
Frequency 4.5v 30 24 20 MHz
8.0V 35 28 24 MHZz
tomLs YL [ Maximum Propagation 2.0V 120 380 475 171 ns
Delay Clock to Q 4.5V 42 76 a5 114 ns
B.OV kL3 85 81 97 ns
tort. Maximum Propagation 2.0V 72 240 302 358 ns
Delay Reset to any Q 4.5V 24 48 &0 72 ns
6.0V 20 41 51 61 ns
tprp. tpr | Maximum Propagation 20v 125 156 188 ns
Delay Between Stages 4.5v 25 k1] 38 ns
Q, to Qg 8.0V 21 26 » ns
trem Minirnum Reset 2.0v 100 125 150 ns
Remaval Time 4.5v 20 25 30 ns
€.0v 17 21 25 ns
by Minimum Pulse Width 20V 80 100 120 ns
4.5V 1€ 20 24 ns
6.0v 14 17 20 ns
1, ty Maximum Input Rise and 2.0V 1000 1000 1000 ns
Fall Time 4.5V 500 500 500 ns
6.0V 400 400 400 ns
truL, ron | Maximum Output Rise 2.0V 30 75 [3 110 ns
and Fall Time 4.5v 10 15 19 22 ns
6.0V 9 13 16 19 ns
Cpp Power Dissipation {per package) 55 pF
Capacitanca (Note B)
Cin Maximum Input 5 10 10 10 pF
Capadilanca

Note 5: Typical Propagation delay time to any output can ba calculated using: to = 17+12(N—1) ns; whare N is the number of the output, Qy, at Yec = 5V.

Nots 8: Cpp determines the no load dynamic powsr consumption, Pp = Cpp Vo2 ftloe Voo, and the no load dynamic current consumption,
Is=Cpp Ve T+ lec

www.fairchildsemi.com
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Typical Characteristics

hee, DC CURRENT GAIN

1 1 19 1008

Ifma], COLLECTOR CURRENT

Figure 1. DC current Gain

1] w 1

f{MHz}, CURRENT GAIN-BANDWIDTH PRODUCT

lgma]), COLLECTOR CURRENT

Figure 3. Current Gain Bandwidth Product
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Figure 5. Polar Form

Vas(sal), Ves{sat[v), SATURATION VOLTAGE

yo{U ), INPUT ADMITTANCE

yelJ ), FORWARD TRANSFER ADMITTANCE

Ima), COLLECTOR CURRENT

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

14
12
100

°%e 1000

MMrz), FREQUENCY
Figure 4. Rectangular Form
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Figure 6. Rectangular Form
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Typical Characteristics (continueq)
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Package Dimensions
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Electrical Characteristics (1, = 25°C unless otherwise noted)

Symbol l Parameter Conditions Type T Min LTyp l Max | Units
OFF CHARACTERISTICS
BVpee Drain-Source Breakdown Voltape Ve =0V, 1,= 100 pA All 60 Y
Joss Zero Gate Voitage Drain Cument Vs =25V, V=0V All 0.5 VA
logsr Gate - Body Leakage, Forward Ve =15V, V=0V Al 10 nA
ON CHARACTERISTICS tuote 1)
Vesm Gate Thveshold Voltage Vo=V, b=1mA Al 08 | 21 3 v
Rosiom Static Drain-Source On-Resistance Vi =10V, |, =200 mA All 12 5 Q
O:s Forward Transconductance Ve = 10V, |, =200 mA BS170 320 mS
Vis 2 2 Vo Ip = 200 MA MMBF170 320
DYNAMIC CHARACTERISTICS
C,, Input Capacitance Vo =10V, V=0V, Al 24 40 pF
C.. Output Capacitance =10 MHz Al 17 | a0 | oF
C. Reverse Transfer Capacitance Al 7 10 P
SWITCHING CHARACTERISTICS uato 1)
t.. Tum-On Time V=25V, I, =200mA, BS170 10 ns
Vi =10V,Ry, =250
Vo, =25V, I, =500 mA, MMBF170 10
] V =10V,Rg, =50Q
ty Tum-Off Time Ve =25V, |, =200mA, BS170 10 ns
Ves =10V, Ry, =250
V=25V, |, =500 mA, MMBF 170 10
Vg, =10V,R, =50Q

Note:
1. Pulse Test: Pulse Width < 30015, Duty Cycle < 2.0%.

BS170 Rev. C/MMBF 170 Rev. D




Typical Electrical Characteristics

BS170 / MMBF170
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Figure 1. On-Region Characteristics. Figure 2. On-Resistance Variation with Gate Voltage
and Drain Current.
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Figure 5. Transfer Characteristics.
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Figure 6. Gate Threshold Variation with

Temperature.
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LM317 3-TERMINAL ADJUSTABLE REGULATORS
DESCRIPTION

The LM317 are adjustable 3-terminal positive-voltage regulators capable of supplying 1.5A over
a differential voltage range of 3V to 40V. They are exceptionally easy to use and require only two
external resistors to set the output voltage. Both input and output regulation is better than
standard fixed regulators.

In addition to higher performance than fixed regulators, these regulators offer full overload
protection available only in integrated circuits. included on the chip are current limit, thermal
overload protection, and safe-area protection. All overload protection circuit remains fully
functional even if the adjustment terminal is disconnected. Normally, no capacitors are needed
unless the device is situated far from the input filter capacitors in which case an input bypass is
needed. An optional output capacitor can be added to improve transient response.

The primary applications of each of these regulators is that of a programmable output regulator,
but by connecting a fixed resistor between adjustment terminal and the output terminal, each
device can be used as a precision current regulator. Even though the regulator is floating and
sees only the input-to-output differential voltage, use of these devices to regulate output voltages
that would cause the maximum-rated differential voltage to be exceeded if the output became

shorted is not recommended
TO-220 PACKAGE

LM317T
FEATURES
+  Qutput Voltage Range Adjustable from 1.2 V to 37V E —y A
| ——— ADJUSTMENT

+  Qutput Current Capability of 1.5A Max

+  Input Regulation Typically 0.01% Per Input-Volt

Change
+  Output Reguiation Typically 0.1% A
+

Peak Output Current Constant aver Temperature °

Range of Regulator

+  Popular 3-Lead TO-220 AB Package
*  Ripple Rejection Typically 80 dB INPUT TO-82

CUTPUT LM317LZ

ADJ

A
ABSOLUTE MAXIMUM RATINGS o}
nput-Output Voltage Differential V, - V, ! 40V
Jperating Junction Temperature Range 0°C to +125°C
Sontinuous total dissipation at 25°C free-air temperature 2000mw
sontinuous total dissipation at (or below ) 25°C case temperature 15W
Storage Temperature —85°C to +150°C
-ead Temperature1.6 mm from case for 10 seconds 260°C
RECOMMENDED OPERATING CONDITIONS
MIN { MAX | UNIT

JUTPUT CURRENT, I, 10 | 1500 mA
JPERATING VIRTUAL JUNCTION TEMPERATURE,T, 0 70 C
7ing Shing Computer Components Co., (H.K.)Ltd. Tel:(852)2341 9276 Fax:(852)2797 8153

omepage: http://www wingshing com E-mail:  wscclid@hkstar.com



3-TERMINAL ADJUSTABLE REGULATORS
ELECTRICAL CHARACTERISTICS

Uniess otherwise noted these specifications apply for the following test conditions: Vi-Vo=5V and lo=0.5A. For conditions
shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

{
|
: ARAMETER TEST CONDITIONS UNIT
| P E MIN|TYP |[MAX
‘ T,=MIN to MAX 0.01 ] 0.04
; ion® V- * J Q
Input Regulation*2 Vi-V=3V 10 40V *3 T=10mA to 1.5A 202 1007 Yol V
V=10V, =120HZ 65
Ripple Rejection V=10V, f=120HZ 66 80 dB
10-pF capacitor between ADJ and ground
I,=10mA TO 1.5A, V=5V 5 25 mV
) T=25C*3, Vo>5V 0.1 0.5 %
Output Regulation o lsaes V.55V 20 70 | mv
o= PmA 10 1. Vo5V 03 ] 15 ] %
Dutput Voltage Change With Temperature |T,=MIN to MAX 1 %
Output Voltage long-term Drift*4 After 1000h at T, = MAX and VI-VO=40V 0.3 1 %o
Output Noise Voltage f=10Hz to 10kHz, T;=25C 0.003 %
.\dmlmu.m Output Current to Maintain V-V =40V 3.5 10 mA
Regulation
V-V S15V 1.5 | 2.2
D VoS
Peak Output Current V=40V, T=25 015 1 02 A
Adjustment-terminal Current 50 100 | pA
- L . V-Vo=2.5V to 40V,
Zhange in adjustment-terminal Current T=10mA to 1.5A 0.2 5.0 HA
Reference Voltage(Output to ADJ) ;,/;}’50;3‘/ fo 40V, I0=10mA to 1.4, 120 [ 125 | 130 Vv

1 Al characteristics are measured with a 0.1-pF capacitor across the input and a 1-yF capacitor across the output.

2 Input regulation is expressed here as the percentage change in output voltage per 1-V change at the input

3 Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible.
Thermal effects must be taken into account separately.

4 Since long-term drift cannot be measured on the individual devices prior to shipment. This specification is not intended to be a guarantee or warranty. It
is an engineering estimate of the average drift to be expected from lot to lot.

TYPICAL APPLICATION DATA

REG
v, IN ouT - V,
ADJ R, See Note 3
2400
T< C=0.1uF AR C=1uF
See Note 1 R, See Note 2

-

; i )
iput voltage is calculated from v, =v_ {1+ =}

Use of an input bypass capacitor is recommended if regulator is far from filter capacitors.
Use of an output capacitor improves transient response but is optional.
Vrer €quals the difference between the output and adjustment terminal voltages.



POSITIVE ADJUSTABLE REGULATOR

1l
' 260 2
240
20
N 330
us|| 4
240
20
Chip Size: 2.45X1.85mm
PAD LOCATION LM317
PADN | PAD NAME COXORDINATES ‘;;m
1 ADJ 2120 210
2 OUTPUT 1730 1490
3 INPUT 1120 950
4 OUTPUT 90 100
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