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Abstract

This project presents the application of RFID(Radio Frequency Identification)
technology. This technology includes Reader and Tag. Tag will be used for keep the
data and Reader will be used for read the data from tag.
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Source code

BITO equ 30h mov b #Z2h
BIT1 egu 31h div ab
BIT2 equ 32h mov r1.b
BIT3 equ 33h cjine 1, #0 five
de equ  34h mov  bit0,#0
fay equ  3bh imp  dis
five: mov bt #5
NumQ bit p1.0 dis: mov  b,#64h
Num?1 bit 1.1 div ab
mov  bit3.a
org 40h mov  ab
mov  dptr.#number mov b #0ah
mov  bitQ.#0 div ab
mov  Dit1,#0 mov  bit2,a
mov  bit2 #0 mov  hit1,b
mov  bitd #0 clr ri
mov  de#10
mov  lay,#253 Scan: jb ri,incr
mov. scon,#50h Scan2: mov  r4,#0
mov  pcon,#OCh nap
mov  tmaod,#20h dinz 4%
mov  th1,#0feh inb numo,show0
setb  tr1 inb num1,show
jmp  scan
recieve: mov  a,sbuf Show0: mov  r4,BIT1
mov 17 #7 mov  r5,BIT3
rotate: rl a orl p1,#00000011b
dinz  r7,rotate call Send_Data
clr num1




jmp

Show1: mov
mov
orl
call

clr

jmp

Send_Data: mov
Move
mov
mov
move

mov

incr: dinz

Number; db

Scan

r4,BITO

ro,BIT2
p1,#00000011b;
Send_Data
numo

Scan

a,rd
a,@a+dptr
P2,a
a,rb
a,@atdptr
PO.a

35h,scan?
34h,incr
de,#10
lay #2585

recieve

0c0h,0f9h,0a4h,000h,099h,092h,082h,

0f8h,080n,090h,088h

end



1N4933/L - 1N4937/L

ms 1.0A FAST RECOVERY RECTIFIER

1 N C O R » O R AT &

Features

» Diffused Junction
o Fast Switching for High Efficiency
e A ———e— B —fe—— A

¢ High Current Capability and Low Forward
Voltage Drop 4

» Surge Overload Rating to 30A Peak 0 : 4

» Low Reverse Leakage Current KR

« Plastic Material: UL Flammability 70_ c
Classification Rating 94V-0

Mechanical Data DO-41 Plastic A-405

« Case: Molded Plastic Dimg Mg | Mex | Min | Max

e Terminals: Plated Leads Solderable per A | 2540 | — |2540| —-
MIL-STD-202, Method 208 B 406 | 521 410 | 520

+ Polarity; Cathode Band c 0.7t | 0.864 | 053 | 0.64

. WBIght D0O-41 0.35 grams {EPPFOX) D 200 272 2.00 270

* A-405 0.20 grams (approx) All Dimensions in mm

¢ Mounting Position: Any

» Marking: Type Number “L” Suffix Designates A-405 Package

No Suffix Designates DO-41 Package

Maximum Ratings and Electrical Characteristics @ Ta=25°C unless otherwise specified

Single phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.

Characteristic Symbol | TIN4933/L | 1N4934/L | 1N4935/L | 1N4936/A | 1N4937L | Unit
Peak Repetitive Reverse Vollage VERM
Working Peak Reverse Vollage Vawm 50 100 200 400 600 v
DC Blocking Voltags VR
RMS Revarse Voltage VRirMmSs) 35 70 140 280 420 Vv
Average Rectified Output Current I 1.0
(Note 1) @ Ta=75C © )
Non-Raepetitive Peak Forward Surge Cumrent B.3ms
single half sine-wave superimposed on rated load lesm 30 A
(JEPEC Method)
Forward Valtage Drop @IlE=10A| Vi 1.2 v
Peak Baverse Current @Ta= 25°C i 5.0 A
at Rated DC Blocking Voltage @ Ty =100°C | 'FM 100 H
Reverse Recovery Time (Note 3) tr 200 ns
Typical Junction Capacitance (Note 2} ) Ci 15 pF
Typical Thermal Resistance Junction to Ambient RaJa 100 Kw
Operating and Storage Temperature Range Ti Tsta -65 to +150 0

Notes:  1.Leads maintained at ambient temperalure at a distance of 9.5mm from the case.
2. Maasured at 1.0MHz and applied reverse voltage of 4.0V DC,
3. Measured with |Ir = 0.5A, Ig = 1A, iy = 0.25A.

DS26002 Rev. E-2 1of2 1N4933/L-1N4937/L
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SEME 2N2222A

LAB

1ECHANICAL DATA
limensions in mm (inches)

55 0230 HIGH SPEED
(%537 (0200)™
il MEDIUM POWER, NPN
r‘*ﬁ@-ﬂf_ﬂL SWITCHING TRANSISTOR
— S
j | %(% FEATURES
A & 4 A » SILICON PLANAR EPITAXIAL NPN
| A H 3 TRANSISTOR
048 gggzgg,yu H F ! E’E * HIGH SPEED SATURATED SWITCHING
da. - v * ALSO AVAILABLE IN CERAMIC SURFACE
MOUNT PACKAGE
2.54 (0.100)
““N%ﬁ il -
pan Yj’)
.
R b o)
V3 O 1 /
2

TO-18 METAL PACKAGE
Underside View

2IN 1 — Emitter PIN 2 — Base PIN 3 — Collector

BSOLUTE MAXIMUM RATINGS (T4 = 25°C unless otherwise stated)

~BO Collector — Base Voltage 75V

~EO Collector — Emitter Voltage 40V

“BO Emitter — Base Voltage BV
Collector Current 800mA

5 Total Device Dissipation @ Tp =25°C 0.5mwW
Derate above 25°C 2.28mwW/°C

) Total Device Dissipation @ T¢ =25°C 1.2W
Derate above 25°C 6.86mwW/°C

, Tgstg ~ Operating and Storage Junction Temperature Range -65 to +200°C

:melab plc. Telephone (01455) 556565. Telex: 341927. Fax (01455) 552612, Prelim. 3/96
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-
_ECTRICAL CHARACTER'ST'CS (Ta = 25°C unless otherwise stated)
~ Parameter [ Test Conditions [ Min. [ Typ. [ Max. | Unit
OFF CHARACTERISTICS
BR)CEQ Collector— Emitter Sustalnmg Voltage |1z = 10mA Ig = 40 Y
srico  Collector - Base Breakdown Voltage | Ig = 10pA e=0 | | Vo
sREso  Emitter — Base Breakdown Voltage  [le=10)A  tc= =, 6 v
ex  Coflector Cut-off C Current | Vee =60V Vepiem =3V T 10 nA |
le=0 Vg = 60V 0.01
BO Collector — Base Cut-off Current | TA 7 15 o e nA
B_O " Emitter Cut-off Currentﬁci - 0) ) le=0 VEB -3V T 10 [ Al
. BaseCurrent Vog =60V Vegem=3V | | | 20 | rA
ON CHARACTERISTICS
1 ) : IC =150mA Iz = 15mA 0.3
~Esat)  Collector — Emitter Saturation Voltage T G TR T M S | — 1 \Y
Y 8
1 _ _ {lc=150mA 5= 16mA 06 1.2
JEsay)  Base — Emitter Saturation Voltage / = , : A
IC = 500mA lc = 50mA 2
e = e i - |c AR A A ) e _ _
1C-1mA N VIS [ 50
lo=10mA  Veg=10v | 75 N
:E DC Current Gain Tpo=-55C | 35 | =
lc =150mA Vg = 10V 100 300
Ic=150mA  Vge=1V ' | &0 S
lc =500mA  Vgg =10V | 40 o
SMALL SIGNAL CHARACTERISTICS
Transition Frequency * g =20mA  Vgg =20V f=100MHz| 300 MHz
o ‘Output Capacitance [Ves=10v dg=0 = 100kHz ' pF -
ib Input Capacatance VEB =05V IC == f=100kHz
fe Small Signal Current Gain !C = 1mA VCE = 10V fikHz_ jO ] R
lo= 10MA Vg =10V f=1kHz 75 |
SWITCHING CHARACTERISTICS
o M[._DIeIay Time_ Ve = 30V VBE(off) = 0.5V o 19_ 1 ns
Rise Time lc = 150mA IB1 = 15mA 25
o StDrageTlme N VCC 30V IC =180mA | i | 225 |
" FaliTime lg1 = lgp = 15MA T T e
OTES:
1 Pulse test: t< 300us , 6 <2%
i fr is defined as the frequency at which heg extrapolates to unity.
Prelim. 3/96

emelab plc. Telephone (01455) 556565. Telex: 341927, Fax (01455) 552612.



S E m I COH Data Sheet No. 2N2907A

SEMICONDUCTORS
Type 2N2907A Generic Part Number:
Geometry 0600 2N2907A
Polarity PNP

Qual Level: JAN - JANS REF: MIL-PRF-19500/291

Features: Requesi Quotation

s (eneral-purpose transistor for
switching and amplifier applica-
tons.

e Housed in a TO-18 case.

s Also available in chip form using
the 0600 chip geometry.

¢ The Min and Max limits shown are
per MIL-PRF-19500/291 which
Semicoa meets in all cases.

e The Typ values are actual batch
averages for Semicoa.

« Radiation Graphs available.

Maximum Ratings

Te = 25°C unless otherwise specified

Rating b ating

Collector-Emitter Voltage Veeo 60 V
Collector-Base Voltage Vero 60 Y
Emitter-Base Voltage Vego 5.0 A%
Collector Cumrent, Continuous lc 600 mA
Operating Junction Temperature T, -85 to +200 °C
Storage Temperature Tste -65 to +200 °C




E SEMICOA

SEMICONDUCTORS

Electrical Characteristics

Tc = 25°C unless otherwise specified

Data Sheet No. 2N2907A

OFF Characteristics Symbol
Collector-Base Breakdown Voltage v
lo =10 pA (BRICBO
Collector-Emitter Breakdown Voltage
lo=10mA ’ Vieroeo | 60 70 - v
ErErtter-Base Breakdown Voltage Vipryeso 50 9.0 . Y
e =10pA
Collector-Emitter Cutoff Current
Ve =30V lces —_ 1.0 50 nA
Collector-Base Cutoff Current
Vg = 50V lero — 0.25 10 nA
Emitter-Base Cutoff Current
V= 35V leso —_ 0.1 50 nA
ON Characteristics
DC Curmrent Gain
lc =100 A, Ve =10V hegs 75 225 — —
lc=1.0mA Ve =10V hees 100 250 450 —
|C=10mA,VCE='TOV hFE3 100 — —ud -_
IC= 150 mA, VCE =10V (pUISe test) hFE4 100 180 300 -
Ic =500 mA, Ve =10V (pulse test) Hrgs 50 80 - —
Collector-Emitter Saturation Voltage
lc =150 mA, |z =15 mA (pulse test) Vekeant — 0.18 04 Vde
I =500 mA, Iz = 50 mA (pulse test) Vetsae . 0.5 16 Vdc
Base-Emitter Saturation Voltage
le=150 mA, Iz = 15 mA (pulse test) Vaesati — 0.87 1.3 Vde
IC =500 n']rA, IB =50 mA (pulSe tBS'() VBE(sat]2 -~ 1.0 26 Vdc

Short Circuit Forward Current Transfer Ratio

Ic=1mA, Vee =10V, f= 1kHz AC hee 100 250 — —
Open Circuif Qutput Capacitance

Ve =10V, e =0V, 100 kHz < f< 1 MHz Coso -~ 6.0 80 pF
Input Capacitance, Oufput Open Circuited Coo B 50 » .

VEB=2-0V! IC=O, 100kHz <f<{ MHz

Switching Characteristics
Saturated Tum On Switching Time to 90%

16V, 50 ohm input pulse fon - 25 45 ns
Saturated Tum Off Switching Time to 10% topr . 200 300 ns

16V, 50 ohm input pulse
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National Semiconductor

LM78LXX Series

3-Terminal Positive Regulators

General Description

The LM78LXX series of three terminal positive regulators is
available with several fixed output voltages making them
useful in a wide range of applications. When used as a zener
diode/resistor combination replacement, the LM78LXX usu-
ally results in an effective autput impedance improvement of
two orders of magnitude, and lower quiescent current. These
regulators can provide local on card regulation, eliminating
the distribution problems associated with singte point regula-
tion. The voltages available allow the LM7BLXX to be used in
logic systems, instrumentation, HiFi, and other solid state
electronic equipment.

The LM78LXX is available in the piastic TO-92 (Z) package,
the plastic $0-8 (M) package and a chip sized package
(8-Bump micro SMD) using National's micro SMD package
technology. With adequate heat sinking the regulator can de-
liver 100 mA output current. Current limiting is included to
limit the peak output current to a safe value. Safe area pro-

tection for the output transistors is provided to limit internal
power dissipation. If intemal power dissipation becomes too
high for the heat sinking provided, the thermal shutdown cir-
cuit takes over preventing the |C from overheating.

Features

m LM78L05 in micro SMD package

m Output voltage tolerances of £5% over the temperature
range

Output current of 100 mA

Internal thermal overload protection

Output transistor safe area protection

Internal short circuit current limit

Available in plastic TO-92 and plastic SC-8 low profile
packages

No external components

m Output voltages of 5.0V, 6.2V, 8.2V, 9.0V, 12V, 15V

Connection Diagrams

50-8 Plastic (M}
(Narrow Body)

S
Vour 1" Bl—Viy
oo —{ 2 7}-ono
GND—{ 3 6—cnD
HC— 4 5t=NC
nsan?vas-2
Top View

8-Bump micro SMD

NG

&

Vour —1 7 5 p— D
Vour — 8 + |- enn
V=] ! , 31— e
|
Yin

GSO07744-24
Top View

(Bump Side Down}

(TO-92)
Plastic Package {Z)

OuTPUT INPUT

GND
DS007744-3

Bottom View

micro SMD Marking Orientation
XT = Date Cade

X T P
Fin 1 is igentifind by lowar left
corner with respect 1o the text.

DsS007744-33

/Fin 1 Corner

Top View

© 2000 National Semiconductor Corporation DS007744

www.national.com
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LM78LXX Series

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Power Dissipation (Note 5) Internally Limited
Input Voltage 35V
Starage Temperature -65°C to +150°C

Operating Junction Temperature

50-8
micro SMB

Soldering Information

Infrared or Convection (20 sec.}
Wave Soldering {10 sec.)
ESD Susceptibility (Note 2)

0°C to 125°C
-40°C to 85°C

235°C

260°C (lead time)

kv

LM78LXX Electrical Characteristics Limits in standard typeface are for T, = 25°C, Bold typeface ap-
yp J

plies over 0°C to 125°C for $0-8 package and -40°C to 85°C for micro SMD package. Limits are guaranteed by produc-

tion testing or correlation technigues using standard Statistical Quality Contrel (SQC) methods. Unless otherwise specified: 1o

=40mA, C, = 033 uF, Cs = 0.1 yF.

LM78L05

Unless ctherwise specified, V| = 10V

Symbol Parameter Conditions Min Typ Max Units
Vo Qutput Voltage 4.8 5 52
TV S V| S 20V
TmA <], <40 mA 475 5.25 Y
(Note 3)
1TmA<lsy €70 mA
(Note 3)0 475 5.25
AVg Line Regulation TV €V €20V 18 75
8V < V) < 20V 10 54 -y
AVq Load Regulation 1mA < |5 €100 mA 20 60
1mA <1, <40 mA 5 30
lo Quiescent Current 3 5
Alg Quiescent Current Change 8V SV, <20V 1.0 mA
TmA <y €40 mA 0.1
Vi, Output Noise Voltage f = 10 Hz to 100 kHz
) ; (Note 4) 4 hv
AVIN Ripple Rejection f=120Hz
AVour 8V < V) < 18V 47 62 dB8
lpk Peak Output Current 140 mA
AVg Average Cutput Voltage Tempco lo = 5 mA 1 65 VG
AT
Vi (Min) Minimum Value of Input Voltage 6.7 7 v
Required to Maintain Line Regulation
] Thermal Resistance .
* {8-Bump micro SMD) 2309 cw
LM78L62AC
Unless otherwise specified, Vi, = 12V
Symbol Parameter Conditions Min Typ Max Units
Vo Qutput Voltage 5.95 6.2 6.45
8.5V <V, < 20V
1 mA <1y <40 mA 5.9 6.5 v
{Note 3)
1mA <1y €70 mA
(Note 3)0 59 6.5
AVq Line Regulation 8.5V £V <20V 65 175
VvV <V €20V 55 125
AV, Load Regulation 1mA < lp <100 mA 13 80 mv
1mA <l 5 40 mA 6 40

www.national.com



LM78LXX Series

Typical Performance Characteristics

Maximum Average Power

Dissipation (£ Package)
0

50

0.125" LEAD LENGTH

FROM PC BOARD
WITH 72°CW HEAT SINK
N 3+

0.9" LEAD LENGTH .
FROM PC BOARD

POWER DISSIPATION (W)
=

AlR
FREE D.125" LEAD LENGTH
FROM PG BOARD -
FREE AIR
a1 4 !
1 15 kL] 45 60 75
AMBIENT TEMPERATURE (*C)
D5007744-14
Ripple Rejection
108
= BO
® 4
3 i
= 1]
L4 i
14
x
Lo
E Vi = 18V
= 20 Vaur =5V
tour =40 mA
T, = 28°C
b (T |
i0 o 1L Dk 100k
FREQUENLCY (Ha}

Quiescent Current

0SB07744-18

14
3]

a T
Vi = 10V
Vaur =5V
32 lout =40 ma "]

1n

g
9

21
A

QUIESCENT CURAENT (mA)

24

Wt -

24

0 25 B0 75 100 125 150
JUNCTION TEMPERATURE [*C)

DS007744-21

Peak Output Current

400 T T
aAYpyuT = 180 my
T T=0°C
R e =
¥, 25°C
£ u [/ ! ™~
~
s ]
5 l Tj= 150°C M
B it
=TT e,
=
0 § 1p 15 M 2/ W
INPUT-QUTPUT DIFFERENTIAL (V)

Output Impedance

DS00TT44-16

10

= .
F vy =10V

50 [ Vour =BY

Floyr = 40 mA

[ Ta = 25°C

Cour =0

Cour = 1uF TANTALUM

05

DUTPUT IMPEDANCE ()
=

0.1

v 2
r 4
r 4
¥ 4
1" oo 1k 10k 190k m
FREQUENCY {Hz}
DS007744-18

Dropout Voltage

INPFUT.QUTPUT OIFFERENTIAL (V)

25

i
=

n

-
L

=
W

L *

IR

!
louy = 70 mA ’
g !

]

- four = 40 mA

lour = 1.0mA

- DROFQUT CONDITIONS
| 6 Vpur =B of Vour 1]

I

25 5D 75 a0 129
JUNCTION TEMPERATURE {*C}
DSGOT 74417

Quiescent Current

QUIESCENT CURRENT {mA)

4t
u
36
14
32
kL)
20
16
24
22
EaL|

Vour = 8V
lgur =40 mA
T=w't
PR NI

] 1 15 0 25 kL

INPUT VOLTAGE (V)
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LM2902,LM324/LM324A,LM224/

LM224A

Quad Operational Amplifier

Features

+ TInternally Frequency Compensated for Unity Gain

+ Large DC Voltage Gain: 100dB

* Wide Power Supply Range:

LM224/LM224A, LM324/LM324A : 3V-32V {or 21.5 ~
16V)

LM2902: 3V~26V (or £1.5V ~ 13V)

Input Common Mode Voltage Range Includes Ground
Large Output Voltage Swing: OV to Vce -1.5V

+ Power Drain Suitable for Battery Operation

Internal Block Diagram

INT(+){ 3
1

g
IN2(){ ST ——=]+

N2() (8= N\ 2/
=y \\ yd
out2 { 7 }——
7

Description

The LM324/LM324A LM2902 LM224/LM224A consist of
four independent, high gain, internally frequency
compensated operational amplifiers which were designed
specifically to operate from a single power supply over a
wide voltage range. operation from split power supplies is
also possible so long as the difference between the two
supplies is 3 volis to 32 volts. Application areas include
transducer amplifier, DC gain blocks and all the
conventional OP Amp circuits which now can be easily
implemented in single power supply systems.

14-DIP

10)IN3 (+)
IN3 ()

\‘B) ouT3

Rev. 1.04

@2002 Fairchild Semiconductor Corporation



LM2902, LM324/LM324A,LM224/LM224A

Schematic Diagram
{One Section Oniy)

veec o J I » - ’
a5 e L/cLz ra [
iy —— S—_—
L
ey
p F‘Qz Q3}—e _
IN o N - Q4" cl
o —{ a /j Sy
o
e IN(+} Q11 QUTPUT
¢
S
T s v
a7 e l {1 @15
QB}-+ Qo Qi3] [ ata] Q16
GNDC I \‘]. l/ +
Absolute Maximum Ratings
Parameter Symbol | LM224/LM224A LM324/LM324A LM2302 Unit
Power Supply Voltage Vce +16 or 32 +16 or 32 13 or 26 vV
Differential Input Voltage VI(DIEF) 32 32 26 Vv
Input Voltage V) -0.3to +32 -0.3 to +32 -0.3t0 +26 Vv
Output Short Circuit to GND ! ; .
Vees15V, TA=25°C(one Amp) - Continuous Continuous Continucus -
Power Dissipation, TA=25°C
14-DIP Pp 1310 1310 1310 mwW
14-50P 640 840 640
Operating Temperature Range TOPR -25 ~ +85 0~+70 -40 ~ +85 °C
Storage Temperature Range TSTG -65 ~ +150 -B5 ~ +150 -85 ~ +150 °c
Thermal Data
Parameter Symbol Value Unit
Thermal Resistance Junction-Ambient Max.
14-DIP Raja a5 °CiW
14-S0OP 185




LM2502,LM324/LM324A,LM224/LM224A

Electrical Characteristics
(Vo = 5.0V, VEE = GND, Ta = 25°C, unless otherwise specified)

LM224 LMm324 L.M2902 .
Parameter Symbol Conditions - - Unit
Min.| Typ. [Max.|Min.| Typ. [Max.| Min. | Typ. | Max.
Vem = 0Vto Vee
Input Offset -1.8V
Voltage VIO | yop) = 14V, Rs - |15 (50| - | 15|70 15 7.0 | mv
= 02 (Note1)
Input Offset o | Vem =0V - |20|30|-|30|s5 | - 30[s50|na
Current ) ' '
Input Bias Current| IBIAS | VCM =0V - 40 | 150 - 40 (2501 - | 40 | 250 | nA
Input Common- Ve Vce Ve
Mode Voltage VI(R) | Note1 0 - sl 0|18 - 0 - |15V
Range n
RL = e VCC = 30V
- | 10| 3 - 10 ] 3 - 10| 3 [mA
Supply Current lce (LM2802 VCcc=26V)
RL = o,VCC = 5V - |07 (12| - |07 12| - |07 [12]|mA
Large Signal VGG = 15V, RL=2kQ ) ) Y/
Voltage Gain Y Vo(p) = 1V to 11V 50 () 108 4o § 25-1-(00 R | 100 mv
Vi Note1 Ry = 2kQ2 | 26 - - 26 - - 22 - - Vv
ote
g;fﬁ;t Voltage o) RL=10kG | 27 | 28 | - |27 | 28 | - | 23| 24| - | V
Vo) | Voe = 5V,RL=10kQ | - 5 |20 | - 5 (20| - 5 1100 | mV
Common-Mode | ~ype ! 70| 85 | - |6s| 751 - |5s0|75]| - | a8
Rejection Ratio
Power Supply | popp 3 65| 100 | - |65 |100] - | 50 |100| - | aB
Rejection Ratio
Channel f = 1kHz to 20kHz
Separation s {Note2) Cfn s 92 > BIRR R = | - |95
Short Gircuitto | 1o | yoe = 15V - | a0 60| - |40 |60| - |40]60]|ma
GND
Vig+y = 1V, Vi) = 0V
ISOURCE| VCC = 15V 20 | 40 - | 20| 40 - |20 40| - |mA
Vo(p) =2V
Vi(+) = 0V, Vi) = 1V
Qutput Current Vce =18V 10 | 13 - 10 | 13 - 10 | 13 - | mA
Vo(p) = 2V
ISINK
Vigw) = OV, Vi = 1V
Voo =BV VO(R) = 12 | 45 - |12 | 45 - - - - | BA
200mv
Differential Input
Voltage VI{DIFF) - | - Ivee| - | - Iveg| - | - |vec| v
Note :

1. VCcc=30V for LM224 and LM324 , Vcc = 26V for LM2802
2. This parameter, although guaranteed, is not 100% tfested in production.




LM2502,LM324/LM324A,LM224/LM224A

Electrical Characteristics (Continued)

(Vcc = 5.0V, VEE = GND, unless otherwise specified)
The following specification apply over the range of -25°C s TA < + 85°C for the LM224; and the 0°C £ TA < +70°C

for the LM324 ; and the -40°C < Ta < +85°C for the LM2802

LMm224 LM324 LM2902

Parameter Symbol Conditions - - - Unit
Min.| Typ. | Max. |Min.| Typ.| Max. | Min. | Typ. |Max.

Vicwm = 0V to Voo
-1.5V

input Offset Voltage VIO VO(P) = 1.4V - - 7.0 - - 9.0 - - 100 mV
Rs = 02 (Note1)
'[r)‘r‘i’f‘t“ OffsetVoltage | xvnyaT| Rg=0QMNote2) | - |70] - | - [70] - | - [70] - |uvrC
Input Offset Current o Vem = 0V - - | 100 | - - 1150 | - - 1200 nA
Input Ofset Curtent | /a7 | Rs= 00 Note2) | - | 10 | = | = (10| - 1 - 10| - pAC
Input Bias Current IBlAS | VCm =0V - - | 300 - - | 500 - - | 500 | nA
InputCommon-Mode Vce Vce vce
Voltage Range VIR) | Notel e R Y M R Y, . “ 2o VY
. Ve = 19V,
carge Signa Voltage | o | Ry = 2.0k 951 - | -« |15 -1 - |15] - | - lvmv
Voip)y = V1o 11V
RL=2k | 26 - - 26| - - 22 - - v
VoH) | Notel
Qutput Voltage RL=10k | 27 | 28 - 27 | 28 - 23 . 24 | - Y
Swing Voo =
CC =] 5V|
Vo(L) RL=10kE2 - 5 | 20 - 5 | 20 - 5 | 100 mV
Vi) = 1V, Vi)
ISCURCE| =0V Ve = 15V, 10 | 20 - 10 | 20 - 10 | 20 - mA
VO(P) = 2V
Qutput Current Vi+) = OV,
Vi =1V
ISINK Vee = 15V, 10 | 13 - 5| 8 - 5 8 - mA
Vopy =2V
Differential Input
Voltage VI{DIFF) < Vo gwvee| - | - | vee!| - | - |vec| Vv
Note:

1. Voe=30V for LM224 and LM324 , VoG = 26V for LM2902
2. These parameters, although guaranteed, are not 100% tested in production.




LM2902,L M324/L M324A,LM224/LM224A

Electrical Characteristics (continued)
(Vcc = 5.0V, VEE = GND, Ta = 25°C, unless otherwise specified)

LM224A LM324A .
Parameter Symbol Conditions - - Unit
Min. | Typ. [ Max. | Min. | Typ. | Max.
Ve = Vto Voo
-1.5V
Input Offset Voltage Vio VOP) = 14V, Rs = 0] 1.0 | 3.0 - 15 | 30 i mV
(Note1)
Input Offset Current ho Veum = OV - 2 15 - 3.0 30 nA
Input Bias Current IBIAS | VCM = OV - 40 80 - 40 1 100 | nA
Vee
Input Common-Mode _ Vee
Voltage Range ViR) | Vee =30V 0 " |as| © o el
Supply Current G Ve =30V, RL = - 1.5 3 - 1.5 3 mA
PPl VCC = 5V, RL = o - 07 | 1.2 - 07112 | mA
. . Voo = 15V, RL= 2kQ
Large Signal Voltage Gain Gy Vo) = 1V 1o 11V 50 | 100 - 25 | 100 - |[VimV
RL = 2kQ 26 - - 26 - - v
. VO(H) | Notet
Output Voltage Swing RL=10k&2 | 27 | 28 - 27 | 28 - v
Vo[ | Ve =5V, RL=10kQ - 5 20 - 5 20 | mv
Common—Mode Rejection CMRR i 70 | 85 . 65 | 85 i dB
Ratio
Power Supply Rejection Ratio| PSRR - 65 | 100 - 65 | 100 - dB
Channel Separation cs Il:ollé?)z o AR Cf120f - | - |120] - | a8
Short Circuit to GND Isc Vee = 15V - 44 | 80 - 40 | 60 | mA
Vi) = 1V, Vi = 0V ) )
ISOURCE| o =15y, VO(P) = 2V 20 | 40 20 | 40 mA
Vips) = OV, Vi) = 1V ]
Output Current Vee = 15V, Vo) = 2V 10,1 500 12°\ I} mA
ISINK | Vi(+)=0v, Vi) = 1V
Vee =5V 12 | 50 - 12 | 50 - 1A
Vopy = 200my
Differential Input Voltage VI(DIFF) . - - iVee | - - |Veec| V
Note:

1. VCC=30V for LM224A, LM324A
2. This parameter, although guaranteed, is not 100% tested in production.




LM2902,LM324/LM324A,LM224/LM224A

Electrical Characteristics (Continued)

{(Vcc = 5.0V, VEE = GND, unless otherwise specified)
The following specification apply over the range of -25°C < Ta < +85°C for the LM224A,; and the 0°C < TA <+70°C

for the LM324A

LM224A LM324A
Parameter Symbol Conditions Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Vcm =0V to Ve -1.5V
Input Offset Voltage Vio Vopy = 1.4V, Rg = 0Q2 - - 4.0 - - 50 i mv
(Note1)
Input Offset Voltage Drift | AVIO/AT | Rs = 02 (Note2) - 7.0 | 20 - 7.0 | 30 |pvirC
Input Offset Current ho Vom = 0V - - 30 - - 75 nA
Input Offset Current Drift ANOIAT | Rs = 00 (Note2) - 10 | 200 - 10 | 300 | pA/°C
Input Bias Current IBIAS - - 40 (100 | - 40 | 200 | nA
Input Common-Made Vec vVce
Voltage Range VI(R). | Note' . "0 ® “ 20| VY
Large Signal Voltage Gain Gy Voe = 15V, RL= 2.0kQ 25 - - 15 - - | VimV
RL = 2kQ 26 - - 26 - - v
) VoQ(H) | Notet
Output Voltage Swing RL = 10k 27 | 28 - 27 | 28 - \
Vo(L) | Voo =5V, RL= 10k : 5 20 - 5 20 | mv
Vig+) = 1V, V|(-y = OV < )
ISOURCE VCC = 15V, VO(P) = 2V 10 | 20 10 | 20 mA
Qutput Current v V7 5
i(+) = UV, VI = | .
ISINK Ve = 15V, Vo(p) = 2V 5 8 5 8 mA
Differential Input Voltage VI({DIFF) - - - |Vece| - - |Vece| WV

Note:
1. VCC=30V for LM224A and LM324A.
2. These parameters, although guaranteed, are not 100% tested in production.
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MM74HCO04
Hex Inverter

General Description

The MM74HCO04 inverters utilize advanced silicon-gate
CMOS technology to achieve operating speeds similar to
LS-TTL gates with the low power consumption of standard
CMOS integrated circuits.

The MM74HCO04 is a triple buffered inverter. It has high
noise smmunity and the ability to drive 10 LS-TTL loads.
The 74HC logic family is functionally as well as pin-out
compatible with the standard 74LS logic family. All inputs

September 1983
Revised February 1993

are protected from damage due to static discharge by inter-
nal diade ctamps to Vg and ground.

Features
M Typical propagation delay: 8 ns
W Fan cut of 10 LS-TTL loads

W Quiescent power consumpticn: 10 pW maximum at
room temperature

M Low input current: 1 pA maximum

Ordering Code:

Order Number | Package Number Package Description
MM74HCG4M M14A 14-Lead Small Outline Integrated Circuit {SQIC), JEDEC MS-120, 0.150" Narrow
MM74HCG43. Mt4D 14-Laad Small Outline Package (S0P}, EIAJ TYPE Il, 5.5mm Wida
MM74HCCAMTC MTC14 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
MM74HCO4N N14A 14- ead Plastic Dual-in-Line Package (PDIP), JEDEC M3-001, 0.300" Wide

Devicas alsc avallable in Tape and Reel. Specify by appanding tha suffix ietter “X" to the ordering code.

Connection Diagram

Pin Assignments for DIP, SOIC, SOP and TSSOP

vee A Y8 AS ¥s A Y4

lu |1a |1: 11 1g In B

T PN\ sk T

Al Y1 a2 ¥z A3 3 GNO
Top View

Logic Diagram

1 of 6 Inverters

A o—P>o—>o—>o—0

© 1999 Fairchild Semicenductor Corporalion DS005069 prt’

www.fairchildsemi.com
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MM74HC04

Absolute Maximum Ratingsnote 1) Recommended Operating
{Note 2) Conditions
Supply Voltage (Vee) -0.5t0 +7.0V Min Max Units
DC Input Voltage (Vi) 1.5t Ve +1.5V Supply Voltage (Vec) 2 6 \%
DC Qutput Valtage (Vo) -05ta Ve +0.5V DC Input or Output Voltage 0 Vee V
Clamp Diode Current (1, lok) +20 mA (M Vour)
DC Output Current, per pin (loyt) £25 mA Operating Temperatura Range (T,) —40 485  °C
DC V¢ or GND Current, per pin {lec) +50 mA Input Rise or Fall Times
Storage Temperature Range {Tgrg) —-65°C 10 +150°C .ty Ve =2.0v 1000 ns
Power Dissipation (Pg) Voo = 4.5V 500 ns
{Note 3) 600 mwW Ve = 6.0V 400 ns
$.0Q. Package only 500 MW Note 1: Absolule Maximum Ratings are those values bayond which dam-

Lead Temperature (T))

age to the device may occur.

Note 2: Unless ctherwise specifiad all voltages are referenced 1o ground.

(Soldering 10 seconds) 260°C

12 mWMC from 65°C to B5°C.

DC Electrical Characteristics note 4)

Mote 3: Power Dissipation temperalure derating — plastic "N package. —

Ta=25C Ty =400 B5'C| Ty =550 125°C
Symbol Paramatar Conditions Vee Units
Typ Guaranteed Limits
Vin Minimum HIGH Level 2.0v 1.5 1.5 1.5 v
Input Voltage 4.5V 3.15 3.15 3.15 v
6.0V 42 42 4.2 vV
Vi Maximum LOW Level 2.0V +E} Q.8 0.5 v
Input Voltage 4.5V 1.35 1.35 1.35 v
6.0V 18 1.8 1.8 v
Vor Minimum HIGH Level Vin=Vn
Output Voltage oyt s 20 pA 2.0V 20 1.8 1.9 18 Vv
4.5V 4.5 4.4 4.4 4.4 v
6OV 60 59 5.9 5.9 \
Vin=ViL
lourl = 4.0 mA 454 42 3.98 3.84 a7 v
loutl € 5.2 mA g0V 57 548 5.34 5.2 W
Vo Maximum LOW Level Vin=Vin
CQutput Voltage lloutl < 20 pA 20v V] 0.1 0.1 01 v
4.5V 0 0.1 0.1 0.1 v
6.0V 0 0.1 0.1 0.1 v
Vin=Vin
liputl < 4.0 mA 45v 0.2 0.26 033 0.4 v
lloutl €5.2 mA 6.0V 0.2 0.25 03 04 v
™ Maximum Input Vin= Vg or GND 6.0V 0.1 11.0 1.0 pA
Current
lec Maximum Quisscent Vin = VMoo or GND 6.0V 2.0 20 40 HA
Supply Current lour=0 pA

Note 4: For a power supply of 5V £10% lhe worst casa output voltages Vg, and Vg, ) oceur far HC at 4.5V, Thus the 4.5V valuas should be used when
designing with this supply. Worsl case Vi,q and V) ocour at Ve -=5.5V and 4.5V respeclively. {The V|;; value at 5.5V is 3.85V.) The worsl case leakage current

{hn. Jees and igz) occur far CMOS al the higher voltaga and sa the 6.0V values should be used.

www.fairchildsemi.com 2




AC Electrical Characteristics
Ve =5Y, Ta=25°C. C_ = 15pF, ,=Y=6ns

Guarantead
Symbol Paramater Conditions Typ Units
Limit
tens tPLH Maximum Propagalion 4 15 ns
Delay

AC Electrical Characteristics
Vee = 20V 10 6.0V, C_= 50 pF, I, = k= 6 ns (unless olherwise specified)

Ty=25C Tp=—40t0 asuc] Ta= 5510 125°C
Symbeol Parameter Conditlons Vee Units
Typ Guaranteed Limits
top, Ipry | Maximum Propegation 20v 55 a5 120 145 ns
Delay 4.9V 1" 19 24 2% ns
GOV k] 16 20 24 ns
trws trie | Maximum Quiput Rise 20V 30 75 a5 1o ns
and Fall Time 4.5V i 15 19 22 ns
6OV 7 13 16 19 ns
Cpp Power Dissipaticn (per gate) 20 pF
Capacitance (Note 5)
Cn Maximum Input ] 10 10 10 pF
Capacitancea

Note 5: Cppy detanmmines Ihe na kad dynamic power cansumplian, Py = Cpp Vo' T+ lge Ve, and the no load dynamic cumrent consumption,

Is=Cpp Ve T+ lee.

www fairchildsemi.com
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FAIRCHILD
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MM74HC4060
14 Stage Binary Counter

General Description

The MM74HCA4060 is a high spead binary ripple carry
counter, These counters are implemented utilizing
advanced silicon-gate CMOS technalogy to achieve spead
performance similar to L.S-TTL logic while retaining the low
power and high noise immunity of CMOS.

The MM74HCA0B0 is a 14-stage counter, which device
increments an the falling edge (negative transition) of the
input clock, and all their cutputs are reset lo a low level by
applying a logical high on their reset input. The
MM74HC4060 alsc has two additional inputs to enable
easy connection of either an RC or crystal oscillator.

August 1984
Revised February 1989

This device is pin equivalant to the CD4060. All inputs are
protectad from damage due io static discharge by protec-
ticrs diodes fo Ve and ground.

Features

W Typical propagation delay: 16 ns

W Wide operating voltage range: 2-6V

B Low input current: 1 uA maximum

B Low quigscent current: B0 pA maximum (74 Series)
B Output drive capability: 10 LS-TTL loads

Ordering Code:

Order Number | Package Number Package Description
MMT74HC4060M M16A 16-Lead Small Outline Integrated Gircuit (SOIC), JEDEC MS-012, 0.150" Narraw
MM74HC40605) M16D 16-Lead Small Qutline Package (SOP), EIAJ TYPE il, 5.3mm Wide
MM74HCA4060MTC MTC16 16-Lead Thin Shrink Small Cutline Package (TSS0P), JEDEC MO-1583, 4.4mm Wide
MM74HC4060N N16E 16-L.ead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devices also available in Tape and Resl. Specify by appanding the suffix {etter "X" lo the arlering code,

Connection Diagram

Pin Assignments for DIF, 5CIC, SOP and TSSOP

LI oio i].] 09
iIE 15 14 13

RESET  CLOCX CLDCK 1 CLOCK 2

12 1" 10 9

1 2 3 4 5 [ 7 8
mz m3 14 06 as a7 04 GND
Top View
© 1999 Fairchild Semiconductor Corporation DS003354.prt www.fairchildsemi.com
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Absolute Maximum Ratingsnote 1)

{Nota 2)

Supply Voltage (Vc)

DC Input Voltage (V)

DC Output Voltage (Vo)

Clamp Diode Current {Icp}

DC Output Current, per pin {lgyt)

DC Vo or GND Current, per pin {lcc)
Storage Temperature Range (Tgyg)

Power Dissipation {Pg)
(Nete 3)
§.0. Package only
Lead Temperature {T }
(Soldering 19 seconds)

—0.5 to +7.0V
-1.5t0 Vgo +1.5V
0.5 to Vg +0.5V

120 mA
125 mA
150 mA
-65°C to +150°C

600 mW
500 mwW

260°C

DC Electrical Characteristics mote 4)

Recommended Operating

Conditions

Supply Voltage (Vi)
DC Input ar Output Voltage
Vin. Vour)

Operating Temperature Range {T,)

Input Rise or Fali Times
{tn t) Voo =2.0¢
Voo = 4.5V
Ve = 6.0V

Min  Max
2 6

0 Vee

—40 185

1600

500

400

Units

°C

ns
ns
ns

Note 1: Maximum Ralings are thase valuas beyond which damage to the

davice may occur.

Nate 2: Unlass otherwiss spacified all voltages are raferenced o graund.

Note 3: Power Dissipation temperature derating: plastic "N" packaga:

—12 mW/-C from 65°C le B5°C.

Ta=25C Tn=-4D10B5C|Ty=-5510125°C
Symbol Parameter Condltions Vee Units
Typ Guarantead Limits
ViH Minimurm HIGH 20V 1.5 15 1.5 A
Level Vallage 4.5V 3.15 3.15 315 s
{Nol Applicable to Pins 9 & 10) 6.0V 4.2 4.2 4.2 v
ViL Maximum LOW L evel 2.0v 05 0.3 0.5 v
Input Voltage 4.5V 1.35 1.35 1.35 v
{Nol Appiicable to Pins 9 & 10) 6.0V 14 14 1.8 \
Von Minimum HIGH Levet V=V or V.
QOutput Voltage llgutl = 20 pA 2.0v 20 18 149 19 v
4.5V 4.9 44 4.4 4.4 A
6.0V 6.0 539 59 59 3
Excapt Pins | Viy=VjyorV
3410 lloutl 4.0 ma 48V 432 1.98 a4 a7 v
Jloytl < 5.2 ma 6.0V 57 5.48 5.34 5.2 v
Pins Vin= Vi OF V) 398 384 37 v
8810 lloutl = 0.4 mA 5.48 5.34 5.2 v
lloutl = 0.52 mA
Vo Maximum LOW Level Vin= Vi or vy,
Output Voltage llguyl % 20 pA 2.0V 0 o1 0.1 01 W
4.5V 0 01 01 01 4
6.0V 0 04 0.1 01 vV
Except Pins | Vjy=V|yor V),
5410 lloutl s 4.0 mA 4.5V 02 0.26 0.33 0.4 v
llaut! € 5.2 mA 6.0V az 026 0.33 0.4 v
Pins Vin=Vig or vy 026 0.33 0.4 v
5810 ltogt| = 0.4 mA 0.26 0.33 0.4 v
llour] = 0.562 mA
'™ Maximurm Input Current Vi =V or GND 8.0V 0.1 1.0 £1.0 LA
lcc Maximum Quiescent Vin = Vgcor GNDR
Supply Current loutr =0 A 6.0V BO 80 160 LA

Nofte 4: Far a power supply of 5V +10% the worst casa output veliages (Vap, and Vi ) ocour for HC at 4.5V, Thus the 4.5V values should be used when
dasigning with this supply. Warst casa Vi and V| accur al Ve = 5.5V and 4.5V respactively. {The v, valua al 5.5V is 3.85V.) The worsi casa jaakage cur-
rent (k. |, and lgz) occur for CMGS at Lhe higher valtaga and so the 6.0V values shauld bs usad.

www, fairchildsemi.com
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MM74HC4060

AC Electrical Characteristics

Vee=5V, Ta=25°C, C =16 pF t, = =6 ns

Guaranteed
Symbal Parametar Conditlons Typ Units
Limit

fuax Maximum Clock Frequency 30 MHz

tpHL. TPLH Maximum Propagation {Note 5) 40 20 ns
Dalay to Q4

teHL. TPLH 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 1o 6.0V, C = 50 pF, I, = k= 6 ns (unless otherwise specified}

Ta=25C lTA =40 to 85°C| T, = 5510 125°C
Symbol Parameter Conditlons Voo Units
Typ Guarantead Limits
Tuax Maximum Operaling 2.0v ] 5 4 MHz
Frequency 4.5V 30 24 20 MHz
6.0V 35 28 24 MHz
ey IpLp | Maximum Propagalion 2.0V 120 380 475 171 ns
Delay Clock to Oy 4.5V 42 76 95 114 ns
6.0V a5 65 B1 ar ns
tpHL Maximum Prapagalion 2.0V 72 240 3oz 358 ns
Delay Reset to any Q 4.5V 24 48 60 72 ns
6.0V 20 41 51 61 ns
tphL. lpLp | Maximum Propagalion 20V 125 156 188 ns
Dalay Batween Stages 4.5V 25 31 38 ns
Qp to Ay 6.0V 21 28 3 ns
trEM Minimum Reset 2.0v 100 125 150 ns
Removal Time 4.5¢ 20 25 30 ns
6.0V 17 21 25 ns
toy Minimum Pulse Wiadth 20V 80 100 120 ns
4.5V 16 20 24 ns
6.0V 14 17 20 ns
i & Maximum Input Rise and 240v 1000 1000 1000 ns
Fall Time 4.5V 500 500 500 ns
B.0V 4Qc 400 400 ns
Ly, oy | Maximum Qutput Rise 20V 30 75 95 110 ns
and Fall Time 4.5Y 10 15 14 22 ns
B4V 9 13 16 19 ns
Cep Power Dissipation (per packaga) 55 pF
Capacitance (Note 6)
Ci Maximum |nput 5 10 10 10 pF
Capacitance

Note 5 Typical Propagaticn delay lime o any outpul can be calculaled using: tp = 17+12{N-1) n&; where N is Iha numbar of the output, Gy, at Vee = 5V.

Nota &: Cpp delermines the no load dynamic power consumption, Pp = Cpg Vee? tHoe Veg, and the no load dymamic current consumplion,
lg=Cpp Ve M+ lge.

www.fairchildsemi.com




MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by BS170/D

TMOS FET Switching

N-Channel — Enhancement

BS170

1 DRAIN
|_
H—}
2 —
GATE
_T™Mas 3 SOURCE
MAXIMUM RATINGS |
Rating Symbol Value Unit ?q
Drain - Source Voltage Vps 60 Vdc
CASE 2904, STYLE 30
Gate-Source Voltage '
— Continuous o £20 vde T0-92 (TO-226AA)
— Non-—repetitive (t < 50 ps) VGSM +40 Vpk
Drain Current(1) Io 0.5 Adc
Total Device Dissipation @ Ta = 25°C Pp 350 mw
Operating and Storage Junction TJ. Tstg ~55to +150 °C
Temperature Range
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbal [ Min I Typ | Max | Unit I
OFF CHARACTERISTICS
Gate Reverse Current Igss — .01 10 nAdc
(Vas = 15 Vde, Vg = 0)
Brain—Source Breakdown Voltage V(BR)DSS 60 90 — Vdc
(Vg =0, Ip = 100 pAdc)
ON CHARACTERISTICS(2)
Gate Threshold Voltage VGSs(Th) 0.8 20 3.0 Vde
(Vs = Vs, Ip = 1.0 mAde)
Static Drain-Source On Resislance 'DS{an} — 1.8 5.0 Q
(Vs = 10 Vde, I = 200 mAdc)
Drain Cutoff Curent ID(off) — — 0.5 UA
(Vps = 25 Vde, Vgg =0 Vde)
Forward Transconductance dis - 200 — mmhas
(Vpg = 10 Vdc, Ip = 250 mAdc)
SMALL-SIGNAL CHARACTERISTICS
Input Capacitance Ciss — — 60 pF
(Vpg = 10 Vde, Vzg =0, = 1.0 MHZz)
SWITCHING CHARACTERISTICS
Turn—0n Time ton — 4.0 10 ns
(Ip = 0.2 Adc) See Figure 1
Turn—Off Time Loff — 4.0 10 ns
(Ip = 0.2 Adc) See Figure 1

1. The Power Dissipation of the package may result in a lower continuaus drain current.
2. Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%.

REV 1

© Motorala, Ing, 1997
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SEMICONDUCTOR ™™

CD4020BC - CD4040BC - CD4060BC

14-Stage Ripple Carry Binary Counters ¢
12-Stage Ripple Carry Binary Counters *
14-Stage Ripple Carry Binary Counters

General Description Features

The CD4020BC, CD4060BC ara 14-stage ripple carry B Wide supply voltage range: 1.0V to 15V
binary counters, and the CD4040BC is a 12-stage ripple W High noise immunity:  0.45 Vpp (typ.}

carry binary counter. The counters are advanced one count ibility: wving 7L
on the negative transition of each clock pulse. The W Low power TTL compatibility: Fan out of 2 driving

counters are reset to the zero state by a logical “1” at the or F!riving T4L8
reset input independent of clack. W Medium speed operation: 8 MHz typ. at Vpp = 10V

W Schmitt trigger clock input

Ordering Code:

Order Number Package Number Package Descriptlon

CD40208CM M16A 16-Lead Small Oulline Integrated Circuil (SOIC), JEDEC MS-012, 0.150" Narrow
CD4020BCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP}, JEDEC MS-001, 0.300" Wide
CD40408CM M18A 16-Lead Small Qutline Intagrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4040BCSJ M16D 16-Lead Small Oulline Package (SOP), EIAJ TYPE II, 5.3mm Wide

CD4040BCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
CD4060BCM M16A 16-Lead Small Qutline Integratad Gircuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4060BCN N16E 16-Lead Piastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide

Devices also available in Tape and Reel. Spacity by appanding the suffix letter “X” tn tha ardering code.

Connection Diagrams

Pin Assignments for DIP and SOIC Pin Assignments for DIF, SOIC and SOP
CD4020BC CD4040BC
vpp g 01g g 0 RESET o 1] Yop O Qg ag Op REIET 1 m
o s s s P2 | o e e bs e i Jiz [ Ju ]s
Voo l VoD
)] )
Vas v,
ii ? 3 4 § 3 1 ] II 2 3 [+ s § 7 a

a3 i 0g 1] a a3 az vss
Top View

oy Q3 0 0 Oy Oy Dy Vgs
Top View

£ 1999 Fairchild Semiconductor Corporation DSOA5H53.pri’ www.fairchildsemi.com
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Absolute Maximum Ratingsnete 1)

Recommended Operating

{Note 2) Conditions
Supply Voltage (Vpp) -05V1ie +18Y  gupply Vioitage (Vo) +3V to +15V
Input Voltage {V,y,) -0.5V to Vp +0.5V Input Voltage (Vi) 0V to Vpp
Storage Temperature Range (Tg) -65°C to +150°C Qperaling Temperature Range (T} -40°C to +B5°C
Package Dissipation {PD) Nate 1: "Absolule Maximum Ratings™ are thosa valuas bayond which the
Dual-In-Line 700 mwW safely of the davice cannol be guaranteed. Thay are nol meani o imply
that the devicas sheuld be operated at these limils. The tables of “Recom-
Small Qutling 500 mW  mendad Oparating Conditions™ and “Electrical Characterislics™ provida con-
Lead Temperature Ty ditions for actual device oparation.
(Soldering, 10 sec:nds) 260°C Mota 2: Vg5 = 0V unless otherwise spacifled.

DC Electrical Characteristics note 2)

CD4020BC « CD4040BC - CD4060BC

-40°C +25°C +B5°C
Symbol Parametar Conditions Unlts
Min Max Min Typ Man Min Max
Iop Quiescent Device Current Vpp = 8V, Vi = Vpp or Vs 20 20 150 HA
Vgp = 10V, V) = Vg O Vas 40 40 300 | WA
Vpp = 15V, V) = Vgp O Vas 80 80 600 | pA
VoL LOW Level Qulput Voltage Vpp = 5Y 005 0 0.05 0.05 v
Vgp = 10V 0.05 a 0.05 005 | v
Vpp = 18V 0.05 0 0.05 005 | Vv
Vou HIGH Level Output Voltage Vop = 6V 4.95 4.95 5 4.95 v
Vgp = 10V 9.95 995 [ 10 9.95 Vv
Vpp =18V 1495 14.95 15 14.95 v
Vie LOW Level input Voltage Vpp = 8Y, Vo = 0.5V or 4.5V t5 2 1.5 1.5 v
Vpp = 10V, Vg = 1.0V or 8.0V 30 4 3.0 3.0 v
Vop = 15V, Vg = 1.5V or 13.5V 40 6 4.0 40 v
Ve HIGH Level Input Voltage Vop = 9V, Vg = 0.5V or 4.5V 35 a5 3 35 v
Vpp = 10V, Vg = 1.0 or 5.0V 7.0 7.0 B 7.0 v
Vpp = 15V, Vg = 1.8V or 13.5V 14 114 9 1.6 Vv
low LOW Level Outpul Current Vop = 5V. Vg = 0.4V 0.52 044 | 0.88 036 mA
{Note 3) Vpp = 10V, Vg = 0.5V 13 11 | 225 0.9 mA
Vpp = 158V, Vg = 1.5V 3.6 3.0 84 24 mA
loH HIGH Leval Quipul Current Vpp =5V, Vp = 4.6V -0.52 <044 | -0.88 —0.36 mA
(Note 3) Vpp = 10V, Vip = 8.5V -13 14 | 225 0.9 mA
Vpp = 15V, Vg = 13.6V -3§ a0 | eA 2.4 mA
™ Input Curtent Vpp = 15V, Vi = OV -0.30 10 | -0.20 10| wA
Vpp = 15V, Viy = 15V 0.30 R e I ] 10 | wA

Note 3: Data dees not apply to oscillator poinls ¢ and ¢g of CD40B0BC. lgy and |5 are tested ane ocutput al a time.
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AC Electrical Characteristics note 4
CD40208C, CD4040BC Ty = 25°C, C, =80 pF, R, =200k, t = &= 20 ns, uniess otherwise naled

Symbol Parameter Canditions Min Typ Max Units
tamLs teLHa Propagation Delay Time to Q, Vpp = 5V 250 580 ns
Vpp = 10V 100 210 ns
Vpp = 15¥ 75 150 ns
top. 1oLy Interstage Propagation Delay Time | Vpp =5V 150 330 ns
from Qp to Gy Vpp = 10V 60 125 ns
Vpp = 15V 45 50 ns
It brim Transition Time Vpp = 5V 100 200 ns
Vpn = 10V 50 100 ns
Vop = 15V 40 80 ns
Ly twH Mirimum Clack Pulse Widlh Vpop =5V 125 335 ns
Vop = 10V 50 125 ns
Vpp = 15V 40 100 ns
Tew kol Maximum Clock Rise and Fall Time | Vpp =5V No Limit ns
Vop =10V No Limit ns
Vpp = 15V No Limit ns
e Maximum Clock Frequency Vpp =5V 15 4 MHz
Vgp = 10V 4 10 MHz
Vp = 15¥ 5 12 MHz
tory(r) Reset Propagalion Delay Vpp =8V 200 450 ns
Vop = 10V 100 210 s
Vpp = 15V 80 170 ns
twhiry Minimum Reset Pulse Width Vpp = 8V 200 450 ns
Vpp = 10V 00 210 ns
Vpp = 15V 80 170 ns
Cin Average Input Capacilance Any Input 5 7.5 pF
Cpo Pawer Dissipation Capacitance 50 pF

Note 4: AC Parameters are guaraniaed by DC corralated lesting.

www,fairchildsemi.com
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CD4020BC - CD4040BC - CD4060BC

AC Electrical Characteristics (note 5)
CD40B0BC T, = 25°C, C = 50 pF, R = 200k, t, =t = 20 ns, unless otharwise noled

Symbol Parameter Conditlons Min Typ Max Units
tppan tpLHa Propagation Deiay Time lo Q, Vpp =5V 550 1300 ns
Vpp = 10V 250 525 ns
Vpp = 15V 200 400 ns
tpres teLn Imerstage Propagalion Delay Time | Vpp =5V 150 330 ns
from Qg 10 Qs Vgp =10V 60 125 ns
Vpp = 15V 45 90 ns
rHL TiH Transition Time Vpp =5V 100 200 ns
Vpp = 10V 50 100 ns
Voo = 15V 40 BC ns
[T Minimum Clock Pulse Widlh Vpp =5V 170 500 ns
Vgp = 10V 85 170 ns
Vpp = 15V 50 125 ns
treLs bl Maximum Clock Rise and Fall Time | Vpp =5V No Limit ns
Vpp =10V Na Limit ns
Vpp =15V Na Limit ns
for Maximum Clock Frequency Vg = 5V 1 3 MHz
Vpp = 10V 3 8 MHz
Vpp =15V 4 10 MHz
[ Reset Propagation Delay Vop =5V 200 450 ns
Vgp = 10V 100 210 ns
Vpp = 15V 80 170 ns
bwrR) Minimum Reset Pulse Width Vop = 5V 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 15Y 80 170 ns
Cin Average Input Capacitance Any Input 5 75 pF
Cpp Pawer Dissipation Capacitance 50 pF

Nate 5: AC Paramelers ara guaranieed by DC carrelatad 1esling.
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LM35

July 1999

Precision Centigrade Temperature Sensors

General Description

The LM35 serigs are pracision integrated-circuit tlemperature
sensors, whose oulput vollage is linearly preportional ta the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over finear temperature sensors calibrated in
" Kelvin. as the user is not required to subtract a large con-
stant voltage from its output to obtain convenient Centigrade
scaling. The LM35 does not require any extamal calibration
or trimming to provide typical accuracies of £%4°C at room
temperature and +34°C over a full =55 to +15D0°C tempera-
ture range. Low cost is assured by trimming and calibration
at the wafer level. The LM35's low outpul impedance, linear
output, and precise inherent calibration make interfacing to
readout or contral circuitry especially sasy. It can be used
with single power supplias, or with plus and minus supplies.
As it draws only 60 pA from its supply, it has very low
self-heating, less than 0.1°C in still air. The LM35 is rated to
operate over a -557 to +150°C temperature range, while the
LM35C is rated for a —40° to +110°C range (—10" with im-
proved accuracy). The LM35 series is available packaged in

hermetic TO-46 transistor packages, while the LM35C,
LM35CA, and M350 are also available in the plastic TC-92
transistor package. The LM35D is also available in an B-lead
surface meunt small cutline package and a plastic TO-220
package.

Features

& Calbrated directly in ~ Celsius {Centigrade)
& Linear + 10.0 mV/"C scale factor

0.5°C accuracy guaranteeable (at +25°C)
Rated for full —85° to +160°C range
Suitable for remate applications

Low cost due to wafer-lavel trimming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
Nanlinearity only £14°C typical

Low impedance output, 0.1 12 for 1 mA lvad

Typical Applications

+¥s
[4V TO 20¥)

LM35

L

| ouTRUT
0 i+ 10.0 A/ <C

DE005516.3

FIGURE 1. Basic Centigrade Temperature Sensor
{¥2°C to +150°C)

TRI-STATE* 15 a ragisterad vadsmark of Natoral Semiconductor Coeporation.

+Vs

LM35 Vour

_L Ri

—Vs
D&005516-4
Choosa Rq = —Vgi50 pA
V our =+1,500 mV at +150°C
= +250 mV at +25'C
= -550 mV at -55'C

FIGURE 2. Full-Range Centigrade Temperature Sensor

@ 1995 National Semiconductor Corporation

DS005518
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Connection Diagrams

TO-46
Metal Can Package*

BOTTOM VIEW
PS5516-1

*Case is connected to negative pin {GND)
Order Number LM35H, LM35AH, LM35CH, LM35CAH or
LM35DH
Sea NS Package Number HOZH

TO-92
Plastic Package

BOTTOM VIEW
DE005516-2
Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number ZO3A

508
Small Qutline Molded Package

Your =11 ~ Ll
NC —2 L B
NC.—3 &= N.C.
GND — 4 SNG

05005516-21

N.C. = No Connecticn
Top View

Qrder Number LM35DM
See NS Package Number MOSA

TO-220
Plastic Package*

O

]
3507

Wy Yout
GHD
DSGOBE16-24
*Tab is connected to the negative pin {GND}.
Note: The LM35DT pinoul is different than tha discontinuad LM350F.
Order Number LM350T
See N5 Package Number TAO3F
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Absolute Maximum Ratings (ote 10)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage
QOutput Voltage
Qutput Current
Storage Temp.;
TO-46 Package,

+35V ta -0.2V
+6V ta —1.0V
10 mA

-60°C to +180°C

TO-82 and TO-220 Package,

{Soldering, 10 seconds)

SO Package {Note 12}
Vapor Phase (60 seconds)

infrared (15 seconds)
ESD Susceptibility {(Note 11)

260°C

215°C
220°C
2500V

Specified Operating Temperature Range: Ty 10 T ax

{Note 2)

LM35, [(M32A

L.M35C, LM35CA

-55'C to +150°C
-40°C to +110°C

TO-82 Packane, ~B0°C to +150°C LM35D 0°C to +100°C
S0-B Package, =-65°C to +150'C
TO-220 Package, ~65°C to +150 C
Lead Temp.:
TO-46 Package,
{Soldering, 10 seconds) aco°C
Electrical Characteristics
{Motes 1, 6)
LM3ISA LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limlt Typical Limit Limit {Max.)
{Note 4) (Note 5) {Note 4) {Note 5)
Accuracy T ,=+25°C 10.2 +0.5 $0.2 +0.5 C
{Ncte 7) T A=-10°C 0.3 0.3 1.0 C
T A= Traax 04 £1.0 +0.4 +1.0 C
T A Taam 04 11.0 +0.4 15 'C
Nanlinearity T winSTaS Thaax +0.18 +0.35 10.15 £0.3 'C
{Note 8)
Sensor Gain T inETaSTaax +10.0 19.9, +10.0 +9.9, mV/'C
(Average Slope) +10.1 +10.1
Lead Regulation T 4,=+256°C 0.4 1.0 10.4 11.0 my/mA,
(Note 3} 0<l, <1 mA T =T Traax 10.5 +3.0 0.5 13.0 mv/mA
Line Regulation T A=+25'C +0.01 10.05 10.01 +0.05 mviv
(Note 3} 4LV =30V +0.02 0.1 10.02 101 myvA/
Quiescent Current V =45V, +25°C 56 67 56 67 pA
{Nete 3) V g=45Y 105 131 91 114 A
V =430V, +25°C 56.2 68 56.2 68 uA
V g=+30V 105.5 133 91.5 116 LA
Change of AV =30V, +25°C 0.2 1.0 0.2 1.0 WA
Quiescent Current Ay <30V 0.5 2.0 0.5 2.0 WA
(Note 3)
Temperature +0.39 +0.5 +0.39 +0.5 HASG
Coefficiant of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 C
for Rated Accuracy Figure 1,),=0
Long Term Stability T ;= Tpax. Tor +0.08 +0.08 C
1¢00 hours
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Electrical Characteristics

(Notas 1, B)
LM35 LM35C, LM35D
Parameter Conditions Tested Deslgn Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
{MNate 4) (Note 5) (Note 4) (Note 5)
Accuracy, T A=+25°C 0.4 +1.0 10.4 t1.0 C
LM35, LM35C T ,=—10°C 0.5 t0.5 1.5 G
[Note 7} T A" Thinx 0.8 +1.5 0.8 15 ‘G
T a=Trim +0.8 $15 +0.8 +20 ¢
Accuracy, LM35D T A=+25'C 106 15 C
(Note 7} Ta=Thanx 109 2.0 G
Ta=Toum +0.9 2.0 C
Nonlinearity T ST aSTmax 0.3 0.5 0.2 0.5 C
{Nole 8}
Sensor Gain T ST a5 Thaax +10.0 +9.8, +10.0 +3.8, mvi'C
(Average Slope) +10.2 +10.2
Load Regulation T A=+25°C 0.4 2.0 +0.4 *2.0 my/mA
{Nete 3) 0<i <1 mA T =T a<Thax £0.5 %5.0 $0.5 £5.0 mymaA
Line Regulation T A=+25°C +0.01 0.1 +0.01 +0.41 mv/v
{Note 3) 4V<y =30V ta.02 *0.2 10.02 0.2 myvA
Quiescent Current V g=+5V, +25°C 56 80 56 8¢ HA
{Ncte 9) V g =HEV 105 158 91 138 pA
V g =+30V, +25°C 56.2 52 56.2 82 A
Ve =+30V 105.5 161 91.5 141 HA
Change of AV <30V, +25°C 0.2 2.0 0.2 2.0 WA
Quiescent Current VY 30V 0.5 3.0 0.5 3.0 pA
{Note 3)
Temperature +0.39 +0.7 +0.39 +0.7 PASC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.4 +2.0 +15 +2.0 C
for Rated Accuracy Figure 1, 1,=0
Long Term Stability T 4= Tuax. for +0.08 10.08 C
1000 hours

Nota 1: Unless otharwise naled, thase specificalions apply. -55°C<T ;£+150°C for he LM35 and LM35A; -40'sT <+ 110°C for the LM35C aend LM35CA; and
0'sT +100°C far the LM35D. Vg=+5Vde and |y gan=50 wA, in the circuil of Figure Z. These specifications also apply fram +2°C (o Tyyax in tha circuit of Figure .
Specifications in botdface apply over the full rated temperalure range.

Note 2; Thermal resistance of tha TO-46 package is 400'C/A, junction to ambienl, and 24°CAV Juncllon to case. Thermai resistance of the TO-92 package is
180°C/W junction to ambient. Tharmal resistance of the small autline molded package is 220°C/W junction to ambient. Tharmal resistanca of Ihe T0-220 package
is 90°C/AW junclion ta ambient. Far additional thermal resistance information see table in tha Applicalions saction.

Note 3: Ragulation is measurad at constant junction tamperalure, using pulsa tasling with a law duty cycla. Changes in outpul dus to heating effects can be com-
puted by multiplying Ihe internal dissipation by the thermal resistance.

Note 4: Tested Limits are guaranteed and 100% tested in production.

Nate 5: Design Limlts are guaranleed {hut not 100% productian tested) aver the indicated temperature and supply voltage rangas. These limits are not used to cal-
culate outgoing qualily lavels.

Note §: Spacificaticns In baldfece apply over the full ralad temperalure range.

Note 7: Accuracy is defined as the error between the outpul voltage and 10mv'C times the device's casa lemperature, al specified conditions of veltage, current,
and temperatura (expressad in 'C).

Note B; Nonlingarity is defined as the deviation of the oulpul-voltage-versus-temperature curve from the beslit straight ling, over the device's raled lemperalure
range.

Nate 9: Quiescent current is defined in the circuit of Figure 1

Note 10; Absolute Maximum Ratings indicate limits beyond which damagu la the device may occur. DC and AC elecirical specifications do not apply when oparating
the device beyond ils raled operaling condilions. See Nole 1.

Mate 11: Human body model, 100 pF discharged thraugh a 1.5 ki) rasistor

Note 12: See AN-450 “Surface Mounting Mathads and Their Effect on Product Reliability” or the section titled "Surfgce Mount” found in a curant National Sernicon-
ductor Linear Data Book for olher methods of soldering surface mount devices.
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Typical Performance Characteristics

Thermal Resistance
Junction to Air
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LM185/LM285/LM385

February 2000

Adjustable Micropower Voltage References

General Description

The tM185/LM285/LM385 are micropower 3-terminal ad-
justable band-gap voltage reference diodes. Operating from
1.24 to 5.3V and over a 10pA to 20mA current range, they
feature exceptionally tow dynamic impedance and good tem-
perature stability. On-chip timming is used to provide tight
voltage tolerance. Since the LM185 band-gap reference
uses only transistors and resistors, low noise and good
long-term stability result,

Careful design of the LM185 has made the device 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 makes it usefut
for micropower circuitry. This voltage reference can be used
to make portable meters, regulators or general purpose

analog circuitry with battery life approaching shelf life. Fur-
ther, the wide operating current allows it to replace alder
references with a tighter tolerance part.

The LM185 is rated for operation over a -55°C to 125°C
temperature range, while the LM285 is rated -40°C to B5°C
and the LM385 0°C 1o 70°C. The LM185 is available in a
hermetic TO-46 package and a leadless chip carrier pack-
age, while the LM285/LM385 are available in a low-cost
TO-92 molded package, as well as 5.0.

Features

B Adjustable from 1.24V to 5.30V

m QOperating current of 10pA to 20mA
m 1% and 2% initial tolerance

® 1Q dynamic impedance

u Low temperature coefficient

Connection Diagrams

TO-92
Plastic Package

Q0525009
Bottom View

S0IC Package

+ NCO NC B
AN F L 5

L NS

[ fz s
NC NC NC -
00525010

4

Top View

TO-46
Metal Can Package

00525001
Bottom View

20-Leadless Chip Carrier

00525015

Top View

© 2004 National Semiconductor Corporation DS005250
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L M185/LM285/LM385

Ordering Information

Package Temperature Range NSC
—55°C fo 125°C -40°C to 85'C 0°C to 76°C Drawing
LM185BH
TO-48 LM185BH/883 Ho3H
LM185BYH
LM1858BYH/B83
LM285BXZ LM385BXZ
M3BSBYZ
T0-92 LM285BYZ LhM385 203A
LM2857 LM3B5BZ
LM385Z
LM285M LM385M
_Pi MO8A
B-Fin SOIC LM285BYM LM385BM
20-Leadless Chip LM1B85BE/B83 E20A
Carrier

Block Diagram

Typical Applications

1.2V Reference
v

R1
§00k

1.24v

LM385

nOs2e014

00525013

5.0V Reference

00525002

R3 )
124 =+ 1
Your 2 (Rz
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Absolute Maximum Ratings ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

{Note 2}

Reverse Current 30mA
Forward Current 10mA
Cperating Temperature Aange (Note 3}
LM185 Series -65°C to 125°C
LM285 Series —-40°C to 85°C
LM385 Series 0'Cto 70°C

Electrical Characteristics (note 4)

Storage Temperature
Soldering Information
TO-92 Package {10 sec.}
TQ-46 Package {10 sec.}
50 Package
Vapor Phase (60 sec.)
Infrared (15 sec.)

See An-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering

surface mount devices.

~-55'C to 150°C

260°C
300°C

215°C
220°C

LM185, LM285 LM385
LM185BX,
LM185BY LM3858X,
LM1B5B, LM285 LM385 .
- LM285BX, LM385BY Units
Parameter Conditions Typ LI285BY Typ (Limit)
Tested | Design | Tested | Design Tested | Design | Tested | Design
Limit | Limit | Limit | Limit Limit | Limit | Limit | Limit
(Note | (Note | (Note | (Note (Note | (Note | {Note | (Note
5) 6) 5) B) 5) 6) 5} 6)
Ieference lg = 100pA 1.240( 1.252 1.265 | 1.270 [1.240( 1.252 | 1.255 | 1.265 | 1.270 v
/oltage
1.255 {max)
1.228 1.215 | 1.205 1.228 | 1.215 | 1.215 | 1.205 Vv
1.215 {min)
leference < lg < 1TMA 0.2 1 1.5 1 1.5 0.2 1 1.5 1 1.5 mV
/oltage
>hange with 1mA < Iz < 20mA 4 10 20 10 20 5 15 25 15 25 | (max)
Surrent
Jynamic Output | Ig = 100pA, = 100Hz
mpedance lac =011z Your= 0.3 0.4 9
Vrer
Veur = 0.7 1
5.3V
3eference tp = 100pA
Jollage " " my
~hange with 1 3 6 3 6 2 5 10 5 10
{max)
Jutput
Joltage
~eadback 13 20 25 20 25 16 30 35 30 35 nA
Surrent {max)
vinimum Vour = Vaee 6 9 10 9 10 7 11 13 11 13 HA
Jperating
surrent (see Vaut = 5.3V 30 45 50 45 50 a5 55 60 55 60 | (max)
urve)
Jutput lg = 100pA, 10Hz < f <
Nideband 10kHz
Joise Vaur = Vaer 50 50 HV e
Vour = 5.3V 170 170

www.national.com
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LM185/LM285/LM385

Electrical Characteristics (note 4) (Continued)

LM185, LM285 LMass
LM1858X,
LM185BY LM385BX,
1.LM185B, LM285 LM385 .
. LM285BX, LM385BY Units
Parameter Conditions Typ L M285BY Typ (Limit)
Tested | Design| Tested | Design Tested | Design | Tested Design
Limit | Limit | Limit | Limit Limit | Limit | Limit | Limit
(Note | (Note | (Note | {Note (Note | (Note | (Note | (Note
5) 6) 5) 6) 5) 6) 5} 6)
Average lp = 100pA X Suffix 30 30 ppm/°c
Temperature
Coefficient Y Suffix 50 50 (max)}
(Note 7)
All Others 150 150 150 150
Long Term lg = 1O0PA, T = 1000 20 20 ppm
Stability Hr,
Ta=25C+20.1°C

Note 1: Absolute Maximum Ratings indicate imits beyond which damage 1o the devica may occur. Operating Ralings indicate conditions for which the device is
infended to be functional, but de not guarantee specific performance limits. Far guaraniead specifications and test condifians, see the Electrical Characteristics, The
guaranteed speacifications apply only for the test conditions listed.

Note 2: Refer to RETS185H for military specifications.

Note 3: For slevated temperature oparation, T jmax is:

LM185 150°C
LM285 125°C
LM385 100°C
Thermal Resistance TO-92 TO-46 s0-8
8, (Junction to Ambient) 180°C/W (0.4" leads) | 440°C/W | 165'C/W
170°C/W {0.125" leads)
8, {Junction to Case} N/A 80°C/wW N/A

Note 4: Parameters identified with boldface type apply at ternperalure extremes. All othar numbers apply at T = T; = 25°C. Unless otherwise specified, all
parametars apply Tor Vpep < Vout < 5.3V

Note 5: Guaranteed and 100% preduction tested.

Note 6: Guaranteed, but not 100% praduction tested. These limils are net to He used to calculate average outgoing quality leveis.

Note 7: The average femperature coefficient is defined as the maximum deviation of reference voltage at alf measured temperatures from Ty 10 Tayax, divided
by Tymax — Tmin- The measured temperatures are -55, —40, 0, 25, 70, 85, 125°C.
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Typical Performance Characteristics

Temperature Drift of 3
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LM185/LM285/LM3B5

Typical Performance Characteristics (continueq)

Output Noise Voltage

Dynamic Output Impedance
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MC14584B

Hex Schmitt Trigger

The MC14584B Hex Schmitt Trigger is constructed with MOS
P—channel and N-channel enhancement mode devices in a single
monolithic structure. These devices find primary use where low power
dissipation and/or high noise immunity is desired. The MC14584B
may be used in place of the MC14069UB hex inverter for enhanced
noise immunity to “square up” slowly changing waveiorms.

Supply Voltage Range = 3.0 Vdc to 18 Vde

Schottky TTL Load over the Rated Temperature Range
Double Diode Protection on All inpuls

Can Be Used to Replace MC14069URB

For Greater Hysteresis, Use MC14106B which is Pin—-for-Pin
Replacement for CD40106B and MM74CH

MAXIMUM RATINGS (Voltages Referenced ta Vgg) (Note 2.)

Capable of Driving Two Low-power TTL Loads or One Low—power

Symbol Parameter Value Unit
Voo DC Supply Voltage Range -0.5ta+18.0 v
Vin. Vour | Input or Output Voltage Range -0.5t0 Vpp+ 0.5 v
(DC or Transient)
tine lowt Input or Output Current +10 mA
(DC or Transient) per Pin
Po Power Bissipation, 500 mw
per Package (Mote 3.)
Ta Ambient Temperature Range -55to +125 °C
Teig Storage Temperature Range -85 to +150 °C
T Lead Temperature 260 °C
(8~-Second Scldering)

2. Maximum Ratings are those values beyond which damage to the device
may OCCur.

3. Temperature Derating:
Plastic “F and D/DW" Packages: — 7.0 mW/“C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or slectric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated vaitages to this
high—-impedance circuit. For proper operation, Vi, and V¢ should be consirained
to the range Vgg =< (Vi or Vou) < Vop-

Unused inputs must always be tied to an apprapriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

& Semiconducior Components Industries, LLC, 2000 1

March, 2000 - Rev. 3

ON Semicomiuctor
http:/flonsemi.com

MARKING
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P SUFFIX
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A = Assembly Location
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WW ar W = Work Week

ORDERING INFORMATION

Device Package Shipping
MC14584BCP PDIP-14 2000/Box
MC14584BD SOIC-14 55/Rail
MC14584BDR2 S0IC-14 | 2500/Tape & Reel
MC14584BDT TSSOP-14 96/Rail
MC14584BDTEL [ TSSOP-14 | 2000/Tape & Reel
MC145848F SOEIAJ-14 See Note 1.
MC14584BFEL SCEIAJ-14 See Note 1.

1.

For ordering information on the EI1AJ version of
the SOIC packages, please contact your focal
ON Semiconductor representative.

S ‘Pﬁblicatjon Order Number:
MC14584B/D




MC14584B

ELECTRICAL CHARACTERISTICS (Voltages Referenced fo Vgg)

Voo -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ ) Max Min Max Unit
Quitput Veltage "0" Level VoL 5.0 — 0.05 — 0 .05 — 0.05 Vde
Vin= Vpp 10 — 0.05 — 0 .05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin=0 “1" Level Vou 50 495 — 4.95 50 — 4.95 - Vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Qutput Drive Current lon mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 — -24 —-4.2 — -1.7 —-—
{Von = 4.6 Vdc) 50 - 0.64 — —-0.51 —-0.88 — - 0.36 —
{Von = 9.5 Vdc) 10 ~1.6 — -1.3 -2.25 — -09 —
{Vor = 13.6 Vde) 15 -4.2 — -34 —-8.8 — -24 —
{Vop = 0.4 Vdc) Sink loL 5.0 0.84 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 vdc) 10 1.6 — 1.3 225 — .9 —
(VoL = 1.6 vdc) 15 4.2 - 3.4 8.8 — 2.4 -
Input Current lin 15 — +{3.1 — +0.00001 101 — +1.0 | pAdc
Input Capacitance Cin — — - — 5.0 7.5 — — pF
(Vin = 0)
Quiescent Current Iop 5.0 — 0.25 — 0.0005 0.25 —_ 75 pAdc
{Per Package) 10 e 0.5 — 0.0610 0.5 — 16
15 — 1.0 — 0.0015 i0 — 30
Total Supply Current {5} (B} It 5.0 It = {1.8 pAKHZ) f + Ipp pAde
(Dynamic plus Quiescent, 10 It = (3.6 pA/kHz} f + Ipp
Per Package) 18 It = {54 pAkHz} T + Ipp
{Cp = 50 pF on all autputs, all
buffers switching)
Hysteresis Voltage Vig 1 5.0 0.27 1.0 0.25 0.6 1.0 0.21 1.0 Vde
10 0.36 1.3 0.3 0.7 1.2 0.25 1.2
15 0.77 1t 0.6 1.1 1.5 0.50 1.4
Threshold Voltage Vs Vdc
Positive—Going 5.0 1.9 35 1.8 2.7 3.4 17 34
10 34 7.0 3.3 53 6.9 3.2 6.9
15 52 10.6 5.2 8.0 10.5 52 10.5
Negative—Going Vo 5.0 1.6 3.3 1.6 2.1 3.2 1.5 3.2 Vdec
10 3.0 6.7 3.0 4.6 8.7 3.0 6.7
15 45 87 4.6 6.9 9.8 47 99

4. Data labelled "Typ" is not to be used for design purposes but is intended as an indication of the IC's potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

F(CL) = I7(50 pF) + (CL - 50) Vik
where: I7 is in WA (per package), C_ in pF, V = (Vpp — Vgg)in volts, fin kHz is input frequency, and k = 0.001.

7. VH = V1+ — Vo_ (But maximum variation of Viy is specified as less than V1 4 max — VT - min):

httpﬂonsem|com
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MC14584B

SWITCHING CHARACTERISTICS (C| =50 pF, T4 =25°C)
Voo
Characteristic Symbol Vdc Min Typ @) Max Unit
Output Rise Time tTLH 5.0 — 100 200 ns
10 — 50 100
15 — 40 80
Output Fall Time THL 5.0 o 100 200 ns
10 — 50 100
15 — 40 80
Propagation Delay Time tpLH. trHL 5.0 — 125 250 ns
10 — 50 100
15 — 40 80

B. Datalabelled “Typ” is not to be used for design purposes but is intended as an indication of the IC's potential performance.

httpﬁonsem,com B P
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&National Semiconductor
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ADCO0831/ADC0832/ADC0834/ADC0838
8-Bit Serial 1/0 A/D Converters with Multiplexer Options

General Description

The ADCD831 series are B-bit successive approximation A/D
canverters with a serial 1/0 and configurable input multiplex-
ers with up to 8 channels. The serial /O is configured fo
comply with the NSC MICROWIRE™ senal data exchange
standard for easy intarface to the COP&™ family of proces-
sors, and can interface with standard shift registars or uPs.
The 2-. 4- or B-channel multiplexers are software configured
for single-ended or differantial inputs as we# as chanhnel as-
signment,

The differential analog voltage input aliows increasing the
common-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full & bits of resalution.

Features

® NSC MICROWIRE compatible —direct intarface te
COPS family processors

m Easy interface to all micropracessors, or operates
“stand-alone’

m Operates ratiometrically or with 5 Vg voliage
raference

m Na zero or full-scale adjust required

B 2-, 4- ar 8-channel multiplexer aptions with address logic

m Shunt regulator allows operation with high voitage
supplies

B 0V g 5V input range with single 5V power supply

B Remaote operation with serial digital data link

m TTLMOS inputfoutput compatibla

m 03" standard width, 8-, 14- or 20-pin DIP package

m 20 Pin Molded Chip Carrier Package (ADC0838 only)

m Surface-Mopunt Package

Key Specifications

u Resalulion B Bils
m Total Unadjusted Error +%5 LSB and £1L8B
= Single Supply 5 Ve
® | ow Power 15 mwW
u Conversion Time 32 ps

Typical Application
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TRI-STATE® is a ragseterad Lradamark of National Semicondunctor Corparalion.
COPS™ and MICROWIRE™ are tradsmarks of Nationat Sem conductor Comoratian.

DS006583-1

© 1999 National Semicenductor Corporation [DS005583

www.national com

suondQ soxo|diny YIIm sialeAu0) a/v O/ [eHas 1g-8 8£800AV/FE800AV/2€800AV/1£800AY



Connection Diagrams

ADCD838 8-Channel Mux
Small Outline/Oual-In-Line Package

(WM and N)
cHO=—1 ~ 20vee
CH1=-2 1ofv*
CH2=={2 18f=C5
CH3I—{ 4 170!
CH4e—]5 16f=cLk
CH5 =& 15 e SARS
CHE—]7 14f—no
CH7—]8 135
coMm—9 12f=Yaer
DGNE=—{ 10 11f—AGND
05005583 4
Top View

ADC0832 2-Channel MUX
Small Qutline Package {(WM)

ADC0834 4-Channel MUX
$Small Qutline/Dual-in-Line Package

(WM and N)
. S
Vi =1 14—V
c5=472 13p=0I
CHO— 3 12 f=CLK
CH1=—14 11— SARS
CH2=45 1¢—00
CHI—6& 9 —VREF
DGND— 7 A—AGND
DEMS543-30
COM intemally cannaclad ta A GND
Top View
Top View

ADCG831 Single
Differantial Input

ADC0832 2-Channel MUX
Dual-In-Line Package (N)

_ ./

e 8= Yer (Vagr)
cHo—{2 7h-cLK
cH1—{3 600
GND =] 4 sh=nl

DSNO55E3-21

COM inlemally connecled to GND.
Vgrer intemally conpectad to Vg,
Top View

Top View

ADCO0831 Single Differential Input
Small Outline Package (WM)

- N_/ Dual-In-Line Package {N}
cs! 4= Voo (Yagr)
= N/ =
NC =] 2 13=NC o v S =1 [ T
CHO—{ 3 12}—cLK vy (112 7h-cLi NC— 2 13~ NC
NC =t 4 11—NC Yy o™ K sl=00 VLN(+)_ 3 12— CLK
CH1=E5 10 p= D0 GNE— 4 S Vor NG =] 4 11N
NC =46 9 = HC ML K 10 =00
DE005583-32
oD —{ 7 L) el \ HC —{ 6 9f=xC
Top View
GNE— 7 B = Vier
DSOIRRATA1
TOp View DS005583-42
Top View
ADCO083E 8-Channel MUX
Molded Chip Carrier {PCC)
Package (V)
n
o
2 s 38 & 8
—st
™ Veer
— AGND
—OGND
—COM
DSO05541-33
www.nalional.com 2




Ordering Information

Part Number Analog Input Total Package Temperature
Channels Unadjusted Error Range

ADCOB31CCN 1 11 Molded (N) 0°Cto +70°C
ADCOB31CCWM SOM) 0°'Cto +70°C
ADCO832CIWM 2 1 SOM) ~40°C to +85°C
ADCDB3I2CCN Molded (N} 0°C to +70°C
ADCDBI2CCWM SO(M) 0°C to +70°C
ADCDB34BCN 4 144 Molded (N) 0°'Cio+70°C
ADCOB34CCN +1 Molded (N} 0°C fo +70°C
ADCO834CCWM SO(M} 0°C to +70°C
ADCOB38BCV B T4 PCC (V) 0°C to +70°C
ADCOB38CCV 11 PCC (V) 0'Cto +70°C
ADCO0838CCN Maolded (N) 0'Cto+70°C
ADCO0838CIWM S0{M) -40°C to +85°C
ADCO83BCCWM SO{M) 0°'Cta +70°C

See NS Package Number M14B, M20B, NOSE, N14A, N20A or V204

www.national.com



Absolute Maximum Ratings (votes 1, 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Lead Temperature {Scldering 10 sec.}
Dual-In-Line Package (Plastic}

Molded Chip Carrier Package
‘\fapor Phase {60 sec.)

Infrared (15 sec.)

Current into V* (Note 3} 15 mA o

Supply Valtage, Ve (Note 3) Yy ESD Susceptibility {Note 5)

Voltage Operating Ratings (otes 1, 2)
Logic Inputs ~0.3V to Ve + 0.3V

Analog Inputs 0.3V to Vg + 0.3V

Supply Voltage, Vi

260°C

215°C
220C
2000V

4.5 Vo 10 6.3 Ve

T STa<Trsax

Input Current per Pin {Nole 4) +5 mA Temperature Range
Package 20 mA ADC0832/8CIVWM ~-40°C o +85°C
Storage Temperalure -65°C to +160°C ADCOB34BCN,
Package Dissipation ADCOB38BCV,
at To=25°C (Board Mount) 0.8W ADC0B31/2/4/8CCN,
ADCOB38CCV,
ADCO0B31/2/4/BCCWM 0°C ta+70°C

Converter and Multiplexer Electrical Characteristics Tre following specificatians apply for
Vee = W+ = Viger = 5V, Viee < Voo 0V, T, = T, = 26°C, and fc = 250 kHz unless otherwise specified. Boldface limits

apply from Ty to Tyax.

Condltions CIWM Devices BCV, CCV, CCWM, BCN
and CCN Devites
Parameter Typ Tested Design Typ Tested Design Units
(Note 12) Limit Limit (Note 12} Limit Limit
{(Note 13) | (Nata 14} {Note 13) | {Nate 14)
CONVERTER AND MULTIPLEXER CHARACTERISTICS
Total Unadjusted Error Vger=5.00 V
ADCO838BCV {Mate §) E3% 11,
ADCOB34BCN Vi 11, LSB
ADCOBIBECY +1 Y] (Max)
ADCO831/2/4/8CCN 1 1
ADC0831/2/4/8CCWM 1 11
ADCU8IHBCINM 1
Mirimum Refarence 35 1.3 18 1.3 1.3 9]
Input Resistance (Note 7)
Maximum Reference 3.5 5.9 s 5.4 549 kg
Input Rasistance (Nate 7)
Maximum Cammon-Mede Ve +0.08 Ve #0.05 | Vee+D.05 v
Input Range (Mote 8)
Minimum Common-Mode GHD -.05 GND -0.05 | GND-0.05 v
Input Range (Note 8)
DC Common-Made Error 11416 27 116 Ve Tia LsB
Change in zero 15 mA into v+
error from V=6V Ves=N.C.
ta internal zenar Vrer =BV
operation {Note 3) 1 1 1 Ls8
V7. internal MIN | 15 mA into V+ 6.3 6.3 6.3
diode breakdown MAX 8.5 85 8.5 v
{at V,) (Note 2}
Power Supply Sensitivity Ve =bvEa%h 1116 Tia Tl 1116 t1a £ 3 LsB
lgpe. OFf Channel Leakage an Channel=5V, -0.2 0.2 -1 PA
Curmrent {Nate 9) Oft Channal=0V -1
QOn Channal=0V, +0.2 +0.2 +1 pA
Off Channel=5Y +
www.natianal.com 4




Converter and Multiplexer Electrical Characteristics ths following specificalions apply for
Voo = V4 = Vrer = BV, Vagr € Ve 0LV, Ta = T) = 25°C, and fo = 250 kHz unless otherwise specified. Boldface limits
apply from Ty to Tyax. (Continued)

Conditiohs CIWM Devices BCV, CCV, CCWM, BCN
and CCN Devices
Parameter Typ Tested Design Typ Tested Design Units
(Nate 12} Limit Limit {Note 12) Limit Limit
{Nota 13} (Note 14) {Nota 13) (Note 14)
CONVERTER AND MULTIPLEXER CHARACTERISTICS
ipn. On Channel Leakage On Channel=0V, -2 -0.2 -1 pA
Currant (Nota 9) Qff Channal=5V -1
0On Channsl=5V, +0.2 +0.2 +1 A
Cff Channal=0V +1
DIGITAL AND DC CHARACTERISTICS
Vingy, Logical *17 input Veo=5h 25V 2.0 20 20 v
Voltaga (Min}
Vinop Logical 07 Input Veo=4.75Y 0.8 0.8 08 Vv
Valtage (Max)
linggr)e Loogical “1” Input Vig=5.0v 0.005 1 0.005 1 1 WA
Current (Max)
Iynagaage Logical 0" Input V=0V -0.003 -1 ~0.005 -1 -1 uh
Current {Max)
Vaur, Logical “1* Qulput Vpc=4.75V
Vollage (Min) lgur==360 pA 2.4 24 24 v
lour==10 pA 4.5 45 45 v
VYourm, Logical "0" Oulput V=478V 0.4 04 o4 v
Voitage (Max} logt=1.6 mA
lguT, TRE-STATE Output Vour=0v -0.1 -3 -a.1 -3 -3 pA
LCurrent (Max) Vour=ov 01 3 01 +3 +3 LA
Isgurce, Output Source Vour=iv =14 -6.5 -14 =75 -6.5 mA
Current (Min)
lsimk, Qutput Sink Current (Min) Voutr=Vee 6 8.0 16 9.0 8.0 mA
lee, Supply Currant (Max)
ADCGH831, ADCO834. 09 25 09 2.5 2.5 mA
ADCDE38
ADCD832 Includes Ladder 23 6.5 23 6.5 6.5 ma
Current

AC Characteristics
The following spacifications apply for Vo = 5V, t, = & = 20 ns and 25°C unless otherwise specified.

Typ Tested Dasign Limit
Parameter Conditions {Note 12) {imit Limit Units
{Nota 13) {Mote 14)
fo k. Clock Frequency Min 10 kHz
Max 400 kHz
ts, Conversion Time Not including MLUX Addressing Time 8 1oLk
Clock Duty Cycle Min 40 %
(Nate 10) Max GG %
tset.up G5 Falling Edge or 250 ns
Data Input Vahd to CLK
Rising Edge
twoLo. Data Input Valid 90 ns
after CLK Rising Edge

5 www.nalional.com



AC Characteristics (continued)

The following specifications apply for Ve = 5¥, t, = t, = 20 ns and 25°C unless otherwise specified.

Typ Tested Dasign Limit
Parameter Conditions (Note 12) LImit Limit Units
(Nole 13) {Note 14)

taa1, tpeo— CLK Falling C_ =100 pF
Edge to Output Data Valid Catz MSB First B50C 1500 ns
(Note 11) Data LSB First 250 600 ns
tip tone — Rising Edge of C_ =10 pF, R =10k 125 250 ns
CS to Data Output and (see TRI-STATE® Test Circuits)
SARS HI-Z C, =100 pf, R =2k 500 ns
C,. Capacitance of Logic 5 pF
Input
Cout: Capacitance of Logic 5 pF
Outputs

Note 1: Absalute Maximum Ratings indicate limits beyond which damage to the device may acour. OC and AC slectrical specifications do not apaly when operaling
tha device beyond its spacified cperating conditions.

Note 2: All vollages are measured with respect to the ground plugs.

Note 3: Internal zenar diodes (6.3 to 8.5V} ara connected from W+ to GND and Vg to GND. The zenar ai W+ can operale as a shunl regulator and is connacted
1o Ve via a conventional diode. Since the zener voltage equals the A/Ds breakdown valtage, the diode insures that Vg will be below braakdown when the device
is powared from V+. Functianality is tharefora guaranised for V+ oparation even Ihough the resultant vollags at Ve may exceed the specified Absolute Max of 6.5V,
11 is recommanded lhat a resisior be usad to imil the max current inlo V+. {Sea Figura 3 in Funclional Dascription Saction £€.0)

Nota 4: Whnan tha input valtage (V) at any pin exceads the power supply rails (Vi < V7 of Viy > V*) the absolute valus of curtent at that pin shauld be limilad
to 5 mé or lass. The 20 mA package input current firmits the number of pins Lhat can exceed the power supply boundaries with a 5 ma currant limit 1o four.

Nota §: Human body model, 100 pF discharged through a 1 5 kiQ resistor,

Note 6: Talal unadjusled error includes ofiset, fulkscale, linearity, and mulliplexer efrors.

Nota 7: Cannal be lested far ADCD832

Note 8: Far Vi~ )2V|y{+) the digital autput cada will be 0000 0000. Two on-chip dicdes are tied to each analog input (see Block Diagram) which will farward conducl
for analag input voitages one diade drop below ground or one diode drop greater than the Ve supply. Be carelul, during testing al low Veg levels {4.5V), as high
tevel analog inpuls (5V) can causa this inpul dioda to conduct - especially at slevatad temparatures, and causa arrors for analog inputs near full-scala. Tha spec
allows 50 mV ferward bias of aither dioda. This means thal as fong as the analog V) or Vger does not exceed the aupply vollage by more than 50 mV, the output
code will be carract. To achiava an absoluta 0 Vi to § Vg input valtage range will tharefore require a minimum supply vollage of 4.950 Vg aver lemperature varia-
tions, initial tolerance and loading.

Nots 9: Leakage currenl is measured with the clock not swilching.

Nate 10: A 40% Lo 60% clock duty cycle ranga insures proper aperalian al all clock frequancies. In the case that an available clock has a duty cycle outside of these
imits, the minimwm, lima the clock is high or the minimum tme the clock is low musl be al least 1 ps. The maximum lime the clack can bs high is 60 ps. The clock
tan ba stapped when low so long as the analog inpul voltage remains stable

Note 11: Since data, MSB first, is tha aulput of tho comperator used in the successive approximation loop, an additienal delay is built in {see Black Diagram) te allow
for comparatar response tme.

Note 12: Typicals are at 25°C and repregant most likaly paramatric narm.

Nate 13: Tested limits are guaranteed 1o Malional's AOQL {Avarage Oulgoing Qualily Level).

Mote 14: Guaranteed but nal 100% produclion tested. These limils are not used to calculate outgaing qualily levels.

Typical Performance Characteristics

Unadjusted Offset Error Linearity Error vs Vgee Linearity Error vs

v8 Vpgr Voltage Voltage Temperature
18 1.5
w F 1 Vind+ ) = Van — 1 = 0V 1 2y
£ W I—ug=2m i 125
.-T:s 2 [T = et ] g g
[ e g 1.0 Voo =9V = \
u s (250 kHz} ]
i, g T=1C . S
= [ -
z & Z 5 =
g 3¢ ]
- £ = Vher =5.0¥
5 025 3 L = 250 khz
@ 2
£ i
0 ]
001 81 L T [ I 2 3 4 5 2w -3 0 s 0 150
Varr (Vo) vaee (91 TEMPERATURE (°C
DENOS383-43 DSONSSA3Ad [ IDSDMBHS

wyw natichal.com 6




Typical Performance Characteristics (continued)

Linearity Error vs fe

10

T
Vagr =3V
_ 2.5 [Voe=5V
] 125°¢
= e
£
B s
£ /
o
3 190 /
= s ~55°C
5°C
10 100 200 300 400 500 6D
LALRLLH]
DS00554 340
Power Supply Current
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Timing Diagrams
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Data Output Timing
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Tlmlng Diag rams (Cantinued)
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