[aﬁﬁumnms]

A 9/ YERY) Y
GELN GGV PTG NIHE

AUTOMATIC DOG FEEDING MACHINE

UIBUAND HIAS9A  IHa 51361605

A inveays v MmN As

HILa
554

=Y ¢ 1 3 [Y] a P
WagniinusinilurunilsveimsanuudngasByaiimnssumansiada
M3 imnssuiwi madvdanssulifhuazaeuiiunes
ANTIAINTINMANT NI NSEUISAS

Unstinw 2554



TuSuseanfSyaniinus

d‘ll or 3 ot 9 o W Qe
rowItelnIvu w3ealtomsgiven Tuid
" z .
geruiiulnsaanu wwunwa AN 1A 51361605
Jd'l o L
210136MU3n TOIAENII950 ATOWNT  FUVRIRGYF
]
) o -
139 Iranssuivi
AN Srnssu Wi ussnouiuned
AUmsdnun 2554

= o a [ wog 3 = ¢ w A t &
ABSITINTIUAITNT UHTINYIDUUITAIT ﬂquﬂ'l‘ﬂ‘lﬁigtgmwu'ﬁn'uumﬁuﬁ'm‘ﬂm

yaansAnIIMdngasIranssumaastudie avidsdanssuinih

INE e ... afSnuinseanu

o a a1
(793M1TAT19190 AT, uyns ﬁmuﬂman;a)

TR J s e o o o
( 158 A5, OATHUE  WANILH)

%Y)Tm{ AITUMI

o ¥ =
(915 UIATHY ﬂ\iﬁ"]')"lu‘ﬁ)



Y A o ot sy
Howadelnsanu iw3ee ido s gqiivea lnia
s
dantinlnseanu Wwunna AR 9¥d 51361605
= o a a ot
fifinmnlnseniu FOIFANANIVISY AT, BIYNT FUVRARANF
CRUEL) Seanssuinih
o = = [
PRTELY FrnssuIWthuosaoununes
TUmsdinun 2554
unnaLe

Tasseuil @i waemianinies e s given Tusid we1dlunis Iens
guiv edwsagivh i IRegthuniedacn hisms ondulio s IdiuTaoms
UszgnaldlyTasneuInsames Todszuugiunat uay Inaawad 3o o msgivi
Yl 1B Inaamadlunsdaavese s umanms Mdgyanouseduiiiald
Winsnou Insataesd18F4s2 etlszwranansoaoufinaemisiuea miewnles
finela unsledszungiuna DS1307 sxdagmnm Iy Ty Tnsnou TnsamedHs syl
e ifteldifivudhadanmisiverns dederarnwemsuaziFinuemis luoahimdeme
'luTﬂSﬂauT'nsamai’wﬁaﬁ'mumumuiaﬁu'lml‘l'i’uuamaﬁﬁmﬂﬂuaz‘i‘lm«lmdm‘lﬁmms Tao
s 1o L298N Beamisovsdufismamsnyuvesyeineinszugnsa m"%"m‘lﬁ’mm'sqﬁvf:

1 z 5 o
amrsalflS s dgegata 500 nfudenss uas THewmns ldnnga 2 asviu



Project title Automatic Dog Feeding Machine

Name Mr. Nopphon Thungsriwong 1D, 51361605
Project advisor Associate Professor Yongyut Chonbodeechalermroong, Ph.D.
Major Electrical Engineering
Department Electrical and Computer Engineering
Academic year 2011
Abstract

This project presents the development of an automatic dog feeding machine for feeding
dogs when owners don't have time to feed their dogs , by using a microcontroller , a load cell and
a real time clock IC. The developed machine consists of the load cell used for weighing the mass
of the dog’s feed on a bowl. The voltage signal of mass is sent to the microcontroller 18F452 for
processing in order to check to the amount of feed on the bowl and the real time clock IC
DS1307 then sends signals to the microcontroller via 1°C bus for the reference time. When the
sefling time has come and no dog food left on a bowl, the microcontroller sends the output
voltage to drive the motor for controlling a lid of the feeding box via L298N ICs while the
L298N ICs is used for controlling the direction of dc motor. This dog feeding machine can feed

up to 500 grams per each feeding time and up to 2 times per day.
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2.1 Microcontroller
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4 LY. 1 = = [T
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Tnun anudn3anea AINIUPUB C

LP 32KHz 33pF
200KHz 15pF

XT 200MHz 22-68pF
1.0MHz 15pF
4.0MHz 15pF
HS 4.0 MHz 15 pF

8.0 MHz 15-33 pF

20.0 MHz 15-33 pF

25.0 MHz 15-33 pF
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C(pF) R(K)) mmé(MHz)
22 3.3 3.3
4.7 2.3
10 1.08
30 3.3 2.4
4.7 1.7
10 0.793
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t, = 0.693(R,+R)C, (2.1)

t, = 0.693 R,C, (2.2)
1 1.44

f=3= (Ra+2RB)Cq @3
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2.4 AATHIND(Strain Gauge)
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dr o -] L o ar -] o 0 - é
(Filament) 12 1Udionyhumindagdmon aaaanh uduTansdAniun (metal foil) #1309
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£ = T (2.4)
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— AR
GE = T 2.5)
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1o € Ao ATIIASEANING
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GE Ao pnuasoama Wi
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2.43 2995 Malauu3ad (Wheatstone Bridge) (Hun3de2393 lrolgdaduniu 4 e
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2.5 Operational Amplifier (Op-amp)

) ) = a & 1 o 1
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L B & o ° 1w o o °
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2.5.1 m3dszynaliaueetueu

1. WsveedygIuuunavinea (Inverting Amplifier)
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AYAYAY
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2. JAIVNBANUUANAIY (Differential Amplifier)

o o = 4 Aq @ a o o w 1 ar 1 ii"lﬁﬂﬂﬂﬁl{ﬂ
WurnesveedggnusianilibiussduoinailudadiuTasasiuamaniives
uswudunaaswganlouldiulces | 24 mp 256
R
Vi R
O aA'A" - Vo
Y ®—O
| V2 R
O AvAVAY ® =

SR,

gﬂﬁ 2.16 2995 VUANULANAI (Differential Amplifier)

9IN9ITVOIWAUANA WS WOAUIUMITIAU TN ed eIy AYe 2993 10N
v, = (vyV) o (2.12)
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; ar a 4
317 2.17 20398 wdggnudUang U

nngUinsanauduRuTssne v, MU (V- V,) insesuonudyanunadi A,

£ J
Tagoniuguuesaunish .12) 9218

Vv, = (Voz-vol)g—‘; (2.13)
Tauil
(V7 V,) =1 (R+2R) (2.14)
Kag
1= 2]%1"_1 2.15)
Yoy

2R,
(Vo V)= (1+T*1—) (V,-V) (2.16)
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UNUA (V,-V,) 9naumsi (2.13) asluauns (2.16) a1

2R; Ry
V=(1+—")—(V,-V,) (217
R1 R3
& oA
Huno
Ve 2Rz, Ry
A, = ooy = 1+ s (2.18)
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Tumal§ianmsiuunsdnsetons swua vesnssiiamisonizi ldTauion
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2.8 24051589 1ND (Filter)
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71/ 2.32 29030509 MNRHMULVTAABS AT N(Low Pass Butterworth Filter)

AMNTANIORTIVEIBBII995 18 IAfnIsIKCLAY V, 9214

Vi-V, Vn-V,
— oG (VY — V) (2.34)
R, R,
unzn1s K CLiigA v, 0t 18
Vi —V,
2 = jwCy (V) 2.35)
R

nguautiRvessetuouilir Iy, sty y, aums 358 nawiiy

17, +jwcC
Rl (2.36)
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4 =} 1
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PIC18FXX2

28/40-pin High Performance, Enhanced FLASH
Microcontrollers with 10-Bit A/D

High Performance RISC CPU:

» C compiler oplimized architeclurefinslruction set
- Source code compatible wilh ihe PIC16 and
PICA7 inslruclion sels
« Linear pregram mermory addressing to 32 Kbytes
+ Linear dala memory addressing o 1.5 Kbyles

On-Chlp Program

Device RAM |EEPROM
FLASH | # Single Word (bytes) {bytes)
{bytes) ] Instructions

Memory OI'I‘ChIp Data :

PIC18F242| 16K 8192 768 256
PIC18F252 | 32K 16384 1536 256
PIC18F442| 16K 8192 768 256
PIC18F452 | 32K 16384 1536 256

+ Up to 10 MiPs operation:
- DC - 40 MHz osc./clock input
- 4 MHz - 10 MHz osc./clock input with PLL aclive
* 16-bit wide instruclions, 8-bil wide data path
* Priority levels for interrupls
* 8 x 8 Single Cycle Hardware Mulliplier

Peripheral Features:

= High current sink/source 25 mA/25 mA

* Three exiernal interrupt pins

+ TimerQ module: 8-bit/16-bil timer/counter with

8-bit programmable prescaler

Timer1 module: 16-bit timer/counter

* Timer2 module: 8-bit timer/counter with 8-bit
period register (time-base for PWM)

= Timer3 module: 16-bit timer/counter

*+ Secondary oscillator clock oplion - Timer{/Timer3

+ Two Capture/Compare/PWM (CCP) modules.

CCP pins that can be configured as:

- Capture inpul: capture is 16-bit,
max. resolution 6.25 ns (Tcv/16)

- Compare is 16-bit, max. resolution 100 ns (Tcy)

- PWM output: PWM resolution is 1- to 10-bil,
max. PWM freq. @: 8-bit resolulion = 156 kHz

10-bit resolution = 39 kHz

Master Synchronous Serial Port (MSSP) module,

Two modes of operation:

- 3-wire SPI™ (supporls all 4 SP| modes)

- 12C™ Master and Slave mode

Peripheral Features (Continued):

+ Addressable USART module:
- Supports RS-485 and RS-232
+ Parallel Stave Porl (PSP) module

Analog Features:

» Compalible 10-bil Analog-to-Digilal Converter
module (A/D) with:
- Fast sampling rate
- Conversion available during SLEEP
- Linearity < 1 LSb
= Programmable Low Vollage Detection (PLVD)
- Supports interrupt on-Low Vollage Deleclion
* Programmable Brown-oul Resel (BOR)

Special Microcontroller Features:

* 100,000 eraselwrite cycle Enhanced FLASH
program memory typical

» 1,000,000 erase/wrile cycle Data EEPROM
memory

* FLASH/Data EEPROM Retention: > 40 years

* Self-reprogrammable under software control

+ Power-on Resel (POR), Power-up Timer (PWRT)
and Osgillator Start-up Timer (OST)

« Walchdog Timer (WDT) with its own On-Chip RC
Oscillator for reliable operalion

* Programmable code prolection

+ Power saving SLEEP mode

« Seleclable oscillator oplions including:

- 4X Phase Lock Loop (of primary oscillator)

~ Secondary Oscillator {32 kHz) elock input

Single supply 5V in-Circuit Serial Programming™

(ICSP™) via two pins

+ In-Circuit Debug (ICD) via two pins

CMOS Technology:

* Low power, high speed FLASH/EEPROM
technology
* Fully staltic design
« Wide operaling voltage range (2.0V lo 5.5V)
Industrial and Extended lemperature ranges
* Low power consumption;
- < 1.6 mA lypical @ 5V, 4 MHz
- 25 pA typical @ 3V, 32 kHz
- < 0.2 pA typical standby current

© 2002 Microchip Technology Inc.
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PIC18FXX2

Pin Diagrams {(Cont.'d)

RCUSCKISCL ~—+[]1

4

DIP J
MCLRVPr —+[] 1 40 1 ——= RBPGD
RAOIANO ~— ]2 g {1 -~ RBSPGC
RAVANT =[] 3 38 [1 == RBSIPGM
RAZ/ANZIVREF- —-—[] 4 37 [0 =— RB4
RAVANVVREFt = [3 § ag [] ~—— RB3/CCP2*
RASTOCKI «— ] 8 35 [1 «~——= RB2INT2
RASIANA/SSALVDIN =~—»[] 7 N o HP-— RBUNTS
REORD/ANS ~—[] § 4 1 330 -=— RBUINTO
RE1MWR/ANG <—»[] 9 r O mpe—vo
REACS/AN7 -—— (10 @ e 310-——Vss
Voo — Ot & ¢ 30— RDPSP7
Vss —.QO12 § § 29[~ RO&PSPG
OSCA/CLKI ——=} 13 28 ] ~—« RDSIPSPS
OSC2CLKOIRAS «——[] 14 a7 RD4PS5P4
RCOMOSOTICK] «——s[] 15 26 [ =— RCZ/RX/DT
RCITIOSICCP2" «— ] 16 25 [1 = RCHTXICK
RC2CCPI w—s[] 17 24 [] =— RCHSOO
RCASCKISCL -—(] 18 23 [J ~— RC4/SDUSDA
RDO/PSPD  w— 19 22 [] =——= RD¥PSP3
RD1/PSP1 -~ 20 21 |3 =——» RD2PSP2
Mote: Pin compalitie with 40-pin PIC16CT X devices,
DIP, SOIC
MCLRver —=[° 1 i 28[] ~—+ RB/PGD
RAOAND =—[] 2 27[] =— RB&/PGC
RAYANT =— [ 3 26[ 1 = RB5/PGM
RAZ/IANZVREF- =[] 4 25| 1 = RE4
RasAN3veer+ =[] 5 o o  24[] = RB3ICCP2*
Raamocki =~ 6 & 9 230 ~= re2INT2
RASIAN4/SSAVDIN =— [} 7 l;_.l; w 2211 == RBI/INT1
vss—=[]l8 «~ £  21[0-— RBOINTD
osciiekt — ¢ 2 O 2] -+—wvmw
OSC2CLKORAB =—[ |10 O o 191 =— vss
RCT10SOITICKI =[] 11 18]} == RCT/RX/OT
RCUTIOSUCCP2" -— {12 17{3 < RCBMXICK
RC2/CCP1 -—[]13 16[} =— RCS/SDO

151 = RC4/SDI/SDA

* RB3 Is the allemale pin for the CGCP2 pln mulliplexing.

® 2002 Microchip Technology Inc.
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PIC18FXX2

20 OSCILLATOR

CONFIGURATIONS

2.1 Oscillator Types

The PIC18FXX2 can be operated in eight different
Oscillator modes. The user can program three configu-
ration bits (FOSC2, FOSC1, and FOSCO0) to select one
of these eight modes:

1. LP Low Power Cryslal

2. XT Crystal/Rescnalor

3. HS High Speed Crystal/Resonalor

4. HS+PLL High Spsed Crystal/Resonator
with PLL enabled

5. RC External Resistor/Capacitor

6. RCIC External Resistor/Capacitor with
/O pin enabled

7. EC External Clock

8. ECIO External Clock with IO pin
enabled

2.2  Crystal Oscillator/Ceramic

Resonators

In XT, LP, HS or HS+PLL Oscillator modes, a crystal or
ceramic resonator is connecled to the OSC1 and
OSC2 pins lo establish osdcillation. Figure 2-1 shows
the pin conneclions,

The PIC18FXX2 oscillator design requires the use of a
paraflel cul crystal,

"Note: . Usa of a sefies cul erystal i
§5005 7 quency outof thé cryst
..~ Specilication o, i W
FIGURE 2-1: CRYSTAL/CERAMIC
RESONATOROPERATION
(HS, XT OR LP

CONFIGURATION)

1 osc
: i D To |

i Internal
COXTAL <1 Rel™ Logic
= . .
Re® SLEEP
c2ih 0SC2 PIC18F XXX
MNote 1: See Table2-1 and Table2-2 for

recommended values of C1 and C2.

2: A series resistor (RS) may be required for
AT slrip cut eryslals.

3: Rr varies wilh the Oscillator mode chosen.

TABLE 2-1; CAPACITOR SELECTION FOR
CERAMIC RESONATORS
Ranges Tested:
Mode Freq C1 c2
CXT 455kHz | 68-100pF {68-100 pF
2.0 MHz 15-68pF | 15-68 pF
4.0MHz_ 15- 68 pF 15 - 68 pF
HS 8.0 MHz 10-68pF | 10-68pF
16.0 MHz 10-22pF | 10-22pF
These values are for design guidance only.
See notes following this fable.
Resonators Used:
455 kHz |Panasonic EFO-A455K04B +0.3%
2.0 MHz |Murata Erie CSA2.00MG +0.5%
4.0 MHz | Murata Erie CSA4.00MG +0.5%
8.0 MHz | Murala Erie CSA8.00MT +0.5%
16.0 MHz {Murata Erie CSA16.00MX $0.5%
All resonators used did not have built-in capacilors.

© 2002 Microchip Technology Inc.
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TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Ranges Tested:
Mode Freq C1 c2
LP 320 kHz 33 pF A3 pF
200 kHz 15 pF 15 pF
XT 200 kHz 22-68 pF 22-68 pF
1.0 MHz 15 pF 15 pF
4.0 MHz 15 pF 15 pF
HS 4.0 MHz 15 pF 15 pF
8.0 MHz 15-33 pF 15-33 pF
20,0 MHz 15-33 pF 15-33 pF
25.0 MHz i5-33 pF 15-33 pF

These values are for design guldance only.
See notes following (his table.

Crystals Used
32.0kHz | Epson C-001R32.768K-A | + 20 PPM
200 kHz STD XTL 200.000KHz | + 20 PPM
1.0 MHz £CS ECS-10-13-1 + 50 PPM
4,0 MHz ECS ECS-40-20-1 + 50 PPM
B.0MHz | Epson CA-3018.000M-C | * 30 PPM
20.0 MHz | Epson CA-301 20.000M-C | £ 30 PPM

OSC1 pin in the HS, XT and LP modes, as shown in
Figure 2-2.

FIGURE 2-2: EXTERNAL CLOCKINPUT

OPERATION (HS, XTORLP
OSC CONFIGURATION)

Clock from —-I>o—> 0SC1
Ext. System PIC18FXXX

Open ~a—— OSC2

2.3 RC Oscillator

For timing-insensitive applicalions, lhe *RC" and
"RCIQ" device oplions offer additional cost savings.
The RC oscillator frequency is a function of the supply
valtage, the resistor (RexT) and capacitor (Cexr) val-
ues and the operating temperature. In additlon to this,
the oscillator frequency will vary from unit to unit dus to
normal process parameter varialion. Furthermore, the
difference in lead frame capacitance between package
lypes will also affect the oscillation frequency, espe-
cially for low CEXT values. The user also needs to take
into account variation due to tolerance of exlernal R
and C componenis used. Figure 2-3 shows how the
RIC combinalion is connecled.

In the RC Osclllater mode, the oscillator frequency

divided by 4 s available on the OSC2 pin. This signal
may be used for lest purposes or to synchronize other

logic.

FIGURE 2-3: RC OSCILLATOR MODE
VoD
REXT—% | \
nternal
J_ 05 Y Clock
Cext J;' PIC18FXXX
¥ =
Vss —
~———1 OSC2/CLKO
Foscl4

Recommended values:3 kQ < REXT < 100 k2
CEXT > 20pF

The RCIO Oscillator mode funclions like the RC mode,
excepl lhal the OSC2 pin becomes an additional gen-~
eral purpose /O pin. The IO pin becomes bit 6 of
PORTA (RAB).

DS395648-page 18
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Weight Sensor (Load Cell)0-500g

Applicable to electronic scale, price computering scale, electronic platform scale, digital scale; parcel post

scale, electronic balance and all varieties of commercial scales by single load cell.

Model: SEN128A3B

Specification

* capacity g 500g

»  Qutput sensitivity mv/v 0.510.1

* Nonlinearty %.F.S 0.05

+ Hysteresis %E.S 0.05

e Repeatability %F.S 0.05

e  Creep(30min) %.F.S 0.05



Temperature effect on sensitivity %F.S/ 10°C 0.05
Temperature effect on zero %F.8/16°C 0.05

Zero Balance %F.S +0.5

Input resistance Q(ohms) 1120410

Output resistance {)(ohms) 100010

Insulation resistance MQ(ohms) 22000
Recommended excitation voltage v Sv

Method of Connecting wire red | Exc + black .

green . Sig+ white . Sig-

Exc—



Y

Usage

Hardware install

Arduino

Analog 0
V) 16 ——
- 2 16
GND o ] gy 14—
~» 4 18—
125
= T - o MNas GND
2 r
[} LT+ " *
(.f_;) o 8 11 o
B RUL . 7 10 .
L]
- A2 \ g
J Rg=50 Ohm

Al i1 —

93

Note: Weight sensor output 0V when the load less than 150g,s0 we can not directly measure the load .My

method is using a 200g local avoid measure blind spot.Read the analog data of 200g weight as no-

load(0g),read the analog data of 700g weight as full load(500g).
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BURR - BROWN®

FEATURES

® LOW DRIFT: 0.25uV/°C max

115dB min

40V

@ 8-PIN PLASTIC AND SOL-16

APPLICATIONS

® BRIDGE AMPLIFIER

® THERMOCOUPLE AMPLIFIER
® RTD SENSOR AMPLIFIER

® MEDICAL INSTRUMENTATION
@ DATA ACQUISITION

INA114

_—

Precision

® LOW OFFSET VOLTAGE: 50uV max

@® LOW INPUT BIAS CURRENT: 2nA max
® HIGH COMMON-MODE REJECTION:

@ INPUT OVER-VOLTAGE PROTECTION:

@ WIDE SUPPLY RANGE: 32.25 to £18V
@ LOW QUIESCENT CURRENT: 3mA max

INSTRUMENTATION AMPLIFIER

DESCRIPTION

The INA114 is a low cost, general purpose instrumen-
tation amplifier offering excellent accuracy. Its versa-
tile 3-op amp design and small size make it ideal for a
wide range of applications,

A single extemal resistor sets any gain from 1 to 10,000.
Internal input protection can withstand up to 40V
without damage.

The INA 114 s laser trimmed for very low offset voltage
(50uV), drift (0.251V/°C) and high common-mode
rejection (115dB at G = 1000). It operates with power
supplies as low as ¥2.25V, allowing use in battery
operated and single 5V supply systems. Quiescent cur-
rent is JmA maximum.

The INAL14 is available in 8-pin plastic and SOL-16
surface-rnount packages. Both are specified for the
—40°C to +85°C temperature range,

Ve
1?(13)
INAT14
Feedback
YW Wy
250 29 DIP Connecled
H Intemally
1
]
. W "
8 25k G=1+ 50
(15) Rg
5
—M—‘ﬁj\N‘——-—-——o Ref
+ 3| [Over-Vollage {10}
Ve 05,1 protect 25k 26k}
41
pip—~ cL »_(s0IC)
Ve

Indernational Alrport lndusirlal Park » Maling Address: PO Box 11400, Tucson, AZ 85734 « Sireel Address: 6730 5. Tucson Biyd., Tueson, AZ 85706 = Tek (520) 746-4 114  Twx: 810-052.1114
Ia{emel: hitp-Swww.burrdrown.coms « FAXUne: {800) 54346133 US/Canada Only) + Cable: BERCORP » Teler: 066-6491 « FAX: (520} 889-1510 » immedlale Product nfo: {$00) 548-6132

©1992 Burr-Brown Corporation

PDS-1142D Printed in U.S.A_ March, 1998




SPECIFICATIONS

ELECTRICAL
Al Ty = #25°C, Vg = 15V, R, = 2K}, unloss olherwise noled.
INA114BP, BU INATI4AP, AU
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INFUT
Olfiset Vottage, RTI .
initlal Ty = +25°C 10+ 20/G 1350 + 100/G 425 + 30/G |1125 + BOOIG pv
vs Temperalure Ta= Ty 10 Ty #0.1+0.5/G |10.25 + H/G 25+ 5/G § 1+ 100G uvrc
vs Powor Supply Vs =+225V 10 +18V 05+ 2/G 3+ 106G ¥ * BN
Long-Term Slabdity 0.2 + 0.5/G * nvimo
Impedance, Differential 10%)}6 * Q]| pF
Common-Mode 10046 * Q|ipF
Input Common-Mode Range +11 135 * * v
Sale lnput Vollaga +40 % v
Common-Mode Rejection Ve = 10V, ARg = 1ki2
G=1 80 96 75 90 d8
G=10 96 115 90 106 dB
G =100 t10 120 106 110 dB
G = 1000 1156 120 106 110 dB
BIAS CURRENT .5 2 * 5 nA
vs Temperalwe 8 * PAPC
OFFSET CURRENT H).5 22 * 5 né,
vs Temperalure 8 * PAFG
HOISE VOLTAGE, RT G = 1000, Rg = 002
f= 10Hz 15 * nvAHz
f = 100Hz 11 * nviHz
f= 1kHz 1 * nvAHz
s = 0.1Hz 10 10Hz 04 * uvp-p
Nolse Curent
f=10Hz 04 * pANHZ
f=1kHz 02 * pANHZ
fa = 0.1Hz 10 10H2 18 * pAp-p
GAIN
Gain Equation 1 4 (SO0KQUR,) * Vv
Range of Gain 1 10000 * * Niis
Gain Error G=1 . +0.05 * * %
G=10 002 H 4 * .5 %
G= 100 .05 #.5 * 0.7 %
G = 1000 H5 *1 * 12 %
Gain vs Temperalure G=1 2 10 * 10 pPRIMC
50k Resistancel 425 100 * * ppmcC
NonEnearity G=1 0.0001 +0.004 * +.002 % ol FSR
G=10 10.0005 H) 002 * +0.004 % ol F5R
G=100 +0.0005 10.002 * +0.004 % of FSR
G =1000 +.002 .01 ¥ +0.02 % of FSR
OuUTPUT
Vollage lg = 5MA, Ty 10 Typayx #135 +13.7 * * v
Vg= 114V, R, = 2k +10 +10.5 ® * Y
Vg =32.25V, Ry = 2kQ + 5 * * v
Load Capacilance Stability 1000 * pF
Shor Circuil Curent +20/-15 * mA
FREQUENCY RESPONSE
Bandwidth, -348 G=1 i * MHz
G=10 100 * kHz
G =100 10 * kHz
G = 1000 1 * kHz
Slew Rale V=210V, G =10 03 06 ¥ ¥ Vs
SeltEng Time, 0.01% G=1 18 * Hs
G=10 20 *® [T
G=100 120 * s
G = 1000 1100 * ps
Overfoad Recovery 50% Cvaerdrive 20 * ps
POWER SUPPLY
Vollage Range +2.25 *15 8 * * v
Curreni Vi = OV 12.2 13 * mA
TEMPERATURE RANGE
Specificalion —40 85 * * “C
Operaling —40 125 ® * C
B)a 80 * W

% Specification same as INA114BP/BU.
NOTE: (1} Temperalure coeticient of the “50k" term In the galn equalion.

The information provided herein is believed lo be refiable; however, BURR-BROWN assumes no responsibllily for inaccuracies or omnissions. BURR-BROWN assumes
no responsibilily for the use of this information, and all use of such informalion shall be enlirely al the user’s own risk. Prices and specilications are subjecl lo change
withoul notice. No patent rights or ikenses (o any of the drcuils described hereln are Implied or granled to any hird party. BURR-BROWN does nol authorize of warrant
any BURR-BROWN product for use In life suppor devices and/ior syslems,

HURR-EBERaOWN#

INA114 2



PIN CONFIGURATIONS
P Package 8-FIn DIP
Top View
Ny
Ro 1 [o]r,
vul2] 1]
vl 3] [s]v
V-| 4 EIRei
U Package S0L-16 Surdace-Mount
Top View
nc|1]10O 16 NC
Rg |2 15| Rg
NC |3 i4 | NC
V|4 13 v+
Vil § 12 | Feedback
NC |6 14|V
V—E 10 | Raf
NC |8 9 | NG
bl

ABSOLUTE MAXIMUM RATINGSH

Supply Voilage 14

fnpul Vollage Range ... 240V
Oulpul Shoil-Circuit {lo ground}...... rrerenereniees e GODINUOUS
Operaling Temperalure .. ... . ~40°C lo +125°C
Slorage Temperalure ... v —40°C 0 +125°C
Junction Temperalwie............... . . +150°C
Lead Temperalure {soldering, 108} ........c..ccoeieree i cive st ¥300°C

NOTE: (1} Sbresses above these rallngs may cause permanen| damage.

ELECTROSTATIC

96

DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with ap-
propriate precautions. Failure to observe proper handling and

installation procedures can cause damage,

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric
changes could cause the device not to meet its published

specifications.

PACKAGE/ORDERING INFORMATION

PACKAGE

DRAWING | TEMPERATURE
PRODUGCT PACKAGE NUMBER{" RANGE
INA T 14AP 8-Pin Plastic DIP 006 ~-40°C {o +85°C
INAT14BP §-Pin Plaslic DIP 006 ~40°C fo +85°C
INAT14AU S0L-16 Surface-Mounl 21 —40°C {0 +85°C
INAY14BU S0L-16 Surface-Mounl 211 —40°C to +85°C

NOTE: {4} For detalled drawing and dimension lable, please seo end of data

sheet, or Appendix C of Burr-Brown IC Data Book.

INA114

BURR - BROWN &



APPLICATION INFORMATION

Figure 1 shows the basic connections required for operation
of the INA14. Applications with noisy or high impedance
power supplies may require decoupling capacitors close to
the device pins as shown,

The output is referred to the output reference (Ref) terminal
which is normally grounded. This must be a low-impedance
connection to assure good common-mode rejection. A resis-
tance of 50 in series wilh the Ref pin will cause a typical
device to degrade to approximately 80dB CMR (G = 1).

SETTING THE GAIN

Gain of the INAl14 is set by connecting a single extemal
resistor, Rg:

50 kQ (1)

Rq

G=1+

Commonly used pains and resisior values are shown in
Figure 1.

The 50k{2 term in equation (1) comes from the sum of the
two internal feedback resistors. These are on-chip metal film
resistors which are [aser (rimmed to accurate absolute val-

ues. The accuracy and temperature coefficient of these
resistors are included in the gain accuracy and drift specifi-
cations of the INA114,

The stability and temperature drift of the extemal gain
setting resistor, R, also affects pain. R5's contribution to
gain accuracy and drift can be directly inferred from the gain
equation (1). Low resistor values required for high gain can
make wiring resistance important. Sockets add to the wiring
resistance which will contribute additional gain error (possi-
bly an unstable gain error) in gains of approximately 100 or
greater.

NOISE PERFORMANCE

The INAEI4 provides very low noise in most applications.
For differential source impedances less than 1k€2, the INA 103

-may provide lower noise. For source impedances greater

than 50k€2, the INAI11 FET-input instrumentation ampli-
fier may provide lower noise.

Low frequency noise of the INAIL4 is approximately
0.4):Vp-p measured frorn 0.1 to 10Hz. This is approximately
one-tenth the noise of “low noise” chopper-stabilized ampli-
fiers.

Pin numbers are
for DIP packages.
3y 2| [Over-Yoltage,
Vi O Prolection
1
25k
b ——— W
8 2502
* 5 3| |Over-Voltage
Vi Proleclion

DESIRED R, NEAREST 1% R,
GAIN Q) {0}

1 No Connection No Conneclion
2 50.00% 49,9

5 12.50i 124k

10 5.556k 5.62k

20 2.632 261k

50 1.02k 1.02k

100 505.1 511

200 251.3 249

500 100.2 100
1000 50.05 499
2000 25.01 249
5000 10.00 10
10000 5.001 4.99

v+
0.1pF
i ==
1NA114
25k} 25k0 Vo =G+ (Vo - Vi)
G=1+ 50k
6
+
Load Vo
5 -
A WA o
25k 25402 _l_
4 | Q.1uF
= Also drawm in simplified form:
[T
VeO— >
Ry % A4 Vo
V:‘ oO—— + Ref

FIGURE |. Basic Connections.

BURR - BROWN#®

INA114
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1.Module Classification Information

LCD

-020 N 004 B -T M 1|

-ET

@ @

Q ®

Brand: Vishay Intertechnology, Inc.
Horizontal Format: 20 characters
Display Type : N—Character Type (RoHS), H~>Graphic Type (RoHS)

4 lines

Model serials no.: B

. Backlight
Type :

7. LCD Mode

8. LCD Polarizer
Type/ Temperature
range/ View
direction

9, Special Code

|

2

3.

4. Vertical Format:
5

6

N— Without backlight
B—EL, Blue green
D—EL, Green

W—EL, White
F—CCFL, White
Y—LED, Yellow Green
B—TN Positive, Gray
N—TN Negative,
G—STN Positive, Gray

® @ @

A—LED, Amber
R—LED, Red
O—LED, Orange
G—LED, Green
T—LED, White
T—>FSTN Negative

Y—STN Positive, Yellow Green

M—STN Negative, Blue
F—FSTN Positive
A—Reflective, N.T, 6:00
D—Reflective, N.T, 12:00
G—Reflective, W. T, 6:00
J—Reflective, W, T, 12:00
B— Transflective, N,T,6:00
E—Transflective, N.T.12:00

H— Transflective, W.T,6:00
K— Transflective, W.T,12:00
C—Transmissive, N.T,6:00
F— Transmissive, N.T,12:00
I—Transmissive, W. T, 6:00
L— Transmissive, W.T,12:00

ET : English and European standard font
Fits in with the ROHS Directions and regulations
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2.Precautions in use of LCD Modules

{1)Avoid applying excessive shocks to the module or making any alterations or modifications to

it.

(2)Don’t make extra holes on the printed circuit board, modify its shape or change the

components of LCD module.
(3)Don’t disassemble the LCM.
(4)Don’t operate it above the absolute maximum rating.
{5)Don’t drop, bend or twist LCM.
(6)Soldering: only to the I/O terminals.

(7)Storage: please storage in anti-static electricity container and clean environment.

(8)Supplier has the right to change the passive components
(9)Supplier has the right to change the PCB Rev.

3.General Specification

Item Dimension Unit
Number of Characters 20 characters x 4Lines —
Module dimension 98.0 x 60.0 x 13.6(MAX) mm
View area 77.0x25.2 mm
Active area 70.4 x 20.8 mm
Dot size 0.55x0.55 mm
Dot pitch 0.60 x 0.60 mm
Character size 295x4.75 mm
Character pitch 3.55x5.35 mm
LCD type STN Negative, Blue Transmissive,,
(In LCD production, It will occur slightly color difference. We
can only guarantee the same color in the same batch.)
Duty 1/16
View direction 6 o’clock
Backlight Type LED White
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4.Absolute Maximum Ratings
Item Symbol Min Typ Max | Unit
Operating Temperature Top -20 — +70 C
Storage Temperature Tst -30 — +80 T
Input Voltage Vi Vss — Vop \4
Supply Voltage For Logic Vop-Vss -0.3 — 7 \Y
Supply Voltage For LCD Vop-VYo -0.3 — 5.5 \Y
5.Electrical Characteristics
Item Symbol Condition | Min | Typ | Max | Unit
Supply Voltage For Logic Vpp-Vss - 4.5 5.0 5.5 Vv
Supply Voltage For LCD E of > v
*Note Voo-Vo Ta=25C 7 4.5 - \Y%
Ta=70C 3.5 - v
Input High Volt. Vi — 0.7 Vop — Vob V
Input Low Volt. ViL — Vss — 0.6 vV
Output High Volt. You = 3.9 — - \Y
Output Low Volt. VoL — — - 04 A"
Supply Current Inp Vpp=5V 1.2 1.6 2.0 mA

* Note: Please design the VOP adjustment circuit on customer's main board

Vdd

Vo LCM

Maodule

VR

10K~20K
VS8
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6.0Optical Characteristics

Item Symbol Condition Min Typ Max | Unit
(V)& CRz=2 20 — 40 deg
View Angle
H)¢p CRz=2 -30 — 30 deg
Contrast Ratio CR — — 3 — —
T rise — — 100 150 ms
Response Time
T fall — — 100 150 ms

Definition of Operation Voltage (Vop) Definition of Response Time { Tr, Tf )

Intensity t Selected Wave
100%--

Non-selected Wave

Cr Max
Cr=1Lon / Loff

Driving Voltage(V)

Vop

|positive type]

[positive type]

Conditions :
Operating Voltage : Vop Viewing Angle(@ » ¢):0"» 0°
Frame Frequency : 64 HZ  Driving Waveform : 1/N duty , 1/a bias
Definition of viewing angle(CR=2)

0f
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7.Interface Pin Function
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Pin No.| Symbol Level Description
1 Vss ov GND
2 Voo 5.0V |Supply Voltage for logic
3 VO (Variable) [Contrast Adjustment
4 RS H/L Register select signal
5 R/W H/L  i{H: Read(MPU—Module) L: Write(MPU—Module)
6 E H,H—=1. [Chip enable signal
7 DBO H/L Data bus line
8 DBI H/L Data bus line
9 DB2 H/L Data bus Iin;e
10 DB3 H/L Data bus line
11 DB4 H/L Data bus line
12 DB5 H/L Data bus line
I3 DB6 H/L Data bus line
14 DB7 H/L Data bus line
15 A = LED+
16 K . LED-
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9.Function Description

The LCD display Module is built in a LSI controller, the controller has two 8-bit registers, an
instruction register (IR) and a data register (DR).

The IR stores instruction codes, such as display clear and cursor shift, and address information
for display data RAM (DDRAM) and character generator (CGRAM). The IR can only be written
from the MPU. The DR temporarily stores data to be written or read from DDRAM or
CGRAM. When address information is written into the IR, then data is stored into the DR from
DDRAM or CGRAM. By the register selector (RS) signal, these two registers can be selected.

RS | VYW Operation
0 0 {IR write as an internal operation (display clear, etc.)
0 1 [Read busy flag (DB7) and address counter (DBO to DB7)
| 0 |Write data to DDRAM or CGRAM (DR to DDRAM or CGRAM)
1 1 [Read data from DDRAM or CGRAM (DDRAM or CGRAM to DR}
Busy Flag (BF)

When the busy flag is 1, the controller LSI is in the internal operation mode, and the next
instruction will not be accepted. When RS=0 and R/W=1, the busy flag is output to DB7. The
next instruction must be written after ensuring that the busy flag is 0.

Address Counter (AC)
The address counter (AC) assigns addresses to both DDRAM and CGRAM

Display Data RAM (DDRAM)
This DDRAM is used to store the display data represented in 8-bit character codes.  Its extended
capacity is 80x8 bits or 80 characters. Below figure is the relationships between DDRAM

addresses and positions on the liquid crystal display.

High bits Low bits

Example: DDRAM addresses 4E

F 3
b 4
F 3

AC

) AC6|AC5|AC4[AC3{AC2IACT|ACO 1101011 (170
(hexadecimal)




Display position DDRAM address

6 7 8 9 10 11 12

13

14

15

16

18

19
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20

00

01

02

03

04

05)06]07108[09{0A]|0B

0C

0D

OE

OF

10

11

12

13

40

41

42

43

44

45 | 46 | 47 | 48 | 49 [4A 4B

4C

4D

4E

4F

50

51

52

53

14

15

16

17

18

19| 1A|1IB|I1C|{ID|1E | 1IF

20

21

22

23

24

25

26

27

54

55

56

57

58

59 [SA[5B[5C|5D]5E [ 5F

60

61

62

63

64

65

66

67

4-Line by 20-Character Display

Character Generator ROM (CGROM)
The CGROM generate 5x8 dot or 5x10 dot character patterns from 8-bit character codes. See

Table 2.

Character Generator RAM (CGRAM)
In CGRAM, the user can rewrite character by program. For 5x8 dots, eight character patterns

can be written, and for 5x10 dots, four character patterns can be written.

Write into DDRAM the character code at the addresses shown as the left column of table 1. To
show the character patterns stored in CGRAM.
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Relationship between CGRAM Addresses, Character Codes (DDRAM) and Character

patterns

Table 1.

For 5 * 8§ dotcharacter patterns

Character Codes
(DDRAM data)

CGRAM Address

Characler Patterns
(CGRAM data)

76 5 4 3 2 1 543 2 10 76 543210

High Low High Low High Low
000 ¥ % 3
00] * % ®
010 L N ]
Oil ¥ ¥ %

0000 * 000 0 ¢ 0it 0O ot
lO| * * »
llO ¥« ¥ @&
lll * &
000 * * ¥
00‘ * ¥ »
Olo P
0]1 * & »

0 000 * 00 00 1 {1 0 0 h
lol LI I
Ilo E——% %
l]l * % 3
000 x ® %
0 6 1

00 0 0 * 1 1 11 1(1 0 ¢
1 0 1
I 10
l]l ® & &

For 5 * 10 dot characler patterns

Character Codes
(DDRAM dala)

CGRAM Address

Character Patterns
(CGRAM data)

76 5 43 2 1

543 2 10

Ay 6 Sisde3sA2 f

High Low High Low High
o0 0 0 ¢ -4 A
0 ¢ 0 1 1Y/
0010 bl ¢
0 0 1 1 * i
¢ 1 00 > -
000 C *0 0 O 0 010 + 0 1 I
01 190 o
0 1 1 1 e
1 0 00 L
100 | £ oo !
l 0 l 0 [ 3 * L
l l l l * [ ] ] L] L L] L *

- :"High 1]

Character
pattern( 1)

Cursor pattern

Character
pattern( 2 )

Cursor pattern

Character
pattern

Cursor patiern
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141.Instruction Table
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Instruction

Instruction Code

Description

Execution time
(fosc=2T0K hz)

RS DB7|DB6|DB5|DB4|DB3|{DB2|DBI|DB0
Clear Display| 0 oJoflo|o|ofo]| o] [WieOoH ©DDRAMands 1.53ms
DDRAM address to “00H” from AC
Set DDRAM address 10 “00H” from AC
Return Home! © 0 0 0 0 0 0 i _ a.md relurn cursor te ils original posilion 1.53ms
if shifted. The contents of DDRAM are
nol changed.
Entry Mode Assign cursor moving direction and
(] 0 39
Set 0 2 ¢ 0 = enable the shift of entire display. s
Display Set displ ), and blinki
ONJOEF 0 o loflo| ol 1 |bp]c| s [PedpleyD)ecusor(C)andbliking) 34,
Control of cursor (B) on/off control bit.
Cursor or Set cursor moving and display shift
Dislay Shift 0 0 0 (] I |S/ICIR/AL | — | — |control bit, and the direction, without 3us
pay changing of DDRAM data,
Set interface data length
Function Set | 0 0 0 it oLl nlpl =] = (DL:8-bit/4-bit), numbers of disptay line 9pus
(N:2-line/1-line)and, display font type
(F.5x11 dols/5x8 dols)
5
At:; d(::eGszM 1] 0 I JAC5|AC4|AC3|AC2| ACI | ACO [Set CGRAM address in address counter. s
Set DDRAM
Afidress 0 1 |AC6]AC5|AC4|AC3I|AC2| AC1| ACO |Set DDRAM address in address counter. 39us
Read Busy Whether during intemnal operalion or not
Flag and 0 BF |Ac6|acs|ac|acs|ac2|act|ace | e knovwn by reading BE. The Ops
Address contents of address counier cen also be
Iread.
Write Data to Wrile data into inlemal RAM
1 D7 | D6 | D5 | D4 43pus
RAM i e S (DDRAM/CGRAM). o
Read Data Read data from intemnal RAM
1 D7 | D6 | DS | D4 43
from RAM BRNIAD NS (DDRAM/CGRAM). ks
% ?—* 1 don’tcare




12.Timing Characteristics

12.1 Write Operation
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RS Ao i X
{AS {AH
Ib _W j\vﬂ.l A VILT
-  PWm . ta
- 1)
E A N Kou
e DSW tH
DBO0 to DB7 )i :,T: Valid data ;TL<
. feyeB
Ta=25C, VDD=50+ 0.5V
Item Symbol | Min Typ Max Unit
Enable cycle time teyeE 1200 - I ns
Enable pulse width (high level) PWexy 140 T T ns
Enable rise/fall time tentEr - 3 25 ns
Address set-up time (RS, R/'W to E) tas 0 = . ns
Address hold time tan 10 — - ns
Data set-up time tpsw 40 & - ns
Data hold time ty 10 - - ns




12.2 Read Operation

114

RS Ao X
tas AR
R/W A vt vinrk
PWex tan
fEr
Y VIHL . VIHIY
E T o v N -
L {ohr
DBO to DB7 vy vidam b
foyeE
NOTE: *VOLI is assumed to be 0.8V at 2 MHZ operation.
Ta=257C, VDD=5.0+ 0.5V
Item Symbol | Min Typ Max Unit
Enable cycle time teycE 1200 = - ns
Enable pulse width (high level) PWgy 140 — X ns
Enable rise/fall time e e ™ - 25 ns
Address set-up time (RS, R/W to E) tas 0 = I ns
Address hold time tan 10 7 T ns
Data delay time iDDR > & 100 ns
Data hold time tDHR 10 = - ns
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13.Initializing of LCM

Power on

Wait for more than 40 ms after Voprisesto 4.5V

BF can not be checked before this instruction.

RS R/W DB7 DB6 DBS DB4 DB3 DB2 DB1 DB0| Funclion set
0 0 0 o0 1t 1 * * * =

Wait for more than 3%us

_ { . B can not be checod befire this instruction.
RS R/W DB7 DB DB5 DB4 DB3 DB2 DBI DB0 :
0 0 Funclion set
0 0

0 0 1 0 * ¥ * *

N F * * * * ¥ *

I

‘Wait for more than 39 ps

BF can not be checked before this instruction.

00]0****F'onsel
N F * * = * *x =

I

RS R/AW DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
0 0
0 0

Wait for more than 37us
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DR0 Display ONOFF control
o 0 0 0 0 o0 =* = ¥ *
0 0 I D C B * % * ¥

l

Wait for more than 37 ps

0 0 0 0 * % + »|Dwwo

0 1) 0 1 * * * ¥

RS R/W DB7 DB6 DBS DB4 DB3 DB2 DBI DB0
0 o0
0 0

Wait for more than 1.53ms

0 0 0 0 * *= ¥
0 1 I'D SH * * * *

Initialization ends

RS R/W DB7 DB6 DBS DB4 DB3 DB2 DBI DBO] Fyyry hiode St
0 0
0 0

4-Bit Ineterface



(Lpoern )

Wait for more than 40 s after Voprises t04.5 V
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BF can not be checked before this instruction.

RS RAWDB7 D86 Di35 DB4 DB3 D2 DBl DR)
0 0 0 0 I 1T N F * +#

Wait for more than 39us

Function set

BF can not be checked before this instruction.

RS R/WDB7 DB6 DS DB4 DB3 DB2 DB1 DR

0 0 0001 1 N F * =«

Wait for move than 37us

Function set

RS RAWDB7 DB6 DBS DB4 DB3 DB2 DB DBY| 1350y ONOFF cortr
0

6o 0 6 0 0 I BC D

Wit for more than 37 ps

RS RWDB7 DB6 DBS DB4 DB3 DB2 DBl DB0
0 0 0 0 0 0 0 0 0 1

Wait for more than 1.53ns

RS R/WDB7 DB6 D5 DB4 DB3 D2 DB1 DR
0 0 0 0 0 0 0 1 ID S

Initialization ends

8 Bit Incterface

Display Clear

Entry Mixe Set
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L298

DUAL FULL-BRIDGE DRIVER

»n OPERATING SUPPLY VOLTAGE UP TO 46 V

=« TOTALDC CURRENTUP TO4 A

= LOW SATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

n LOGICAL "0" INPUT VOLTAGE UP TC 15V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integraled monolithic circuit in a 15-
lead Multiwatt and PowerS020 packages. It is a
high voltage, high current dual fuil-bridge driver de-
signed to accept standard TTL logic levels and drive
induclive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independently of the in-
put signals. The emitters of the lower transistors of
each bridge are connecied together and the corre-
sponding external ferminal can be used for the con-

BLOCK DIAGRAM

Power5020

Multiwatt15

ORDERING NUMBERS : L298N (Mulliwatt Vert.)
L298HN (Multiwalt Horiz. )
L298P {Power$020)

nection of an external sensing resistor. An additional
supply input is provided so {hat the logic works at a
lower voltage.

1 2 3 4

lc“)‘ s i 12 Ing
! ,_>|—(_T—< ..>'_CL
""(\r! ? 10 '53
Ena |g EnB
O- n
s 15 —0
SENSE AO——4 - _L }—OSsENsEB
Rsa Rsp
Jenuary 2000 113
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L298
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unlit
Vs Power Supply 50 )4
Vss Logic Supply Voltage 7 V'
ViVen Input and Enabls Voilage 03107 v
lo Peak Oulput Current {(each Channel)
- Non Repetilive (1 = 100us) 3 A
—Repeltitive (80% on —20% off; ton = 10ms} 25 A
~DC Operalion 2 A
Vsens Sensing Voltage —1t023 \'i
Pix Total Power Dissipation (Tease = 75°C) 25 w
Top Junclion Operaling Temperature -25 10 130 °C
Tao. Tj Storage and Junction Temperature —40 to 150 og
PIN CONNECTIONS (top view)
/ —I. - 15— CURRENT SENSING B
[ oUTPUTA4
Q} [J) I CUTPUT 3
3} SUS——— ]
I — =] ENABLE 8
L —— 1)
1 [ M LOGIC SUPPLY VOLTAGE Vgg
1"'“"""’3“15 Y —— T
AN — INPUT 2
6~ T3 ENABLEA
s— " INPUT 1
4 [ SUPPLY VOLTAGE Vg
$ S V  — ) OUTPUT 2
2 [ outPuTA
\ —~ I CURRENT SENSING A
Z TAS CONNECTED TO PIN 8 Dgsarzz4an
/
GND [ 1 20 [T GND
Sense A ] 2 19 ] SensaB
NC. 13 18 /1 NC.
Oouti 3 4 17 [ Out4
oviz 5 PowerS020 46 [ outsa
Vs 16 15 [ Input4
tnput1 ] 7 14 [ EnableB
Enable A [ 8 13 [ Input3
Input 2 [ 9 12 ] vss
GND ] 10 1 1 GND
D95iH239
THERMAL DATA
Symbol Parameter Powers5020 Multiwattis | Unit
Rihjcase | Thermal Resistance Junction-case Max. - 3 °C/W
Rinjamb | Thermal Resistance Junction-ambienl Max. 13(Y 35 °Ciw

{*} Mounled on aluminum substrale

2H3

3
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L298

PIN FUNCTIONS (refer fo the block diagram)

MW.15 PowerSQ0 Name Function
115 2;19 Sense A; Sense B |Between this pin and ground is connected the sense resistor lo
conlrol the current of the load.
23 45 Out 1; Out 2 Qulputs of the Bridge A; the current that flows through the load
connected between these two pins is monilored al pin 1.
4 6 Vs Supply Voltage for the Power Oulput Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5,7 7.9 Input 1; loput 2 TTL Compatlible Inputs of the Bridge A.
611 8;14 Enable A; Enable B | TTL Compalible Enable Inpul: the L stale disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacilor must be
connected between lhis pin and ground.
10; 12 13;15 Inpul 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16;17 Cut 3; Out 4 QOutputs of the Bridge B. The current thal flows through lhe load
connected between lhese two pins is monitored al pin 15.
- 3;18 N.C. Not Connecled

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss = 5V, Tj = 25°C; unless otherwise specilied)

Symbol Parameter Test Conditions Min. Typ. | Max. | Unit
Vs Supply Voltage (pin 4) Operalive Condition ViH +2.5 46 \'4
Vss | Logic Supply Voltage (pin 9) 4.5 5 7 v
Is Quiescent Supply Current {pin 4) |Ven=H; IL=0 vi=L 13 22 mA
Vi=H 50 70 mA
Ven =L Vi=X 4 mA
lss Quiescent Curcent from Vgs (pin 9) [Ven=H; 1. =0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven=L Vi=X & mA
Vo Input Low Voitage 0.3 1.5 \'
{pins 5, 7, 10, 12)
Vi Inpul High Voltage 2.3 VSS \'
{pins 5, 7, 10, 12)
l Low Vollage Inpul Current Vi=L -10 uA
{pins 5, 7, 10, 12)
I High Voltage Inpul Current Vi= H < Vgg-0.6V 30 100 nA
{pins 5, 7, 10, 12)
Ven = Enable Low Vollage (pins 6, 11) -0.3 1.5 Vv
Vea = H | Enable High Voltage (pins 6, 11) 2.3 Vss \'4
len =L [Low Vollage Enable Current Ven=L -10 pA
(pins 6, 11) .
len = High Voltage Enable Current Ven = H € Vg5 0.6V 30 100 pA
(pins 6, 11)
Veesan) | Source Saturation Vollage IL=1A 0.95 1.35 1.7 v
IL=2A 2 2.7 Vi
Veesatq) | Sink Saluration Voltage IL=1A (5) 0.85 12 1.6 \"
IL=2A (5) 1.7 23 v
Vcesa | Tofal Drop L=1A (5) 1.80 32 v
IL=2A {5) 4.9 \i
Sensing Voltage {pins 1, 15) -1 (1) 2 vV

9

33
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L298
ELECTRICAL CHARACTERISTICS (continued)

Symbel Parameter Test Conditions Min. Typ. | Max. | Unlt
T1 (V) |Source Current Turn-off Delay 05Vito0.91L (2} (4) 1.5 us
T2 (Vi) |Source Current Falt Time 091 to011L (25 (4) 0.2 us
Ta (V) |Source Current Turn-on Delay 05Vilo 01 (2);(4) 2 us
Ts (Vi) |Scource Current Rise Time 011 o091 {2} (4) 0.7 us
Ts (Vi) |Sink Cumrent Tum-off Delay 05Vito 091, (3).(4) 0.7 us
Te (Vi) |Sink Cument Fall Time 091 o011 (3); (4) 0.25 us
Ty (Vi) |Sink Cument Tumn-on Delay 05Vito 091 (3){4) 16 us
Tg (M) |Sink Current Rise Time 0.1 0091 (3); (4) 0.2 us
lc{v}) |Commutation Frequency IL=2A 25 40 KHz

T4 (Ven) |Source Current Turn-off Delay 0.5Ven 10091, (2); (4) 3 ns
T2 (Ven) |Source Currenl Fall Time 094 to0. 11 (2} (4) us
T3 (Ven) |Source Current Turn-on Delay 0.5Veato 0.1 b (2); (4) 03 us
T4 (Ven) |Souwrce Current Rise Time 0.1 o091, (2} (4} 0.4 Hs
Ts(Ven) |Sink Current Tum-olf Delay 05Vea o091 (3} (4) 22 us
Ts (Ven) |Sink Cumrent Fall Time 091 to0.11.  (3) (4) 0.35 ns
Ty (Ven) {Sink Cumrent Tumn-on Delay 0.5Veato 021 (3); (4) 0.25 us
Tg (Ven) |Sink Cument Rise Time 011 0091 (3% (4) 0.1 us
1} 1)Sensing vollage can be —1 V for | < 50 psec; in steady stale Vees min 2= 0.5V,
2) See fig. 2.
3) See fig. 4.
4) The load must be a pure resislor.
Figure 1 : Typical Saturation Voltage vs. Qutput Figure 2 : Swilching Times Test Circuils.
Current.
(RN 741}
Vsar
v) VggaSV  VgauzV
VbV
2.4 Yss =5V H INPUT
20 L
1.6 ] ENABLE
= 1
e
Y
0.8
' 5188241
0.4
0 04 08 12 16 20 24 lofA) Note : For INPUT Swilching, set EN =H
For ENABLE Swilching, selIN=H
4113 IS7]
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Figure 3 : Source Curent Delay Times vs. Input or Enable Switching.

)
Imax(2A)
90%
10%, t
VEnI (LV} .
50"- T J e s o T T T = t
5.50%3/2

Figure 4 : Switching Times Test Circuits.

Vgo.gy VgadalV
O

INPUT
o—

ENABLE

5583401

Note : For INPUT Swilching, sel EN =H
For ENABLE Swilching, setIN=L

g

5/13




122

L298
Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Swilching.
L |
imax{2A)
oL I I s
A i B Nl A '
.1 |ve L T
Y (4V)
% 1N = —====o .
Imax(2A} : A eV
90% - =1 T N
10 'fo 3 f
(&V)
0% | e
‘ .
5-10667 I
Figure 6 : Bidireclional DC Motor Control.
g
© Toor
" |]F P *D!
I e
ot D4 i
; JL .. i ., Inputs Functlon
Ven=H C=H;D=L Forward
?Kf n W \: C=L;D=H Reverse
) C=D Fast Molor Stop
Lo
Ven=L C=X;D=X Free Running
— Jon F Motor Stop
172 L298N L=tow H=High X = Don'l care
1] —OVen
15 ] ¥
tocom it N
s
ﬁ M YO C4: tA FAST RECOYERY (RODE{t,, £200ns) )
1-30307
6/13 IS7]
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Figure 7 : For higher currents, oufputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.

Vss

e

Vs
1B0nF
i l [3
6

ENABLE
° S
LRI CY S 1 Mo
N2 ouT 2
ol ? 3
"

VYT

530712

15

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L298 Integrates two power oulpul stages (A; B).
The power oufput stage is a bridge configuration
and ifs outputs can drive an inductive load in com-
mon or differenzial mode, depending on the stale of
the inputs. The current that flows through the load
comes oul from the bridge at the sense output : an
extemnal resistor {Rsa ; Rsa.} allows to detect the in-
tensity of this current.

1.2, INPUT STAGE

Each bridge is driven by means of four gates the in-
put of which are In1; In2 ; EnA and In3 : In4 : EnB.
The Ininputs sel ihe bridge state when The Eninput
is high ; a low state of the En inpulinhibits the bridge.
Adl the inputs are TTL compalible.

2. SUGGESTIONS

A non inductive capacilor, usually of 100 nF, must
be foreseen betwaen both Vs and Vss, 1o ground,
as near as possible lo GND pin. When the large ca-
pacitor of the power supply is too far from the IC, a
second smaller one must be foreseen near the
L2498,

The sense resistor, not of a wire wound type, must
be grounded near lhe negative pole of Vs that must
be near the GND pin of the I.C.

7

Each inpul must be connecled to the source of the
driving signals by means of a very short path.

Turn-On and Turn-Off : Before fo Turn-ON the Sup-
ply Vollage and before lo Tum it OFF, the Enable in-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 lo D4 is made by
four fast recovery elements (tr < 200 nsec) that
musl be chosen of a VF as low as possible at the
worst case of the load current.

The sense oulpul vollage can be used to control the
current amplitude by chopping the inpuls, or fo pro-
vide overcurrent protection by switching low the en-
able input.

The brake funclion (Fast motor stop} requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome,

When the repetitive peak current needed from the
load is higher than 2 Amps, & paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
duclive loads are driven and when the inputs of the
IC are chopped ; Shottky diodes would be preferred,

713
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L79xxC

Negative voltage regulators

Features

m Output currentup to 1.5 A

Output voltages of - 5; - 8;- 12; - 15V
m Thermal overload proteclion

a Short circull protection

m Output transition SOA protection

Description

The L79xxC series of three-lerminal negative
regulators is available in TO-220, TO-220FP and
D2PAK packages and several fixed output
voltages, making it useful in a wide range of
applications. These regulalors can provide local

-on-card regulation, eliminating the distribution
problems associated with single point regulation;
furthermore, having the same voltage option as
the L78xx positive standard series, they are
particularly suited for split power supplies. If
adequale heal sinking is provided, they can
deliver over 1.5 A oulput current, Although
designed primarily as fixed voltage regulators,
these devices can be used wilh external
components to obtain adjustable voltages and
currents.

Table 1. Device summary

Datasheet — production data

TO-220

TO-220FP

D?PAK

Order codes

Output

Part numbers
TO-220

DzPAK

TO-220FP voltages

L7905C L7905CV L7905CV-DG (I

L7905CD2T-TR

L7805CP -5v

L7908C L7908CV L7908CV-DG (!

-8V

L7912C L7912CV L7912Ccv-DG (1

L7912CD2T-TR

L7912CpP -12v

L7915C L7915CV L7915CV-DG ()

L7915CD2T-TR

L7915CP -15V

1. TO-220 Dual Gauge frame.

May 2012 Doc 1D 2149 Rev 21

1/24

This Is infermalion on a producl in full production.

wyw.sl.com
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Diagram

Figure 1.

Diagram

Schematic diagram

0
GND
A18 RI9
an 1)
an ./
A L Dm?
—t Q19 our
Qig azo
a2
RID 03
g "
R® Az
a1
RIS

5-50)5

3

Doc 1D 2149 Rev 21

3/24




; Pin configuration

126

L79xxC
2 Pin configuration
Figure 2.  Pln connections (top view)
[ ———— ourt ouT
O [ ————w O —————
e—— )] I— V)
Cs26410 C526420
TO-220 TO220FP
———1 oUT
iN [
: ) GND
m C5264%0
DIPAK (any type)
4/24

Doc ID 2149 Rev 21
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L79xxC Maximum ratings
3 Maximum ratings
Tahle 2, Absolute maximum ratings
Symbol Parameter Value Unit
forVg=-5l0-18V -35
Vi DC input vollage L
forVg=-20to-24V -40
o Culput current Internally limited
Pp Power dissipation Internally limited
Tgyg | Storage lemperature range -65 lo 150 °C
Top Operating junction temperature range 0o 150 °C
Nole: Absolute maximum ralings are those values beyond which damage o the device may occur.
Functional operation under these condition is not implied.
Table 3. Thermal data
Symbol Parameter DPAK TO-220 TO-220FP Unit
Rigc | Thermal resistance junction-case 3 5 5 - "CIW
Ryya | Thermal resistance junction-ambient 62.5 50 60 *C/W
Lys Doc ID 2149 Rev 21 5/24
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L79xxC

4 Test circuit

Figure 3. Test circuit

C526400

4
— ——
C, =2.2ufF I s = Co=1tuF
_Vl IN L79XX ourt O_VO

6/24 Doc ID 2149 Rev 21
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L79xxC Electrical characteristics
5 Electrical characteristics
Refer to the test circuits, T)= 010 125 °C, V;=-10 V, I = 500 mA, C; = 22 pF, Cy = 1 pF
unless otherwlse specified.
Table 4, Electrlcal characteristics of L7905C
Symbol Parameter Test conditions Min. | Typ. | Max, { Unit
Vo |Output voltage T,=25°C -4.8 -5 -5.2 v
lo=-5mAto-1A Pags15W § ;
Vo Oulput voltage Vi=-810-20V | -4.75 5 5.25 v
VI=-7T1l0-25V, T; = 25°C 100
AVol"  |Line regulation mv
Vi=-8lo-12V, T,=25°C 50
lo=5mAto1.5A, T;=25°C 100
Ve |Load regulation : my
lp =250 1o 750 mA, T, =25°C 50
Is Quiescent current T,=25°C 3 mA
lo=5mAto 1A 0.5
Alg  |Quiescent current change mA
Vi=-Blo-25V 1.3
AVG/AT | Qulput voltage drift lg=5mA -0.4 mv/°C
eN Culput noise voltage B = 10Hz to 100kHz, T, = 25°C 100 MY
SVR | Supply voltage rejection AV =10V, [ = 120Hz 54 60 dB
Vg Dropout voltage lo=1A, T, =25°C, AVg =100 mV 1.4 v
e Short circuit current ' 2.1 A
1. Load and line regulation are specified al constant junction temperalure. Changes in Vg due lo healing effects must be
laken into accoun! separately. Pulse lesling with low duly cycle is used,
1570 Doc ID 2149 Rev 21 7/24
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L79xxC

Refer lo the lest circuits, T; = 0to 125 °C, V|=-14V, I =500 mA, C| =22 pF, Cq =1 uF
unless otherwise specified.

Table 5. Electrical characteristics of L7908C
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vo Quiput voltage T,=25°C 7.7 -8 -8.3 Vv
lo=-5mAto-1APgs15W } ) )
Vo Outpul voltage V,=-11.510-23 V 7.6 8 8.4 v
V|=-10.5t0-25V, T, = 25°C 160
AV Line regulation mv
Vi=-11to-17V, T; =25°C 80
lo=5mAto1.5A, T;=25°C 160
AV [ Load regulalion my
lo =2501to 750 mA, T; = 25°C 80
lq Quiescent current T,=25°C 3 mA
\ lo=5mAlo1A 0.5
Aly Quiescent current change mA
Vi=-11.510-25V 1
AVQ/AT | Output voltage drilt lg=5mA -0.6 mvV/°C
eN Outpul noise vollage B = 10Hz to 100kHz, T; = 25°C 175 pv
SVR | Supply vollage rejeclion AV =10V, {=120Hz 54 60 dB
Va Dropout voltage lo=1A,Ty=25C, AVg =100 mV 1.1 Vv
lge Short circuit current 1.5 A

1. Load and line regulation are specilied at conslant junclion lemperature. Changes in Vg due to heating eflecls musl be
taken into account separalely. Pulse lesting wilh low duly cycle is used.

Doc ID 2149 Rev 21

%)
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L79xxC Electrical characteristics

Refer to the test circuits, T, = 0 to 125 °C, Vi=-19V, 15 =500 mA, C, = 2.2 uF, Co=1uF
unless otherwise specified.

Table 6. Electrical characteristics of L7912C _
Symbol Parameter Test conditfons Min. | Typ. ! Max. | Unit
Vo Qulput vollage T)=25C -t15 | 12 | 1258 v
lop=-5mAlo-1A Pgs15W ) Rk
Vo Qutput voltage V,=-15510-27 V -11.4 12 12.6 v
Vi=-14510-30 V, Ty= 25°C 240
aVo!"  |Line regulation mv
Vi=-1610-22V, T, = 25°C 120
lo=5mAto1.5A, T,=25°C 240
AVl {Load regulation mv
lo = 25010 750 mA, T, = 25°C 120
la Quiescent current Ty=25°C 3 mA,
lo=5mAto1A 0.5
My Quiescent current change mA
Vi=-1510-30V 1
AVG/AT | Quiput voltage drilt lo=5mA -0.8 mv/°C
eN Output noise vollage B = 10Hz lo 100kHz, T, = 25°C 200 pv
SVR | Supply voltage rejection AV =10V, { = 120Hz 54 60 daB
Vg Dropout voltage lo=1A,T)=25°C, AVg =100 mV 1.1 v
lge Short circult current 15 A

1. Load and fine regulalion are specilied al constanl junclion temperature. Changes in Vg due to healing elfecls must be

taken Into account separaltely. Pulse lesting with low duly eycle is used.

q

Doc ID 2149 Rev 21
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L78xxC

Refer to the test circuits, Ty = 010 125 °C, V;= -23 V, I = 500 mA, C=22pF Co=1F
unless otherwise specified.

Table 7. Electrical characteristics of L7915C
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vo Oulput voliage Ty=25°C -144 | -156 | 156 v
lo=-5mAto-1 A Py<15W ) } )
Vo Output voliage V,=-18.510-30 V 14.3 15 15.7 v
Vi=-17.510-30V, T, = 25°C 300
aV!" |Line regulation mv
Vi=-20t0-26 V, Ty =25°C 150
] lo=5mAto1.5A, T,=25C 300
V" |Load regulation mv
lop =2501o0 750 mA, T = 25°C 150
(9 Quiescent current Ty=25°C 3 mA
lp=5mAto1A 0.5
Alg Quiescent current change mA
Vi=-i8510-30 V 1
AVQ/AT | Output voliage drift lo=5mA -0.9 mvV/°C
eN Cutput noise voltage B = 10Hz lo 100kHz, T; = 25°C 250 uv
SVR | Supply vollage rejection AV =10V, 1 =120Hz 54 60 daB
Va Dropout voltage lo=1A,T) =25, AVg = 100 mV 141 v
Ise Shorl circuit current 1.3 A

1. Load and line regulalion are specifted at constant junclion temperature.

taken into account separalely. Pulse testing with low duly cycle is used.

10/24
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L79xxC Application information

6 Application information

Figure 4. Fixed output regulator

1
== —
Gy =2.2uF — — Co=1uF
-V, N 7gxy OUT -0~ Vo
CS26400

i. To specify an outpul vollage, substitule voltage value for "XX".

2. Required for stabilily. For value given, capacitor musl be solid tantalumn. If aluminium eleclrolylic are used,
at least ten limes value should be setected. G1 is required il regulalor is localed an appreciable dislance
from power supply filter.

3. To lmprove lransienl response. If large capacilors are used, a high currenl diode from input to output
(1N4001 or similar) should be introduced lo protect the device from momentary inpul short circuil.

Figure 5. Split power supply (+ 15V -1 A)

+zov0T L7815 l $—C +15V
1N4001
. 0.1pF
T 0.33uF 1p T =)
J_ l_l_l 2.2uF 1uF I _L
1N4001
—20V (}_L L7915 T . O —t5v
C525410
(") Against potenlial falch-up problems.,
KYI Doc ID 2149 Rev 21 11/24
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DS1307

64 x 8, Serial, I°C Real-Time Clock

GENERAL DESCRIPTION

The DS1307 serial realtime clock (RTC) is a low-
power, full binary-coded decimal (BCD) clock/calendar
plus 58 byles of NV SRAM. Address and data are
transferred serially through an I°C, bidirectional bus.
The clock/calendar provides seconds, minutes, hours,
day, dale, month, and year information. The end of
the month date is automatically adjusted for months
with fewer than 31 days, including corrections for leap
year. The clock operates in either the 24-hour or 12-
hour format with AM/PM indicator, The DS1307 has a
built-in power-sense circuit that detects power failures
and automatically swilches to the backup supply.
Timekeeping operation continues while the part
operates from the backup supply.

TYPICAL OPERATING CIRCUIT

Vi
cC Veo
o
CRYSTAL
au A
X1 X2 Voo
e SCL SQWIOUT
cPu DS130

SDA Vaar il
GhO iy

ORDERING INFORMATION

FEATURES .
= Real-Time Clock (RTC) Counts Seconds,
Minutes, Hours, Date of the Month, Month, Day of
the week, and Year with Leap-Year
Compensation Valid Up to 2100
= 56-Byle, Baltery-Backed, General-Purpose RAM
with Unlimited Writes
I’C Serial Interface
Programmable Square-Wave Oulput Signal
Automalic Power-Fail Detect and Switch Circuitry
Consumes Less than 500nA in Battery-Backup
Mode with Oscillator Running
* Optional Industrial Temperature Range:
-40°C to +85°C
Available in 8-Pin Plastic DIP or SQ
» Underwriters Laboratories (UL) Recognized

PIN CONFIGURATIONS

TOP VIEW
X1 v, X0 v,
x2 MSQW/OUT X2 ISQWIOUT,
Vaxr 7 SCL Vourd CscL
GN: MSDA ~ GNDL] F1SDA
$0 (150 mils) PDIP {300 mils)

PART TEMP RANGE  VOLTAGE (V) PIN-PACKAGE TOP MARK*
DS1307+ 0°C to +70°C 5.0 8 PDIP (300 mils) DS1307
DS1307N+ ~40°C to +85°C 5.0 8 PDIP (300 mils) DS1307N
DS1307Z+ 0°C o +70°C 5.0 8 SO (150 mils) DS1307
DS1307ZN+ -40°C to +85°C 5.0 8 SO (150 mils) DS1307N
DS1307Z+T&R 0°C to +70°C 5.0 8 SO (150 mils) Tape and Reel DS1307
DS1307ZN+T&R -40°C to +85°C 5.0 8 SO (150 mils) Tape and Reel  DS1307N

+Denoles a lead-free/RoHS-compliani package.

*A "+" anywhere on the lop mark indicales a lead-free package. An "N* anywhere on the lop mairk indicates an industrial temperalure range

device,

For pricing, delivery, and ordering Information, please contact Maxim Direct

at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.

REV: 100208
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DS1307 64 x 8, Serial, I1’C Real-Time Clock

ABSOLUTE MAXIMUM RATINGS

Voltage Range on Any Pin ReIGHYE 10 GIOUNG .........cvu.cesveeeeeeieeeaeeeoeesseeeeeee oo eeeeees -0.5V to +7.0V
Operaling Temperature Range (Noncondensing)
COMMEICIAL. .....eeveee e e e e e sttt ees 0°C to +70°C
INGUSHBI ...ttt ettt et st -40°C to +85°C
Storage TEMPerature RANGE. .. ...........cccoceiiieretee it ee e -65°C to +125°C
Soldering Temperature (DIP, 1880S) .............oviveeeecetriereeeseeeeseenesesssoeeo oo oo +260°C for 10 seconds
Soldering Temperature (surface mount)................c.c.c............ Refer to the JPC/JEDEC J-STD-020 Specification.

Siresses beyond those listed under “Absolute Maximum Ralings™ may cause permanent damage lo the device. These are stress ratings only,
and functional operation of the device at these or any other conditions beyond those indicaled in the operational seclions of the specifications is
nol implied. Exposure to the absolute maximum rating conditions for extended periods may alfect device roliability.

RECOMMENDED DC OPERATING CONDITIONS
(Ta=0°C to +70°C, T, = -40°C to +85°C.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Ve . 4.5 5.0 5.5 Vv
Logic 1 Input Vi 22 Vec +0.3 v
Logic 0 Input Vi -0.3 +0.8 Y
Vaar Battery Voltage Vaar 2.0 3 3.5 \'

DC ELECTRICAL CHARACTERISTICS
(Vce = 4.8V to 5.5V; T, = 0°C to +70°C, T, = -40°C to +85°C.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Input Leakage (SCL) by -1 1 pA
IO Leakage (SDA, SQW/OUT) Lo -1 1 pA
Logic 0 Output {lo, = 5mA) Voo 0.4 \Y
Active Supply Current
(fsci = 100KHz) leca 15 | mA
Standby Current lees {Note 3) 200 pA
Viar Leakage Current lpanke 5 50 nA

. _ 1.216 x  1.25x 1284 x
Power-Fail Voltage (Vyr = 3.0V) Vre Vear Veay Vaar \'

DC ELECTRICAL CHARACTERISTICS
(Vec =0V, Vgar = 3.0V; To = 0°C to +70°C, T, = -40°C to +85°C.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SBisoro w o |
e w0 | m
263,;2 ill:l):tt:r-%?ft)en“on Current loaToR 10 100 nA

WARNING: Negative undershoots below -0.3V while the part is in battery-backed mode may cause {oss of data.
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DS1307 64 x 8, Serial, I°C Real-Time Clock

AC ELECTRICAL CHARACTERISTICS
(Voc = 4.5V to 5.5V Ta = 0°C to +70°C, T = -40°C to +85°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SCL Clock Frequency fsoL 0 100 - kHz
Bus Free Time Between a STOP and t 4.7
START Condition BUF . us
Hold Time (Repeated) START

Condition tho:sTa (Note 4) 4.0 us
LOW Period of SCL Clock tLow 4.7 us
HIGH Period of SCL Clock thicn 4.0 ns
Setup Time for a Repeated START
Condition fsusta a7 Hs
Data Hold Time tro.oat 0 us
Dala Selup Time tsu.par (Noles 5, 6) 250 ns
Rise Time of Both SDA and SCL
Signals fr 1000 ns
Fall Time of Both SDA and SCL
Signals L3 300 ns
Setup Time for STOP Condilion lsusTo 4.7 ns
CAPACITANCE
{Ta =+25°C)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Pin Capadifance (SDA, SCL) Cwo 10 pF
Ei?‘;;acnance Load for Each Bus Ca (Note 7) 400 pF

Note 1: All voltages are referenced to ground.

Note 2: Limits at -40°C are guaranteed by design and are not production tested.
Note 3: lces specified wilh Vee = 5.0V and SDA, SCL = 5.0V,

Note 4: After this period, the first clock pulse is generated.

Note 5: A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the Vingueyy of the SCL
signal) to bridge the undefined region of the falling edge of SCL.

Note 6: The maximum to.oar only has to be met if the device does nol stretch the LOW period (tuow) of the SGL signal,
Note 7: Cea—tolal capacitance of one bus line in pF,
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DS1307 64 x 8, Serial, I°C Real-Time Clock

TIMING DIAGRAM

SOA / 1\ / >< \ Y/
“‘ 'Im N '“ . Ilusu
| L | —
scL :’
bimxsma —> ‘—| v —
- becn f tusto
STOP  START e REPEATED
FUDAY START
'rnnn‘r

Figure 1. Block Diagram

- SQWIOUT
X1 1Hz/4.098kHz/8.192kHz/32.768kHz | MUX/
1 e BUFFER ’l {
I"' T 1Hz + i =
X2 -< Tc(""".
Oscillator I
and divider RAM
* % - {56 X 8)
» »| CONTR
Veo LOGIC
; POWER
GND CONTROL CLOCK,
LV — CALENDAR,
BAT AND CONTROL
+ DS1307 REGISTERS
SCL —»{ SERIALBUS : +
INTERFACE = |-t——
AND ADDRESS USER BUFFER
SDA | REGISTER p (7 BYTES)
A |
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DS1307 64 x 8, Serial, [*C Real-Time Clock

TYPICAL OPERATING CHARACTERISTICS
(Ve = 5.0V, Ta = +25°C, unless otherwise noted.)

lees Vs, Ve Vo loat ¥5- Vpar Ve =0V
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DS1307 64 x 8, Serial, I'C Real-Time Clock

PIN DESCRIPTION
PIN NAME FUNCTION

Connections for Standard 32.768kHz Quartz Crystal. The internal oscillator circuitry is

1 X1 designed for operation with a crystal having a specified load capacitance (C,) of 12.5pF.
X1 is the input to the osclllator and can optionally be connected to an external 32.768kHz
oscillator. The output of the internal oscillator, X2, is floated if an external oscillator is

connected to X1.

2 X2 Note: For more information on crystal selection and crystal layout considerations, refer to
' Application Nole 58: Crystal Considerations with Dallas Real-Time Clocks.

Backup Supply Input for Any Standard 3V Lithium Cell or Other Eneray Source. Battery
voltage must be held between the minimum and maximum limits for proper operation.
Diodes in series between the battery and the Vpay pin may prevent proper operation, If a
backup supply is not required, Vpar must be grounded. The nominal power-fail trip point
3 Var (Ver) voltage at which access to the RTC and user RAM is denied is set by the internal
circuitry as 1.25 x Vgar nominal. A fithium battery with 48mAh or greater will back up the
DS1307 for more than 10 years in the absence of power at +25°C.

UL recognized to ensure against reverse charging current when used with a fithium
battery. Go to: www.maxim-ic.com/gafinfolull.

4 GND Ground
Serial Data Input/Output. SDA is the data input/output for the I°C serial interface. The
5 SDA SDA pin is open drain and requires an external pullup resistor. The pullup voltage can be

up to 5.5V regardless of the voltage on Vec.

Serial Clock Input. SCL is the clock input for the 1°C interface and is used to synchronize
6 SCL data movement on the serial interface. The pullup voltage can be up to 5.5V regardless of
the voltage on V.

Square Wave/Oulput Driver. When enabled, the SQWE bit set to 1, the SQW/OUT pin
outputs one of four square-wave frequencies (1Hz, 4kHz, 8kHz, 32kHz). The SQW/OUT
7 SQW/OUT | pinis open drain and requires an external pullup resistor. SQW/QUT operates with either
Vg of Var applied. The pullup voltage can be up to 5.5V regardless of the voltage on
Vee. If not used, this pin can be left floating.

Primary Power Supply. When voltage is applied within normal limits, the device is fully
accessible and data can be written and read. When a backup supply is connected to the
device and Ve is below Vip, read and writes are inhibited. However, the timekeeping
function conlinues unaffected by the lower input voltage.

8 Vee

DETAILED DESCRIPTION

The DS1307 is a low-power clock/calendar with 56 byles of battery-backed SRAM. The clock/calendar provides
seconds, minutes, hours, day, date, month, and year information. The date at the end of the month is automatically
adjusted for months with fewer than 31 days, including corrections for leap year. The DS1307 operates as a slave
device on the I°C bus. Access is obtained by implementing a START condition and providing a device identification
code followed by a register address. Subsequent registers can be accessed sequentially until a STOP condition is
executed. When Vc falls below 1.25 x Vgay, the device terminates an access in progress and resets the device
address counter. Inputs to the device will not be recognized at this time to prevent erroneous data from being
written to the device from an out-of-tolerance system. When Ve falls below Vgay, the device switches into a low-
current battery-backup mode. Upon power-up, the device switches from battery to Ve when Ve is greater than
Vear +0.2V and recognizes inputs when V¢ is greater than 1.25 x Vgar. The block diagram in Figure 1 shows the
main elements of the serial RTC.
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DS1307 64 x 8, Serial, 1°C Real-Time Clock

OSCILLATOR CIRCUIT

The DS1307 uses an external 32.768kHz crystal. The oscillator circuit does not require any external resistors or
capacitors to operate. Table 1 specifies several crystal paramelers for the external crystal. Figure 1 shows a
functional schematic of the oscillator circuit. If using a crystal with the specified characteristics, the startup time is
usually less than one second.

CLOCK ACCURACY

The accuracy of the clock is dependent upon the accuracy of the crystal and the accuracy of the match between
the capacitive load of the oscillator circuit and the capacitive load for which the crystal was trimmed. Additional
error will be added by crystal frequency drift caused by temperature shifts. External circuit noise coupled info the
oscillator circuit may resuit in the clock running fast. Refer to Application Note 58: Crystal Considerations with
Dallas Real-Time Clocks for detailed information.

Table 1. Crystal Specifications®

PARAMETER SYMBOL MIN TYP MAX UNITS
Nominal Frequency fo 32.768 kHz
Series Resistance ESR 45 kQ
Load Capacitance CL 12.56 pF

*The crystal, traces, and crystal input pins should be isofated from RF generaling signals. Refer to
Application Note 58: Cryslal Conslderaiions for Dallas Real-Time Clocks for addilional specificalions.

Figure 2. Recommended Layout for Crystal

LOCAL GROUND PLANE (LAYER 2)

A\

I
GND

|~ Py |~

NOTE: AVOID ROUTING SIGNAL LINES IN THE CROSSHATCHED
AREA (UPPER LEFT QUADRANT) OF THE PACKAGE UNLESS
THERE IS A GROUND PLANE BETWEEN THE SIGNAL LINE AND THE
DEVICE PACKAGE,

RTC AND RAM ADDRESS MAP

Table 2 shows the address map for the DS1307 RTC and RAM registers. The RTC registers are located in address
localions 00h to 07h. The RAM registers are located in address locations 08h to 3Fh. During a multibyte access,
when the address pointer reaches 3Fh, the end of RAM space, it wraps around to location 00h, the beginning of
the clock space.
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DS1307 64 x 8, Serial, 1°C Real-Time Clock

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. Table 2 shows the RTC
registers. The time and calendar are set or initialized by writing the appropriate register bytes. The contents of the
time and calendar registers are in the BCD format. The day-of-week register increments at midnight. Values that
correspond to lhe day of week are user-defined but must be sequential {i.e., if 1 equals Sunday, then 2 equals
Monday, and so on.) [llogical time and date entries result in undefined operation. Bit 7 of Register 0 is the clock halt
(CH) bit. When this bit is set to 1, the oscillaior is disabled. When cleared fo 0, the oscillator is enabled. On first
application of power to the device the time and date registers are typically reset to 01/01/00 01 00:00:00
(MM/DDAYY DOW HH:MM:SS). The CH bit in the seconds register will be set to a 1. The clock can be halled
whenever the timekeeping functions are not required, which minimizes current (lpator).

The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the 12-hour or
24-hour mode-select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is the AM/PM bit with
logic high being PM. In the 24-hour mode, bil 5 is the second 10-hour bit (20 to 23 hours). The hours value must be
re-entered whenever the 12/24-hour mode bit is changed.

When reading or writing the lime and dale registers, secondary (user) buffers are used to prevent errors when the
internal registers update. When reading the time and date registers, the user buffers are synchronized to the
internal registers on any I°C START. The time information is read from these secondary registers while the clock
continues to run. This eliminates lhe need lo re-read the registers in case the internal registers update dunng a
read. The divider chain is reset whenever the seconds register is written. Wiite transfers occur on the I°C
acknowledge from the DS1307. Once the divider chain is reset, to avoid rollover issues, the remaining time and
date registers must be written within one second,

Table 2. Timekeeper Regisfers

ADDRESS | BIT7 | BIT6 | BIT6 | BIT4 [ BIT3 | BIT2 | BIT1 | BITO | FUNCTION | RANGE
00h CH 10 Seconds Seconds Seconds 00-59
01h 0 10 Minutes Minutes Minutes 00-59

10
b Hour 10 1-12
02h 0 Hours Hours +AM/PM
PM/ Hour
24 00-23
AM
03h ¢ 0 0 0 0 | DAY Day 01-07
04h 0 10 Date Date Date 01-31
10
05h 0 0 0 Monih Month Month 01-12
06h 10 Year Year ‘Year 00-99
07h out | o | 0 | SQWE 0 | 0 | RST | RSO Control —
RAM
08h—3Fh 56 x 8 00h-FFh

0= Always reads back as 0.
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DS1307 64 x 8, Serial, I°C Real-Time Clock

CONTROL REGISTER

The DS1307 control register is used to control the operation of the SQW/YQUT pin.
BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BiT 2 BIT 1 BITO
ouUT 0 0 SQWE 0 0 RS1 RSO

Bit 7: Output Control (OUT). This bit controls the output level of the SQW/OUT pin when the square-wave output
is disabled. If SQWE = 0, the logic level on the SQW/OUT pin is 1 if OUT = 1 and is 0 if OUT = 0. On initial
application of power to the device, this bit is typically setto a 0.

Bit 4: Square-Wave Enable {SQWE). This bit, when set to logic 1, enables the oscillator output. The frequency of
the square-wave output depends upon the value of the RS0 and RS1 bits. With the square-wave output set to 1Hz,
the clock registers update on he faliing edge of the square wave. On inilial application of power to the device, this
bit is typically set to a 0.

Bits 1 and 0: Rate Select (RS[1:0]). These bits conltrol the frequency of the square-wave oulput when the square-
wave output has been enabled. The following table lists the square-wave frequencies that can be selected with the
RS bits. Oninitial application of power to the device, these bits are lypically settoa 1.

RS1 RSO SQW/OUT QUTPUT SQWE out
0 0 1Hz 1 X
0 1 4.096kHz 1 X
1 0 8.192kHz 1 X
1 1 32.768kHz 1 X
X X 0 0 o
X X 1 0 1
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LM138/LM338

General Description

The LM138 series of adjustable 3-lerminal posilive vollage
regulatoss |s capable of supplying In excess of 5A over a
1.2V o 32V oulput range. They are exceplionally easy lo
use and require only 2 resislors lo sal the outpul voltage.
Carelul circuit deslgn has resulled In outstanding load and
Jine regulation— comparable to many commercial power
supplies. The LiM138 family is supplied in a standard 3-ead
transistor package.

Aunigue feature of the LM138 famlly is ime-dependent cur-
rent mliling. The currenl limil clrcultry allows peak currenls
of up to 12A lo be drawn from the regulator for short periods
of tima. This allows the LM138 to be uscd with heavy ran-
slent loads and speeds start-up under ful-load conditions.
Under sustalned loading conditions, the current imil de-
creases to a safe valve prolecling the regulator. Also In-
cluded on the chip are thermal overoad protection and safe
area prolection for the power lransistor. Overload proteclion
remains funclional even if the adjuslment pin is accidentally
disconnecled.

Notmaliy, no capacilors are needed unless the device Is silu-
ated more than 6 Inches from the Input fifter capacilors in
which case an input bypass is needed. An oulput capacilor
can be added o Improve Uransiont response, while bypass-
ing the adjustmenl pin will Increase Ihe regulator’s ripple re-
Jection.

&Nationat Semiconducitor

5-Amp Adjustable Regulators

May 1998

Besides replacing fixed regulators or discrele designs, Lhe
LM138 Is usefut In a wide variety of olher applicalions. Since
the regulalor is “floaling” and sees only the Input-lo-oulpul
differential voltage, supplies of several hundred volls can be
regulalad as long as the maximum input to outpud differential
is not exceeded, .., do nol short-ciicuil output lo ground.
The part numbers [n the LM138 series which have a K suflix
are packaged In a standard Stegl TO-3 package, while those
with a T suffix are packaged In a TO-220 plastic package.
The LM138 Is rated for ~55°C £ T, < +150°C, and lhe L M338
Is raled for 0°C £ T, < +125°C.

Features

u Guaranlead 7A peak ollput cuerent

m Guaranleed 5A output cuirent

u Adjuslable ouiput down lo 1.2V

= Guaranleed thermal regulalion

m Currend limit constanl with lemperalure
® P’ Producl Enhancement tested

u Quipul Is short-clrcuil prolecled

Applications

® Adjuslable powes supplies
= Constant curren regulalors.
m Battery chargers

{TO-3 STEEL)
Metal Can Package
ADJUSTMENT Vin
CASE 18
ouUTRUT
DS003050-30
Bottom View

Order Number LMTI8K STEEL or LM338BK STEEL
See NS Package Number K02A

Connection Diagrams (see Physical Dimension section for further information)

(T0-220)
Plasllc Package

Yon

4

O

——————— YN
T —————Vgur
————am

Ceichdnd-a1

Front View
Order Number LM338T
See NS Package Number T03B

© 1999 MNational Semiconducior Corporalion DSO0060

www.nabionat.com
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Absolute Maximum Ratings (note 1)

if Millary/Aerospace specllied devices are required,
please contact the Natlonal Semfconductor Sales Office/
Distributors for avallabliity and speciiicatlons.

Lead Temperature

Melal Package {Soldering, 10 seconds 300'C
Plaslic Package {Soldering, 4 seconds 280'C
ESD Tolerance TBD

Electrical Characteristics

ture Range. Unless otherwise specified, Vi, =

our = 5V; and loyy = 10 mA. (Note 2)

(Note 4} Operating Temperature Range
Power Dissipalion Internally limited - .
Input/Outpul Voltage Differential +40V, ~0.3V Lmi38 55.0 i T, i +150‘C
Storage Temperalure —85'C 10 +150°C LM338 0'C ST, < +126°C

Specifications wilh standard type lace are for T, = 25°C, and those with boldface type apply over full Operaling Tempera-
¥

Symbel Paramelar Conditions LM133 Units
Min Typ Max
Vaer Relarence Vollage AV < (Vi — Vo) 535V, 1.1% .24 1.29 v
10 MA £ by £ 5A, P < 50W
Ve e Line Regulalion 3V < (Vi — Vour) S 35V (Note 3) 0005 | 0.01 %V
0.02 0.04 { %V
VaLoan toad Regulation 10 mA <ty £ 5A {Note 3) 0.1 0.3 %
0.3 0.6 %
Thetmal Regulation 20 ms Pulse 0.002 | 0.1 %W
Lo Adjusiment Pin Cumrenl 45 100 pA
Blapy Adjuslment Pin Currenl Change 10 mA £ oy < BA, 0.2 5 HA
WV < (Vg = Viour) 5 35V
AV iy Temperature Stabifity Toare £ Ty S Toaax 1 %
I_oantMin) Mirdmum Load Current Vi ~ Vour = 35V .5 5 mA
les Curent Limit Vin — Vour € 10V
DC 5 8 A
0.5 ms Peak T 12 A
Vi — Vour = 30V 1 1 A
Ve RMS Oulput Noise, % of Vour 10 Hz <1< 10 kHz 0.003 %
AVR Ripple Rejection Ralio Vour = 10V, { = 120 Hz, Cap, = O pF 60 d8
AV Vour = 10V, 1 = 120 Hz, Cypy = 10 pF 60 75 dB
Long-Termm Slability Ty = 125°C, 1000 Hrs 0.3 1 %
[: 1 Thermal Resislance, K Package 1 ‘CW
Junction o Case
B Thermal Resislance, Junclion 1o K Package 35
Ambient {Ho Heat Sink)
Electrical Characteristics
Symbol Parameler Condltions . LM338 Units
Min Typ Max
Vaer Reference Voltage 3V S (Vi — Vouy) S35V, 1.19 1.24 t1.20 \Y
10 mA £ lgyr < 5A, P < 50W
Ve Line Regulation 3V £ (Vi — Vour) < 35V (Note 3) 0.005 | 0.03 %l
0.02 0.06 | %NV
Veroap Load Regulalion 10 A < |yt S 5A (Nole 3) 0.1 0.5 %
0.3 1 %
Thermal Regulation 20 ms Pulse 0.002 | 0.02 %W
lany Adjusiment Pin Cument 45 100 HA
Alan Adjusimant Pin Current Change 10 mA <€ loyuy £ 5A, 0.2 5 YA
W < (Vi ~ Vour) €35V
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Electrical Characteristics (continued)

Symbol Parameter Condltlons LM338 Unlis
Min Typ Max
AVer Temperature Stabifity Tt = Ty S Traax 1 %
I, oap(Min) Minimum Load Cuirent Vi — Vour = 35V 3.5 10 mh,
ler Current Limit Vit - Vour € 10V
DC 5 8 A
0.5 ms Peak 7 12 A
Vi ~ Vour = 30V 1 A
Y RMS Outpul Noise, % of Vouy 10 Hz s 1< 10kHz 0.003 %
aVa Ripple Rejection Ratio Vour © 10V, = 120 Hz, Cagy = O pF 60 dB
AV Vour = 10V, [= 120 Hz, Copy = 10pF | 60 | 75 ds
Long-Term Slabllity T, = 126°C, 1000 hrs 0.3 1 %
e Thermal Resislance K Package 1 ‘cw
Junclion to Case T Package 4 ‘CW
L ITY Thermal Resislance, Junction to K Package 35 ‘T
Amblenl {No Heal Sink) T Package 50 ‘CIW
Hote 1: Absokia b Ratings indicate Emils beyons which damags 16 he devioe may oocur. Operating Ratings indicale conditions for which (he devics is in-

lmmuhmulhnmmuuruﬂeowodﬁcpedammmFuwarmupeeﬁaﬁmsmdlmm_snuwmmﬂam

Hote 2: These specifications are Bpp for povedt p up o 50W ot the TO-3 (K] package and 25W fo( the TO-220 (T} package. Povwer dissipalion ks
gunmlsedaﬂhmvnusupbisvt-lwl-on.lwldlarmhl.o\bweIWﬂmnmkmﬂhmwwmeMA"mla(le..

e numbers [n Lhe ken. and fdax. cok ] aen d lo National's AOOL (Average Guigolng (nrality Levely
Hole ¥: Reguisiion is dnla tanl junclion Lemp uslﬂgp\mIesﬁumhnbwanyqde.m\geshmlwlagemﬂohmoelwsm
covared under [he &p for thesmal raguilat

Hote & Relar tg RETS 138K drawing lor millary speciications of LM138K.

Typical Performance Characteristics
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Temperature Stabllity

Typlcal Performance Characteristics (continued)

Ovutput impedance

Minlmum Operating

Application Hints

In operation, the LM 138 develops a nominal 1.25V reference
voltage, Vgee, between Lhe oulput and adjustment terminal.
The reference voltage is Impressed across program resistor
R1 and, since lhe vollage Is constant, a constant current i,
then flows through the culput set resisior R2, giving an out-
pul voltage of

Vout = VRer (1 + %) + lapyR2.
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Application Hints (continued)
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FIGURE 1.

Since the 50 pA current from the adjusiment terminal repre-
senls an error lerm, he LM138 was designed o minimize
lpy and make Rl very constant with line and load changes.
To do lhis, all quiescent operaling current Is relurned lo the
oulput eslablishing @ minimum toad current requirement. "
thete is Insutficient foad on the oulput, the oulpul will rise.

Exlernal Capacltors

Aninput bypass capacitor Is recommended. AD.1 yF disc or
1 pF solid tanlatom on the lnpul is sullable inpul bypassing
for almost all applications. Tha device Is mote sensilive 1o
Ihe absence of Inpul bypassiing when adjusimenl or oulpul
capacilors are used but the above values will eliminate the
possiblity of problers. )

The adjuslment terminal can be bypassed 1o ground on the
LM138 o improve ripple rejeclion. This bypass capacilor
prevents ripple from being amplified as the oulput vollage is
increased. With a 10 pF bypass capacitor 75 dB ripple rejec-
tion Is oblainable al any output level, Increases over 20 pF
do nol appreciably Improve the ripple rejection at frequen-
cles above 120 Hz. |l the bypass capaclior Is used, Il is
sometimes necessary (o Include proteclion dicdes to prevent
the capacitor from discharging through intemal low cuirenl
paths and damaging the device.

In general, the best type of capadilors to use afe solid tanta-
fum. Solid lantalum capacitors have low impedance even al
high frequencies, Depending upon capacitor construclion, L1
takes aboutl 25 LF In aluminum electolytic to equal 1 pF
solid tantalum al high frequencles. Ceramic capacilors are
also good at high liequencies; bul some lypes have a farge
decrease in capacilance at frequendes around 0.5 MHz. For
this reason, 0.01 pF disc may seem to work beiler than a
0.1 pF disc as a bypass.

Aithough the LM138 Is slable with no oulput capacilors, like
any feedback circuit, cerlain values of extemal capacitance
can cause excessive ringing. This occurs with values be-
tween 500 pF and 5000 pF. A 1 uF solid lantalum {or 25 pF
aluminum eleclrolytic) on the oulpul swamps Lhis effect and
Insures slability.

Leoad Regulation

The LM138 s capable of providing extremaly good load
regulation bul & few precautions are needed 1o oblaln maxi-
mum performance. The current set resislor connecled be-
tween the adjustmenl terminal and the outpul terminal (usu-
ally 2400) should be tied direclly 1o the oulpul of the
regulalor {case) rather than near the load. This eliminates
line drops from appearing effectively in series with the refer-
ence and degrading regulalion. For example, a 15V regula-
tor with 0.05§) resistance between the regulator and load will
have a load regulalion due 1o line resistance of 0.050 x 1. If
the sel resistor Is connected near the load the effective fine
resistance will be 0.05Q (1 + R2/R) or in this case, 11.6
limes worse.

Figure 2 shows Ihe effocl of resistance between tha regula-
tor and 2400 set resislor.
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FIGURE 2. Regulaler with Line
Reslstance In Oulput Lead

With (he TO-3 package, It Is casy lo minimize the resislance
from the case Lo the sel resislor, by using 2 separale leads o
tha case. The ground of R2 can be retumned near Lhe ground
of the joad lo provide remate ground sensing and Improve
load regulation.

Protection Dlodes

When exiernal capacitoss are used wilth any IC reguiator it Is
somelimes necessary to add proteclion diodes to prevent
the capacilors from discharging through low current poinls
into the regulator. Most 20 JiF capacitors have low anough
inlernal series resislance lo defiver 20A spikes when
shorted. Although the surge is shorl, thera Is enough energy
lo damage paits of the IC,

When an oulpul capacitor is connecled to a regulalor and
the lnput is shorted, the outpul capacitor will discharge Into
the oulpul of the regulator. The discharge cuieni depends
on the valee of the capacilor, the oulput vollage of the regu-
ator, and the rale of decrease of Vi,. In the LM138 lhis dis-
charge path Is through a large junclion thal is able fo suslain
254, surge with no problem, This Is not true of other types of
positive reguiators. For oulpul capacilors of 100 UF or less at
oulpul of 15V or less, there is no need lo use diodes.

The bypass capacilor on the adjusiment lerminal can dis-
charge through a jow current junclion. Discharga occurs
when eaither the Input or oulput Is shorted. Intemal to lhe
LM138 Is a 500 resistor which limils the peak discharge cur-
rent. No protaction Is needed for oulput vollages of 25V or
tess and 10 pF capacitance. Figire 3 shows an LiM138 with
proleclion diodes Included for use with outputs grealer than
25V and high values of oulput capacilance.
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