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Abstract

This thesis is to design and construct a car robot controlled at the desired speed when the load
is varied. The robot can be moved by using two 12 V-DC motors. The load obtained to the robot is
between 0 — 5 kilograms and it is measured by load cell which the strain gauge type is selected. The
process is to control the robot speed by obfaining the signal from load cell when the load is changed.
Then the signal is sent to microprocessor to adjust the reduced speed back to the desired speed at the

beginning. The results show that the robot can move at the desired speed as the load is varied.
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2.1.3 Tasseameavenuasdumisuilfanuvedlulnneulnsameinizga AVR

Arduino function
2[]PC5(ADCS/SCLPCINTI3)  analog input5
210 PCA (ADCA/SDAPCINT2)  analog inputd .

+“J Ardulno tunction
A reset {PCINT14/RESET) PCOLT
-] digital pin 0 (AX} (PCINT18MXD) PDOL]:
X digital pin (PCINTI2/TXD) PDAIC]

o] PC3 (ADCAPCINT 1) analog Inpit 3 -
[t digialp’ (PCINT18ANTO) PD20] 2] PC2 {ADC2PCINT10) analog input 2 ¢
“N dgaalp.  -wWM) {PCINTIROCZBANTT) PO3C]S 27 PCA (ADC1/PCINTG) analog lnput 1 ¢
digital pho ~ (PCINT20/XCHITO) PDAL]s 2311 PCO (ADCO/PCINTS) analog Input 0

vee' veer 2] GNO GND .
-1 onp GNDC]e 2] AREF analog relerence
3 erysial {(PCINT&/XTAL /TOSC1) PBB[] 200 AVCC vee
; | crystal {(PCINTZ/XTALZTOSG2) PBTC] @ w1 P85 (SCK/PCINTS) dygitalpin 13
i dgralpin 5 (PWM)  (PCINT2HOCORVT1) PDSC] 1t w1 PB4 (MISO/PCINT4) digital pin 12
. I digital pin 6 (PWM) {PCINTZ2/0COAAING) PDO ]2 vl PB3 (MOSVOCZA/PCINTS) digital pin 11{PWH)
-§ ogital pin 7 {PCINT23/AINT) PDTC] 13 ] PE2 (SSIOCIRPCINTS)  digital pin 10 (FWM) |
digital pin 8 (PCINTQ/CLKOACP 1} PBOCE 1 155] PB1 (OC1APCINTY) dgialpin g (PYM)

Oigial Ping 11,12 & 13 are uesed by thir ICSP header lor MISQ, P
HAOS1, SCH oonnections {Amdga 163 pins 17,188 18) Avoid low. i
mpadarcas oads on Buasa pins when using tha ICSH haader. H
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Features
» High Performanes, Low Power AVA® B-BR Microcontrollar
* Advanced RISC Architecture
— 131 Powertul Instrisclions — Most Stngle Clock Cycle Execution
— 82 x B General Purpose Working Reglaters
= Fully Stetic Operation
— Up to 20 MIPS Thraughfiut st 20 MHz
~ On-chip 2-cycle Multiptier
* High Endurance Non-volatite Memory Segments .
— 4/816/32K Bytes of in-System Seif-Programmable Flash progam memary
(ATmegeddPAJGBPAN GBPAM2EP)
- 256/512/5121 K Bylas EEPROM (ATmegs4BPA/MBPA BEPA/I20P)
— 512HKHK2K Bytes Internal SRAM (ATmegad3PANSSPAN 8BPAR2GP)
— Writo/Erase Cycles: 10,000 Flash/ 100,000 EEPROM
= Data ratention: 20 ysars at B5°C/100 years at 25°CH"
— Optlonst Boot Code Section with Independent Lock Bits
In-System Programming by On-chlp Boot Program
True Read-While-Write Operation
= Programming Lock for SoRtware Security
* Peripheral Featurea
— Two B-bit Timer/Countars with Separate Prescaler and Compare Mode
= Qyve 16-bit TimerfCounter with Separata Preacaler, Compare Mode, end Caplure
Mode
— Real Time Counter with Separate Osclilalor
— Six PWM Channels
= B-thannel 10-bit ADC In TQFP and QFN/MLF package
Temperahure Measuwrpment
— 6-channel 10-bit ADC in PDIP Package
Ternperature Meassurement
= Progrmammable Seral USART
= Master/Slave SP Serlal Inteiface
~ Byte-orienled 2-wire Sarial Intedface (Phiips PC compatiblg)
= Programmable Watchdog Timer with Separate On-chip Osclitator
= Onrchip Analag Comparator
— interrupt and Wake-up on Pin Change
« Speclal Microcontroler Features
— Power-on Reset and Programmable Brown-out Datection
- Internal Calibrated Osclitetor
— External and Intemal fnterTupt Sources
. — Six Sieep Mades: kile, ADC Nolse Reduciion, Power-save, Power-down, Standby,
and Extanded Standby
* VO and Packages
— 23 Pragrammable VO Lines
— 28-pin PDIP, 32-lead TOFP, 28-pad OFN/MLF and 32-pad QFN/MLF
* Operating Voltnge:
- 1.8 ~ 5.5V lor ATmega48PA/BEPAH 6BPASI20P
* Temperature Range:
= A0°C 10 B5°C
+ Spead Grade:
=-0-208Hz @ 1.8-55Y
* Low Powsr Conaumption at 1 MHz, 1.8V, 25°C for ATmegad 8PA/88PAN 6APA/26P:
~ Active Mode: 0.2 mA
— Power-down Mode; 0.1 pA
~ Power-save Moda: 0.75 pA (including 32 kHz RYC)

AIMEL

AlMEL

Y ()

8-bit AVR’
Microcontroiller
with 4/8/16/32K
Bytes In-System
Programmable
Flash

ATmegad8PA
ATmega88PA
ATmegal68PA
ATmegald28pP

Summary

Rav. §161CS-AVR-0503
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—————— ATMegad8PA/88PA/168PA/328P

1. Pin Configurations

Flgure 1-1.  Pinout ATmegad8PA/SEPA/ GOPASI28P

TOFFYop View PDI®
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————————————essssmew ATmMegad8PA/88PA/168PA/328P

1.1  Pin Descriptions

1.1 vce

112 GND

Digital supply vollage.

Ground.

113 Port B (PB7:0) XTALIXTALYTOSCITOSEC2

114 Porl G (PC5:0)

115

1.1.6 Port D {(PDT:0)

8181 CS-AYR-0500

ESET

Port B is an 8-bit bi-directional O port with Internal puli-up reslstors (selected for each bit). The
Part B culput bullers have symmetrical drive characleristics with bath high sink and source
capabifity. As inputs, Port B pins thal are extemally pulled low will source current if the pull-up
resistors ara activaled. The Porl B pins are tri-stated when a reset condition becomes aclive,
even il the clock Is not running.

Depending on {he clock selection fuse setlings, PBE can be used as input to the nverting Oscll-
lator ampifier and Input to the iltemal clock operating clircuit.

Depending on tha clock selection fuss eottings, PB7 can bo used as outpul from the Inverting
Qscillator amplifier,

If the Intamnal Calibralsd RC Oscillator s used as chip clock source, PB7..6 s used as TOSC2..1
inpist for the Asynchronous Timer/Countar2 if the AS2 bitin ASSH s set.

The varfous special features of Port B are elaborated in "Aemata Funciions of Port B™ on page
76 and "System Clock and Clock Oplions™ on page 26.

Port G is a 7-bit bi-directional O porl with intemal pull-up rasistors (selsctad for each blt), The
PC5..0 cutput buffers have symmetrical drive characleristics with both high sink and sovrce
capabifity, As inputs, Port G pins that are extemally pulled low will source current if the pull-up
resistors ara activated. The Porl C pins ara tri-stated when a reset condition becomas active,
even if the clock is not running.

I the ASTDISBL Fuse [s programmed, PCE Is used as an IfQ pin. Note that the electrical ehar-
aclenistics of PCS ditter from those of the ather pins of Port C.

1l the RSTDISBL Fuse Is unprogrammed, PGB Is used as a Resel inpul A low level on this pin
for longar than the minkmum pulse lenglh wik penerate a Resel, even if the clock 1s not runnlng,
The minlmum pulse length is given In Table 28-3 on page 308, Sharter pulses are nol guaran-
{eed lo generate & Heset,

The various special featuras of Part G are elaborated In “Allemate Functions of Port C* on page
79.

Post D is an §-hit bi-directional VO port with inlemal pull-up resisiors (selecled for each bit). The
Port D output hutfers have symmetrical drive characteristics with both high sink and source
capability. As Inputs, Port D pins that are extemally pulled Jow will Source current it the pull-up
resistors are activated. The Port D pins are tr-staled when a resel condition bacomes active,
gven if tha clock Is not runring.
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——— ATmegad8PA/88PA/168PA/328P

Tha various special features of Porl D are elaboratad in "Altemate Functions of Port D™ on page

&2

117 AV
AV is the supply vollage pin for the A/D Converter, PC3:0, and ADCT7:6. It should ba externally
connecled fo Vig, even if the ADC is not used. i the ADC Is used, it should ba connecled lo Vg
through a low-pass filter, Nole that PCS6..4 use digital supply voltage, Vec.

118 AREF

AREF s tha analog reference pin for the A/D Converter.

119 ADCG?:6 (TQFP and QFN/MLF Package Only)
In the TOFP and QFN/MLF package, ADC7:6 serve as analog inputs o the A/D converter.
Thesa pins are powerad from the analog supply and serve as 10-bit ADGC channels.

I 4
181CS-AVR-0508
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s ATMegad8PA/88PA/168PA/328P

2, Overview

The ATmaga48PA/B8PAH BAPA/IZBP (s a low-power CMOS &-bit micracontrolier based on the
AVA enhanced RISC architectura. By executing powerful Instructions kn a single clock cycle, the
ATmeogadBPABBPA/BAPA/I28P achioves throughpuls appreaching t MIPS per MHz aliowing
the system designer 1o oplimize power consumption versus processing speed.

2.1 Block Dlagram

Figure 2-1.  Block Diagram

g 8

i Tires Suporvieion !
1 POR/BOD &
' M heser i ;
'
i - 4
' )
! . Mm"", | Flnsh I I SRAM l E
: Gk i
] Generation :
'
5 AV e :
== |
: F i H AREE
: A 1 H ono
H [ﬁ'r.co l l Mh'tTK:IJ I AD Canv. |1-=- !
| ﬁ] :
1 1

Adaiog sl |
P !
1 a ]
i i
1 1
i )
; = L~ ]I
: Tl 17|
1 e —— | |}
i ¥ 3 E
i am || [ rorrem | | |
1 L - 1
! -
LM NN A OO il ) !

| Ata1.2)

POR_7} PED_I] Poo g ARG T)

Tha AVR core combines a rich inslnuction sat with 32 ganeral purpose working reglsters. All lha
32 registers are directly connected 1o the Arithmetic Logic Unit {ALU), allowing two Independent
regisiats o be accessed in one single Insiruction execuled In one clock cycla. The resulting

T— - ;

A151CS-AVR-06U9
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—————————— ATMega48PA/88PA/168PA/328P

architecture Is more code efficiant whita achleving throughputs up to ten times fasler than con-
ventional CISC microcontrollers.

The ATmegadaP A/BSPA/ GOPA/A28P provides the folowing features: 4/8/16/32K bytes of n-
System Programmable Flash with Read-Whlle-Write capabllities, 256/512/512/1K bytes
EEPROM, 51211 K/ K/2K byles SRAM, 23 ganeral purposs WO finas, 32 general purpose work-
Ing registers, threa flexible Timer/Counters with compare modes, Internal and external
Interrupts, a serlal programmabla USART, a byte-orlented 2-wire Sedal interface, an SPI eerial
poit, a 6-channal 10-bit ADC {8 channals in TQFP and QFN/MLF packages), a programmable
Walchdog Timer with imemal Osciifator, and five software seleciabla powsr saving modes. The
Idla moda slops the CPL while alowing the SRAM, Timar/Counters, LISART, 2-wire Serial Inler-
face, SPI porl, and inferrupt system to continue functioning. The Powar-down mode saves the
regigler conlents but freezes tha Oscillator, disabling all other chip fimctions until the next inter-
rupt or hardware resel. In Power-save moda, the asynchronous timer continues 1o run, allowing
lhe user lo malntain a bmer base while the rest of the device is sleeping. The ADC Noise Reduc-
tion mode stops tha CPU and all 1/0 modules except asynchronous timer and ADC, to minimize
switching nolse during ADC converslons. in Slandby mode, the cryslalfresonator Osclilator Is
running whila the rest of tha device Is sleaping. This allows very fast slart-up combined with low
power consumplion.

Tha davice 1s manulactured using Almel's high denstty non-volatile memory technology. The
On-chlp ISP Flash allows the program memory 10 ba reprogrammed In-System through an SP]
sarial interface, by a conventional non-volatile memory programmer, or by an On-chip Boot pro-
gram running on the AVA core. Thie Bool program can use any Interface to download the
application program In the Application Fiash memory. Software in the Bool Flash saction wili
continue to run while the Application Flash section Is updated, providing true Read-While-Wiite
operation. By comblning an 8-bit RISC CPU with (n-Syatem Sel-Programmable Flagh on a
monolithic chip, the Atmel ATmegad 8PA/BBPAMGAPASI28P is a powerful microcontroller that
provides a highly flexible and cost effective soluticn to many embedded control applications.

The ATmegad8PAMBPA/16RPA328P AVR s supported with a full sulle of program ang system
development tools including: C Compltars, Macro Assemblars, Program Dabugger/Simulators,
In-Clrcuit Emulators, and Evaluation kits.

2.2 Comparison Batween ATmegad8PA, ATmegaB8PA, ATmegal68PA and ATmega32spP

H141C5-AVA-DEOA

The ATmega48PA, ATmegaBBPA, ATmegal66PA and ATmaga328P diffar anly In memory
sizes, boot loader support, and intermupl vecior sizes. Table 2-1 summarizes the different mem-
ofy and Interrupt vactor sizes for the thres devices,

Table 2-1.  Memory Size Summary

Devica Flash EEFPROMW RAM Imtermupt Vector Size
ATmegadsPA | AKDByles - | 256 Bytos 512 Bytes + Instruction wordvestor
ATmega8SPA | BK Byles 512 Bytes 1K Byles t Instruction wordAvector
ATmegalssPA | 16K Bytes 512 Bytos 1K Byles 2 Instniction wordshvoclor
ATmegad2P | 32KByles | 1K Bytes 2K Byles 2 Instruction wordsAvector

ATmega8BPA, ATmegal68PA and ATmega328P supporl a real Read-While-Write Sell-Pro-
gramming mechanlism. There is a separaie Bool Loader Section, and the SPM instruction can
onlfy execute from lhere. In ATmegadBPA, thera Is no Aead-While-Write support and no sepa-
rate Bool Loader Section. The SPM instruction can exacule from the antire Flash,

EL
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e ATmegad8PA/88PA/168PA/328P

3. Resources

A comprohenalva sot of developmant tooks, appiication notes and datashests ara avaltable for
download on hitp//www.atmel.com/avr.

4. Data Retentlon
Reliabiity Gualification resufts show that the projected data retantion failure rate Is much less
than 1 PPM over 20 years at 85°C of 100 yeara at 25°C.

816 [GH—AVR-OS0G
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L298

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGE UP TO 46 V

s TOTAL DC CURRENT UP TO4 A

= LOWY SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

« LOGIGAL 0" INPUT VOLTAGE UP TO {15V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The £288 ks an istegraled mondlithie ciruil In a 15-
lead Multiwall and PowerS02) packages. Lis a
high vollage, high current dual full-bridge driver de-
signed lo accept slandard TTL logic levels and drive
inductive foads such as relays, solenoids, DC and
slepping molors. Two enable inputs are provided to
enable or disable the device independenfly of tha In-
pul skgnals. The emitlers of the lower transistors of
each bridge ara connected together and the come-
sponding external lerminal can be used for Lhe con-

BLOGK DIAGRAM

Multiwatt1s Powar5020

DRDERING NUMBERS : L298N (Mulifwali Verl.)
L208HN (Multiwatt Horz. )
L208P (Power5020)

nection ol an extemal sensing resislor, Anadditional
supply inpul is provided so that the logic works ata
lower voltage.

UL
1

oL
L]

78 %

113
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L2908
ABSOLUTE MAXIMUM RATINGS
Symbol Paramsier Value Unit
Vs Power Supply 50 v
Vss_ [Logic Supply Vokene 7 v
ViVen | Input and Enablo Vialtage 037 v
o Peak Qutput Cumant {each Channef)
=Man Repetitve (1= 100us) 3 A
—Repatitve (0% on—20% off; in = 10ms) 25 A
—DG Operation 2 A
| — Seneing Vollage 1023 v
Piat Total Power DissisnGon (Tose = T5°C) 25 W
Teo Junciion Operating Temperaim 25 Io 130 °C
Teg. T) ] Storage and Junclion Tempershre —40 10 150 °C
PIN CONNECTIONS (top view)
| R A
BT CURRENTSENSRIGR
ul———— outruT4
$‘ ] E— OUTPUT 3
7T A
L) S—] ENABMLEB
LN — T 5
el LOGIC BUPPLY VOLTAGE Vg,
Plultwattis F—— o
T MPUT2
68— ENABLEA
E——— NPUT 4
. 4 EUPALYVOLTAGEV,
.$, s oumm2
3 me— 1)) 1) ]
"~ l - L) — CURRENT BENSDIG A
Z TAB COMMECTED TOPIN & . =X 7Y
G [CF 1 2 [ GhD
SamA [f 2 19 [T SensaB
NC 33 18 ] NG.
oul ] 4 17 ] a4
ouwz 15 PowerS020 5 I ous
L - ] s
ot I 7 M [T ] Enabla®
FrobloA [} & 13 ] a3
2 10 12 1 vss
G I 0 W [ oo
2
THERMAL DATA
Symbol Paramoter PowerS020 Mulliwaitis | Unit
Rl-k_- Themal Resistance Junction-case Max, — 3 S
Rpjents | Themnal Resistance Junclion-amblent Max 13 ("} 35 CY
{") Mounied on aluminum subsinia
213 <7}
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PIN FUNCTIONS {refer to the block diagram)

MW.16 | PowerS80 Name Functlon
#16 218 Sema A, Sanso B |Bebveon this pin and ground is connacted tha sense reslstor to
contral the aurent of the load.
3 45 Oul 1; Out 2 Ouiputs of the Bridge A; the current that fowa through the load
connogod batwoen these wo pias ks monlioned ol pin 1.
4 L] Vg &mvmhﬂwmwaage&
A ron-nd P must be cor d boh this
phendglum
57 19 Input 1;input 2 | TTL Compatible Inputs of the Bikdge A
511 814 Enable A; Enable B { TTL Compaibla Enoble Inpul: the L state disables the bildge A
enabie A} avdior the B (enable B).
8 1,10,11,20 GND Ground.
8 12 - V58S SupplyVoRagabrmaLoycBhda A100nF capacifor must be
comecied between this pn and ground.
10 12 1315 Input 3; Input 4 | TTL Compatible Inputs of the Dridge B.
13 14 16:17 Qut3; Out 4 Ouitputs of the Bridge B. The cumant that fiows theough The load
connetied bel these Wwo pina ls monfored a1 pin 15.
— 3;18 N.C. Not Connected

ELEGTRICAL CHARACTERISTICS (Vs = 42V; Vss =5V, Tj = 25°C; uniess otherwise specified)

Symbol Parameter Tast Conditlons Min. | Typ. | Max. | Unit
Vs __{Supoly Vologa (pin 4) Oporaiiva Condion Vo 25 0
| _V¥ss__|Logic Supply Voltaa {pin 9) 45 | 5 7 v
ls |OQulescent Supply Current (pind)  [Va,=H; L=0 wi=L 13 n mA
Yi=H 50 70 mA
Ve =L Vi= X 4 mA
Iss Quieacant Curment oM Vs (pn 8) [Vam=H: k=0 vi=L 24 36 mA
Vi=H 7 12 mA
V=L Vi=X 6 mh
Va  [input Low Voltage 03 15 v
(pina 6, 7, 10, 12)
Vu  [inputHigh Vollage 23 VSS v
(pina 5. 7, 10, 12) .
L |LowVioRage Inpul Curront Vi=L -0 pA
{pins 5, 7, 10, 12)
ln  [High Voltags Inpuri Cunen Vi=H < Ve 0.6V 30 100 pA
5,7, 10,12)
Van= L | Enable Low Valtage {pns 6, 11} -0.3 1.5 v
Ven=H | Enable High Vollage (pins 6, 11} 23 Vss v
lm =L [Low Voitage Enable Cument Ven=1 -10 pA
(pna 6, 41}
lm=H |High Vollage Enable Current Vo = H < Vg 0.6V 30 100 | pA
(pins B, 1)
Voesu gy | Source Saturation Voltage L=1A 095 | 135 1.7 v
La2A 2 27 v
Ve gy |Sink Saturation Yoltage k=1A {5) 0.85 12 1.6 v
L=2A (5} 17 2.3 v
Voaa | Tolal Drop L=1A (5) 1.80 a2z v
h=2A (5 4.9 ¥
Vaers | Sensing Voitage (pins 1, 15) -1 (1) 2 v

3

@
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ELECTRICAL CHARACTERISTICS {cortinued)

Symbol Paramueter Tasl Conditions Min, | Typ, | Max. | Unit
T1(V) |Source Currend Turm-off Dalay 05Vilb DO (2%{4) 1.5 s
T2 (V) |Source Curent Fall Tima 084 toDAk {25 (4) 0.2 ns
Ta(V} |SowceCumontTumonDelay |05V DIk (2% {4) 2 us
Tav) |Source Current Rise Tima 01k 00Ok (25@M) 07 us
Ts{Vd | Sink Current Tum-off Delay 06Vio08h  (3%(M) 07 s
Te(V) |Sink Curent Fall Tima 00k oGk (3% (4} 0.2 s
T ) [ Sink Cumont Tum-on Delay D5V 09k (354 18 s
Te(V) |Sink Curent Rise Time 04k l009h (34 02 s
fc{vij [Commutation Frequency L=2A 25 40 KHz
Ty Vo) |Source Cument TumolfDelay {05V b0 08k (25 (4) 2 us
Tz (Vo) |Sowce Cuent Fa Time 0Ol 0k (2K () 1 us
Ta(Verd [Source Cument TumonDokay  [05Vento 04K (2);{4) 03 us
T4 (Ven) | Sotiren Currert Fise Tima 01k 0008Y {254 0d us
T (Ven) |Siik Crarrant Tum-off Dalzy 06VaioDBh  (3)(4) 22 us
Ta (Ven) |Sink Curmend Fel Time 08k to01h (3K {4 035 us
Tt (Vo) |Sink Cument Tum-on Delay 05Vt 08k (3% (4) 0.25 -
Ta(Vea) [Sink Currert Rise Time 04l 008k {3} () 01 40

1) 1 )Sensing voltags can be —1 V kor 1550 paac In sieady S48 Vi min 2-05V.

2) Seafig. 2.
3)Remfiy 4.

4) The loed must b a pura resisior.

Figure 1 : Typlcal Safurafion Vollage vs. Output
Current.
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Figure 2 : Switching Times Test Circuits.
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Noia : Far NPUT Switdhing, sel FN=H
For ENABLE Swiching, zol IM=H
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1.293
Figure 3 : Source Curent Delay Times vs. Inpul or Enable Swiiching.
L'l
Imas{2A)
L --—-—-—-—-——-—-—--—--7(
wont - .
I LI 4 PR ¢ I B Y
S BN
% PR———ommmmomaeee ¢
) 5.00532
Figure 4 ; Switching Times Test Cirouils.
Molm : For IRPUT Swilching, set EN = H
For ENABLE Swiching, set#i = L
‘Y_I' &M3
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Figura 6 : Sink Cumeni Defay Times va. Input 0 V Enabla Switching.
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Flgure 7 : For higher currents, oulputs can be paralleled. Taka care to paraliel channel 1 with channel 4

and channel 2 with channel 3.

b4 Y
WOnF, WanF.
& L]
ENARLE L)

Ty

APPLICATION INFORMATION (Refeor to the block dlagram)

1.1. POWER OUTPUT STAGE

Tha 298 ntegralas two power oulput stages (A; B).
The power output stage is a bridge conl

and its outputs can drive an Inductive Joad in com-
mon or diferenzial moda, depending on the state of
the inputs. The current that flows through the load
comas out from the bridge at the sense cutpul ; an
extemal resistor (Rsa ; Rep.) allows fo delect the in-
tensity of this ciwtent.

1.2, iNPUT STAGE

Each bridge Ig driven by means of four gales thain-
put of which are in1; In2 ; EnA and In3 ; ind ; EnB.
The Ininputs st the bridge state when The Eninput
fs high ; a low state of the En inputinhibits the bridge.
Al the Inputs are TTL compatible.

2 SUGGESTIONS

A non inductive capaditor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. VWhen the farge ca-
pacitor of the power supply is oo far from the IC, a
semnd smaller ona must be foreseen near the

TMseriser&ﬂstor not of & wire wound type, must
near the negative pole of Vs that must
benearmoGNmeofmelc

7

Each Input must be connected to the sourca of the
driving signals by means of a very short path.
Tum-On and Tum-Off - Bafore to Tum-ON the Sup-
ply Voltage and before to Tum it OFF, the Enable in-
put must be driven to tho Low state.

3. APPLICATIONS

Figy 6 shows a bidirectionst DC motor conlrol Sche-
malic Diagram for which only one bidge is needed.
Tha extemal twidge of dodes DT o D4 is made by
four fast recavery elements {iIr < 200 nsec) that
must be chosen of a VF as low as possible al the
worst casa of the load cument.

The sense output vollage can be used to control the
curent amplitude by chopping the inputs, or to pro-
vide overcurrent protaction by switching low the en-
eble Input.

The brake funclion (Fast motor stop) requires that
the Absohite Maximum Rating of 2 Amps must
never be overcmne.

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

An exiamal bridge of diodes are required when in-
ductive loads ara driven and when the inputs of the
IC ara choppad ; Shotiky diodes woutd be praferned.

73

61



L298

This solution can drive until 3 Amps In DC operation Fig 10 shows a second two phase bipolar slepper
and uniil 3.5 Amps of a repetitive peak curent. motor conlrol circull where the aurrent is controfed
OnFig8itis shown the driving of atwo phasobipotar by the 1.C, L6506

stepper motor | the needed signals lo drive the in-

puts of the L2988 are generated, in this example,

from the IC L297,

Fig 9 shows an example of P.C.B. designed for the

appiication of Fig 8.

Figure 8 : Two Phase Bipotar Stepper Molor Cincuit.

This eircuit drives bipofar stepper motors with winding curments up to 2 A. The diodes are fast 2 A fypes.

1 3 s

5=5B4kr4

Hsr=Haa=0511

Vrci2ZV@l=
DitoD8=2AFastdiodes { wresomues

13 "_’
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Figure 8 : Sugpested Printed Circuit Board Layout for the Cirouit of ig. 8 (1:1 scale).

T

GHD ¥g 02 0q Oy V55 GHD

Figure 10 : Two Phase Bipolar Siepper Motor Control Circuit by Using the Casrent Controller LE506.
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L2938

DL mm Inch
MIN. | TYP. | MAX | Mk ] TYP. | NAX QUTLINE AND
MECHANICAL DATA
A 5 0.197
B8 285 0.104
c 16 0.063
D 1 0.039
E | 049 055 | 0019 0.022
F | ose 0.76 | 0.026 0.030
6 | 102 | 127 | 152 | 0040 | 0.050 | 0.000
Gt | 17.53 | 1778 | 18.03 | 0.6%0 | 0.700 | 0.710
H | 198 0772
"z 202 0785
L | 210 | 222 | 726 | 0.862 | 0.074 | 0888
L1 | 217 | 221 | 225 | 854 | p.Av0 | 0808
12 | 17.65 189 | 0.6e5 0713
L3 {17.25] 17.5 | 17.75) 0679 | 0.869 | 0.689
14 | 103 | 107 | 109 | 0406 { 0.421 | 0420
L7 | 285 20 | 0104 0114
M | 425 | 455 | 485 | 0107 | 0.4798 | 0.101
M1 | 4.63 | 508 | 653 [0.182 | 0200 f 0218
s | 18 28 | 0075 0.102
s1 | 19 28 | 0075 0.102 Multiwattis V
Din1 | 2.65 385 | 0344 0152
Hi
A
c 5 —34—-
i ¥
Dt J
ok |
s | -
s i |
O O
o s
| B2
B K EnS
E
F G
MM Gl -
1043 <7}




L298

oM. T“':: MAX | MON, 'ane: NAL OUTLINE AND
ry : s . - 0197 MECHANICAL DATA
B 266 0.104
[ +] 16 0.063
E | 049 055 | 0.019 0.022
F | oee 075 | 0026 0.030
G 114 127 14 | 0.045 | 0,050 | 0.055
Gt 11767 | 1778 1 17.91 1 0692 | 0700 | D705
H1 | 198 0772
H2 202 0.785
L 2067 0810
L 18.03 0.710
2 264 0.100
3 [1725| 175 | 17.75 | 0.679 | 0.689 | 06en
L4 103 107 10.9 | 0406 | 0.421 | 0.420
L5 528 0.208
(T3] 234 0.094
L7 265 28 | 0104 D114
s | 19 24 | o075 0102
s1 | 19 26 | 0075 0.102 Multiwatti5 H
Diat a6s 385 0144 L1652
Hi
A 5
c ~ S 3
B ’ 7] N
| 1 Din 1 |/
Fa\w) IVJ AN
— 1= /& | |
—— Y R
| O o P
JILB
- i
({1 ]
:::“l%; i H
N\ o |
F
I-' G-I G .
L5

4

11712




L2208

DIM mm inch

N, [ vvp. [ max | mim. | rve. | s OUTLINE AND

A 36 0.142 MECHANICAL DATA
al 0.1 03 | 0,004 0.012

a2 33 0130

a3 | o 0.1_| 0.000 0.004

b_| o4 053 {0018 0.021

e |o23 032 | 0.009 0013

D) | 158 16 | 0622 0.630

D1 | a4 o8 | na7o 0.388

E_| 139 14.5 | 0.547 0520

o 127 0.050

ed 1143 0450

E1[1}] 108 111 | 0429 0.437

B2 28 n.1t4

Ea | 58 62 | o2z 0.244

G 0 0.1 | o000 0.004

H | 156 150 | 0.810 0626

i 11 0043 JEDEC MO-166
L o8 1.1_Jo.001 0.043

N 10" {max.)

s 8" (mane)

I L] ] {osm] PowerS020

{1 'Dwdﬂnﬂlﬂm"dd o

e ok axae 015 e {0.0087.

Critkcal dimanalons: "E, "G and “a”

ﬂﬁ+rr | ] R
Ll-I-L DETAN A -1~I>3 DETAL B
] =3 I
QOooQnononn
QT= oy ~C]. £
39 1
NTTOOTO oD

hedd

o

1213
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HX71t

24-Bit Analog-to-Digital Converter (ADC) for Welgh Scales

DESCRIPTION

Based on Avia Semiconductor’s patented
technology, HX711 is a precision 24-bit analog-
to~digital converter {ADC) designed for weigh
scales and industrial control applications to
interface direcily with a bridge sensor.

The input multiplexer selects cither Channel A
or B differential input to the [ow-noise
programmable gain amplifier (PGA). Chamnel A
can be programmed with 8 gain of 128 or 64,
corresponding to a full-scale differential input
voltage of £20mV or &40mV respectively, when
a 5V supply is connected to AVDD analog power
supply pin. Channel B has a fixed gain of 32, On-
chip power supply regulator eliminates the need
for an external supply regulator to provide analog
power for the ADC and the sensor. Clock input is
flexible. It can be from an exiemal clock souree, a
erystal, or the on-chip oscillator that does not
require any external component. On-chip power-
or-reset  circuitry  slmplifies  digital  interface
initiatization.

There is no programuning nesded for the
mtemal registers. All controls to the HX711 are
through the pins.

Ya

FEATURES
* Two selectable differential Inpot channels

« On-chip active low nolse PGA with selectabdle galn
of 32, 64 and 128

* On-chip power supply regulator for load-cell and
ADC analog power supply

» Ou-chip ozciliator reqnlring no external
component with optional external crystal

* On-chlp power-on-reset
+ Simptle digital control and serial interface:
pin-driven controls, no program ming needed
= Scleclable LOSPS or BOSPS vilput datx rale
* Simultaneous 50 and 60Hz supply rejection
» Current conszmption Including on-thip analeg
power supply regulalor;
normal operation < 1.5mA, power down < 1sA
* Operation supply voltage range: 2.6 ~5.5¥
Operatlon femperature range: 40 ~+857T
16 pin SOP-16 package

-

APPLICATIONS
s Welgh Seales
* Indusirial Frocess Control

AYDD

ot

=

oo e Vo 27-55¥
£ [0aF K R
Load celf ? YFB BASE [ VSUF [ DYDD
] e SRR 3 7] Tl 4
i e T

k"

Fig. | Typlcal welgh scale application block diagram

TEL:  (592) 262-9530 (P. R. China)
EMAIL: markel@@aviaic oom

AVIA SEMICONDUCTOR
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HX711
Pin Description
RegubsiorPower VSUP L3 + ®* 16 [ DVDD  Thigial Power
Reguhior Controi Outpat - AASE ] 2 15 3 RATE  Output Data Ratc Control beput
Analog Pewer AVDD [ 3 14 [ XI Crystal WO sod Exsernal Clock bput
Regulator Control ot VF? T 4 13 3 X0 Crysial ¥O
Ambg Gound AGND [ $ 12 3 BOUT  Sevisl Dints Outrnt
RefeaceBypass VRG] 5 11 [ PD_SCK Power Down and Serial Clock Input
Ch A Negative inpmt [NNA [ 7 10 (3 INFB ¢ B Posdve Inpol
Ch.APosiivelapt INPA [ 8 9 I TNNB  Ch. R Megative lnput
SOP-16L Packege
Pin # | Name Funetion Description

1 VSUP _|Power |Regulator supply: 2.7 ~ 5.5V
2 BASE [Analog Output [Repulator control outpui (NC when not used)
3 AVDD |Power Anatog supply: 2.6 ~ 5.5V
4 VFB_|Analog Input [Regulator confrol inpui {connect to AGND when not used)
5 | AGND [Ground [Analog Ground
[ VDG |Analog Output [Reference bypass cutput
& INA- [Analog Input [Channe] A negative input
8 INA+ lAnalog Input  [Channel A positive inpul
9 INB- {Analog Input [Channel B negative input
10 INB+ {Analog Input _ [Channel B positive input
11 \PD SCK [Digital Input _ [Power down contral (high active) and serial elock input
12 | DOUT |Digital Quiput [Serial data output
13 X0 [Digilal /O [Crystal 140 (NC when not used)
4 XI__ |Digital Input  [Crystal IO or external clock input, 0: use on-chip oscil lator
15 RAYE [Digitel Input _[Output data rate control, 0: 10Hz; |: 80Hz
16 | DVDD [Power Digital supply: 2.6 ~ 5.5V

Table 1 Pin Description

AVIA SEMICONDU

CTOR
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Semiconductor HX711
KEY ELECTRICAL CHARACTERISTICS
Parameter Notes MIN TYP MAX |UNIT
Fult scale differential
finput range ¥(inp)-V(inn} 1 0.HAVDD/GAIN) v
Commeon mode input IAGNDH1.2 AVDD-13| V
linternal Oscillator, RATE = 0 10 Hz
Internal Qscillalor, RATE =
DVDD 80
(Qulput data rate Crystal o external clock,
TE=0 fsf1,105,.920
rystal or exlernal clock,
RATE = VDD T /138,240
Output doia coding. [2's complement 800000 I0FFEF | HEX
Output settling time'®  [RATE=0 00, s
RATE =DVDD 50
Hinput offiset drift Ciain = 128 02 my
iGain =64 04
faput notse Gain=128, RATE =0 50 InV{rms)
jGain = 125, RATE =DVDD i)
re drilil Input offset (Gain=128) 6 av/rCc
Gain_(Gain = 128) =5 ppve
[Inpat common mode
rejeciion IGain =128, RATE=0 100 dB
Power suf cotion [Galn =128, RATE=0 100 dB
Reference bypass
 {Vaq) 125 v
Crystal or external clock
{frequency 1 11.0592 20 MHz
power supply voltage  [2YED 26 35 v
AVDD, VSUP 2.6 55
{Analog supply cirment
inchxling regulaior) M 1400 pA
Wit GO 03
Digiat supply Normal 100 pA
[PFower down 0.2

(1) Setiling time refers to the time from power up, reset, input channel change and galn change
to valid stable output data.

Table 2 Key Electrical Characteristics

AVIA SEMICONDUCTOR
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Analog Inputs

Channel A differential input is designed o
Interface directly with a bridge sensot’s
differential oufput. It can be programmed with 2
gain of 128 or 64. The large gains are needed to
accommodate the small output signal from the
sensor. When 5V supply is used af the AVDD pin,
these gains comrespond to a full-scale differential
input voltage of £20mV or +40mV respectively.

Channel B differential input has a fixed gain of
32. The full-scale input voliage range is +£80mV,
when 5V supply is used at the AVDD pin.

Power Supply Options

Digital power supply (DVDD) should be the
same power supply as the MCU power supply.

‘When using infernat analog supply regulalor,
the dropout voltage of the regulator depends on
the external fransistor used. The output vollage is
equal 1o Vavno=Vag*(RI4R2) Rl (Fig. 1). This
voltage should be designed with a minimum of
100mV below VSUP voltage.

If the on-chip analog supply regulator is not
used, the VSUP pin should be connexted to either
AYDD or DVDD, depending on which voltage is
higher. Pin VFB should be connected to Ground
and pin BASE becomes NC. The extemal 0.1uF
bypass capacitor shown on Fig. 1 at the VBG
oulput pin is then not needed,

Clock Source Options

By connecting pin X1 to Ground, the on-chip
oscillator is activated. The nominal output data
rate when using the internal oscillator is 10
(RATE=0) or 80SPS (RATE=1).

If accurate output data rate is needed, crystal or
extemal reference clock can be used. A crystal
can be directly connected across XE and XO pins.
An extemal clock can be connected to XI pin,
through a 20pF ac coupled capacitor. This
extemal clock is not requived to be a square wave.
It can come directly from the crystal output pin of
the MCU chip, with amplitude as low as 150 mV.

When using a crystal or an extemnal clock, the
internal oscillator is automatically powered down.

QOutput Data Rate and Format

‘When using the on-chip oscillator, oulput data
rale is typically 10 (RATE=0} or B80SPS
(RATE=1).

When using external elock or erystal, output
data vaks is directly proporiional to the clock or
crysfal frequency. Using 11.0592MHz clock or
crystal resulls In an accurate 10 (RTE-0) or
40SP5 (RATB=1} output data rate.

The output 24 bits of data is in 2’s complement
format. When inpui differsatial signal goes out of
the 24 bit range, the output data wiil be saturated
ai 800000h (MIN) or 7FFFFFh (MAX), uniil the
inpart signal comes back to the input range.

Serlal Inferface

Pin PD_SCK and DOUT are uvsed for data
retrieval, input selection, gain selection and power
down controls.

When output datn is nol ready for retrieval,
digital output pin DOUT is high. Serial clock
input PD_SCK should be low. When DOUT goes
te Jow, it indicates data is ready for retrioval. By
applying 25~27 posilive clock pulses at the
PD_SCK pin, data is shifted out from the DOUT
autput pin, BEach PD_SCK pulse shifis out one bit,
starling with the MSD bit first, until all 24 bits are
shifled out, The 25" pulse at PD_SCK input will
pull DOUT pin back to high (Fig.2).

Tnput and gain selection is controlled by the
number of the input PD_SCK pulses (Table 3).
PD_SCK clock pulses should not be less than 25
or more than 27 within one conversion petiod, to

avoid causing serial communication error,
PD_SCK Pulses c{;ﬁ:‘el Gain
25 D 128
26 B a2z
27 A 64

Table 3 Taput Channel and Gain Selection

AVIA SEMICONDUCTOR
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Cuxvent Dwipwd Dutn Jext Ortguwt Buls
+ Ohaer v puriad j’
1 s H
L w) X D N
-~ H
A
o n e n 3 w1 [= ;ﬁm VLA, s
i .=
rosce T Y 3 2 T = » Nl Cororem OB, Cainc il
sk |;| l:| Isl [4' |u| Ial lnl It!l L frorton, (D B

Fig.2 Dats output, Input axd gala selectlon timing and control

Symbol Note MIN | TYP | MAX { Unit
T, [DOUT falling cdge to PD_SCK rising edge | 0.} Hs
T [PD SCK rising edge to DOUT data ready 0.1 ps
Ta1  |PD_SCK high lime 02 1 50 ps
Ta  [PD_SCK low lime 02 1 s

Reset and Power-Down

When chip is powered up, on-chip power on
rest circuitry will reset the chip.

Pin PD_SCX inpul is used to pawer down the
HX711. When PD_SCK Input is low, chip i in
normal working mode.

Pawer down:

w

[, 37

Fig.3 Power down control

When PD_SCK pin changes from low to high
and stays at high for longer than 60ps, HX711
enters power down mode {Fig.3). When interpal
regulator is used for HX71! and the extemal
transducer, both HX711 and the tramsducer will be

powered down., When PD_SCK retwns to low,
chip will reset and enter normal operation mode,

After a reset or power-down event, input
selection is default to Channel A with a gain of
128,

Application Example

Fig.1 is a typical weigh scale application using
HXTI1. Tt uses on-chip oscillator (X1=0), 10Hz
ouiput data rate (RATE=0). A Single power
supply (2.7~5.5V) comes directly from MCU
power supply. Channel B can be used for baitery
level detection. The related circuitry is not shown
on Fig. 1.

AVIA SEMICONDUCTOR
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Reference PCB Board (Single Layer)

s—{lr . — s
! . LAFVDD
Ql [
)
3

353%5555
i

go
}_..._.
$fE83igitd

.|l:[- R 7 " 1n
[].
o L U L
D!I:FT
LN HX711
00 + oo

Fig.4 Reference PCB board schemaile

Fig.5 Reference PCB board layout
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Reference Driver (Assembly)
-
Call from ASH: LCAL  ReahD

Call from C: extern unsigned long ReadAD{void};

unsigned long data;

date=ReadAD() ;
+/
PUBLIC ReadAD
HX7L1ROM segment code
rseg HATIIRM
shit ADDO = PL.5;
shit ADSK = PO, 0;
e ;
OUT: R4, RS, R6. R7T RI-)ISH
+f
ReadAD:
(R ADSK //AD Enable (PD_SCK set low)
SETB  ADDO //Eneble 51CPU 1/0
ji}] AbDG, § //AD conversion completed?
WOy R4, H24
ShiftOut:
SETR  ADSK J/PD SCK set hlgh (positive pulse)
Nop
OR  ADSK //PD_SCK sot low
MW G, ADDO //read on bit
XH  ART //move data
RIC A
XcH AR
XH ARG
RLC A
IH  ARE
1 ARE
RLC A
I A RS
DINZ R4, ShiftQut //oaved 24BIT?
SEM  ADSK
P
CiR ADSK
RET
[2,1))

AVIA SEMICONDUCTOR 7
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Refercrce Driver (C)

I

shit  ADDD = PL'5;
shit  ADSK = PO°0:

unsigned long ReadCount (void) (

unsigned long Count;

unsigned char i;

ADDG=1;

ADSK=0;

Count=0;

while (ADDO) ;

for {i=0;i<24;i+9) |
ADSK=1;
Count=Count<<1;
ADSE=(;
if (ADDO) Count+;

}

AUSK=1;

Count=Count " 9x800000;

ADSH=0
roturn{Count) ;

AVIA SEMICONDUCTOR
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Package Dimensions
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