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ABSTRACT

The robotics industry plays a role in industrial technology. Due to increased
labor demand and limitations of workers such as dangerous and risky work, job that
requires fast and accurate production. It makes the robot become the solution for

industrial work.

Nowadays, the production process uses modern technology with automatic
machine systems. Computer Numerical Controller (CNC) is a machine controlled by a
computer with command data code numbers, letters and symbols, according to
standard 1SO. However, CNC machines are large and expensive. Therefore, our team
has developed an efficient CNC machine that meet the needs of small industrial groups

by controlling the stepping motor in the X axis, Y axis and Z axis to the desired position.
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2.2 T,a.lga A4988 AUAL Stepper Motor
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2.2.1 919139089 A4988
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4 U1 A9l

"1 VMOT
™ GND
™ 28
™ 2a
N 1a
M8
'Y VDD
'3 GND
o
3U% 2.5 A4988
a5l 2.1 mifivesvuy AG98s
Pins Description
VMOT V Motor IiAesueanawmes faus 8 - 35 V
GND (1) Ground wesumaselnioewmes
2B Output Wanelvveweiwmes 1du 28
2A Output IWéaelwuaeines idu 2A
1A Output Weanalvvawsines &y 1A
18 Output ludsanelvveswawnes 1du 1B
VDD IWidvs Logic 3- 55V
GND (2) Ground v84 IWid89 Logic




DIR Direction
STEP Step pulse
Sleep Mg Sleep Mode
Reset Reset N15¥1191U
MS3 USu Step Resolution
MS2 15U Step Resolution
MS1 USU Step Resolution
Enable Output Disable / Enable

2.2.2 n1sealdenu

i
VMOT < 100 pF
R =
2B
2A
1A

1B B i e

*IVDD

Vi

microcontroller
et STEP T8 £y VDD e——

BN e IR T GND—-I

[ [

logic power supply
(3-5.5V)

sUil 2.6 mawpldinu Ad98s

Stepper Aldusaiusng1 8 - 35V ﬁmmmlﬁﬁuhaaﬁuﬁlﬁ Lﬂmmnﬁﬂuga a3
Wasuuswiuiidandan vWoT Wnanelunsuafivewmesmesdd Tnonsanussiunasiiia
nsvuatiuies TnelsassiosUsu Current Limit Yoeluga Farasrurinds (P = V) wes Output
(lWéwewod) axtioeninmdsd Input Wrsvne VMOT wue tnerdefimnely avwasuly
uanudewiuies

sesaiiuyszRaeetion 47 uF (wuzdlild 100 - 300 UF) sEwinaw1 VMOT u GND
iietasfunisifin LC Voltage Spikes

2
as

91 2B - 1B sainfuanglvvanewesniudaiuenunly Datasheet vaauameiiug



VDD W GND fevlwides Losic 3 - 5.5 V flasfmunaniug HIGH / LOW T
ieesemes viliuowesiiansmumudesnts Tasvialuenmagldla 5 V 910 Arduino
Tnensuiae Tunsdiineasiigunsailniiemng 1n 5 v 4es Arduino o1asrenseualdlslifisewe
AITUMEITIY 5 V Mguanunde

DIR wag STEP ADUIAIUANNITMNUTIDINDLNDS %ﬁﬁmﬂumss:q WFMe 09dn wae
arunalumsmu Inovesedniu Pin Control Aifmualilu Code w3 Arduino

Sleep waw Reset #0994 szAaiddioy desana Sleep azvimiiidaridsludiy
Touiigniilslvuenes Tuvusiueimoséslimuy ieifunsUsevdandee dauan Reset
wivuagausnvie Home State Tunsvauvasuowes nisudesunifliidliviedu
LOW azvilviuaimeslaivmu (Disable) fauFafoson Sleep Wnfua Reset iislthiaines
at/lulyun Enable

MS1 - MS3 34 3 riderldlumsmiamus AMUALIBEAYDIDIATUNTNYUYE Stepper
(Step Resolution)

Enable axgnuaeslidu LOW nasanisléau ilesniilaniuzu HIGH azvili

Output 1U&a Motor 18u Disable Mode



VMM vDD

JP1 JP2
R -
C1 lCZ _LC3 ‘ 1 ] C6

5
P,TUF —J—DJUF 0.1 uF ) I D22 uF

- N

VDD ol
. C4 0.1uF
R2 3
NP; gwmg - VMM VDD
Ui & o]  Ad988
SLP W | ZEER.g Qg veB1-22 4
R4 10k o 2 S vBB2 28 4
N T 0.1 uF
= 19 L6
21 216 grep Vo415 N
| ——RST {0\ !
P4 l 4 ; —=- RESET
|5 —M33 111 ms3 ouT1B ~2! P3
e —M 10 s 2 L X\
| 7} ENL MS1 OUTIA—~=—_ 1A |,
P = L 26 3
OuUT2A 1—-'_15__ i
f! 3 Vv ey | - _‘
Voo 2 ENABLE ouUT28 !
|
| 1| ReF SENSE1 2351
5 102
20k SENSE2
R6 3 GND I
L 100K 18 GND VREG —— RT R8
gT L $29.GND Z B R | [ By 005 0.05
g |Re 138 To.zz uF

gﬂ‘ﬁ 2.7 Schematic 89 A4988

2 as q" o v d’ -
Tiluga A4988 s 1luaeslddu stepper motor dwvhmiinfimunuitama way

ANUEINMIMUveamesls wavtussiuldaumungauiu stepper motor
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2.3 Arduino

Arduino 81ud (81-9-8-1u e 9mely) Wuvesalulasroulnsiaeinszna AVR 7il
MINWUILUY Open Source ABIINTSIUANEYBLATNIATY Hardware wag Software i3 UD3n
Arduino  gneenuuuinildiulaie - dmudumngdmiuisuiufne  eldldend

aunsafaulad LAY ARufaganNImvase wislusunsunaladnale

aroutno UNO R3

5UT 2.8 UpsA Arduino UNO

Arduino UNO R3 gnitiseaniiiu 2 wuu mamiinuaad Microcontroller Al éur
Arduino UNO R3 Luus35uan 9¢l9%U MCU wuu DIP (Dual Inline Package) Sududuilidsu
iy Socket Bnfianansaneniudsuls wae Arduino UNO R3 SMD avl4%U MCU wuu SMD
(Surface Mount Device) ﬁuﬂu%ﬂﬁgnﬁm%ﬁmawuua%m vasadnvagiagllausanan
wWanuBUls Favesanuu SMD weiidumuiignnirdsiisiangnnituesauuy DIP uivades

vosaffiftardu Auautfnaymsldiuimiloutunnusems
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sU# 2.9 vada Arduino UNO w8y MCU wuu DIP uaziuy SMD

2.3.1 fuuanUAvaIvasn Arduino UNO R3

M3 2.2 AENURYeIUesA Arduino UNO R3

Microcontroller ATmega328P

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limit) 6-20V

Digital 1/O Pins 14 (of which 6 provide PWM output)

PWM Digital I/O Pins 6
Analog Input Pins 6

DC Current per I/O Pin 20 mA

DC Current for 3.3V Pin 50 mA
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32 KB (ATmega328P) of which 0.5 KB used

Flash M
ash emary by bootloader

SRAM 2 KB (ATmega328P)
EEPROM 1 KB (ATmega328P)
Clock Speed 16 MHz
Length 68.6 mm
Width 53.4 mm
Weight 25¢

- 1 "
2.3.2 wilazdauusenauuuuasa Arduino UNO

Reset Button  Ground Digital Pins

o .0
l“fp,[
~Pin13LED
2% Arduino CUNG e son - Powar LED
CRX/TX LEDs
jese
{ - Microcontroller
[ : W AR T
IQ n o PIWER ANALDG IN
SHERN Gy 01 2245
{ Power Jack Power Pins  Analog Pins
USB Socket

31Jﬁ 2.10 dyUsenauuuuesa Arduino UNO
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Microcontroller Arduino UNO R3 a¢l93U Microcontroller {Wudiyu wanlagusew

Atmel Fedautloviumilouaupsvosuvesn Mddmiunisuszuanauazemunu 1/0

Header Socket {lu Socket Midousomnainuives Microcontroller Fa3esagese
Y8U9993Uase Arduino Tidmiusemelwiiiosus Input wiedeeen Output TagasiiLabel
Mifumnaaupinegfieliaznindonisléau Tas Header Socket avwtsoaniiu 3 NAUVIAN
f® Digital Pin, Analog in Pin Waz Power Pin

)

- Digital Pin WuPindwiufuuardsdyaaiidu Digital Tnedl 2 @anuz #e On (OV)

30 Off (5V)

- Analog in Pin 10y Pin dwiusuerdayanadiiiu Analog

=

- Power Pin LUu Pin dmiudnglWlitugunsalsing « deagiing 5V uag 3.3V uar Vin

Ioe Vin aglveanussdndwinduliiinesnain external power jack

USB Socket ldlumsiliousioans USB iodwlmanlusunsuasdy uazdnelwlviiu

UBin
w 18 LY Ta,
External Power Jack 1Wugaed1nsuLi Power Adapter PndsuianalwannIeuen
LED

~ Lt Pin 13 LED (LED on Board) {{ulw LED flaguuuadedudeusiotiu Digital Pin 13

Anlddmsunisveaau

— ON: Power LED lulnuanssniurlnidssvesuain lnedindudidoanansin vese
9u

— RX, TX: RX/TX LED Lﬂu‘LWﬁLLamamuz‘uaam'ﬁdaﬁa;&a'ﬁwmxﬁuaéﬂﬁwﬁ’aﬁﬁmia'a
vsoiutoyany

Reset Button Wutudm3u Reset TusunsuuuuesalivganisvineufuuagBusu

o
s

YU IVLA AR
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23.3 sUnuunsi@sulusunsuuu Arduino

gﬂﬁ 2.11 Msigulusunsauu Arduino(1)

1. Weulusunsuuupeuiwes  dwyalusunsy ArduinolDE #sanansaniyivanleain

Arduino.cc/en/main/software

2. wivnnideulanllsunauieuiesudy Wgldowidensuueada Arduino Tlduasmneiay

Com port

Auyte Format
Archive Sketch
Fix Encoding & Reload

Sesial Monitar Chris Shift s by
& Lrduno Uno

Eoerd Y Arduing Duemilanove w/ ATmega3l?

Arduing Diecimila or Duemilanove wi ATmegal68
Arduine Mana w/ ATmegaiZ3

Bsduina Nano w! ATmagel 68

Arduine Mega 2560 or Mega ADK

Arduina Mega (ATmegal280)

Frogrammer »

Bum Beotloader

sU# 2.12 msidisulusunsuuy Arduino(2)



sketch_oit! 7a

15

Auto Format

Archive Sketch

Fix Encoding & Reload

Senial Monitor Ctrl=Shift+ M

Board 3
Serial Port MV COoM33 |

Programmer »

Burn Bootloader

sU#t 2.13 mstdeulusunsuuu Arduino(3)

3. A Verify lienTadaunugnsioduas Compile Ihnlusunsy anntiunats Upload 1n

TUsunsuludavesn Arduino tumisans USB iledulvanisuusesuar ssuanitanuuay

919879 “Done uploading” uwaguesnvzEuiamummmdsulusunsulleviud

=l

gﬂﬁ 2.14 mspulusunsuuy Arduino(4)

laf Arduino wsiznldanladiy aunsasmuUasiauseteaiasussauazlusing

solulsimnzAugaudn
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= '
2.4 a599981nnsq

wsesdelnnsaDC  power supply)  Wugunsalifldlumstesidanuliuiems
duinnseiind Fiedumhleddyedamils mrlugunsaldidnmsstindsatinfufinosns
uvastBussuliinszansunnanaiuse warlullagtuldinisuiemeluladeatelmin
USuusawasuudas vilsiiedostnslwihnssuanseliuse@vaamitetu wilaoiluudaeed

lassaieiugadie 9 fulssudseantiu 2 Ussamlug 4 fie
2.4.1 wisesdwussnulwinszuanssuuBadu (Linear Power Supply)

o ) @ a w = ' o a 2
Lﬂ'iEN’fD’]EJLLNWUIWW’IH?SLL?IG\‘NLLUUL‘UQLHUL{JULF‘I?@\‘1‘i]’]?JlW“ﬁ']ﬂiSLLEIF]iQV]UEJ&JI‘UﬁJ']

& =) v a as o i a =] o as

AwApdn nsveanuuulane wessaialidutieu uisuiianggdemddluilugiues

AMusau Ylulausyansnmaasunasdneine
2.4.2 wsesdwussiulninszuanssuuaIndda (Switching Power Supply)

Lﬂ%imﬂ'wLLiaé}’u‘LwﬁmmuaﬁmﬁqL“fjuLﬂ"%‘law'mlwﬂmiaLLaﬁlﬁwé’nmwaamsmUﬂu
Duty cycle Tiiianunianiouny PWM (Pulse width modulation) sxvintviaiadsusesuldy
ufintuvderadd  fenstiiaemdlivdnmsves PPM wasldemuiiiidnlaly
mugueUnsalaingBalsinanludnumedind  Tnevdnnasma ﬂﬁ’wﬁﬂﬁusaﬁumﬁaqﬁyu

) vy Y = '
wsesadldiaaemsusuiisuan Duty cycle

v oo ' & ¢ o " '
donldiniasinalvinseune 12 Tad 10 wenuUsiielfifsmesanisdneysmesly

|
ASAARURLULAY X Y uas 7
2.5 G-code

G-Code #1197 Geometric Code Winmwidgmiun1sduAseasnsliadoudily

° |y o TR o i = Y PN v
mmsumdsinesns  dudunwndildgiueies  CNC - (ONC ABLATEIINTNAIUANAIY
ARIWMEINGENTY Computer Numeric Control) 4584305 CNC azviinisiadoufiny

fAda G-Code



AN5199 2.3 Ad9 G-code
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SHAANEA AYUNUE/NSYINTY
< o g
GO0 NN5LARBUTILIY
GO1 A15LARBUT LULUIEUR S nTidnstTau
GO2 MSAADUMULLALEULAT RAIUTNUIRAN
GO3 NSIARDUTTULLIEULAY AANIUELUIRN
G17 wonszurulunsyiy a1y Xy
G18 wonsrurulunisyin 9w Xz
G19 donsyurulunisvin 9w Zy
% ] | A
G20 Uoudoyanfimireduils
|7 ) ] QA
G21 Uaudayanimiroduiiadiuns
J Q ar v =
G28 maidundulugignsneds
G40 pAENMIBAIBYUIRSATvaASaallone
Ga1 NSYALYEVLINSATVDILAT DI aRANIIAUT Y
G42 AISUALBEVUIASANYDILAT DI DRRNIIAIUY
a & w |
G43 NFYALYEVUIAAIUENIVDUATDILDGA (ATUIN)
A4 A W 8
Ga4g NSYATEVUINAIUEIVDILATDIN AR (A18aU)
G49 HNLENNISUABYUIAAITUL1IVDUAT DI DF
G54 USURAILADDSALLRYDITUIIY
G70 Joudoyaiifiviroduils
12 dd ] -3 = =
G71 Uewdeyanimhethuliodiuns
G80 gniinns¥n 19303 (Cycle)
G81 AWINTMIIE]
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G83 AnInsmsianegan

G84 gndinnsaiUinGen

G85 indnsnsatug

G90 mMyInvakuUdNy el

G91 msiavuauuusiaiiios

G92 Waguleasiunestuey
G99 Fpdnsveamsideundulugsgnsnsda

@

A1981FEY G-Code TidAiny

GO wis Rapid Movement (Juidsiiliunuiuderigeaniietastumnty

Firmware

= o s ar of e v o o ol [
G1 39 Control Movement dm3u Code fail Aemsdsliwnuiadonn laefigldannse
° & P v TE v I & v | 1% '
MvuaauElunsiedeuils tngld A1 F udeumenuisifigssms lnef F RELDERT
ATUNSINAR X Y Z
G17/G18/G19 Wurdsdm3unis Set plane

G20/G21 dullfiodiuty Code WidAgynandndamis Code Wdusrvuanslunisiu
2 as nf :!' = ] rq" 1 1 o o
TvduAses 39 G20 Afeviqety with 621 audumiie Sadwns

G28 Wuddsliununduidigiumiaiuiunie Home Beidall unuardsluaudy Limit

2 3

Switch FagindiniliumimniinsiifugaSuiuuasdugainnuazisiule

G90 Tigadiviaiiamizudiu Limit Switch iWugaisusu Faffegendandu 0 Fadrdosnsesda
Diunuadeudly 5 dadwsstuluwannu X 99ngaiEusu Alld G0 X5 deosnliduly 10
o | a o o i < a0 = a oa s o =i
fladumsnngaiEusuisesld G90 X10 unuaundiouiroludn 5 fiafiwns ludageiunu X &

588EY9INIANUAUYUAY Limit Switch 10 fadiuns
G91 Adslumsindouiiuuudinius Mmdsllavinaindids 690 nsrzarhildgeiunupuiv
Limit Switch tuqaiusiy wisgldyanunuoglushumislagtuduenEuiuum onfed

1y G91 X5 wanedeliunuadeudiluun X senly 5 fiedumns u sumistagtu Sedeives
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msly 691 ARl inansofidiliunuiadouils Tnglisniusesdiumishunuegsen
Limit Switch wilus 5fanunsedslvunuiedoudls Tnglddosfnaiiunuassuiudusy

17 G-code wnzllumwinlddinueisssnsliindouiiludsuiiaenis dwh

TimuRuaTaazdnluili ( Automatic Drilling Machine ) l¢inet



UNN 3

N1SATUIUUATNITODNLUY

o =
3.1 A1999NLUUNININIUYDILATD 9L

200VS0Hz ~ —  Switching Power Supply |
GerberFile flom Altium |+ FlatCam —+ Gecode — Microcontroller

!

 Stepper Motor

5U% 3.1 block diagram n15%191uw8aiA3091912

L wlaslwimudulnssdae  switching  power supply  wazdngluds
microcontroller Wa¥ LoIABTHANE

2. Uouyadidsli microcontroller #wlnld G-code ( Tnsmsamsemnmsuas
Gerber file 9nlUsuATH Altium W1 Flat Cam )

3. Microcontroller %’Uﬂqmﬁﬂﬁ"ma:ﬁﬂ’mﬂumsﬁmwaa stepping motor W 3 unu

4. Stepping motor @wnsayinsulamurdauasanusaiang PCB s

Sk n']5'&']BﬂLL‘UU’Nﬁ]'ﬁﬂ?UQNLﬂ%BQL"\]'ﬂ
3.2.1 29959V stepper motor
U Stepper Motor Tduesn A4988 Stepper Motaor Driver Lﬁm‘iﬂﬂLmﬁW‘leﬁﬂ
vBaADUIMETWUS I 12 19adt LavIensLud 10 wowul$ Saglutsmsvhnurenies
u(8-35 Taad) wardinszualtaugian 2 wenuusnouames 1 i lase stepper motor 141

7v7 1A 1B 2A uax 2B v89 A4988 Stepper Motor Driver
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i GND
2B
2A
1A
1B
VDD
GND

SUTl 3.2 A4988

3.2.2 2993A7UAU stepper motor
muaIMshuveeneslialivese cne shield asnazaniunsdelday
ueweivateda destieuswusirde s fiamsaseliuemesnndals waviifaiu
Uszqs¥winaw VMOT ffu GND. ielaafunisifin LC Voltage Spikes
lnesiouasn AG988 ULUDA cnc shield oI x WAL y Waswny z 918l 1w

Uasm cne shield vue 12 Thad 10 wouuys

51 ]

(€€
Y.STEP/DIRIO (O] -

o] o]
ASTER/DIR|C) |0
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" -
IqVM

ATYLII NI

=
‘=
»
17
e
i
¢
A

Spindle Direction
Spindle Enable
Limit Z-Axis*

: Limit Y-Axis®
. Limit X-Axis*
: Stepper Enable/Disable
» Direction Z-Axis
| Direction Y-Axis
Reset/Abort® | i j&= i |F 3 Direction X-Axis
Faed Hold* ) - ; Step Pulse Z-Axis
Cycle Star/Aesume® i Co Step Pulse Y-Axis
Coolant Enable & i rte - Step Pulse X-Axis
(not used/reserved) ' . i

not used/reserved) -

* - Indicates input pins. Held high with internal puli-up resistors.

3U# 3.4 m3siauda cnc shield futesn Arduino UNO R3

CNE SHITLD #

PG pm st supipty
1% 1A

JUN 3.5 masiauain Ad988 uaz stepper motor 141U cnc shield
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3.2.3 n19AIUAL stepper motor
AuALNeweslag Upload TUsinsy GRBL aslu Arduino UNO R3 wald G-
code MuRIMIhaUBIBLNEY Wowieen Parameter (Upedu el
1. i $$ (fovene GRBL setting
2. Wuw $100=25 wilosae step per millimeter Y94 stepper motor i
AUANMIIARDUTIULLALNY X
3. i $101=25 \ilaaeh step per millimeter Y94 stepper motor i
PIUAMSIARBURTULLALAY v
4. i $102=25 [iomeen step per millimeter we4 stepper motor 7
mUANMIIAGDUTATULLALAY 2
3.2.3.1 MR step per millimeter
FUIUINMTUULDINBNES 1 50U 360° 9INMsroaasiiiu full step Tnowyudiay

1.8° —-AMIUNINIUIY Step VD05

= salunismuLemed 1 50U 360°
AUAU-step.= = - === 200=step
BIFIUNEIULDIRET | step 1.8°

AU step per millimeter % lead screw 8mm

o M putse tunaawmne 1 v’ 200
Step per millimeter = =

U0 pitch 994 lead screw ]

= 25 step per millimeter

v o
3.3 ﬂ'\'SE]EJﬂLLUUIﬂi\?ﬂ‘S’N‘UENLﬂiENW']S
3.3.1 AVUALNUIAZNISHEDY
o - v a & A4 vy
- grudouluuiun X annsaideuls 40 wuRwns Nuinausanglane
20 LBURALLIAT
- huiizaunsadeuluiwIunu Y 22 lsufiuns uay Z 13 wuiing n1s
wWewiung  iliuiavesgrueiesansiinwaviivszeeifeimsany  Ussndaiuives
| i - o v o o P |
ITRUTNNNTINSEONEI  uiluwwauny X Amuslideuiigiuiiediusenmssaniuy
<
1A39UAENTAIVALAMUANAAYDILATONTE

- anmamnsalunszdusgiumdmewewes lulassnuiliiawty PCB

= = ﬂJ L L7 L3
JUFDNATDNIYS 135 Tan
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3.3.2 dausenavvaslaseaing

a =

® aallenlusing

u
aa

AnsamURogiliilen ( Aluminum Profile ) ARnTnTangiialudie

IRCTRICTCATIER

2 Mumunensanniou

3ahwirnufounaznszualwlan Tuiiluivuarlifnln

a.ymupnuiouldn asguliinanisinge

5.annsnlulszandldanunng qldununeg

6.amnsndouseldeisnisivennvansuazsilaing

7.gunselilfnusmiulusindivarnvane iligmslénulunis uay
mﬂﬁmwmﬁamaﬁmm'snujﬁﬂuLawwﬁuﬁquﬁﬁamﬂiﬁlﬂﬁ’lLfluﬁawnLﬂﬁiwﬁu‘a*qﬂ
Immuﬁ%'uﬁan‘[ﬁa@ﬁLﬁauiﬂiIWa'ImEJm'sﬁmsmmnﬂmauﬁ’ﬁﬁwﬁu donldilu

ogiiiflualuslvd 20x20 mm flemsssum ansnsaudmin 16 Alan3uiuns Nut (ndmsu

Tdluseq) Gonsdlvauin M5

®

SUN 3.7 fapgamsusznav
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® Bracket

THlumsusznevegiidlenlusing 2 Fuduguan deremsussneunasudly $u

v

Umingegn 60 Alandu awnsaldangiuin M5x8 wialinnan

U h

w
R
NS
2
4 ';“"r‘:‘: 4 i
N /4 |
/.
"0 ‘».,1::.5/ P
A L~ B
Specification
‘) e
7 8 W T I
(A
20 Thin b 9 17 3 20
2 [} 10 35 28
1§ 4% <
i 9 s 10

5UN 3.8 Meazidenlnsiaiie

as [l

U 3.9 feeansuseney
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® Lead Screw, Copper Nut, Aluminum housing, Flexible Coupling,
Aligned bearing
Flonewesigafu lead screw Tngld flexible coupling nyuduang Copper Nut La
Aluminum housing ﬁﬁ)sLﬂﬁaMIUmﬂuﬂawuﬂ'\’amaqaﬂg wuviudeulndeuilubady Aligned

. a8 v = v o1
bearing aUszmpedNAUNLIYeY lead screw TVilviudouagluuunszuy

gﬂﬁ 3.10 Lead Screw, Copper Nut, Aluminum housing, Flexible Coupling, Aligned

bearing

L

e

W\ \\\

gﬂﬁ 3.11 wazdenlAsIa319U09 Lead screw uay Copper Nut (Pitch=2mm,

Lead=8mm)



E‘Uﬁ 3.12 Flexible Coupling / Shaft Couplings 5 mm x 8mm x 25 mm

HHT)

Ve

T

h = 15mm

w =29 mm

e s AZmm

a = 55mm

JUT 3.13 9eazi8unln53a519994 Aligned bearing

® linear shaft, Linear shaft support, Linear bearing slider

. i Aot w L2 o A £ 4
Linear shaft support udiundafulaseaing iouseaad linear shaft 19 Linear

i . et [ v o '
bearing slider Mfafuuviudouliaouluwuinse livyu

31J17'i 3.14 Linear shaft, Linear shaft support, Linear bearing slider



: “'“{"
nﬂnz'.j
s
i

i

==

Rod Set | Aftach | Weight
nlelwict|Fielr|BlS

Dia. Screw | Screws|  (kg)

SK8 ;] 20| 21 42 | 14 {328} B8 [ 18 [ 32 |55 M4 M5 0.024

o = v
3UN 3.15 sauidenlaAsaasng Linear shaft support

A= 14%0 7
T N R S { e &
oy Yy - A
B ERI=R &

45
LR 1.
|
]
|
|
{
{
Mol " QY
i/ |
- X
1w

] A

f LSS SS S 28

o a v A 7 h
JUM 3.16 Teazidenlas9ai19und Linear bearing slider
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3.3.3 N5UsenaUlASIEI1aMATNITIANAIURT LSS

§ v o
U 3.17 1A5983519009LATRANY
msBnegiliionluslwdaie bracket mipdeuielasiasne o1vasiivlassaduie
| v et ' aa 4 o o ]
MIARIAARDUMIONGADDNAINAY elinnToanuwuudulseneuaresanNoILANLIuAILA

TAsadsna

O

5UN 3.18 dwgagnilussuuiieaniy
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O O O

a al

= [ G ) )
JUM 3.19 dndagruuazogiiioulusindinemniu

(@] 0]

o

3

{3

) 0 € Q (5] &)

O
0

o o X 3

sU#l 3.20 drugu

o <
3.3.4 USulpseasnamsanane

< i o o < o &
wamdauluwnu Y wulgmlunisiedeuniedinisysuivasusnad

® lassasaluuiy

= v a
JUT 3.21 lAsaasauuuLaY
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wnu Y dnmstanulaseasnanie 3 @ufe linear shaft 2 duuay lead screw 1 @
o a o o W | i o
WailnsldauedaaandunaiuiulasewEsausdnonafinisiaaumns s

1. AMFSULIMUAR UL UNY Z

> = = T o v oa d'
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(mm) | A | eapdl | vAaee2 | Lage J R
A1(%) | a2(%) | Qa0 (%) | (meaae) | (Mun)

(em) {cm) (cm) (cm)

0.10 | 14.1421 14.20 14.20 | 14.200 | 0.4092 | 0.4092 | 0.4092 3550.0 | ‘35355

0.20 | 14.1421 14.25 14.20 | 14.225 | 0.7627 | 0.4092 0.5859 3556.3 35355

0.30 | 14.1280 14.15 14.15 14.150 | 0.1558 | 0.1558 0.1558 3537.5 3532.0

0.40 | 14.1421 14.20 14.20 | 14.200 | 04092 | 0.4092 0.4092 3550.0 3535.5

0.50 14.1421 14.15 14.20 14.175 | 0.0556 | 0.4092 0.2324 3543.8 3535.5

0.60 14.0855 14.10 14.15 14.125 | 0.1033 | 0.4582 0.2808 25315 3521.4

0.70 14.0570 14.00 14.10 | 14.050 | 0.4057 | 0.3057 0.3557 3512.5 3514.3

0.80 | 14.1421 14.10 14.20 | 14150 | 0.2979 | 0.4092 0.3536 9637.5 3535.5

0.90 | 14.1280 14.15 14.15 14.150 | 0.1558 | 0.1558 0.1558 B35 3532.0

1.00 | 14.1421 14.25 14.20 | 14.225 | 0.7627 | 0.4092 0.5859 3556.3 35355

2.00 14.1421 14.30 14.25 14.275 | 1.1163 | 0.7627 0.9395 3568.8 35355

3.00 14.0007 14.10 14.10 14.100 | 0.7091 | 0.7091 0.7091 3525.0 3500.2

4.00 14.1421 14.10 14.20 14.150 | 0.2979 | 0.4092 0.3536 3534.5 A535.5

5.00 14.1421 14.10 14.20 14.150 | 0.2979 | 0.4092 0.3536 3537.5 35355
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piAdH
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i g gl oa @l a4 RELE i AN .
JegE | W | wARBUN | ABeuf | iedoaun g 3 1= - ARAWAR
5 . waaun | deawainl | Renwain2 3
(mm) | A% ATUIN | VAADIL | MeaRa2 | L& e (%)
wage (mm) (%) (%)
(mm) | (mm) | (mm)

0.10 1000 100.0 100.0 98.5 99.25 0.000 1.500 0.750
0.20 500 100.0 100.0 99.0 99.50 0.000 1.000 0.500
0.30 353 99.9 100.0 99.5 99.75 -0.100 0.400 0.150
0.40 250 100.0 100.0 99%.5 99.75 0.000 0.500 0.250
0.50 200 100.0 100.0 100.0 100.00 0.000 0.000 0.000
0.60 166 99.6 100.5 100.0 100.25 -0.904 -0.402 -0.653
0.70 142 99.4 98.0 100.0 99.00 1.408 -0.604 0.402
0.80 125 100.0 98.0 100.0 99.00 2.000 0.000 1.000
0.90 11 99:0 100.0 100.0 100.00 -0.100 -0.100 -0.100
1.00 100 100.0 100.0 100.1 100.05 0.000 -0.100 -0.050
2.00 50 100.0 100.0 100.0 100.00 0.000 0.000 0.000
3.00 33 99.0 89.5 100.0 SIH e -0.505 -1.010 -0.758
4.00 25 100.0 98.0 99.0 98.50 2.000 1.000 1.500
5.00 20 100.0 98.0 100.0 99.00 2.000 0.000 1.000
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(mm) A9 AN | vaapdl | eana2 DR 1ae(%)
{96) (9%)
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Code 74 Upload 1% Arduino wielildanudu GRBL controller
#include <config.h>

#include <coolant_control.h>
#include <cpu_map.h>
#include <defaults.h>
#include <eeprom.h>
#tinclude <gcode.h>

#include <grbl.h>

#include <jog.h>

#include <limits.h>

#include <motion_control.h>
#include <nuts_bolts.h>
#include <planner.h>
#include <print.h>

#include <probe.h>

#include <protocol.h>
#include <report.h>

#include <serial.h>

#include <settings.h>
#include <spindle_control.h>
#tinclude <stepper.h>
#include <system.h>

#include <grbl.h>
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A4988

DMOS Microstepping Driver with Translator

And Overcurrent Protection

Features and Benefits

= Low Rpg(ony outputs

= Automatic current decay mode detection/selection

» Mixed and Slow current decay modes

= Synchronous rectification for low power dissipation
= Internal UVLO

= Crossover-current protection

= 3.3 and 5 V compatible logic supply

= Thermal shutdown circuitry

= Short-to-ground protection

= Shorted load protection

= Five selectable step modes: full, 1/,, 1/, /g, and /4

Package:

28-contact QFN
with exposed thermal pad
5mm * 5 mm x 0.90 mm

(ET package)

Approximate size

Description

The A4988 is a complete microstepping motor driver with
built-in translator for easy operation. It is designed to operate
bipolar stepper motors in full-, half-, quarter-, eighth-, and
sixteenth-step modes, with an output drive capacity of up to
35V and £2 A. The A4988 includes a fixed off-time current
regulator which has the ability to operate in Slow or Mixed
decay modes.

The translator is the key to the easy implementation of the
A4988. Simply inputting one pulse on the STEP input drives
the motor one microstep. There are no phase sequence tables,
high frequency control lines, or complex interfaces to program.
The A4988 interface is an ideal fit for applications where a
complex microprocessor is unavailable or is overburdened.

During stepping operation, the chopping control in the A4988
automatically selects the current decay mode, Slow or Mixed.
In Mixed decay mode, the device is set initially to a fast decay
for a proportion of the fixed off-time, then to a slow decay for
the remainder of the off-time. Mixed decay current control
results in reduced audible motornoise, increased step accuracy,
and reduced power dissipation.

Continued on the next page...

Typical Application Diagram
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DMOS Microstepping Driver with Translator
And Overcurrent Protection

A49838

Description (continued)

Internal synchronous rectification control circuitry is provided The A4988 is supplied in a surface mount QFN package (ES), 5 mm

to improve power dissipation during PWM operation. Internal »* 5 mm, with a nominal overall package height of 0.90 mm and an
circuit protection includes: thermal shutdown with hysteresis, exposed pad for enhanced thermal dissipation. It is lead (Pb) free
undervoltage lockout (UVLO), and crossover-current protection. (suffix —T), with 100% matte tin plated leadframes.

Special power-on sequencing is not required.

Selection Guide ,
Part Number Package Packing
A4988SETTR-T 28-contact QFN with exposed thermal pad 1500 pieces per 7-in. reel

Absolute Maximum Ratings

Characteristic Symbol Notes Rating Units
Load Supply Voltage Vag 35 Vv
Output Current lout +2 A
Logic Input Voltage Vin -0.3t0 5.5 \
Logic Supply Voltage Vpp -0.3t05.5 \
Motor Outputs Voltage -2.0t0 37 Vv
Sense Voltage Vsense -05t0 0.5 Vv
Reference Voltage VRer 55 \
Operating Ambient Temperature Ta Range S —20to 85 °c
Maximum Junction T (max) 150 °C
Storage Temperature Tsig -55to 150 °C

asun Allegro MicroSystems, LLC 2
-t lle 115 Northeast Cutoff
Phe B g Worcester, Massachusetts 01615-0036 U S A.
MicroSystems, LLC

1.508.853.5000; www.allegromicro.com



A4988

DMOS Microstepping Driver with Translator
And Overcurrent Protection

Functional Block Diagram
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A4988 DMOS Microstepping Driver with Translator
And Overcurrent Protection

ELECTRICAL CHARACTERISTICS! at T, = 25°C, Vg = 35 V (unless otherwise noted)

Characteristics | Symbol Test Conditions | Min. [ Typ2 [ Max. | Units
Output Drivers
Load Supply Voltage Range Vgg Operating 8 - 35 \Y
Logic Supply Voltage Range Vop Operating 3.0 - 55 V
: Source Driver, gyt =-1.5A - 320 430 mQ
EUipUECl Reslslapte RosoN  [Sink Driver, logy = 1.5 A = 320 | 430 ma
Body Diode Forward Voltage Ve 2;‘::(;0212?E'=|F1 - ;-5 A = = 12 z
fowm < 50 kHz - - 4 mA
BAgiGH BRIy Crersnt lag Operating, outputs disabled - - 2 mA
. foywm < 50 kHz — = 8 mA
Logic Supply Current Ioo Outputs of = — 5 -
Control Logic
Logic Input Voltage Vi) Vpp X0\ = o i
Vin) i u VppX0.3 \
Logic Input Current e Y i Voo -7 &0 U Y 20 WA
Iingo) e\=_Ves 908 -20 <1.0 20 pA
Rus1 MS1 pin - 100 - kQ
Microstep Select Rusz MS2 pin - 50 - kQ
Riisa MS3 pin - 100 - kQ
Logic Input Hysteresis Viysany  [As @ % of Vpp 5 11 19 %
Blank Time towdnk 0.7 1 1.3 us
. : 0OSC = VDD or GND 20 30 40 us
i torF  [Roee = 25 kQ 23 30 37 s
Reference Input Voltage Range VRErF 0 - 4 \
Reference Input Current lreF -3 0 3 HA
Vrer =2 V, %lriomax = 38.27% - - 15 %
Current Trip-Level Error? er Vier =2 V, %lripmax = 70.71% - = 5 %
Vrer = 2 V, %limax = 100.00% - - +5 %
Crossover Dead Time tot 100 475 800 ns
Protection
Overcurrent Protection Threshold# locpsT 21 - - A
Thermal Shutdown Temperature Ttsp - 165 - °C
Thermal Shutdown Hysteresis TTspHYS - 15 - °C
VDD Undervoltage Lockout Voouvio | Vop rising 2.7 2.8 2.9 \
VDD Undervoltage Hysteresis VoDUVLOHYS - 90 - mV

1For input and output current specifications, negative current is defined as coming out of (sourcing) the specified device pin.

2Typical data are for initial design estimations only, and assume optimum manufacturing and application conditions. Performance may vary for individual
units, within the specified maximum and minimum limits.

Verr = [(VRer/8) — Vsensel / (Vrer/8)-

4QOvercurrent protection (OCP) is tested at T, = 25°C in a restricted range and guaranteed by characterization.

g ll Allegro MicroSystems, LLC 4
fm % wh 115 Northeast Cutoff

iy X Worcester, Massachusetts 01615-0036 U.S.A.
L Microswm Le 1.508.853.5000; www.allegromicro.com



A4988 DMOS Microstepping Driver with Translator
And Overcurrent Protection

THERMAL CHARACTERISTICS
Characteristic Symbol Test Conditions* Value | Units
Package Thermal Resistance Roja Four-layer PCB, based on JEDEC standard 32 [°C/W

*Additional thermal information available on Allegro Web site.

Power Dissipation versus Ambient Temperature
4.00

o \\
3.00 \
2.50

2.00 %
1.50 \

1.00 \

0.50 \

20 40 60 80 100 120 140 160
Temperature, Ta (°C)

Power Dissipation, Pp (W)

Ly Allegro MicroSystems, LLC 5
AEE B
g b e w & 115 Northeast Cutoff
%gm Fd ? A L Woarcester, Massachusetts 01615-0036 U.S.A.
HEE W " MicraSystems, LLC 1.508.853.5000; www.allegromicro.com

amme



A4988

DMOS Microstepping Driver with Translator
And Overcurrent Protection

:‘ ta - 'y o
& ol I Cal |
| | |
I I I
| : —
STEP / \
| ] |
I . .
I
| e N\ [/
I | I
I | I
MS1, MS2, MS3, | i |
RESET, or DIR ! ! !
|
|
Time Duration Symbol Typ. Unit
STEP minimum, HIGH pulse width ta 1 Hs
STEP minimum, LOW pulse width tg 1 Hs
Setup time, input change to STEP tc 200 ns
Hold time, input change to STEP i 200 ns

Figure 1: Logic Interface Timing Diagram

Table 1: Microstepping Resolution Truth Table

MS1 | MS2 | MS3 | Microstep Resolution | Excitation Mode
[ L. L | Full Step 2 Phase
H L L | Half Step 1-2 Phase
L H L | Quarter Step W1-2 Phase
H H L | Eighth Step 2W1-2 Phase
H H H | Sixteenth Step 4\W1-2 Phase

Sdllegro

TRRE B R " MicroSystoms, LLC

Allegro MicroSystems, LLC
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U S A

1.508.853.5000; www.allegromicro.com



A4988

DMOS Microstepping Driver with Translator

And Overcurrent Protection

Functional Description

Device Operation. The A4988 is a complete microstepping
motor driver with a built-in translator for easy operation with
minimal control lines. It is designed to operate bipolar stepper
motors in full-, half-, quarter-, eighth, and sixteenth-step modes.
The currents in each of the two output full-bridges and all of the
N-channel DMOS FETs are regulated with fixed off-time PWM
(pulse width modulated) control circuitry. At each step, the current
for each full-bridge is set by the value of its external current-sense
resistor (Rg; and Rg,), a reference voltage (Vygr), and the output
voltage of its DAC (which in turn is controlled by the output of
the translator).

At power-on or reset, the translator sets the DACs and the phase
current polarity to the initial Home state (shown in Figures 9
through 13), and the current regulator to Mixed Decay Mode for
both phases. When a step command signal occurs on the STEP
input, the translator automatically sequences the DACs to the
next level and current polarity. (See Table 2 for the current-level
sequence.) The microstep resolution is set by the combined effect
of the MSx inputs, as shown in Table 1.

When stepping, if the new output levels of the DACs are lower
than their previous output levels, then the decay mode for the
active full-bridge is set to Mixed. If the new output levels of the
DACs are higher than or equal to their previous levels, then the
decay mode for the active full-bridge is set to Slow. This auto-
matic current decay selection improves microstepping perfor-
mance by reducing the distortion of the current waveform that
results from the back EMF of the motor.

Microstep Select (MSx). The microstep resolution is set by
the voltage on logic inputs MSx, as shown in Table 1. The MS1
and MS3 pins have a 100 kO pull-down resistance, and the MS2
pin has a 50 kQ pull-down resistance. When changing the step
mode the change does not take effect until the next STEP rising
edge.

If the step mode is changed without a translator reset, and abso-
lute position must be maintained, it is important to change the
step mode at a step position that is common to both step modes in
order to avoid missing steps. When the device is powered down,
or reset due to TSD or an over current event the translator is set to

the home position which is by default common to all step modes.

Mixed Decay Operation. The bridge operates in Mixed
decay mode, at power-on and reset, and during normal running
according to the ROSC configuration and the step sequence, as
shown in Figures 9 through 13. During Mixed decay, when the
trip point is reached, the A4988 initially goes into a fast decay
mode for 31.25% of the off-time, topp. After that, it switches to
Slow decay mode for the remainder of topp. A timing diagram for
this feature appears on the next page.

Typically, mixed decay is only necessary when the current in the
winding is going from a higher value to a lower value as determined
by the state of the translator. For most loads automatically-selected
mixed decay is convenient because it minimizes ripple when the
current is rising and prevents missed steps when the current is falling.
For some applications where microstepping at very low speeds is
necessary, the lack of back EMF in the winding causes the current to
increase in the load quickly, resulting in missed steps. This is shown
in Figure 2. By pulling the ROSC pin to ground, mixed decay is set
to be active 100% of the time, for both rising and falling currents, and
prevents missed steps as shown in Figure 3. If this is not an issue, it
is recommended that automatically-selected mixed decay be used,
because it will produce reduced ripple currents. Refer to the Fixed
Off-Time section for details.

Low Current Microstepping. Intended for applications
where the minimum on-time prevents the output current from
regulating to the programmed current level at low current steps.
To prevent this, the device can be set to operate in Mixed decay
mode on both rising and falling portions of the current waveform.
This feature is implemented by shorting the ROSC pin to ground.

In this state, the off-time is internally set to 30 ps.

Reset Input (RESET). The RESET input sets the translator
to a predefined Home state (shown in Figures 9 through 13), and
turns off all of the FET outputs. All STEP inputs are ignored until
the RESET input is set to high.

Step Input (STEP). A low-to-high transition on the STEP

G5 B
e w0

ﬁlm“} #
‘l! 8

Hllegro

Allegra MicroSystems, LLC T
115 Northeast Cutoff

Worcester, Massachuselts 01615-0036 U.S.A.
1.508.853,5000; www.allegromicro.com



A4988

DMOS Microstepping Driver with Translator
And Overcurrent Protection
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Figure 3: Continuous Stepping Using Automatically-Selected Mixed Stepping (ROSC pin grounded)
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A4988

DMOS Microstepping Driver with Translator

And Overcurrent Protection

input sequences the translator and advances the motor one incre-
ment. The translator controls the input to the DACs and the direc-
tion of current flow in each winding. The size of the increment is
determined by the combined state of the MSx inputs.

Direction Input (DIR). This determines the direction of rota-
tion of the motor. Changes to this input do not take effect until the
next STEP rising edge.

Internal PWM Current Control. Each full-bridge is con-
trolled by a fixed off-time PWM current control circuit that limits
the load current to a desired value, I;gp. Initially, a diagonal pair
of source and sink FET outputs are enabled and current flows
through the motor winding and the current sense resistor, Rg,.
When the voltage across Rg, equals the DAC output voltage, the
current sense comparator resets the PWM latch. The latch then
turns off the appropriate source driver and initiates a fixed off
time decay mode

The maximum value of current limiting is set by the selection of
Rg, and the voltage at the VREF pin. The transconductance func-
tion is approximated by the maximum value of current limiting,
Irripmax (A), which is set by

Iiprax = Vrer/ (8 X Rg)

where Rg is the resistance of the sense resistor () and Vg is
the input voltage on the REF pin (V).

The DAC output reduces the Vg output to the current sense
comparator in precise steps, such that

Irrrio = (%]ﬁ'IpMAX/]OO) X Iﬁ'rpMA,\'

(See Table 2 for %l nax at each step.)

It is critical that the maximum rating (0.5 V) on the SENSEI and
SENSE?2 pins is not exceeded.

Fixed Off-Time. The internal PWM current control circuitry
uses a one-shot circuit to control the duration of time that the
DMOS FETs remain off. The off-time, . is determined by the
ROSC terminal. The ROSC terminal has three settings:

= ROSC tied to VDD — off-time internally set to 30 ps, decay
mode is automatic Mixed decay except when in full step where
decay mode is set to Slow decay

» ROSC tied directly to ground — off-time internally set to
30 ps, current decay is set to Mixed decay for both increasing
and decreasing currents for all step modes.

= ROSC through a resistor to ground — off-time is determined
by the following formula, the decay mode is automatic Mixed
decay for all step modes except full step whic is set to slow
decay.

torr = Rosc / 825
Where topp is in ps.

Blanking. This function blanks the output of the current sense
comparators when the outputs are switched by the internal current
control circuitry. The comparator outputs are blanked to prevent
false overcurrent detection due to reverse recovery currents of the
clamp diodes, and switching transients related to the capacitance
of the load. The blank time, tg; Ak (1), is approximately

tprang =1 us

Shorted-Load and Short-to-Ground Protection.

If the motor leads are shorted together, or if one of the leads is
shorted to ground, the driver will protect itself by sensing the
overcurrent event and disabling the driver that is shorted, protect-
ing the device from damage. In the case of a short-to-ground, the
device will remain disabled (latched) until the SLEEP input goes
high or VDD power is removed. A short-to-ground overcurrent
event is shown in Figure 4.

When the two outputs are shorted together, the current path is
through the sense resistor. After the blanking time (=1 us) expires,
the sense resistor voltage is exceeding its trip value, due to the
overcurrent condition that exists. This causes the driver to go into
a fixed off-time cycle. After the fixed off-time expires the driver
turns on again and the process repeats. In this condition the driver
is completely protected against overcurrent events, but the short
is repetitive with a period equal to the fixed off-time of the driver.
This condition is shown in Figure 5.

During a shorted load event it is normal to observe both a posi-
tive and negative current spike as shown in Figure 3, due to the
direction change implemented by the Mixed decay feature. This
is shown in Figure 6. In both instances the overcurrent circuitry is
protecting the driver and prevents damage to the device.

Charge Pump (CP1 and CP2). The charge pump is used to
generate a gate supply greater than that of VBB for driving the
source-side FET gates. A 0.1 pF ceramic capacitor, should be
connected between CP1 and CP2. In addition, a 0.1 pF ceramic
capacitor is required between VCP and VBB, to act as a reservoir
for operating the high-side FET gates.

Capacitor values should be Class 2 dielectric =15% maximum,
or tolerance R, according to EIA (Electronic Industries Alliance)
specifications.

Allegro-
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Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com



A4988 DMOS Microstepping Driver with Translator
And Overcurrent Protection

Vreg (VREG). This internally-generated voltage is used to
operate the sink-side FET outputs. The nominal output voltage
of the VREG terminal is 7 V. The VREG pin must be decoupled
with a 0.22 pF ceramic capacitor to ground. Vypg is internally
monitored. In the case of a fault condition, the FET outputs of the
A4988 are disabled.

Capacitor values should be Class 2 dielectric £15% maximum,
or tolerance R, according to EIA (Electronic Industries Alliance)
specifications.

Enable Input (ENABLE). This input turns on or off all of the
FET outputs. When set to a logic high, the outputs are disabled.
When set to a logic low, the internal control enables the outputs

as required. The translator inputs STEP, DIR, and MSx, as well as
the internal sequencing logic, all remain active, independent of the
ENABLE input state.

Shutdown. In the event of a fault, overtemperature (excess T;)
or an undervoltage (on VCP), the FET outputs of the A4988 are
disabled until the fault condition is removed. At power-on, the
UVLO (undervoltage lockout) circuit disables the FET outputs
and resets the translator to the Home state.

Sleep Mode ( SLEEP ). To minimize power consumption
when the motor is not in use, this input disables much of the
internal circuitry including the output FETs, current regulator,
and charge pump. A logic low on the SLEEP pin puts the A4988
into Sleep mode. A logic high allows normal operation, as well as
start-up (at which time the A4988 drives the motor to the Home
microstep position). When emerging from Sleep mode, in order
to allow the charge pump to stabilize, provide a delay of 1 ms
before issuing a Step command.

Mixed Decay Operation. The bridge operates in Mixed
Decay mode, depending on the step sequence, as shown in Fig-
ures 9 through 13. As the trip point is reached, the A4988 initially
goes into a fast decay mode for 31.25% of the off-time, topp.
After that, it switches to Slow Decay mode for the remainder of
torr A timing diagram for this feature appears in Figure 7.

Synchronous Rectification. When a PWM-off cycle is
triggered by an internal fixed-off time cycle, load current recircu-
lates according to the decay mode selected by the control logic.
This synchronous rectification feature turns on the appropriate
FETs during current decay, and effectively shorts out the body
diodes with the low FET Rpg o). This reduces power dissipation
significantly, and can eliminate the need for external Schottky
diodes in many applications. Synchronous rectification turns off
when the load current approaches zero (0 A), preventing reversal
of the load current.
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+ Fault
* latched
[
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i t—
Figure 4: Short-to-Ground Event
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Figure 5. Shorted Load (OUTxA — OUTxB) in Slow Decay Mode
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Application Layout

Layout. The printed circuit board should use a heavy ground-
plane. For optimum electrical and thermal performance, the
A4988 must be soldered directly onto the board. Pins 3 and 18
are internally fused, which provides a path for enhanced thermal
dissipation. Theses pins should be soldered directly to an exposed
surface on the PCB that connects to thermal vias are used to
transfer heat to other layers of the PCB.

In order to minimize the effects of ground bounce and offset
issues, it is important to have a low impedance single-point
ground, known as a star ground, located very close to the device.
By making the connection between the pad and the ground plane
directly under the A4988, that area becomes an ideal location for
a star ground point. A low impedance ground will prevent ground
bounce during high current operation and ensure that the supply
voltage remains stable at the input terminal.

The two input capacitors should be placed in parallel, and as
close to the device supply pins as possible. The ceramic capaci-
tor (CIN1) should be closer to the pins than the bulk capacitor
(CIN2). This is necessary because the ceramic capacitor will be
responsible for delivering the high frequency current components.
The sense resistors, RSx, should have a very low impedance
path to ground, because they must carry a large current while
supporting very accurate voltage measurements by the current
sense comparators. Long ground traces will cause additional
voltage drops, adversely affecting the ability of the comparators
to accurately measure the current in the windings. The SENSEx
pins have very short traces to the RSx resistors and very thick,
low impedance traces directly to the star ground underneath the
device. If possible, there should be no other components on the
sense circuits.

A4988

Ground (1 oz.
Thermal (2 oz.

o] o o o
' RS RS2 ~ - 5
= = e
BN Tua —
g2 5“5 g2a
wu o o w
1 w w
ouT28 out1s —!
—>— ENABLE A4988 NC
E s p,{ﬁ'i DIR |—<—
= -17- — GND R3
T—c2 e REF
== =
T Jvcp STEP —<—  R2 =
NC VDD
e i J Vo
g222¢ 2z ol &
CGI* * * }Ré
Figure 8: Typical Application and Circuit Layout
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A4988

Pin Circuit Diagrams
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Table 2: Step Sequencing Settings
Home microstep position at Step Angle 45°; DIR = H
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Phase1 | Phase 2 Phase 1 | Phase 2
Full | Half | 1/4 1/8 | 116 | current | Current Step Full | Half | 1/4 18 | 116 | = went | Current Step
Step | Step | Step | Step | Step | [% ltripmax) | [% lripmax] | Angle Step | Step | Step | Step | Step | (% yiomaxl | [% ripmax] | Angle
- " # # # (%) (%) O # 2 # # # h) (%) )
1 1 1 1 100.00 0.00 0.0 a) 9 17 33 -100.00 0.00 180.0
2 99,52 9.80 56 34 -99.52 -9.80 185.6
2 3 98.08 19.54 NS 18 35 -98.08 -19.51 191.3
4 95.69 29.03 16.9 36 -95.69 -29.03 196.9
2 3 6 92.39 38.27 22.5 10 19 3R -92.39 -38.27 202.5
6 88.19 47.14 28.1 38 -88.19 —-47.14 208.1
4 7 83.15 55.56 33.8 20 39 -83.15 -55.56 213.8
8 rird. i) 63.44 39.4 40 =77.30 -63.44 219.4
1 2 3 3] 9 70.71 70.71 45.0 3 6 11 21 41 =70.71 -70.71 225.0
10 63.44 77.30 50.6 42 —63.44 -77.30 230.6
6 11 55.56 83.15 56.3 v 43 -55.56 -83.15 236.3
12 4714 88.19 61.9 44 —47.14 -88.19 241.9
4 i 13 38.27 02.39 67.5 12 23 45 -38.27 -92.39 247.5
14 29.03 05.69 7341 46 -29.03 -95.69 2531
8 16 19.91 98.08 78.8 24 47 -19.51 -98.08 258.8
16 9.80 99.52 84.4 48 -9.80 -99.52 264.4
3 5 9 ol 0.00 100.00 90.0 7 3 25 49 0.00 -100.00 270.0
18 -9.80 99.52 95.6 50 9.80 -99.562 275.6
10 19 -19.51 98.08 101.3 26 51 19.51 -98.08 281.3
20 -29.03 95.69 106.9 52 29.03 -95.69 286.9
6 11 21 -38.27 92.39 112.5 14 27 53 38.27 -92.39 2925
22 -47.14 88.19 118.1 54 47.14 -88.19 298.1
12 23 -55.56 83.15 123.8 28 55 55.56 -83.15 303.8
24 —63.44 77.30 129.4 56 63.44 -77.30 309.4
2 4 7 13 25 -70.71 70.71 135.0 4 8 15 29 57 70.71 -70.71 315.0
26 =77.30 63.44 140.6 58 77.30 -63.44 320.6
14 27 -83.15 55.56 146.3 30 59 83.15 -55.56 326.3
28 -88.19 47.14 151.9 60 88.19 -47.14 331.9
8 15 29 -92.39 38.27 157.5 16 31 61 92.39 -38.27 agv.s
30 -95.69 29.03 163.1 62 95.69 -29.03 343.1
16 31 -98.08 19.51 168.8 32 63 98.08 -19.51 348.8
32 -99.52 9.80 174.4 64 99.52 -9.80 354.4
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A4988

ouTzs [T
ENABLE (7 |
GND [T
cP1 [} |
crz L5y |

| ouT1B
i (24| Ne
{1g) DIR
| (18) GND
| {17) REF

vep (B3 &) STEP
NC [T ! (3] voD
Terminal List Table
Name Number Description
CP1 4 Charge pump capacitor terminal
CP2 5 Charge pump capacitor terminal
VCP 6 Reservoir capacitor terminal
VREG 8 Regulator decoupling terminal
MS1 9 Logic input
Ms2 10 Logic input
MS3 11 Logic input
RESET 12 Logic input
ROSC 13 Timing set
SLEEP 14 Logic input
VDD 15 Logic supply
STER 16 Logic input
REF 17 G, reference voltage input
GND 3,18 Ground”
DIR 19 Logic input
OouT1B 21 DMOS Full Bridge 1 Output B
VBB1 22 Load supply
SENSE1 23 Sense resistor terminal for Bridge 1
OUT1A 24 DMOS Full Bridge 1 Output A
OUT2A 26 DMOS Full Bridge 2 Output A
SENSE2 27 Sense resistor terminal for Bridge 2
VBB2 28 Load supply
OouT2B 1 DMOS Full Bridge 2 Output B
ENABLE 2 Logic input
NC 7,20, 25 No connection
PAD - Exposed pad for enhanced thermal dissipation™

*The GND pins must be tied together externally by connecting to the PAD ground plane

under the device.
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ET Package, 28-Pin QFN with Exposed Thermal Pad

—>| |=—030
5,00 +0.15
115— 28 —»| |=— 050
_— ~ |
1 (000000
) | —
== ==
== ——
- — - [Besi s SNHHEZ Bl ANNE=
| Tt e | -
/= =
I e | : = |
‘ | o el
——————————
25 A\ ' SEATING 4.80
Olossc]_._ __noonoon PLANE

0,05 | 1‘_ /0\ PCB Layout Reference View
0.25 g7 — J L 0.90 £0.10
050

+ For Reference Only; not for tooling use

(reference JEDEC MO-220VHHD-1)
0.73 MAX j

_lﬂJ U U U U U Dimensions in millimeters

[ Exact case and lead configuration at supplier discretion within limits shown

& Terminal #1 mark area

o[ 313 Exposed thermal pad (reference only, terminal #1
identifier appearance at supplier discretion)

‘ § \i & Reference land pattern layout (reference IPC7351
NNNN QFN50P500X500X100-29V1M);
All pads a minimum of 0.20 mm from all adjacent pads; adjust as
necessary to meet application process requirements and PCB layout
3.15 tolerances; when mounting on a multilayer PCB, thermal vias at the
exposed thermal pad land can improve thermal dissipation (reference
EIA/JEDEC Standard JESD51-5)

&Coplanarity includes exposed thermal pad and terminals
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