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Abstract

This project is to be the position control of three stepping motor in three dimentions or
three axes’, x axis , y axis and z axis . In addition we have made a mechanical parts to show
how they work and lead the way for future development to be a practical useful product. The
controller unit consist of Microcontroller MCS - 48 . So that is the easy way to control the

stepping.motor and is the advantage of flexible software.
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EA e ad b dd 2 ad e ittt al i Bl el T 1R Y R P rle AR p o e e ISR PRpR R S e

;THIS IS AN EXAMPLE PROGRAM FCR FULL STEP
;STEPPING MOTOR DRIVE
CPU  "8048.TBL" ,CPU COLE
HOF  "INT8" JHEX FORMAT
CRG 000H
BEGIN: MOV A#00H :OUTPUT EOR 1'ST STEP
MOVD P4,A
CALL [DELAY

MOV AFO1H QUTPUT FOR 2'ND STeP
MOVD P4,A
CALL DELAY

MOV A FOSH ;QUTPUT FCR 3'RD STEP
MOVD P4.A
CALL DELAY

MQV A F04H ;OUTPUT ~COR 4'ST STEP
MOVD P4.A

CALL DELAY

JMP  BEGIN
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Lt A4 221 AXXFCXN NIRRT NR P

---------

Aaa s 2221 bbb hi s a2 4222 1212 30 TIT

DELAY: MOV R7 #03H

LOOP1: MOV RB.#0FEH

LOCP2: DINZ  R8,LO0P2
DINZ R7.LCOP1
RETR

wwww

N S N P A TS S AR AP AN PRI RTIRRCN D s

END
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AaatiaduiunisvyueLuaT v diAL
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deyeueu
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.

“THIS IS AN EXAMPLE PROGRAM FOR HALF STEP
:STEPPING MOTOR DRIVE

CPU  "8048.7BL .CPU CCDE

HCF  "INTS' HEX FCRMAT

-"""""I'*i""!"""""'"""'V"""'t't"""""*!"!!1""""’
0

ORG  000H
START: MOV A#00H ;OUTPUT FOR 1'ST STEP
MOVD P4,A

CALL DELAY

MOV A#08H :CUTPUT FCR 2’ND STEP
MCVD P4.A

CALL DELAY

MOV  A#04H ;CUTPUT FOR 3'RD STEP
MOVD  P4.A

.

CALL DELAY

MOV A #06H ;QUTPUT FOR 4'TH STEP
MOVD P4.A

CALL DELAY

MOV A#OSH ;,OUTPUT FOR 5'TH STEP
MOVD P4A

CALL DELAY
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MQV  A#ODH;QUTPUT FOR 6'TH STEP
MOVD P4.A
CALL DELAY

MOV A#O1H ;CUTPUT FOR 7'TH STEP
MOVD P4.A

CALL DELAY

MOV A#O3H ,QUTPUT FOR 4'TH STcP
MCVD P4.A

CALL DELAY

JMP  START

. AR NP T T T AN AR A AT R R TR R AR T AN AN RN TR R CRRRRRAE A RAANNSRRAXRARAFT R T RRTPNXAN
'

;ROUTINE FCR DELAY

DELAY: MOV = R7#03H

LCOP1: MOV RG#OFEH

LCOP2:DINZ  RB,LCCP2
DUNZ R7LCCP1
RETR

AR PR R N T AT AN NI TP A A AT AT R TR PN P AP ER I AR W TR TR TN RPACACTRRT RN CXTXT Y

END-
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TEA3718-TEA3718S

PIN FUNCTIONS

Name | Function {
cuT 3 | Cutcut Cannecuan {win oin CUTA). The ouout siaga 1S 3 " Sncge ioamea by i u(i

| rransistors ana lcur ciocas suitaole {or SwICRINg 3o0ucagans. t

FULSE TIME A paradel AC nework canneced 9 NS oI sals ne QFF mme oi the ower ,ower\

| raasistors. Tha ouisa gInNerator s 3 MONasizole nggered By ine asing icge of mnej
| sutout Gt the ¢amoaraices iloe = 0.53 SrCr). !

Ys(8} | Sugoiy Voltzge Inout for Hatt Cumut Stage !

GNO ‘ Geouna Caanecron. in SO-20L ana Poweraio tnesa ¢ins 1S3 CSNCUCT teat rom cet
o
{10 arinteq crouit SScoer. i

1

nIgn a2t S2uSAS Currant 1o dow from CUT A isouce) 0 SUT 2 {sinx), A Scarmal

tnggar on s INCut Sroviges ¢ooa nOIS2 IMMuniy 2nd 3 CRIEY CHTUN Srevents ..ut::uu
SiaGe $noa Srctlis Sunng SATCHIRD,

NG i Sag INPUT ¢ :

COMPARATOR INPUT lnouc connected 1o Ne (Nreg CSMOAralors. 1Ne vouace SCross (e Sensa (EsIsiarf 5|

[‘eeaoaoc 13 WS oyt Wnrougn e low cass fiter PcCe. The iower tower "ansxstor!'

i sra crsacteqa wnen e sansa vorRge @xC2eas Yle rarerancs voilage of ne salact:cg

| camoararar. “Vnea ifis ocours e cuent CECYS (or 3 tMe sat Ty ArCr, Taa = .63

1 ’rCr. '

EFERENCE A voitage acaned (3 MMS Sin 3atS e raferenca vollage of e Nree ICMOAMACHS. |

: Asrarenca vouage win e vaue of fg ana ne tvo nouts N0 zaa .Nl \.ecem'mesi

iine cutow currant. .

Isg 1 Sucoly Veraga lnout for toaqic Clcuiay :
INY iThts oin 2nd Gin INQ ara 10gic iNouls wicr S2eCT (8 OUDULS Of iNred CSMOAraaes o
jset ne curent ‘avel, Current 3150 cecends cn Mg 32asing (2s1S0C ind '=«efeoce|
{ vortage. Sae muth 2ole. !
PHASE i This TTL-camoatale ©QIC mout sa(S ine Crecaon of current flaw tarougn ine ioad. Al
i
X
i

i

i gAY : Sucelv vaitage mout 1o nait ourgul siage

! 2UT A iSse o CUT 3

! SENSE RESISTCR { Conneczoa (o lower amiaars of 2uiout siage foe insamon of cufrent sensa (2S1sice

| SLARM 1'When T, rzacaes T1°C ine alarm cutoul Decomes iow (TEA3713SAY )
!

L

FE-ALARM "\wWhen T, s2acnes T2°C e orealann cumut gecomes fow (T2<T 1) (TEAJTI3EFPY
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TEA3718-TEA3718S

ABSOLUTE MAXIMUM RATINGS

Symoot | Parameters Yalue | unit

‘Ves | Sucoxy Vottage v

Vg v

Vi ilnout Voltage: i

Legse Inputs v

Analog Inouts Vss v

Reference inout 7

i |lncut Cument

I Logic Incuts - A
i Anzlog Inouis . - TA

i 5 Cuiut Currant H =1, PA
I 7 lluncton Temgerawre i -130 e
Taw  ‘Coerzuag Amcient Tameeraiura Aance i 272 t 1z

Teg | Stacage Temoerzruce Aance : -351c =130 i <

THERMAL OATA

Symool

Parameter

| 30-20L !Powercio ! Multiwatti Uait

Anijc) ! Maximuat Juncson-casa Theemal Resistance |45 Poue 3 iocey

i Aj-al ‘ Maximum Junclon-amcient Thermat Restsian ios0c 1 oasc <0 VT
Sowered on 2 35 um Grck 4 o’ PC Soard c2o0#r area.

RECOAMENDED QPERATING CONDITICNS
i Symool | Pacameter I Min. | Typ. | Max. ! Uan
i vey Suoow Voitzge Pos7s 3 1 335 1 ¥
i vs  !Suoow Vonage i 10 A 5 iy
i - i Quiout Cutrent ! 3.020 - 12 1 A
! Time  lAmoent Temoerature g T I T~
i t | Rise Tima Lzaxc Incuts - - . 2 ' ug
] 4 | Fall Time LoQ@C irouts i -t 2 ! us
COMPARISON TABLE
: Oevice ! Cuerent ' P3ckage i Alarm . Pre-Alacm
i T=agresoe .2 . Sowercio 12-2-2_ ! ! sgucoonecied
i TEasmgseR ! 1.5A ' 30-20L ; ! <
{  TEagrisse -.SA : Muitwaa-15_ ! X )
‘ TEA3TI80P ‘ZA Powercm 12-2-2 | notcasnecec
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TEA3718-TEA3718S

MAXIMUM POWER DISSIPATION
AGITEAIZ28+35
Atat
(yl l .
5.3 T \
ol
AULTIUATT UITH \
13° C/U HEATSINX
B 33 B h
; B
tQL\i9§9§9&P \
2.3 | : ‘
+.3 : ' : :
- S026L
r 38° C/uU 4
| ] !
3 s@ 188 Tamo(*Cl
Figuce 1. Figuce 2.
i
40TGR UINCING unA-UNS =¢ UNE-URA -
/—/H tnoemailzeq fa .' " A
WTA  qure 2 /
PHASE i Us
i 172t
Ing Uss
N1 L REFEAENCT
T PULSE Tis
SHO l ] " u
® o™ ?:ﬂ _L_ (ol : H
5ssxu ~=92@cF H
SENSE P ] CorPRRATOR (NPUT L < A e i
| 24 X - b uem V| !
I SGEI_:'—_—;—"T ! ucL
35 1] q:z* g_l__ cc :
@t ¥ i1X ==9260F :
- e — AIOFEASIIB~12 ASQFEAITL)=93 i
H

Ag = 1 QINOUCTANCEZ FRES
Acw=i70Q

Cg = &20 oF CZRAMIC
AemS5e2

Cy = 823 0~ CZRAMIC

3 =3C0Q

A o 1 X
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TEA3718-TEA3718S

e

ELECTRICAL CHARACTERISTICS {Vecc = 5V, =3%, Vmm = 10V t0 45V,

(Tarm = 25°C foc TEAST18FPISEP) unless atherwise specified)

Tamo = 0 to 70°C

| Symool | Parameter Min. Tyo.- Max. Unit
| ez 1Suooty Cument - - 25 mA
| Vs IHion Level Inout Voltage - Lecic Inouts 2 N v
|, v2  lLow Level Inout Voitage - Logic lnouts - - | a8 v
"l |High Levet Inout Cucrent - Logic tnouts - - 1= uA
L e Low Lavel Inout Cumrent - Logic Inouts (Y1 = 3.4V} 9.4 - mA
Yo+ |Comparator Thershoki Vortage (VR = 3V) 1o =0 lh=Q 3%0 420 40 mv
Ve = o= h=Q 230 250 270 mv
Ver, ln=Jd le = ¢ 83 30 ) 0 oV
! leg  !Comoaratoc Incut Curreat .20 | |z wA
I 1, iOumut Leakace Cumrentlly = 0. b = | Tyme = 25°C - K T A
Ve | Total Saturadon Voltage Droo (im = 1A) SOZ0rPowercio . I - I 23 | v
l Multwag 32 0 v i
P.;  !Total Power Cisssioanod « ln = 1A. 1, = 30KHZ R N N O - T N
| e ICic#Timetses ficute 1 and 2, Vo = 10V, You > Sus 25 i 30 i 35 ms |
Y |Tuen otf Delay isee fig. | 20a 2. Ture = 25°C. gVC/at>30mV/us) 15 | s
V., |Alam Quiout Saturadgn Voltage = lo = 2mA Mutiwaa} . 08 | v
| e !Aeierence lnout Cutrent, Va = 5V P04 i TA
Ver 1Source Oiode Transisior Pair Saturaton|Powergio lm = 0.5A S K 2(1.3) v
Voltage Poweraio lwa 1A | 1.3s S{1.N v/
‘ ] MUttiwatt ln = 0.5A - . 1.3 v
| Multiwat b = 1A . . 0.7 v
| Ve jOioce Forward Voltage Iy = 0.3A i1 513 K
i ! . o= iA 4 1.25 .7i1.3) v
lao iSuostrate Laakage Cucrent hoa iA g MA
Ve | Sinx Dioge Transisiar Pair Sawration Powerdio tm « 0.5A ! ‘ 2y v
{Vorage Powerdio lm = 1A 1.2 31! ‘7 |
i
! Multwalt tn « 0.5A ; 1.3 V]
| Multiwal by = 1A . 1.5 v
! W :Dioge Forward Voitage ih=0.5A 1 £ 11.5) v
: . o= 1A 11 51019 v
Notes:

i...} Crity lor TZAJTISSFP in SQ-20L ¢
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TEA3718-TEA3718S
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February 1960

INS8048-Series Microcompixter/Mlcroprocessor Family

]

General Desériplion

.
The 1MS8048/49/50-Senies muciocompuiars and Ihe
iMS08015739/40-Seneas fmic/oprocessors (harainalter
referred 10 as 1ho 48-Serles) are selt contained, 8-bit
paraliel, 40-pin, dual in-lina devices labricated using
Natlonal Semiconductor's scaled N-chaanel, silicon nale
MOS process, XMOS. The 48-Series devices contain ihs
Syalam hmung, control logic, ROM (whero applicavle)
prograni memory. RAM data memory and 27 I/Q tines
necessary 1o impl t degl d control lunctions Al
48-Series devices are pmcompalible.‘dllleung anlyinthe
stze of on-board AOM (where apphcable) and RAM as
shown below:

DEVICE RAM ANAAY AOM ARRAY
INS8048 64 <0 IKx 8
INS8049 12048 2Kz 8
INS8050 2565 8 4K <« 8
1NS8035 64 ¢8 N/A
INS8039 120 5 8 NZA
1MS8040 256 x @ N/A

The devices are dasigned (o be elliient controtlers They
hava extensive bt hanediing CIVALINLY 35 well as taciilins
for voth binary and BCO arthmetc Elticient use of
ProgQIam mamaty 3 deuved lrom an Nslruchon el
comonised predominantly of single bytes The remaining
msiruchions are Iwo bytes in lengih Adoiional external
memoary may be added up 1o a manimum ol 3K bytes of
program memary And 256 byles ol data mernory withput
paging.

48-Serles Block Dlagram

Fealures

%

X 23 psec Cyc
13 MHz ClocX

]

8-8it CPU. RAM. AOM. 170 1 Singte Packaqge

.§ MHz Clock; 1,16 usec Cycle.

& On-Chup Oscillator Cucurt ang Clock .
{or Evternal Source)

27 70 Lines

Expandable Mamory ang 110
8-Bit imes/Counter

Single Level Inierrupt

Binary and BCO Anthmetic
Singte + 5V Power Supply

Low Standby Power Moue®

On-Chip Batlery Charging’

Interrupt has Schautt FTogger with m‘slmcs-s'

Over 90 tnstruchions (Mast Singiz Oyte)

Meamaory an Standby 13 Programmante*

Low Vallage Standby (2 2V Mn)*

Counter Incremant, Non-Inciement Oplion

‘NOTE Transparent improvemaents over ngusiry

(4096 Byter)' 11024 BYTES

standard

ROM" RAM
84 BYTES | (256

PROGRAM OATA

(2048 Byles)? | MEMORY

MEMORY | (12¢

part

Pytes)

Bytes)?

(- INTEANAL BUS ]
I |
07 v
MTEAVAL TIMEN/ | inputiouTPUT
EVENT COUNTER LINES
I t—.r.'.,,.r 1-INS8a30
ctock
- _’LEPU 2-1NSQ04y
s

‘Nat Applicably to IN58035729/40

A3

$-8v08SNI"

W Saus

Aliwey 10ss3d04dosoiw 131nd w0201

!

-
6.



Absolute Maximum Ratinga

iy

Temparature Undée Blas 0*Ctor70*° C
Storage Temperattire......." . 45* Cto+150° C
Al Input or Ouiput Voilages wilh resoect Vay ,.,...-0.5V lo +7.0V *

Power Olaslpallon. .. .ovivivrrcninnmenss e ene.. nresaees 1.5 wail

NOTE: Absoluia maximum ratings ndicats hmis deyond which
DUmanqnt damage mgyg occur. CONUMUOUY pperation 3t thesedimits
is not intended: oparation ithould be limiteg 1o 1h0se conditions
specihed under OC Elecincal Characrocistiag,

DC Eleclrical Chajacteristics

fa*0°Clo +l0? C, Vc'c * _lsv :w-;.. Vsa - gv untess otharwlise specificd.

Symbol Paranreter Min Typ Max | Units l'Teu Condllions

Vi Input Low v‘ollagn (A encnpy
XTALIL, XTAL2} 0.5 0.8 v

Vise input High Yoilage 2.0 Vce v

Vo Quiput Low Voltaga 0.4 V |loL » 20mA

von Qutpul N»gn‘ Vollage: All 0 Vee v fon = 100 uA
except ports M

Vorn Part Oplion t, Pont 24 Vo Blon 2125 wA (1)

e e, [Tt {Sia Cian) S 4

Vemz Port Oplion 2 ——- 100 | wA {Vec 2 vout £ 040
{Qpen Dran)

tp Man Pan Cunent (Mas) {2) o mA | Each part output lrgin OV 10 Ve

S 1nout Leanige Curizint 10 nA 1Vss 2 Vv % Vee -
(T1. EAINT)

ton Oulpsl Learage Carrent (BUS <100 uA |Vce 2 Vin 2 Vss ¢ 045
T0} {High Impedanca Slaln) -5

oo 3 32 words o:(: Standoy Currant {.) 1.5 mA |3t 22V supply )

100 1641 64 words 01 Stanaby Cutrant (3} X mA i

100 120 96 words 01 Standby Cutrang () s mA [8049, 8050 onty

100 (128 128 words an Stendtry c...,,n.’(.w 45 mA ] 8049, 8050 only

10D (180) 160 words an Standtry Cuirent () 55 mA {8050 only

100 11921 192 words dn Stanatry Current () 6.5 mA 18050 only

100 1220 224 words an Standtry Cutrent () 15 mA | 8050 only

300 230 256 woras in Stangty Curieng () 85 mA | 8050 only

100 tlcg Total Supe ¢ Cursenr 3040 0 65 mA |Ta =25°C

‘oo tice Tolal Supgry Current 8040 -_— 2 10 MmA [Ta=25°C

ipo Hleg Total supm} Currenr 8050 s 75 MmA |Ta =25°C

looc Batiery Chatging Current T80 | mA |See Figura 5

Yoo Standby Power Supoly 22 vee v |Sea Figure S

Notes: | Port pullup cur-dnt is mask Plspeamenadte

2 Location andg number of worda i RAM SA sland-by are lactory piogrammabla, Current wilh 2 2V

{Nicket Cadmi 9 cells)
)

AC Eleclrical Characleristics - INS80XX-6 (1-6 MHz part)

Ta=20* Clo +70° C, Vce = +5V £10%. Vss = 0V, uniess otherwise spactied.

Symbaol Parameler Min Typ Max | Unity Test Conditlons
L ALE Pulsg Width 400 ns [Nole |
ta Address Selup o ALE 150 ns note
A Address Hold lrom ALE 80 " nsl "[Note | T
fce Conlrol Pulse Width

PSEN, AD. WA 700 ns |Note §
tow Data Set-Up Betore WA 500 ns  |Note 1
wo Data Hold Alter WR 120 ns C: = 20 pF
ey Cycle Tlme 2.5 150 »s {1106 MHz XTAL
ion Data Hold 0 200 ns |Nole
1RO PSEN. AD to Data In 500 ns INote t
taw Address Setup to WH 230 ns [Mote 1
tap * Address Setup to Data In . 950 ns |Note |
tarc Address Floal to ﬁﬁ PSEN 0 ns iNote 1
ICA Conlrol Pulse 1o ALE 10 ns |Note

Port 2 Timing

Symbol Pacamater Min Typ Max {Units] Tesl Condlllom.
e Port Control Setup belore

Falling Edge of PAROG 110 ns | Note 1
e Poct Conirol Hold altor

Falling Edge of PROG 140 ns | Mote | o
ten PROG to Time P2 loput

musl be Valid ¥ 810 ns | Note |
lop Qutpul Data Satup Time 250 ns INote!
Inp Quiput Data Hold Time 65 ns | Note |
tpf Input Data Hoid Time "] 150 ns [ Note 1 "
oo PROG Pulse Wigih 1510 ns | Note s ¥
Ipy Port 2170 DOala Setup 400 ns }Note |
e Port 2 170 Data Hold 150 ns | Note )

AC Eleclrical Characterislics - INSB0XX-11 (4-11 MHz Part) .

Tau0® Cto #70° C. t5V 210%, Vss = OV, uniess otherwise specilied.

Parameter

Test Condltlons

_ Symbol o Min Jyp Max Units
[ ALE Pulse Width 150 ns |Noie t
LAt Addrass Setup to ALE 70 ' “ns_INote 1
ILa Address Hold from ALE 50 ns [Note !
ice Control Pulse Width ’
PSEF, AD. WA 300 ns [Note |
tow Data Set-Up Bolore WA 250 ns Nol:: |
wo Data Hold Afier WR a0 ns {CL ~ 20 pF
lcv N Cycle Time 1.36 15.0 us {410 11 MHz XTAL
loa Data Hold ] 100 | ns [Note '
o PSEN. AD 1o Data tn 200 ns [Noie |

A-S



=

T_ACElettrical Characterislics - INSBOXX-11 (Conrd)

Symbol Pacameter Min Typ Max Unita Test Condltions
taw Address Set-Up to WA - 200 _0s [Note 1
a0 Addtess Sei-up 1o Data In 400 ns |Noig 1
targ Address Flodl 1o AD. FSEN -10 as |Note |
1GA Cantrot Puls.h 10 ALE 10 ns |Nate |

Port 2 Timing

Symbol ’ Parameter Min Typ Max  JUnlts {Tenl Conditions
Ice Porl Controt Setup batore
Faliing Egge of PAOQ ! 100 ns |Note |
teg Port Control Hbid atter
Failing Edge of PROG 60 n3  |Note 1
[EY] PROG lo Time P2 Input
musl be Valld . 850 ns {Note |
/6' Qulpul Oata Se'lup Time 200 ns {Note |
10 Output Data Hotd Time 20 ns |Note s
(I3 input Data Hold Tima Q 150 ns |Nota ¢
tep PAOG Pulso Wigih . 100 ns [INote §
Ipy, Port 2 170 Data Seiup 150 ns }Note !
e Porl 2 140 Data Hold 20 ns [Note |

Nate 1 Contiol autputs Gy 00 pF. Dus oulputs Cy = 150 pF

]
Capacllance 1 .28 c. v = vss Tov

.
Symbol Pi.nmcln Min Typ Max  [Units Test Condilions
Cin lapul Capacllencn -] 10 oF Jic = ) MHz
Cour OUTPUT ANG RESET

Capacitance - 10 20 pF  [Unmeasured pins
3 relurned 10 Vss

Timing Wavelorms.

M

N ' '

, —~f e
i ' n‘-‘l._ fa ’._

I, e

!
[ [

ice

- Al
) Instruction Feich tram Exlernsl Il'lo?ufn Memory '

NOTE: Odgonal lines Indicate
intecval of gh impedance.

o

A-6

[~
i h T I
tw | | om wo |
ADONESS DATA
Wille to External Oats Memory 1y
— e
\
ALE -_J L ]
tcc

RO

targ

_.l - — I-— ‘on
— SN

tap

Read lfom Exlernst Dats Memory . .

NOTE: Diagonal lines indicats
interval of high impedance. vt

ALE —/_“\
EXPANUER \
POAT X
oureur

l/ —

=

g 22

|._-._.L__._, o l...

PORT 203 PORT
gl % oara X caonrnor

QUYPUT DATA u

e I

| L]

EXPANOER
PORT PCH POAT 24q.3 POAT , INPUT
INPUT OATA CONTROL DATA
I
[ L) ! l [
FROTG [ [
e N y
fca -
) ] e
' i
Past 2 Timing
-y
EA ——J FORCE FOACE
ADDRESS AOCORESS
AESET

08y » >""

ADORESS

DATA OUT - NEXY
{0-7) vALID A\ vALID ADDRESS

NEXT DATA
QUT VALID -

ADCORESS {8-9)° vALID

‘L NEXT ADORESS VALID

‘8049 = 410
8050 = 8-11

Verlly Mode Timing Y it 0

“.




Functlonal Pin Déscriplion
INPUT SIGNALS

Aerel (RESET):  AMacsive low [0} Input thatinitiahizes Iho
processor and is used Lo venty program memory. {Sae
nole #1)

Single Step (§_S]: Aclive fow (0} Input which. in con-

juncton with ALE. can singte siep (ho processor Ihrough |

each ingirucion,

External Access (EA) An active high (1) inpul thal
forces aHl program memory feiches to reterence exlernal
grogram memory

Testadle Input 0 (To) -Testavle input pin using con-
gilional beanch funclions JTO{To 1) or JNTO(To 0) Tg
€an be designaled a3 tha clock output using instiuction
ENJO CLK

Festable tnpul 1 (Ty): Tesiadle mput pin using

dilonat branch tunclions JTI{Ts 1) oraNTI (T, 0).
Tican be designated as the Timer/Counter input lroim an
exiernal source using instruction EN TCNTH

Anterrupt (m—f)z An aclive low input that nitiales an
ineriupt when inlerrupl s enabled. Interrupt is disabled
‘alter a resel Alsocan botested withinstruction INE{INT
0) {Sea MNois 2)

QUTPUT SIGNALS

iResd Strobe (iﬁ)); An achive low oulpul strohe activated
,during a Bus taad Can be used Lo enadle data onto Ihe
£ BUS liom an external device Used 33 a Read Strobe (o
* €xtarnal Data Memory .

Welie Steobe (W_ﬁ): Anactive low owtpul stronbe achivaied
dunng a Bus wine Used as a Wine Strobe 1o External Data
Memory. *

Peogram Store Ensble (PSEN):  An active low outpul that
OcCurs only durnng an exlernal progrom memory tatch

Pln Configuratlon

veCfte N/ w0l vec
xtaLt("]2 » 71
xTaLz(Cla w)rr
RESET ("l o aw{}r2s
BCs W) ra2s
Nt C‘ ] s re
53[: ’ . W Jeur
a C ] 138040 3 :p‘.
PSER ] s :x::z;: ndeis
WACT10  useass P14
AL!E 1t Inseody 0[] e1d
080 (12 iINSROKO  29{TFen2
be. (s F Y 2T
00;C] 14 u{er
[T e ST} {7 voo
oe.(]us H % PAOG
LTIyt R u)r
o8 (11 . n[]en
oer [} : 2}
vss(Clae n{)r "

Address Lateh Enable (ALE):  An active high outpul thal
occurs once during each cycle and s useful as a clock
outpul. Tha negatlve going edge of ALE sirobes the
address 1010 externatl datd or program memory

Prageam (PROG):  This output {active high) provides the
output sirobo lor INSB24) 170 Expander.

INPUT/OUTPUT SIGNALS

Crystal Input (XTALY. XTAL2): These Iwo pins con-nect
Ihe crysiel lor internal oscillator opesation. XTAL | is the
timing Input tor exlernal saurce

Port 1 {P10-P17): 08-Dit quasi-bidirechionat port.

Port 2 {P20-P27);  8-bit quasi-bidiractional port. Dunng
an axlarnal program mamory letch. Ihe lour high-order
program counter bits occur al P20-P2J, They atso serve as
3 4-bit 170 expandes bus when the INS8243 170 Expander
13 used. {Seg note J).

BUS (080-00s): True bidirectional port, edner stabcally
lalched or synchronous Can be wrilten to using WA
Strobe. or Read lrom uuhgﬁb Strobe. Ouning an exlernal
program memory leich, the 8 lower order program
counter bis ara preset al Lhis port. The addressed
NILUCHON APPRAIS ON M3 bus when PSEN is low Ouring
an exlernal NAM data store instruction Fhus port presents
address and data under control of ALE. iD. ang WA

Vss: Processor Ground potential

Voo: Voo lunctions o3 Jhe Low Powar Stand-by Voltage
and can vary rom 22V 16 5 5V

.
Vecc: Pla 40: Primary Power Sowrce lor 48-Sanes
Devices. ‘

HOTES:

1. The Aesel input has a pultup rasistor which may be
aisconnacled by & mask program (0 provide Qreater
Henibility for a Power Resel. (See option 20)

2. Ihe INT input does not have a putlup resistor, dut a
mosk progesinmable resistor can be provided 1o mergase
chip tasibitity (See optian 27 )

3. Ihe Port 2 pins may be mask programmed 1o provide
TTL drve of opan drain capabitiies (see options 10-25).
(Raler 1o paragraph on feansparent improvemants }

1}

Functlonal Description

The lollowing paragraphs contatn the lunclional
description of the major etemenmis of ihe 40-Senes
micy putr/ancrop sor Figure 1 13 a block
disgram of the 48-Series devices. The data paths are
iltustrated in stimpiitied lorm to show how the variouslogic
elemmlslcommumcnle wilh each other (0 implemiani the
Instruchion set common 1o all devicas
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ACCUMULATOR 4
“RAOM AND RAM CAPACITIES

L3

Appicabie pineut aumsers are

Inciudeo wilhin parentheses

NOTE:

VZc -(40) -5 POWER SUPPLY
Voo -{26) STANDBY SUPPLY

Vss «(20) GND

5

POWER
SuUPPLY

INS3048 - I1X 5 8 AOM - §4 ¢ 8 RAM
INS8049 - 2K s 8 AOM - 128 « § RAM
INSS0S0 « 4X 2 8 ROM - 256 1 & RAM

-2
relep

FIGURE 1. 48-Series Block Disgram




Program Memory

The Pragram Memory [(ROM) contained on the
INS8048/49/50 devices is comprised ol 1024, 2040 or 4096
§-bil bytes, respectivaly. As iy ssen by examining the €8.
Sertes Insiruction sei. 1hese byles msy be program
Instructions, program dats of NOM addresning data. The
ROM {or the 300ve devices must ba mask programmed al
the Natlonsl Samlconductor lactory. The RAOMIess micro-
processors. INS802S, INS8039 and INSB040 use external
program mamory. This makos program development
stralghtlorward using standard UV erasable PROMY Lo
emuiate a possidte luture single chip {using Ihe on-board
AOM) system. AOM sudressing. up 10 a maximum of 4K_ is
accomplished by & 12-bit Progrem Counter {PC). The
INS8048 and INSB049 will automallcally addrass eatarnat
memory when the doundary of thelr Internst mamones. 1K
and 2K respeclivety, are exceeded. Thabinary value ol the
address selecls one ol the 8-dli bytescontalnedin AOM. A
naw address 13 loaded intg the PG ragister during each

instructlon cycle. Unless the instruction 13 a transier of
controt Instructidn, the PC register 19 loaded wilh the next
sequential binary count vatua, .

Wilh relerence 10 the Program Memory Map (see Figure 2)
ihere are three ROM addresses which ptovide o1 the
conisot of the microcompuler.

I. Memory tLocation 0000 - Reseling ihe Rosel
{negative true} inpui 10 the microcomputer lorces the
first lostruction to be latehed liom address 0000,

2. Mamory Location 0003 - Assarhag Iha Interrupt
(negailve true} Input 10 the microcomputer {when
Intercupl is enabled) forces a jump 10 subrouline.

3. Mamory Location 0007 - A limes/counior interrupl
that resulis lrom limer/counter overfiow {when
ensbled ) larcing a fump 10 subrouting,

r 1018
2048 SEL MB1 {2048-4093)
B 2047 SEL MBO (0-2047)
\//\.’—\_/—\/
192¢
™ 1o
!
z
b 4 H .
o i '
I | % <f—— a00n€sS 0007 - TIMERICOUNTER
H * 3 ! INTERRUPT VECTOR
g &2
H = ‘
s 85
21 = s
il 3 .
[ 3 -]
5 4
= 2 ADDAESS 0003 - EXTEANAL
; - INTERAUPT SUBAOUTINE
: vecTon
'
d .[,l.l,l '1'1' «— AODAESS 0000 -
L L L ¢ RESET VECTOR
ADoness 122

FIQURE 2. IN$2040/43/30 Resldent AOM Program Memory Msp

.

Dala Mamory {RAM)

The resldent NAM dsta memory is arranged as 64
(INS06025/8048). 128 (INS8039/8049) or 256
(INS8040/8050) byles. RAM aadressing is implamented
indirecily via sither of two 8-bit AAM polinter registers AQ
and A1, These pointer registers are'essantially the first
Iwo locations in the RAM (se0 Figure J). agdresses 000
and 001. RAM audressing may also be periormed directly
by 11 direct register ingtructions. Tne pointer register
area ol the AAM array is mado up ol eight working
registers that occupy either the lirsi bank (0}, locations {9
10 7), or Ihe sacond bank (1), locations 24-31. The second
bank of working registarsis selected by using the Register
Bank Swilch instruction (SEL AB). 11 this bank is not used
for working registars, it can be used a3 user RAM,

Thera |y an 8-lavel stack after Bank 0 Ihal occupies
8ddiress localtons 8 to 2). These RAM locations are
addressed indirectly through RO, AL or the 3-bit Siack
Polnter (SP). The stack pointer keeps track of the seturn
addrass and pushes each relurn addresy down inlo' the
stack, There are 8 tevais of subroutine nesting possible In
the stack because each address occupias 10 bits or more
using Iwo bytes in TAM When ihe level of subrouting
neshing isless than 6. Ihe stacks not used may be ulitized
as user RAM Jocations.

258
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(2]
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n

DIRECTLY
| ADORESSABLE
ALTEANATE WHEN SELECTED

POINTER
24 | NEGISTER AND RAC

AEGISTEA
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USEA AAM 8y
1813 LAN-LE.T]
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FIGURE 2. 48-Serles Aestdent AAM Dela Memory Mep

Inpul/Qutpul

The 40-Series, devices have 27 lines ol input/outpul
organited as thifes. 8-0it poris ptus threa lestinputs. The
Ihree ports may be used asinpuls, ouiputs or bigirectionat
ports. Porty | and 2 dilfer lrom port 3 (Bus Pon) in that
they are quasi-bidgirectionat porta. Parts 1| and 2 can be
vsed as Inpul and oulpul while being statically latched. It
mora 1/0 lines ara required, Port 1 and/or Part 2 can also
Jarve a3 a 4-bit /O bus expandoer whon used in
conjunclion with the tNS8243 170 Expandar, -

Nati t has designed two optl lor the port curreny
drive: the standard TTL drive of 100 A a1 2.4 volls (see
Figure 4) and: g

Open Draln - When a logic t 15 written, the outpul will
3upply less than 10 s A, When 3 10gic 0 |s wrillen, the
oulput will 3upply at leasl 2mA al 0 4V 1o ground

I Yee
= D—i
STAMDARD ITL
taTCH ~®—  oernon
QOPEN ORAIN
tatcn p—i oPTION 1

'

o
FIGURE 4. Inpul/Oulput Oplions




The bus port iy 8 Wrue bidireclionat port and iy eithar
staticatly laithes or syncheonous il can be wiillen to
using WR st100e or read lrom using TTD strobe. During an
external program memary leich, the 8 lowar order
program counter bils are presel 3t thls pou, The
addressed instruction appears on ihis bus when PSEN 1y
tow. Ouring an extecnal RAM data store instruction, this
“pocl presedis audigsa and dats undar cantrol of ALE, AD:
ana WA,

Transparent lnspruvements

Nationat has made some addilionat improvements 1o the
standard Industry parts. Thase includa 8 ballery charging
clrcunt, programunatle RAM on standoy. interrupt pin with
hyslersis, snd programmatde cutrent drive Alsa. these
improvemenis aro |nn'snuen| {0 iha user and. as noted,
same oplians yre programmad al the faclory.

Programmable fAM on Standby During POWER Down
Mode (10e Figuie 5)

Balery backoxl applicalionsy arg accomphshed by taclory
prog g \nhe mint t ol RAM kept ative
during standby At J2 words, the Nadonat 48-Senes
cansumas only 3 mA al s anoumum 22 voits {Sea DC
Elacincal Paramelers). The banks ol RAM are individually
mash programmable in groups of J2 wards Eacholthe 32
byte seclions can be lactory progranvmned to be connncled
10 Vop 1n any combination

Ouring the power down mode. Vpo which normally
maintaing the RAM cells. is INe onty pin thal recaives
power Vec, which serves tha CPU and ports s dropped

I A | !
!,

trom ndminal 5 volts 1o 0 volt. atier the CPU is resel, so that
the RAM celis are unallered by ths 1033 of power. Whaen
powar Is restored, the processor goes through the normal
power-on procedure

Bellery Chargling Clrcuit

All 48-Serles devicas contaln a Gircuil 1o provide axterns)
batlesry charging capabitihes. Power lor all on-board
clrcults sre provided by Vce {pin 40). As shownin Figure 5
under normal operaling condltions the AESET lnpulis s
logic high holding the inlernat switch In Ihe closed
position. Vce i3 supplisad to the program selectable
portion of the AAM array thraugh Iha closed contacl of
the Intarnal switch The normally closed contacts of the
swilch 830 provide charging pawer {o the exlernal NiCad
cells. In the event of power fsilure, Ihe NESET pinmusibe
pulled low belore Vee drops below 4.5 volis in order to
guarsates (he RAM will nol 10034 dala When the AESET
pin becomes a logic tow [{UV}] the intarnal switch s forced
to iha open condllion. DC pawer 10 systain the desired
RAM datn Is provided by 1he two NICad batleries
{approximately 2.2 volts). Normally, approximately § volts
are required lo providea RAM data pfo(eéllon in the event
ol a pawer hiture. National'y innovative advances In
NMOS technology provide Ihe user with a3 AAM ihat
requires SC% less voltage and 10% of the power lo protect
data duslng power falture. The on-chip charging circult
andlower RAM power requirements provide \he user with
2 Iwolold saving; no externsl circults requirea for the
baflery charging and onty 2 NiCad ceils 33 apposed 1o the
normasi requiremant of 4 1o § HICad celly.

OS5V
49| vee

R

& e Y
| e N\ &2
26 %
VOD}—I\/\/\, |
I I
| :—r—r— —T—f- I
@l : T—I : i
HNICad = i
Cells T . - - w ~
| 2 g 2 :-; I
auol ) ’ I
20| “ v |
|
_

FIGURE 8, INS2049 Ballery Charglng Clecull

Counter Increment, Nonincrament Opllon (Optlon 28}

Hattonat Semicond has designed the 48-Serles 10
conform  wilh gither of (he Iwo versions presently
available. The user may select the device sulitable for hiy
apolication. The diltsrence In the devicas is as foilows:

counler by Input pulsey is sliminstad when ihe

counter is restaried.
National Semicoad plishas sither optlon by
mask programming at ithe lactory. .

1. One ormora pulses spptiedtotheinput ol the stoppad
. counler causes tha counler lo Incumonl by onewhan

Instruciion Sel

Tabia 1 details \he 95 instruciions common 1o both the

A-12

te3lacted. - microcompv‘\gu and the microprocassors, The l-blc
provides the mpemonic. function and description,
2. Thae alor tloned ting ol 1hq stopped Insliuction code, number ol cycles and, where applicable,
’ fiag seitings.
) Table 1 Instruction Set
% FLAG
MHIMONIC FUNCTION OESCAIPTION CYCLES | BVTeS [CIACIFOIFY
% CONTROL
ENI Enable the Extecnat Intartupt inpul. ] ]
oIS 4 .. Oisadte the Eaterndt Intesrupt inpul 1 1
ENTQ CLK €nabte T0 as ine Clock Output 1 t
SEL MBO = (oaFy —a Salect Bank O [locations 0 - 2047) of t 1
B y Program Mamary.
SEL MDY {ODF) — 1 Select Bank | (focations 2048 « 4035) of 1 1 '
Program Memory.,
SEL hBD (8s) — o Sateci Bank O {locations 0 « 1) ol Data t '
B Maemory,
SEL RO {85} ’— ] Setect Bank t {tocalons 24 - 3V) of Data ] ' 1
4 Memary
OATA MOVES
MOV A, 2data (A} °7 vana Move Immadgiaie |he specshed dala into ? 2
the Accumulator
MOV A Ry (A} — (Puie:0-17 Mave Ihe conienit of the yesignated 1 []
18g11e¢y 110 the Accumulator,
MOV A @ fir (A) = {tARN)rr Q-0 Mgve tndirgct the contents of dals memory ] ]
lacaton inio the Accumuiaior.
MOV A, PSW tA) — (PSW) Mave contents of the Program Siatuy [} 1
Word Into the Accumulalor
MOV Ry, *data (A} == datasr 01 Move Immaediate the pecitied datasnto 2 ?
ihe designalsd regisiar
MOV ARir, A (R} = (A ¢~0-7 Move Accumulslor contants 'n1o the ' ]
Jesgoaled regesiar
MOV @ Ar, A {{Ar}} — [Aer -0 ) Movae Indiract AcCumutalor contents ] 1
nto data mamory location .
MOV @ Rr, sasla {tRr}) T cataze 0 -0 Maove immediate Ihe spaciiied dala H 2
'? nio gats memory,
MOV PSW, A {PSW) == (A} Move contenty al Accurmulator into the ] ] o s}
Program S1aluy Word.
MOVP A, @ A (PCO-1) — (A} Move tha conlent of pronram memory ? ]
1A) = (PCh 1ocauon 1 (A curient page addrassed by
1he comant of accumutaior Inlo the ‘
accumutator
MOVPY A, (B A {PCO-1) —A) Move Ine content of pragram memory 2 '
{pC 8- 10} —on tpcation in paga ) addrass by the
{A} —{(PCY) contanl ot accumutator into the
accumulaor,
MOVX A, @A (A} = (A e 0.1 Mgove Indirant Ine contants of esternal 2 ) .

dals mamory inlg the Accumulalor




. Tabie 1. Instruction Set {Cont'd.)
Tavte 1. Instruciion Set (Cont d.)

FLAG!

FLAGS

MHEMOMIC FUNCTION DESCRIPTION CycLes | avres [Clacye

MNEMOMIC FUNCTION oescairtion Cvcies| avYes[CIaClFo Fl

MOVAWD N A

g "= (ALe 01 nLa - An t 1} < (an) Notate Accumutalor, lott By 1-pet without
12107 1010 erternal dats msmary forn 0-8 carry
XClUA e 1A} =" Rufr 0. Exch e Accumufstor g (AD) == {AD)
designated rmgisier s conlents ALC A {Antt) — (An)n +0-8 Rotate Accumutaior tetl by 1-bat thiough
XCH A @ e AL = ({805 0. « | Exchange luawect of A {A0) — (C) Canty,
tator 8ng 1acaton ¢ data memory (€) —~ (An
XCHD A @ & {AD - AY) =~ wnepo- 3 Enchange Indirect 4-git contenis of AA A (An) == (Anct);a = 0-8 Rotate Accunnsatar 0ghl by $-but without
. -4 Accumulator and data mamory. {A?7) — {A0) withoul carry.
ARC A {An} = (Anv i) n + 0-6 Aotale Accumutatar sight by 1-oit
TIMER COUNTER . A ~ (€) 1hrough carry
(C) == (Ag)
Enrcun €nable lnternal Intesrup Flag tor Timers
Coumer output SWAP A (A4-A2} == (ap - Ad) Swap the 2. 4.t mables in ihe
Accumulator
M35 ICNN Disabte talernat Intasenpt Flag tos Timars .
Counies outpul XAL A -egata {A) — {A) XON gata Logicat XOR immadiate spacitisy data
with A alatar.
MOV A T (A) *= (N Mave conienis of Timer/Countar lnto * 2 A ceumutator
Accumutalor " XAL A, Ar {A) = (A) XOA (N Logical XON contants of dasignated
1 .7 regist
MOV A ) — s Mava contanis of Accumutalor nio Q1 acal), #gistes with Accumutator
Timer/Counter XAL A @ Ar {A) ™ {A) XOR {{Ar)} Logicat XOR induact ihe contents ol data |

30QP (Gl

srarcear . S1a1 Count tar Event Counter BRANCH
SINF T ]
HInT Start Count tor """T' OINZ N, auate {Re) = (A1) -1 ¢ »0-7 Dacremeant tha specilied 1egistar ang
ACCUMULATOR H{Ar) 2 0; tast contents
(PC 0-7) ~ aggr
AN A saata 14) "7 (A} aain Add) tmmediate the speciiad Dats 1o 100 aade {PC 0-7) == aucte i B - 1 Jump 1Q soecihad adarass o Agcumulaior
the Accumuldior {PC) =~ (PC) + 21 00 - 0O e set
ADD A Wy 1A} = [A) - g0y Aga contents ol dewngnsied reqaier 1o 4C auur (PCO-N =~ 2ar i C 4 Jump 16 specitiad aduiess cany llag
s g.2 -ihe Accumawtaior (PC) — (1C) 20 C 0 '3 el
ADOD A LN (A = (A} (e Add Indect the contenis Ihe data memary JFO aahnye (PCU-7) ~ suas st FO Jump to specitied aduress o Flag FO«s
fme 0. 10CALON 10 1 AcCumdator (PC) —(PC) e 270 @ a1
ADOC A eia1a 18] =" {A)(C) - data Add Imunediale with carry Ihg 3pecibied JE1 adar {PCQ-2) — aour u £4 1 Juinp 10 specilied aduress o flag Fy oy
3218 10 1he Accumulaior {FC) ~—(PC} v 24 Ft o0 el.
ADDC A Ny {A) ™ {A] - (C) - (A) Afdl with ¢asry ine conignis of ihe deng- IMP agur {PC 8-10) — ador 810 Ouect Jump 10 specihea adoress within
forr 0.7 naled ceQisier 10 the Accumutalor L (PC 0-7) = agur 0-7 the 2K address binck.
A‘OOC A it Ny tA) ™ (A) - (C) - {{Rey) A4 Inthract with Carry ihe contenity of PC 1) - oOF
tore 0.1 dats mamory 10cation 1o (he Accumuisior JMPR @ A (PC 0-7) — ((AY Jumo indirect 10 spacihed address ponted

AR A eaars

Alilll. A A (A) == {A) ANO {Ar) Logical AND conlenis of designaled PRl l:g 0:).;‘;0:"2-"‘(2: ' o. s 1
fore 0.7 reqister with Accumutalar (PC) =~ (PCy pric 3 fow
ANC A oo A (A} = (Al ANID [(Ar)) Logical AND Indirect the contants of aats JH0 adar (:g oi)‘:cm:a; -:0' t: Ju'mp to specitied avdiees ol interrnpy
tore Q-1 Memory with Accumitator < ) ! 1w low
crLa 1A) = NOT (A} Complement 1ne contants of the ANTO addr (:g 0:) f;‘ agar "' ',“ Q Jup 10 specitied audress of Tes1 043 tow
Accumutalor ‘ 1P PChr 2o o
LA a Ay =0 CLEAR 1ne contents of the Accumutatar INT L adde APCO-1) —agdrdd It o ump 10 spacitied address of Test | 1y tow
(PC) — (PCY s 2u Ty
DA A DECIMAL ADJUST the contents 6f ine
Ac FUPETLT (PCO-2) — adir A » 0 Jump 10 ] address it
Cumuistor
{PC) =~ (PC}+2u A 0 13 nQn-e10
OEC A (A = (A) <1 OECREMENT by 1 ine accumutator 3
conlanis HIF A (PCO2) = audi ot TF 4 19D 10 ypaciised andresy o Tunae flag , |
{PCY = (P 2 (F 0 sactiot
ING A AL == {A) -0 lacrament by | Ibe Accumulator § confents
210 agen (PC 01 == sue ot 19 ¢ Juinp 19 soccited Adiress o Tast 0y 8 1
ONL A siany {A] = (A} O g Logical ON spacitiag tnumndialg vata (PC) = (PC}r2udT0 o
wiih ACCumulator
5 478 3nagr (FCO-1) —~asoura 11 Jump to specihied addrasy st Taxt t g a )
ant A e (A) = [A) OR {Rr) Logical O comanis of designaiea )= (PCre 2Ty 0
fore 0.1 14Qi31 h A al
. 913187 with Accumutator 42 anas (PCOT) =~ 2adi A ¢ Jump te spacihied addrass of Accumutaine 2
ORL A w Ar (A} = (A) OA ((Re)) Logical QR indwect Ihe contenty ol daie (PC) —(PCI v 2u A g 10
tore Q.4 y with A 1

A} = 1A} AND daia

OATA MOVES {Contd)

Move indinect Ine contents ol the Accumy-

Stop Caunt 1o Event Counter vy

Ltogical AND specitied Immediatg Data
Wil Accumytator

fori Q.

ACCUMULATON {Cant's,)

memory lucanon with Accunuisior

10 by the AcCuUMUIAIOS in Curramt
page
Junep 10 speciien audress of Cany Mag

A

A1s
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TYPICAL APPLICATIONS (Conl'd)

Figure 7 ahows a typiGal ramote dala acquisition system
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with an INSQ50 Programmabie Asynchronouy -
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