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ABSTRACT

The hardware modules used for experimenting with Visual Basic Programming have
been developed. The linking between PC’s hardware and GUI software through the use API has
been studied. The developed modules include 1) 8-bit dot LED, 2) DC motor, 3) Stepping motor,
4) 7-segment LED and 5) 3x4 keypad. The module is interfaced through the LPT parallel port and
the serial port. The report describes and provides the project file source code of the control
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15
16
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Data 1 (Bit 1)
Data 2 (Bit 2)
Data 3 (Bit 3)
Data 4 (Bit 4)
Data 5 (Bit 5)
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Data 7 (Bit 7)
nAck

Busy
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Select
nAutoFeed
nEmror
ninitialize

nSelectPrinter

18-25 Ground

Toyoy 1o

Bit

NEUE Ay
8 output pin
5 output pin(1 invert)

4 output pin(3 invert)

Direction{in/out)
Output
Output
Output
Output
Output
Output
Output
Output
Output

Input
Input
Input
Input
Qutput
Input
Qutput

Output
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TauTRavea Program L‘ﬂuﬁﬂﬁy

Private Declare Function Inp Lib "inpout32.dil1" Alias "Inp32" (ByVal PortAddress As Integer) As

Integer

Private Declare Sub Out Lib "inpout32.d11" Alias "Out32" (ByVal PortAddress As Integer, ByVal Value

As Integer)

Public pwritel As Integer

Public pwrite2 As Integer

Public pread As Integer

Private Sub Form_Load()
Command].Caption = "DQ"
Command2.Caption = "D1"
Command3.Caption = "D2"
Command4.Caption = "D3"
Command5.Caption = "D4"
Commandé.Caption = "D3"
Command7.Caption = "D6"
Command8.Caption = "D7"
Command9.Caption = "/CQ"
Command10.Caption ="/C1"
Commandl1.Caption = "C2"
Command12.Caption = "/C3"
Labell.Caption = "input from port="

Labell.Alignment = 2

Timerl.Interval = 1
pwrite] = &H378
pwrite2 = &H37A
pread = &H379
End Sub
Private Sub commandl Click()
Out pwritel, &H1
End Sub



Private Sub Command2_Click()
Out pwritel, &H2
End Sub

Private Sub Command3_Click()
Out pwrite], &H4
End Sub

Private Sub Command4_Click()
Out pwritel, &H8
End Sub

Private Sub Command5_Click()
Out pwritel, &H10
End Sub

Private Sub Commandé_Click()
Out pwritel, &H20

End Sub

Private Sub Command?_Click()
Out pwritel, &H40

End Sub

Private Sub Command8_Click()
Out pwritel, &H80

End Sub

Private Sub Command9_Click()
Out pwrite2, &HA
End Sub
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Private Sub command10_click()
Out pwrite2, &H9

End Sub

Private Sub commandl1_click()
Out pwrite2, &HF
End Sub

Private Sub command12_click()
Out pwrite2, &H3
End Sub
Private Sub timer]_timer()
n = Inp(pread)
Labell.Caption = "input from port=" & n

End Sub
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Private Declare Function Inp Lib "inpout32.d11" Alias "Inp32" (ByVal portaddress As Integer) As Integer

Private Declare Sub Out Lib "inpout32.d11" Alias "Out32" (ByVal portaddress As Integer, ByVal value

As Integer)

Public pwrite As Integer
Private Sub Command] Click()
Out pwrite, &H1

End Sub

Private Sub Command2 Click()
Out pwrite, &H2
End Sub

Private Sub Command3_Click()
Out pwrite, &H3
End Sub

Private Sub Command4 Click()}
Out pwrite, &H4
End Sub

Private Sub Command5_Click()
Out pwrite, &H5
End Sub

Private Sub Commandé_Click()
Out pwrite, &H6

End Sub

Private Sub Command7_Click()



Out pwrite, &H7

End Sub

Private Sub Command8_Click()
Out pwrite, &H8
End Sub

Private Sub Command9_Click(}
Out pwrite, &H9
End Sub

Private Sub Command10_Click()
Out pwrite, &HO

End Sub

Private Sub Form_Load(}
Commandl.Caption = 1"
Command2.Caption = "2"
Command3.Caption = "3"
Command4.Caption = "4"
Command5.Caption = "5"
Command6.Caption = "6"
Command7.Caption = "7"
Command8.Caption = "8"
Command9.Caption = "9"
Command1Q.Caption = "Q"
pwrite = &H378

End Sub
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Private Declare Sub Out Lib "inpout32.d1l" Alias "Out32" (ByVal portaddress As Integer, ByVal value

As Integer)

Private Declare Sub Sleep Lib "kemnel32" (ByVal dwMilliseconds As Long)

Public pwrite As Integer

Public t As Integer

Private Sub Commandl Click()
Timerl.Enabled = True
Timer2.Enabled = False
Timer3.Enabled = False

End Sub

Private Sub Command?2_Click()
Timer!.Enabled = Falsc
Timer2.Enabled = Truc
Timer3.Enabled = False

End Sub

Privatc Sub command3_click()
Timer!.Enabled = False
Timer2.Enabled = False
Timer3.Enabled = True

End Sub

Private Sub Form_Load()

Command]1.Caption = "typel"

Command2.Caption = "typec2"

Command3.Caption = "type3"

Timer].Interval = 10000

Timer2.Interval = 10000

Timer3.Interval = 10000

'Timer1.Enabled = False

'Timer2.Enabled = False

'Timer3.Enabled = False

HScrolll Min =



43

HScrolll Max = 700
HScroll1.value = 350
pwrite = &H378
End Sub
Private Sub Timer] Timer()
Do
DoEvents
Out pwrite, &H1
Sleep (t)
Out pwrite, &H2
Sleep (1)
Out pwrite, &H4
Sleep (t)
Out pwrite, &H8
Sleep (1)
Out pwrite, &H10
Sleep (1)
Out pwrite, &H20
Slecp (1)
Out pwrite, &H40
Sleep (1)
Out pwrite, &H80
Sleep (1)
Loop
End Sub

Privale Sub Timer2_Timer()
Do
DoEvents
Out pwrite, &H30
Sicep (t)
Out pwrite, &H60



Sieep (1)
Out pwrite, &HCO
Sleep (1)
Out pwrite, &HE1
Sleep (t}
Out pwrite, &H3
Sleep (t)
Out pwrite, &H6
Sleep (1)
QOut pwrite, &HC
Sleep (1)
QOut pwrite, &H18
Sleep (1)
Loop
End Sub

Private Sub Timer3_Timer()

Do

DoEvents
Out pwrite, &H50
Sleep (1)
Out pwritc, &HAO
Sleep (1)
QOut pwrite, &H41
Sleep ()
Out pwrite, &H82
Sleep (1)
Out pwrite, &H5
Sleep (1)
Out pwrite, &HA
Sleep (1)

Out pwrite, &Hi4



Sleep (t)
Out pwrite, &H82
Sleep (t)
Loop
End Sub
Private Sub HScrolll Change()
t = HScrolll.value

End Sub
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Private Declare Sub Out Lib "inpout32.dll" Alias "Out32" (ByVal portaddress As Integer, ByVal value
As Integer)
Private Declare Sub Sleep Lib "kemel32" (ByVal dwMilliseconds As Long)
Public pwrite As Integer

Public t As Integer

Private Sub Command5_Click()

Do
DoEvents
Out pwrite, &H1
Sleep (1)
Out pwrite, &H?2
Sleep (1)
Out pwrite, &H4
Sleep ()
Out pwrite, &HE
Slecp (1)

Loop

End Sub

Private Sub Command6_Click()
Do

DoEvents

Out pwritc, &H8
Sleep (1)

Qut pwrite, &H4
Steep (t)

Out pwritc, &H2
Sleep (1)

Qut pwrite, &H1
Sleep (1)

Loop



End Sub

Private Sub Command?7_Click()
Out pwrite, &HO
End Sub

Private Sub Form Load()
Command5.Caption = "<--reverse"
Command6.Caption = "forward-->"
Command7.Caption = "Stop"
HScrolll Min= 1

HScrolil.Max = 100
HScrolll.value = 50
Timer].Interval = 10000

pwrite = &H378

End Sub

Private Sub Timerl_Timer()
t = HScrolll.valuc

End Sub
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Private Declare Function Inp Lib "inpout32.d1l" Alias "Inp32" _
(ByVal PortAddress As Integer) As Integer
Private Declare Sub Out Lib "mpout32.dIl" Alias "Out32" _
(ByVal PortAddress As Integer, ByVal value As Integer)
Public pwrite As Integer
Public pread As Integer
Public 1 As Integer
Public n As Integer
Private Sub Form_Activate()
Do

i=&HE

Out pwrite, &HE:

Call delay

Call rowl

i=&HD

Out pwrite, &HD

Call delay

Call row2

i=&HB

Out pwrite, &HB

Call delay

Call row3

1=&H7

Out pwrite. &H7

Call delay

Call row4

Loop

End Sub

Private Sub Form_Ioad()

Labeli.Caption = "mput from switch:"
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Label2.Caption = "DaTa"
pwrite = &H378

pread = &H379
Timerl.Interval = 1

End Sub

Private Sub Timerl_Timer()
n = Inp(pread)
End Sub

Sub delay()
Fori=1To 32000
DoEvents
Next i
End Sub
Sub row1()
Sclect Case n
Case 119
Labcl2.Caption="1"
Case 111
Label2.Caption = "2"
Casc 95
Label2.Caption = "3"
End Select
End Sub
Sub row2()
Select Case n
Case 119
Label2.Caption = "4"
Case 111
Label2.Caption = "5"

Case 95
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Label2.Caption = "6"
End Select
End Sub
Sub row3()
Select Case n
Case 119
Label2.Caption = "7"
Case 111
Label2.Caption = "8"
Case 95
Label2.Caption ="9"
End Select
End Sub
Sub row4()
Select Casen
Casc 119
Label2.Caption = "*"
Case 111
Label2.Caption = "0"
Casc 95
Label2.Caption = "#"
End Select

End Sub

52



wnansiiduenarsianubdmsunslvnuienisnyiniiu lweygslmilulsdsslosuaunisan

luansdlla vedu Bnnanudludauacilon uasnaendidaaivesonalsynasaniinisuiluly



A

Flow Chart uaaam3finiuueslysunsu LED 8 viaea Nil Output 6 4y 910 Serial Port
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©

jUN3.14 namslnssadialysunsu LED 8 waoa 910 Serial Port
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Source Code Visual Basic 1gUH1U AT89S52 Project Board
TAoH MSComm1.Output = "5" M38AIUT A9SHA ASCI 990 Serial Port

TR LK R (TTTILT) RIS Jm— > 3 5
0011 0101

Tﬂﬂﬁl program visual Basic 93@9 ASCII Code vlﬂ‘?"; ATE89S52 Project Board uAiimsei Output 897
M9 PLO-PL7 409 AT89S52 G48130aM3 output uvvle Aazdouflvnius e Asc
Private Sub Commandl_Click() '
MSComm1.0Output = “0”

End Sub

Private Sub Command2_Click{)

MSComm1.0Output = “1"

End Sub

Private Sub Command3_Click()

MSComm]l.Qutput = 27

End Sub

Private Sub Command4_Click()

MSComm1.Output = “3”

End Sub

Private Sub Command5_Click()

MSComml.Qutput = “4”

End Sub

Private Sub Command6 Click()

MSComm1.Output = “5”

End Sub

Private Sub Forin_Load()

MSComm].CommPort = 1

MSComml .Settings = “9600.n,8,1”
MSComm1.PortOpen = True

End Sub
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o 4 o . .4
Taun3 19 Microcontroller 89852 lun1son lusunsunouilas YUY IUINProgram Visual Basic 24

FUS1INI RS232 Fu Max232 1fonlassefuusafunin +/- 12 Volt 1 5 Volt

4.39aMINARDIIUM T 9D Serial Port
wamsnanoslun1sdadoyana Serial Port wud1 msdadoya szdaiiu sia Ascu
NUHTANTTNIINYBI ATE9S52 Project Board VAN Serial Port 910 Program Visual Basic 1A
Wimsi3oadeyn e ¥u1a 8§ bit f# $UN19IA Program Visual Basic A7d4A189A Port P1.0-P1.7 Y89
[ »

AT89S52 Project Board 11150 I dqyayisus Iy Program Midoniu'a
TaveusouaaInann1si19u1a0 Flow Chart 198719

Ao o Y 1
Taviifidwziludusudedieil

33 =0011 0011

0011 0011
Private Sub Command4_Click()
MSComm].Output = "3"
End Sub
34 =0011 0100

0011 0100
Private Sub Command5_Click()
MSComm]1.Output = "4"
End Sub
35 =0011 0101

0011 0101

Private Sub Command6_Click()
MSComm]1.Output = "5"
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a
Unns
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»
InssnuAirmdiaiuisodedoyanin Visual Basic 41 AB4 INTD Hardware 1ABAIW Serial Port
¥ , i ¥ a ¥ o
(A Parallel Port 18 1a6n15A9% 150 Serial Port 1IU3eABAUROY Program m¥1 C 19 Keil noulwa
unzonns AT89S52 Tavld AT89Ss2 ImililumsSus daygra fisenuin
Visual Basic 1411 89852 SBC Tilsivauesauduianinaoon LED #i 41 P1.0-P1.7
i

Tumsneounsa Wy Parallel Port sz ddoyaitiu Hight(1) uag Low(0)

Tavnsnanesil WWadavesaildimmziunisdedoyana Parallel Port TuTisuns

& o -
Visual Basic m:ﬁmaﬂu‘l'ﬂ‘n +5 volt
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DM74LS48
BCD to 7-Segment Decoder

General Description

The 'LS48 translates four lines of BCD (8421) input data
into the 7-sagment numeral code and provides seven corre-
sponding outputs having pull-up resistors, as opposed to
totem pole pull-ups. These outputs can serve as logic sig-
nals, with a HIGH output corresponding to a lighted famp
segment, or can provide a 1.3 mA base current to npn lamp

driver transistors. Auxiliary inputs provide lamp test, biank-
ing and cascadable zero-suppression functions.

The ‘LS48 decodes the input dala in the pattern indicated in
the Truth Table and the segment identification illustration.

&Nationat Semiconductor

January 1992

Connection Diagram

a—1
A2t 2
i3

BI/RBO — 4
REI—~{5
AS—{6
A0 7
GND—{ 8

Ny

16

Dual-In-Line Package

— Vee
=1
o9
—e
—b

e

TUFA10172-1

Order Number DM74L5$48M or DM74LS48N
See NS Package Number M16A or N16E

©1995 Naliona) Semicomhatior Covporation  TL/F/10172

RRAD-B30M 105/Printed n L. 5. A

lapo2aQ Juawbag-, 0} 04 8YSIPZNG



Absolute Maximum Ratings (ote)

Supply Voltage v
Input Voltage ™
Operating Free Air Temperature Range

DM74LS 0°Cto +70°C

Storage Temperature Range —65°C to + 150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings" are those values
beyond which the salely of the daevice cannot be guaran-
teed. The device should not be operated at these limits. The
paramelric values defined in the “Electrical Charactsristics”
table are not guarentesd et the absolule maximum ratings.
The “Recommanded Operating Gonditions ™ table wilf defing
the conditions for actual device operation.

Symbol Parameter DM741L548 Units
Min Nom Max

Veo Supply Voltage 4.75 5 5.25

ViH High Level Input Voltage 2

ViL Low Leval Input Voltage 0.8

loH High Level Output Current —50 pA

loL Low Level Output Current 6.0 mA

Ta Free Air Operating Temperature 0 70 °C

Electrical CharacteristiCs over recommended operating free air temperature range (unless otherwise noted)

Typ
M Unit:
Symbol Parameter Conditions Min (Note 1) ax 8
Vi Input Clamp Voltage Voo = Min, || = —18 mA -~1.5 v
VoH High Leve! Qutput Voo Min, loy = Max, 24 v
Voltage VL = Max ’
loFr Cutput High Gurrent Veo = Min, Vo = 0,85V 13 A
Segment Outputs ]
VoL Low Level Output Voo = Min, lg, = Max,
. 0.5
Voltage Vig = Min v
loL = 20 mA, Voo = Min 0.4
i Input Current @ Max Voo = Max, Vi = 7V 01 mA
Input Voltage '
™ High Level Input Current Voo = Max, V= 2.7V 20 pA
e Low Level Input Current Vee = Max, V| = 0.4V -0.4 mA
los Short Circuit Vgc = Max, Vg = OV _03 -5 mA
Qutput Current at BI/RBO (Note 2) .
lccH Supply Current Voeo = Max, ViN = 4.5V 38 mA
Note : All typicals are at Vo = 5V, Ty = 25°C.
Note 2 Not more than ona output should be shorted at a time, and the duration should not exceed one sacond.
Switching Characteristics atve = svand Ta = 25C
Symbol Parameter CL = 15pF Units
Min Max
tpLH Propagation Delay Time 100 ns
tpH Aptoa-g 100
tpLH Propagation Delay Time 100 ns
tPHL ABIto a~f 100

Note: TT = HIGH, Ag-A; = HIGH.




1745161 789>

Numerical Designations—Resultant Displays

161617

YLk

0 1 2 3 10 11 12 13 14 1§
TU/F/10172-4
Truth Table
Decimal Inputs Outputs

or
Function T ABI A; A, Ay Ay B/RBO a b ¢ d e 1 g
0 (Note 1) H H L L L L H H H H H H H L
1 (Note 1) H x L L L H H L H H L L L L
2 H X L L H L H H H L H H L H
3 H X L L H H H H H H H L L H
4 H X L H L L H L H H L L H H
5 H X L H L H H H L H H L H H
6 H X L H H L H L L H H H H H
7 H X L H H H H H H H L L L L
a H X H L L L H H H H H H H H
9 H X H L L H H H H H L L H H
10 H x H L H L H L L L H H L H
7 H X H L H H H L L H H L L H
12 H X H H L L H L H L L L H H
13 H X H H L H H H L L B L H H
14 H X H H H L H L L L H H H H
15 H b3 H H H H H L L L L L L L
B (Note2) X x X X X x L L L L L L L L
RBI (Note 2) H L L L L L L L L L L L L L
LT {Note 4) L X X X X X H H H H H H H H

Note 1: BI/AB0 ts wired-AND togic serving es bianking input () and/or ripple-blanking output (FB3). The blanking out {Bi) must be open or hoid al a HIGH level
when outpul funclions O through 15 are desired, and ripple-blanking inpul (RBI) must be open or at a HIGH tevel if blanking of & decimat 0 is not desired. X ~ input

may be HIGH or LOW,

Note 2 Whan a LOW level is applied 1o the blanking inpul {forced condition) all sagment outputs go to a LOW {avel, regardiess of the state of any other input

condition.

Note 3: When ripple-blanking inpul (RBI) and inputs Ag. A, Az, and A, are at LOW |evel, with the lamp test input at HIGH level, al! segment oulputs go lo a LOW
faval and the ripple-blanking outpul (ABO) goes to a LOW level {response condition).
Note 4: When the blanking inpul/ripple-blanking cutput (BI7FBG) is open or held at a HIGH ievel, and & LOW level is applied to lamp lest input, all sagment autputs

90 10 2 HIGH level,

Logic Symbol

71 2 6 3 5
| 11166
AD A1 A2 A3 LT RBI
B/
¢ d # { 9 RBO

a b
13121110 9 15 14 4

Vo = Pin16
GND = Pin@

TUF/10172-2




Logic Diagram

RBPLE-BLANNING
WRUT
LAMP=TEST
PUT

BLANING MPUT OR
RiPPLE-BLANKING
OUTPUT

o>

il

TL/F/10172-2




Physical Dimensions inches (milimeters)

0.288 -0 294
{5 91000}

W15 112 w8

EafaAnn

X S]] »
579 -5 e

" LAY
)
Liw—oarsy
.A-3.98
0.0 -0 .49 183 -0.00
o " ERE] L v
B WAX TR L -0
ALL LEADS . l
o L‘n J’ - =Estata 1oowe

sz | s O B

U“Al 1) ) nny 0.356- 0.500)
TP ML LEADS e Lom
28} -

16-Lead Small Outline Molded Package (M)
Order Number DM74LS48M
NS Package Number M16A




DM74L548 BCD to 7-Segment Decoder

Physical Dimensions inches (miflimeters} (Continued)

0.740 - 0.78¢

{is.80-1387) 0.090
[z

OPTION 01 OPTION 02

0.13040.003 I 0060 ® TP 0.300= 0.320 (?:::)
| (30220127} fsz T "’\ f" OFTIONAL 7.620-8.128 f’_ {
0,145 = 0.200 1 { \I
{5685-5.080) |}
95°25° 0.008-0.016
© ————e.
oar0 y, | 90°44° TYP " o 7] G306
0.125-0.150 [ 0.030 £0.015 it
3175-3510) . ™ aezanden N
0.014~0.023 I__ 0.10020.010 (0.3250.040
{0356 - 0.564) G.030£6.010 {2.54020.354) T -0015 WIBE {REV )
e 0 04 0.254) e (e.285 4918
16-Lead Molded Dual-In-Line Package (N)
Order Number DM74L.S48N

NS Package Number N16E

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRAESS WRITTEN APPAOVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b} support or sustain life, and whose be reasonably expected 1o cause the failure of the life
failure to perform, when properly used in accordance support device or system, or to aflect its safety or
with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
Nations! Ssmiconductior National Semiconductor National Semiconductor Natlonal Semiconductor
Corporstion Europe Hong Kong Ltd. Japan Ltd
1111 West Bargin Road Feo: (+49) 0-180-530 85 86 13th Floor, Skaight Block, Tel: B1.042-209-2308
Arington, TX 76017 Emall: cniwpe @tevm2.nsc.com Ocsan Centrs, 5 Canton Ad. Fax: 81-043-299-2408
Tel: 1(800) 272-9959 Deutsch Tel: (+48) 0-180-530 BS B5 Taimshatsul, Kowloon
Fax: 1{800) 737.7018 English Tel: (+48) 0-180-532 78 32 Hong Nong
Frangals Tel: (+49) -180-532 93 58 Tel: (852) 2737-1600
itoliano  Tel: {+48) 0-180-534 1€ 80 Fax; (852) 2736-9960

Nalional oSS il RAMNT Sty 1espordtilty Jor Use of ey circultry dascribed, Re Chcwil patent Koenses e impled and Nasional reserves the sigh! al any Eme wihoul nodos 0 change sk circultry and peciications.




This datasheet has been downloaded from:
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IS74

ULN2001A-ULN2002A
ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

= SEVEN DARLINGTONS PER PACKAGE

» OUTPUT CURRENT 500mA PER DRIVER
(600mA PEAK)

= OUTPUT VOLTAGE 50V

= INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS

» OUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT

» TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

» INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY LAYOUT

DESCRIPTION

The ULN2001A, ULN2002A, ULN2003 and
ULN2004A are high voltage, high current darlington
arrays each containing seven open collector dar-
lington pairs with common emitters. Each channel
rated at 500mA and can withstand peak currents of
600mA. Suppression diodes are included for induc-
tive load driving and the inputs are pinned opposite
the outputs to simplify board layout.

The four versions interface to all common logic fami-
lies :

ULNZ2001A General Purpose, DTL, TTL, PMOS,
CMOS

ULN2002A 14-25V PMOS

ULNZ2003A 5v TTL, CMOS

ULNZ004A 6-15v CMOS, PMOS

These versatile devices are useful for driving a wide
range of loads including solenoids, relays DC mo-
tors, LED displays filament lamps, themmal print-
heads and high power buffers.

The ULN2001A/2002A/2003A and 2004A are sup-
plied in 16 pin plastic DIP packages with a copper
leadframe to reduce thermal resistance. They are
available also in small outline package (SO-16) as
ULN2001D/2002D/2003D/2004D.

February 2002

DIP16

ORDERING NUMBERS: ULN2001A/2A/3A/4A

S016

ORDERING NUMBERS: ULN2001D/2D/3D/4D

PIN CONNECTION

IN Y1 1% OuT 1
IN 2 2 15 ouT 2
IN 3 3 L 14 OUT 3
IN &4 4 13 OUT 4
INS 5 12 QuUT §
) 4
IN 6 6 11 OUT 6
IN 7 7 10 oUT 7
S-1977T1

18




ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

’—H—Ocou
10.5k0 —y—OouT
N |
1 1
|
J %.2%0 kN ?
l ]
L oM — e e e — — — - d
. EACH DRIVER 5-1584
Series ULN-2001A Series ULN-2002A
{each driver) (each driver)
coM I——N—OCOM
27%0 +—Oour 0.5k ——CQouT
N 1 IN )
| ! | i
! |
i 126 Ik *' | 7.2k0 3k ?
! ! : .
L g ————~——~— -4 L —g———~————— -
EACH DRIVER 3- 1903 EACH DRIVER 5-157
Series ULN-2003A Series ULN-2004A
{each driver) {each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value tnit
Vo Output Voltage 50 A
Vin Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 Vv
le Continuous Collector Current 500 mA
lp Continuous Base Current 25 mA
Tamb Operating Ambient Temperature Range —-20t0 85 °C
Tsig Storage Temperature Range - 55 to 150 °C
T; Junction Temperature 150 °C
THERMAL DATA
Symbol Parameter DIP16 5016 Unit
Rith jamb Thermal Resistance Junction-ambient Max. 70 120 °C/W
2/8 "I




ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. | Unit | Fig.
lcex Output Leakage Cument Ve = 50V 50 HA 1a
Tamp = 70°C, Ve = 50V 100 pA | 1a
Tamp = 70°C
for ULN2002A
Vcg = 50V, Vi = 6V 500 pA | 1b
for ULN2004A
Vee = 50V, V; = 1V 500 pA § 1b
VeEsat) Collector-emitter Saturation lc = 100mA, lg = 250pA 0.9 1.1 \ 2
Voltage Ic = 200 mA, lg = 350pA 1.1 1.3 Y 2
Ic = 350mA, |g = 500pA 1.3 16 \ 2
lijon) Input Current for ULN2002A, V; = 17V 0.82 1.25 mA 3
for ULN2003A, V; = 3.85V 0.93 1.35 mA 3
for ULN2004A, V, = 5V 0.35 0.5 mA 3
V=12V 1 145 | mA 3
ittty Input Current Tamb = 70°C, Ic = 500pA 50 65 BA 4
Viion) Input Voltage Vce = 2V A 5
for ULN2002A
Ic = 300mA 13
for ULN2003A
lc = 200mA 2.4
lc = 250mA 2.7
Ic = 300mA 3
for ULN2004A
Ic = 125mA 5
Ic = 200mA 6
Ic = 275mA 7
Ilc = 350mA 8
hrg DC Forward Current Gain for ULN2001A
Vce = 2V, Ic = 350mA 1000 2
G Input Capacitance 15 25 pF
tpLH Turn-on Delay Time 0.5 Vito 0.5V, 0.25 1 us
tPHL Turn-off Delay Time 0.5 Vito 0.5 Vo 0.25 1 us
Ir Clamp Diode Leakage Current | Vr = 50V 50 pA 6
Tamp = 70°C, VR = 50V 100 pA 6
VE Clamp Diode Forward Voltage | Ie = 350mA 1.7 2 Vv 7

g

3/8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS

Figure 1a. Figure 1b.
OPEN YCE OPEN Vcg
lcex leex
OPEN
S-5T215 l 5-5726
Figure 2. Figure 3.
OPEN

5- 1980 51986
Figure 4. Figure 5.
L]
_l_ Ve | ic
v T
l 5-3728 5 - 1987
Figure 6. Figure 7.
VR
OPEN
In vr Ig
OPEN
5-1980
$-9727
4/8 IS7)




ULN2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Coliector Current versus Input Current Figure 9: Collector Current versus Saturation
Voltage

Ic D96INGS3 Ic D§6IN4S4

(MA) R 7 (mA) /
Tj=25C /

500 500
/ A Tj=25'C /

400

400
Max // // Max
300 300

L LA /
oo / AveicaL o / TYPICAL
/ JV

0 0

4} 100 200 300 400 500 Ib{pA) 0.0 0.5 1.0 1.5 Voe(sat)
Figure 10; Peak Collector Current versus Duty Figure 11: Peak Collector Current versus Duty
Cycle Cycle
lc piak DO6INAST Ic peak DIBINGE2A
m T I T T ! .
(mA) < NUMBER OF ACTIVE OUTPUT (mA) Tamb=70"C
765 4| 3 (5016)

N j:: \\:\
. 300 \\ -
: \\ 5 3 P

o N
\\\

300
Tamb=70"C s

1/
/

(DIP16) 200
200
\-‘
\:._
100 100 ]
NUMBER OF ACTIVE QUTPUT
. ol L 1 1 |

0 20 40 60 80 DC 0 20 40 60 80 100 DC
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DIM. mm inch OUTLINE AND

MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MECHAN'CAL DATA
al 0.51 040‘20
B 0.77 1.65 | 0.030 0.065
b 05 0.020
b1 0.25 0.010
D 20 0.787
E 85 0.335
e 2.54 0.100
e3 17.78 0.700
F 7.1 0.280
] 51 0.201
L 33 0.130

DIP16

Z 1.27 3.050

F_:

|| b N

, b1
. &
B L.,_
, _E
e3 I
D
OO rrarln :
%
LA
1
A Y Y

6/8
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DM, s et OUTLINE AND
MIN. | TYP. [ MAX. | MIN. | TYP. [ MAX. MECHANICAL DATA
A 1.75 0.069
al 0.1 0.25 | 0.004 0.009
a2 1.6 0.063
b 0.35 0.456 | 0.014 0.018
b1 0.19 0.25 | 0.007 0.010
C 0.5 0.020
ct 457 {typ.)
D{1) 9.8 10 0.386 0.394
E 5.8 6.2 |0.228 0.244
e 1.27 0.050
el 8.89 0.350
F (1) 38 4 0.150 0.157
G 4.6 53 |06.181 0.209
L 0.4 1.27 | 0.016 0.050
M 082 0024 S$016 Narrow
S B*(max.)

(1) D and F do not include mold flash or protrusions. Mold fiash or potrusions shall not exceed 0.15mm (.006inch).

|— -
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& =)
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

Information fumnished is believed to be accurate and reliable. However, STMicroeleckonics assumes no responsibility for the conse-
quences of use of such information nor for any infingement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. STMi-
croelectronics products are not authorized for use as critical components in life support devices or systems without express written
approval of STMicroelectronics.
The ST logo is a registered trademark of STMicroelectronics
© 2002 STMicroeiectronics — Printed in Haly ~ All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - Finiand - France - Germany - Hong Kong - India - Israel - ltaly - Japan - Malaysia - Malta - Morocco -
Singapore - Spain - Sweden - Switzerland - United Kingdom - United States.
http:/Awww.st.com
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L293, L293D

QUADRUPLE HALF-H DRIVERS

SLRS008B - SEPTEMBER 1986 — REVISED JUNE 2002

Featuring Unitrode L293 and L293D
Products Now From Texas Instruments

Wide Supply-Voltage Range: 4.5V to 36 V
Separate Input-Logic Supply

Internal ESD Protection

Thermal Shutdown

High-Noise-immunity Inputs

Functional Replacements for SGS L293 and
SGS L293D

Output Current 1 A Per Channel

{600 mA for L293D)

® Peak Output Current 2 A Per Channel
(1.2 A for L293D)

® OQutput Clamp Diodes for Inductive

Transient Suppression {L293D)

description

The L293 and L293D are quadruple high-current
half-H drivers. The L293 is designed to provide
bidirectional drive currents of up to 1 A at voltages
from 4.5 V to 36 V. The L293D is designed to
provide bidirectional drive currents of up to
600-mA at voitages from 4.5 V to 36 V. Both
devices are designed to drive inductive loads such
as relays, solenoids, dc and bipolar stepping
motors, as well as other high-current/high-voltage
loads in positive-supply applications.

N, NE PACKAGE

(TOP VIEW)
1,2EN [ 1TJ 16 ]Vcc1
1A ]2 150] 4A
1Y [J3 14]) 4y
HEAT SINK AND { q+ 13 ]} HEAT SINK AND
GROUND 7[5 12[] | GROUND
2Y []6 11]] 3y
2a(l7 10]] 3A
Veez [ 8 9[] 3,4EN
DWP PACKAGE
(TOP VIEW)
1.2eN (|1 ol Veer
1a2 27[] 4A
MIE 26[] 4
NC« 25{] NC
NCls 24[] NC
NC e 23]l NC
- 22[]
HEAT SINK AND { ds ] } HEAT SINK AND
GROUND GROUND
s 20[]
NTe3 | ETRRET1 | Y&
NC[ln  18[INC
2y[12  7fi 3y
2All1a 18l 3A
Veezll14 15l 3.4EN

All inputs are TTL compatible. Each output is a complete totem-pole drive circuit, with a Darlington transistor
sink and a pseudo-Darlington source. Drivers are enabled in pairs, with drivers 1 and 2 enabled by 1,2EN and
drivers 3 and 4 enabled by 3,4EN. Whert an enable input is high, the associated drivers are enabled and their
outputs are active and in phase with their inputs. When the enable input is low, those drivers are disabled and
their outputs are off and in the high-impedance state. With the proper data inputs, each pair of drivers forms
a full-H (or bridge) reversible drive suitable for solenoid or motor applications.

On the L293, external high-speed output clamp diodes should be used for inductive transient suppression.

A Vg terminal, separate from Voo, is provided for the logic inputs to minimize device power dissipation.

The L293and 1.293D are characterized for operation from 0°C to 70°C.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PROOUCTION DATA irformation Is current as of publication date.
Products cordorm to spectiications per the terms of Texas Instruments
standard ction p g does not fly include

testing of alt parlm;hn.

"5’ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright € 2002, Texas Instruments Incorporated



L293, L293D

QUADRUPLE HALF-H DRIVERS

SLRSO008B - SEPTEMBER 1986 — REVISED JUNE 2002

block diagram

E

vee
1 _ =
o_[‘:; 16-,—j
.131' ™
|
|3 14
4 13 b—
s w3
) 6 H g_ )
|
;]_r|7 10 | LI ;
9
[Jni ________ =

g

Ve

NOTE: OQutput diodes are intemal in L293D.

TEXAS INSTRUMENTS
AVAILABLE OPTIONS

Ta

PACKAGE

PLASTIC
DIP
(NE)

0°C to 70°C

L293NE
L293DNE

L

] ‘ Unitrode Products
from Texas Instruments

AVAILABLE OPTIONS

PACKAGED DEVICES
Ta SMALL PLASTIC
OUTLINE DIP
(DWP) (N)
n i (293DWP L293N
0°C1070°C | | 2e3ppwP | L293DN

The DWP package is available taped and reeled. Add
the suffix TR to device type (e.g., L293DWPTR).

” TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



L293, L293D
QUADRUPLE HALF-H DRIVERS

SLRS008B — SEPTEMBER 1386 — REVISED JUNE 2002

FUNCTION TABLE
{each driver)

INPUTST OUTPUT
A EN Y
H H H
L L
X L Z

H = high level, L = low level, X = irrelevant,

Z = high impedance (off)

1 In the thermal shutdown mode, the output is
in the high-impedance state, regardiess of
the input levels.

logic diagram

1A 1v
1.2eN ]
2a 7 > LI
34 _10 I~ L
34N 2
a 18 1> 4 sy
schematics of inputs and outputs (L293)
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Veed » —— —— vcez
Current l -
Source
p
Input
&—————— Qutput
p
GND —& .
————e — GND

‘!ﬁ' TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75285 3



L293, L2930
QUADRUPLE HALF-H DRIVERS

SLRS008B - SEPTEMBER 1986 —~ REVISED JUNE 2002

schematics of inputs and outputs (L293D)

EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS

Vee2z

Veet

Input Qutput

GND

GND

Supply voltage, Vot (see Note 1) o e e 3BV
Output supPly YOIAgE, VoD - oot i e e BV
INPUL VOl AGE, V| o e 7V
Output voltage range, Vi . ..o ottt e e e -3Vto Ve +3V
Peak output current, I (nonrepetitive, t<5ms): L293 ... ... ... 2A
Peak output current, [g (nonrepetitive, t <100 pus): L2830 ... it  21.2A
Continuous output current, lg: L2093 .. .. e +1A
Continuous output current, Io: L293D ... ... . e e +600 mA
Continuous total dissipation at (or below) 25°C {ree-air temperature (see Notes2and 3) ....... 2075 mw
Continuous total dissipation at 80°C case temperature (seeNote 3) ......................... 5000 mW
Maximum junction temperature, Ty ... .. s 150°C
Lead temperature 1,6 mm (1/16 inch) from casefor 10 seconds ............. .. ... .. ..., .... 260°C
Storage temperature range, Tgpg - -« ovve i -65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values are with respect to the network ground terminal.

2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C.

3. Foroperation above 25°C case temperature, derate linearly at the rate of 71.4 mW/°C. Due to variations in individual device electrical
characteristics and thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or
below the rated dissipation.

'ln” TEXAS
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



L293, L293D
QUADRUPLE HALF-H DRIVERS

SLRS008E — SEPTEMBER 1986 — REVISED JUNE 2002

recommended operating conditions

MIN  MAX | UNIT
Vi 4.5 7
Supply voltage cet A
Vee? Vet 36
Vi <7V 2.3 V v
ViH  High-level input voltage cct cct
Veg127V 23 7 v
VL  Low-level output voltage 03t 15 v
Ta Operating free-air temperature 4] 70 °C

T The algebraic convention, in which the least positive (mast negative) designated minimum, is used in this data sheet for logic voltage levels.

electrical characteristics, Ve =5V, Vecz =24 V, Tp = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VoM  High-level output voliage tgggb:'%:ifog A Veoa-18  Vooa-14 v
VoL Low-level output voltage tgggoll%lf_:;og A 1.2 1.8 v
VokH  High-level output clamp voltage 1293D: lo =-06 A Voo +1.3 Vv
VoKL Low-level output clamp voltage L293D: lok = 0.6 A 1.3 v
H High-level input current Vy=7V 0z 100 pA
EN 0.2 10
I Low-leve! input current A vVi=0 - 10 pA
EN -2 -100
All outputs at high level 13 22
lcci Logic supply current lo=0 All outputs at iow level 35 60 mA
All outputs at high impedance 8 24
All outputs at high level 14 24
lccz  Cutput supply current lo=0 All outputs at low level 2 mA
All outputs at high impedance 2
switching characteristics, Vgeq =5V, Vog2 =24V, Ty =25°C
LL293NE, L293DNE
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
tpLy Propagation delay time, iow-to-high-level output from A input 800 ns
tpHL Propagation delay time, high-to-low-ieve! output from A input . 400 ns
— - CL =30 pF, See Figure1
tyiH  Transition time, low-to-high-level output 300 ns
tTHL  Transition time, high-to-low-ievel output 300 ns
switching characteristics, Vo1 =5V, Vgg2 524 V, T =25°C
1.293DWP, L293N
PARAMETER TEST CONDITIONS L293DDWP, L293DN | yniT
MIN  TYP MAX
tpLH Propagation delay time, low-to-high-level output from A input 750 ns
tpHL Propagation delay time, high-to-low-level output from A input 200 ns
S - Cyp =30 pF, See Figure 1
tyLH  Transition time, low-to-high-level output 100 ns
tTHL  Transition time, high-to-low-level output 350 ns
Q'P TEXAS
POST o!ﬂbclesag GRSSE(.]JS‘MDELETEXSAS 75265 5



L293, L293D
QUADRUPLE HALF-H DRIVERS

SLRS008B ~ SEPTEMBER 1986 — REVISED JUNE 2002

PARAMETER MEASUREMENT INFORMATION

Input 5v 24v Input

A A
Pulse CC1 ¥CC2

Generator A
(see Note B)

Y T Output
€y = 30 pF

3v EN
{see Note A) Output
I, = =S tTHL b tTiy
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. C| includes probe and jig capacitance.
B. The pulse generator has the following characteristics: ty < 10 ns, tr< 10 ns, ty = 10 us, PRR=5kHz, Zo =50 Q.

Figure 1. Test Circuit and Voltage Waveforms

Q’ TEXAS
INSTRUMENTS
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L293, L293D
QUADRUPLE HALF-H DRIVERS

SLRS0088 - SEPFTEMBER 1986 — REVISED JUNE 2002

APPLICATION INFORMATION

5V 24V
veez
Veed
é 10 k2 16 3
1,2EN
s =
1
Control A 1A >—@
2 Y 3
, Motor
2A 2y
7 & e
3,4EN
'
A ay
Control B «l >0 *—&
10 Y "
4A E : 4y o
15 14 -
Thermal
Shutdown L
l 4,5 12,13
GND

Figure 2. Two-Phase Motor Driver {(L293})

J@ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7



L293, L293D
QUADRUPLE HALF-H DRIVERS

SLRS008B — SEPTEMBER 1986 — REVISED JUNE 2002

Control A

Control B

APPLICATION INFORMATION

SV 24

éﬂ)kﬂ

Vcel

v

Vce2

E

b

L—O Thermal

Shutdown

S

st
71 s

.l

2 IsSiak
AL

. A
o

| 4,5,12,13
- GND

Figure 3. Two-Phase Motor Driver {L293D)

{‘ TExXAS
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L293, L293D

QUADRUPLE HALF-H DRIVERS

SLRS0088 - SEPTEMBER 1986 — REVISED JUNE 2002

APPLICATION INFORMATION

Vees O
ce2 SES5001 b

EN 3A M1 4A M2
H H Fast motor stop H Run
H L Run L Fast motor stop
a - . - N
I L X Free-running motor X Free-running motor
stop stap
___I.__.._ L = low, H = high, X = don't care
- 4,5,12,13
GND
Figure 4. DC Motor Controls
{connections to ground and to
supply voltage)
Vv
ccz O 2 x SES5001
EN 1A | 2A FUNCTION
2al = = (1A H L H Turn right
l. 8 H H L Turn left
16 H L L Fast motor stop
r~O V
._8_= ce H H H Fast motor stop
] 142 L293 ! 1{) N L X X Fast motor stop
L—'_—_I':;;;';a_l L = jow, H = high, X = don't care
GND

Figure 5. Bidirectional DC Motor Control

‘.’P TEXAS
INSTRUMENTS
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L293, L293D
QUADRUPLE HALF-H DRIVERS

SLRS008B - SEPTEMBER 1986 ~ REVISED JUNE 2002

APPLICATION INFORMATION

IL1/1IL2 = 360 mA

C1E L293 16
022 F T - O Vees
2
. 15 __[_
D5 D1 -+ v' v D8 D4 =
3 14
4 13 £
12
Vees L1 Tlxu E ] L2 Tlu.z
T s "
—O D7 D3 L
8 9 =
D6 D2 —

D1-D8 = SES5001

Figure 6. Bipolar Stepping-Motor Control

mounting instructions

The Rthj-amp of the L293 can be reduced hy soldering the GND pins to a suitable copper area of the printed
circuit board or to an external heatsink.

Figure 9 shows the maximum package power P1gT and the 8, as a function of the side 1 of two equal square
copper areas having a thickness of 35 um (see Figure 7). In addition, an external heat sink can be used (see

Figure 8).
During soldering, the pin temperature must not exceed 260°C, and the soidering time must not be longer than
12 seconds.

The external heatsink or printed circuit copper area must be connected to electrical ground.

10

".’? TeEXAS
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1293, 1L293D
QUADRUPLE HALF-H DRIVERS

SLRS008B - SEPTEMBER 1986 — REVISED JUNE 2002

APPLICATION INFORMATION

Copper Area 35-um Thickness

/c=<

7

100N
)

Printed Circuit Board

Figure 7, Example of Printed Circuit Board Copper Area
{used as heat sink)

" 17.0 mm
\«[

38.0 mm

L

Figure 8. External Heat Sink Mounting Example
{04a = 25°C/W)

{'P TeEXAS
INSTRUMENTS
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1293, L.293D
QUADRUPLE HALF-H DRIVERS

SLRS008B - SEPTEMBER 1986 — REVISED JUNE 2002

APPLICATION INFORMATION

MAXIMUM POWER AND JUNCTION MAXIMUM POWER DISSIPATION
vs vs
THERMAL RESISTANCE AMBIENT TEMPERATURE
4 80
5 \ \
s 8JA g ?7 N With Infinkte He.t Sink
L 3 A, 60 & AN \
c 3 c 4
TS EAEEA NN\
8 e 2 N
] N < "3 Heat Sink With 834 = 25°C/W
a 2 Pror TA=70C] L= 40 é a \
5 rot (TA | g % ) K \
[ «© ] i \
E a
T— . T 0 B T -..Jrfi:r \\ \
o o ~_ ™\
a. L o ~
3 N
0 0 0
0 10 20 30 40 50 ~50 (] 50 100 150
Side ] —mm Ta — Ambient Temperature — °C
Figure 9 Figure 10

‘Q‘ TeEXAS
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Ti warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Ti
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Ti assumes no liability for applications assistance or customer product design. Customers are responsibie for
their products and applications using T) components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tlintellectual property right relating to any combination, machine, or process
in which T! products or services are used. Information published by Tl regarding third—party products or services
does not constitute a license from T1 to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. T! is not responsibie or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids ail express and any implied warranties for the associated T product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265
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you may find the right for your applications.

: [8751 _[ old chip with ceramic package and quartz window for UV, new generation will see how the old chip look likes.
{8031 |lromless 8051, 128 bytes RAM

[[go32 [[romless 8051, 256 bytes RAM

HEN lIbasic interpreter with EA = +VDD

|[ATB9s8252 ||SPl, WDT, 2kB EEPROM, 8kB FLASH, 256 bytes RAM

{laT89C51 _ |[4%B FLASH 128 bytes RAM

|laT89C52 _|[8kB FLASH 256 bytes RAM

|[DALLAS DS500T |[8kB loadable RAM RTC

Table 1: CPU that can be used with 8051SBC.

GAL Decoder

The reason that took me to use GAL is to reduce the number of discrete gate for memory and i/o decoder. You may noticed that,
with a C52EVB, only one chip, the 74HC00 was used for memory and 8255 decoder. However with new 8051SBC, | need to
decode the LCD and simple port. This needs more chip, so better try with 20-pin popular GAL from Lattice, the GAL16V8D. The

GAL can emulate logic function and can reprogram many times.

Before getting into GAL's matter, let begin with how to replace the logic gate using logic equation. Now let see the actual decoder
circuit. First take a look for memory decoder.

The EPROM will place at 0x0000 to Ox7FFF. And the SRAM will place at 0x8000 to OxFFFF. We see that we can use A15tobe a
chip select control signal for EPROM directly. Whereas for the SRAM it needs to invert A15 in order to select SRAM when A15

becomes '1' for address 0x8000-OxFFFF.

&15 < *ROM_CE

U1A

1 o2 ({*RAM_CE

741.504

Note * is active low signal.

To read or fetch the content of EPROM, the place we store monitar program, we must provide *PSEN signal tied to output enable
pin.

However for SRAM, we will use it for user program running as well as the place where we can edit the machine code, so we must
make it to be code and data memory space. This can be made easily with *RD and *PSEN logical AND together. The circuit

would be,

“PSEN K *ROM_OE

1
13 RAM_QE

*RD 2

74L508

A bit complicate for ifo deceder, as shown below we see the popular decoder chip, the 74L5138, 3-to-8 line decoder and some
gates were used to provide control signal for the ifo devices. The i/o space uses the external data memory with address 0x0000
to Ox7FFF. A15 must be low to enable the output of 74LS138. AB-A10 selects the active low output for each i/o.

Let look at the first device, the LCD. Y(Q will active low when all inputs are low, or A8-A10 and A15 ='0'". The datasheet of LCD
says, the signal E of LCD will active for both read or write cycle, so we AND them together with USB. U6B provides the positive

pulse when YO0 and pin 6 of U5B low. This signal, LCD_E can then directly tie to signal E of the LCD.
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flcd_e=rd*wr+a8+a9+al10 +ai5
/gpiot = /a8 + a9+ al10+a15+wr

gpio2 = a8 + /a9 +a10+a15 +rd

Note. * is logical AND, + is logical OR and / is logical NOT.

There is some ifo pin available on GAL, | also used them for sharing between rs232 and rs485. The output is tie to RxD pin of the
cpu. See schematic for detail.

When finish editing the equation file, click MODULE -> EQU2JED, it will convert the equation file to JEDEC fite. Let look at the
output JEDEC file.

GAL16V8

EQN2JED - Boolean Equations to JEDEC file assembler (Version V101)
Copyright (¢) National Semiconductor Corporation 1990-1993
Assembled from "D:\C52EVBV3\O\8051SBC.EQN". Date: 5-1-103

*

NOTE PINS al5:1 rd:2 wr:3 a8:4 a9:5 al0:6 rs232:7 rs485:8 psen:9*
INOTE PINS rom_ce:12 ram_ce:13 ram_oe:14 rom_oe:15 lcd_e:16 gpiol:17*
{[NOTE PINS gpio2:18 rxd:19*

NOTE GALMODE SMALL*
QF2194*QP20*F0*

L0000

11111111 11111111111011101111111*
L0256

ITII1111011 1111111111 1111111
ITIIIIIIT 111011 L1111 I1TL011111
11111111111111110111111111111111
1101111111111 L1111 1t111t11111
OIfrtIrtttInnIInnatIIItIeInnLeae™
L0512
IT11I1111101 11111 1111T11111111111]
IT111111111 101111111111 111111111
ITIIILITL2 11101111212 I11111]
1101111111111 1111111111111111
{11101 1111 IIIITIITI111101111111111*
{{LO768
fo11101111 11111112 1110111111111111
jirrrrintertiiiinItIIIIntInn
frrrartanniniointIIIIIIIIIIILIng
frrrrinrnatintit1oIiiiiiIIiIngl
(1101111111111 1100101 LTTT1™
L1024
NUIITLITLI I I I LI1III1I11110111*
JIL1280
{OITI1I11111111111111111111110111*
L1536

JAt1oII 1IN L
L1792

1101111111111t Inatnnninn*
L2048

j11001111*

L2128
1000000011111000111110001111100010000000100000001000000010000000*
L2192

10*

C5053*

{0000

The JEDEC file is standard file for any GAL programmer. | used GALBLAST to program it.

Before you can use GAL or any PLD efficiently, you must have knowledge on the fundamental of digital logic. The PLD is just to
help hardware design more easy.



12-bit ADC converter

| found Microchip 12-bit ADC converter, MCP3202 that can replace Linear Technology LTC1298 directly. Below is pin diagram of
8-pin DIP package. MCP3202 is cheaper than LTC1298. Both chips are pins compatible. The 8051SBC can use either one

without any problem.

— s
CSsHOND 1 Y 8 O VooV SO [] 8] Ve (Vaer)
code & 7ot e [(128f1Dex
cHiO3 & 6 [y, it [3] 6] Dour
ve[]4 ® 5Hbp, GND [ 5] D

Software

With the extemal 32kB EPROM, the 27C256, we then need the EPROM programmer. | used willem EPROM programmer. Also
here in Thailand hitp:iise-ed.net/mpu51/ You may build it easily. Later I'l add the EPROM programmer attach to the 8051SBC.

The main monitor code space is approx. 8kB. This fits exactly in 89C52 chip. So you can add many things into 32kB EPROM.
During firmware developing, | used parallel eeprom, 28C256 from ATMEL. | made the adapter from two sockets. The socket

swaps pin 1 and pin 14. if you have the 28C256, you can use my idea.

Some may got many ceramic EPROM, 27C256. To erase it, you need Ultraviolet light. When your code firms, you can write the
program intc a cheap 27C256 OTP (One Time Program).

The monitor program composes of three files.

1. 8051SBC.ASM

2. myextral.ASM
3. new.c

The 8051SBC.ASM and myextra1.asm are modified version of PAULMONZ free monitor program written by Paul Stoffregen. Both
files fit in 8kB space. The new commands is now under developing with Micro-C compiler. The available for download was tested
on RAM and then recompile with MEDIUM memory model. In addition to such monitor code, | also experimented with Camel
FORTH. EEPROM booting still working with this version excepts the boot switch is now move to DIP switch bit 0. To start Cemel

FORTH, when set DIP switch bit 1 to ‘0’ after power up, it will enter Camel FORTH.

The Intel hex file for the monitor program including new commands and Camel FORTH is here, 8051SBC.HEX

Below is the sample of new commands.

8051SBC Microprocessor Learning Board
ADDR:8000> Help

Standard Commands
?- This help list
M- List programs
R- Run program
L- Download
U- Upload
N- New location
J- Jump to memory location
H- Hex dump external memory
I- Hex dump intemal memory
E- Editing external ram
C- Clear memory
User Installed Commands
D- Disassemble
S- Single-Step
Q- Quick home
Z- ZAP EEPROM
W- NEW COMMANDS

ADDR:8000>

Notice that letter D is now changed to Disassemble, and L changed Load intel hex file. Command Q will get back to address



0x8000. Z command stil! exists. Now let see new command with letter W.

[lADDR:8000> NEW COMMANDS

8051SBC new commands (press ? for help or g to quit)
>>

Help Menu

||~ ASCIi Table
{|D Dec2Hex

IR Read GPI0O2
{1Q Quit

||l i/o address
i|B Binary image
? help

1 >>Decimal to Hex converter

Enter decimal number = -32768
Dec -> Hex -> Bin
-32768 -> 8000 -> 1000000000000000

>>Read GPIO2 (8-bit input port)
FD 11111101
>>ifo address decoded by PLD

LCD command write  0x0000
{ILCD data write 0x0001
JILCD commandread  (Ox0002
LCD data read 0x0003
GPIO1 8-bit output port 0x0100
GP102 8-bit input port 0x0200
Jlexpansion i/o space  0x0300-Ox07FF

>

Now let make DIP switch bit 1 to '0" and then power up the board.

8051 CamelForth v1.6 27 Mar 2000
ok

2a emit *ok

ok

1. star 2a emit ; ok

ok

ok

star *ok

ok

ok

The sample above is a common first word for FORTH beginner. We define word 'star’ with 2a put to data stack and emit it to
screen. | used to try FORTH with my design 80C88, since | was a student in 1984. However the Harvard architecture of 8051 may
not suitable to make use of FORTH more efficient. The reason why | added FORTH to the 8051 board is just to experiment the

startup booting.

RS485

| found some board has a problem on serial port. When power up the board, the prompt was printed on screen repeatedly. | fixed
it by adding a 4.7k pull-up resistor at pin 1 of 75176 RS485 driver. See the picture below.
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Download
Schematic [s051SBC.pdf ]
8051SBC.asm
Monitor program myextral.asm
new.c
mypaulm2.hex
Intel Hex files myextral.hex
new.hex
|Intel Hex file {three files) |[8051SBC.hex ]
l|8051SBC Reference Manual |{g051SBCreference.pdf ]
PCB gerber files ||8051gerber.zip |
OrCAD 9.1 MAX file ~ ||8o51sbc.max ]
OrCAD 9.1 Schematic and Netlist files |lorcad8o51sbe.zip ]
8051SBC BOM _|lbom8051sbe. txt ]
{IEquation and JEDEC file for GAL16V8D B8031sbe.eqn
‘ 8051sbc.jed

Contribution to 8051SBC

e SBCS51Lib.zip A library file for LCD module on SBC51 written by Muhammad Kamran,
Department of Electronics, University of Peshawar, NWFP, Pakistan.
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