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STEPPING MOTOR CONTROL BOARD VIA PARALLEL PORT

Noppawan Tunjaraunsugjit
Narumon Jaisongkror
Assistant Professor Worapong Tangsrirat Advisor

2001

Abstract
This project proposes a design technique for implementing a stepping motor control
board via parallel port. The goal of this project is to propose the design and implement parallel
interfacing board for independently stepping motors through‘ software programming. The
proposed interfacing board can be controlled two stepping motors simultaneously, and can also be
extended to maximum of 4 boards. As an application example, an automationally controllable

blind is also included.
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0.056 1 1 0 0 0 0 0 0 0.0586 4.42%
0.081 0 0 1 0 0 0 0 0 0.0781 3.68%
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0.120 ol1]1/l0flo0o| 0] 0] 0] 0T 2.41%
0.142 W PO Y mian i (L DL 3.88%
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0.198 AN\ Do | IR 0E P 1 0.19%8 1.38%
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Ta7|1n6 | a5 | Ua4 | a3 | Oa2 |dal| U0
1.180 1 0 1 1 1 1 0 0 1.1914 0.96%
1.245 1 0 0 0 0 0 1 0 1.2695 1.93%
1.350 0 1 1 0 0 0 1 0 1.3671 1.25%
1.470 1 0 1 1 0 0 1 0 1.5039 2.25%
1.580 0 1 0 0 1 0 1 0 1.6015 1.3%
1.780 1 0 1 1 1 0 1 0 1.8164 2.00%
1.850 1 0 0 0 0 1 1 0 1.8945 2.35%
1.930 0 0 1 0 0 1 1 0 1.9531 1.18%
2.030 1 0 0 1 0 1 1 0 2.0507 1.01%
2.539 0 0 1 0 0 0 0 1 2.5781 1.52%
2.806 0 1 0 0 1 0 0 1 2.8515 1.60%
2.937 0 0 0 1 1 0 0 1 2.9688 1.07%
2.969 1 1 0 1 1 0 0 1 3.0273 1.93%
3.020 1 0 1 1 1 0 0 1 3.0664 1.51%
3.120 1 1 0 0 0 1 0 1 3.1835 1.99%
3.330 1 0 1 1 0 1 0 1 3.3789 1.45%
3.398 1 0 0 0 1 1 0 1 3.4570 1.71%
3.400 1 0 0 1 1 0 1 3.4570 1.65%
3.496 0 1 1 0 1 1 0 1 3.5546 1.65%
3.630 1 0 1 1 1 1 0 1 3.6914 1.66%
3.847 1 0 0 1 0 0 1 1 3.9257 2.00%
3.850 0 0 0 1 0 0 1 1 3.9063 1.44%
4.020 1 0 0 0 1 0 1 1 4.0820 1.52%
4.030 0 1 0 0 1 0 1 1 4.1015 1.74%
4.080 0 0 LLO 1 0 1 1 4.1406 1.46%

H L g aa v
15197 4.1 HanInaasdeAIeuIaeniluAInea (D)



62

wssuRsosh  wamsulasdagnaeuiaeniiudiaen USEAU | MANURANAIA
NNBY
fa7|fin6 | das | a4 | Ga3 | da2 |da1| dao
4.350 0 1 0 0 0 1 1 1 4.4140 1.45%
4.470 0 0 0 1 0 1 1 1 4.5313 1.35%
4.550 1 0 1 1 0 1 1 1 4.6093 1.29%
4.710 1 0 1 0 1 1 1 1 4.7851 1.57%
4.770 1 0 0 1 1 1 1 1 4.8632 1.92%
4.930 1 1 1 1 1 1 1 1 4.9804 1.01%
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42 wamsnaasimiiamuseslithainueadions

[ d a
TagnsSamveueanoIsainIesuiad

na1 |woade1iaii|ueaferifaie nm |weade1igaiil| ueafersai
2
10:20 0.13 0.12 12:40 0.26 0.18
10:30 0.24 0.16 12:50 0.11 0.11
10:40 0.16 0.13 13:00 0.19 0.12
10:50 0.30 0.2 13:10 0.31 0.2
11:00 0.34 0.22 13:20 0.10 0.11
11:10 0.16 0.14 13:30 0.10 0.11
11:20 0.13 0.12 13:40 0.16 0.1
11:30 0.30 0.2 13:50 0.11 0.11
11:40 0.26 0.18 14:00 0.11 0.11
11:50 0.22 0.16 14:10 0.09 0.11
12:00 0.22 0.17 14:20 0.10 0.12
12:10 0.11 0.11 14:30 0.11 0.12
12:20 0.12 0.11 14:40 0.12 0.12
12:30 0.30 0.19 14:50 0.13 0.12
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FAIRCHILD

SEMICONDUCTOR ™

DM74LS165

General Description

This device is an 8-bit serial shift register which shifts data
in the direction of Q4 toward Q when clocked. Parallel-in
access is made available by eight individual direct data
inputs, which are enabled by a low level at the shiftload
input. These registers also feature gated clock inputs and
complementary outputs from the eighth bit.

Clocking is accomplished through a 2-input NOR gate, per-
mitting one input to be used as a clock-inhibit function.
Holding either of the clock inputs HIGH inhibits clocking,
and holding either clock input LOW with the load input
HIGH enables the other clock input. The clock-inhibit input
should be changed to the high level only while the clock
input is HIGH. Parallel loading is inhibited as long as the
load input is HIGH. Data at the parallel inputs are loaded
directly into the register on a HIGH-to-LOW transition of the
shift/load input, regardless of the logic levels on the clock,
clock inhibit, or serial inputs.

August 1986
Revised March 2000

8-Bit Parallel In/Serial Output Shift Registers

Features

H Complementary outputs

H Direct oven'iding (data) inputs

| Gated clock inputs

H Parallel-to-serial data conversion
H Typical frequency 35 MHz

W Typical power dissipation 105 mW

Ordering Code:

Order Number | Package Number Package Description
DM74LS165M M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow
DM74LS165WM M16B 16-Lead Small Outline Intergrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
DM74LS165N N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Connection Diagram

W
clock _ PARALLEL INPUTS SERIAL OUTPUT

Vee INHBIT 7D € B A INPUT Oy

|15 |15 1 |13 |12 |11 |10 |9

VaX

1 2 3 4 5 6 7 Ia
SHIFT/ CLOCK E F G H OUTPUT GNO
LOAD —— O

PARALLEL WPUTS

Devices also available in Tape and Reel. Specify by appending the suffix letter “X" to the ordering code.

Function Table

Inputs Internal
Shift/| Clock [ Clock | Serial | Parallel| Outputs | Qutput
Load | Inhibit A.H |Qa Qg| Qy
L X X X a..h a b h
H L L X X Qpo Qgo| Qno
H L T H X H Qan| Qgn
H 14 T L X L Qan| Qgn
H H X X X Qpo Qgo| Qo

H = HIGH Level (steady state)

L = LOW Level (steady state)

X = Don't Care (any input, including transitions)

T = Transition from LOW-to-HIGH level

a...h = The level of steady-state input at inputs A through H, respectively.

Qpo. Qgo. Qug = The level of Qa, Qg, or Qy, respectively, before the
indicated steady-state input conditions were established.

Qpp. Qga = The level of Q4 or Qg, respectively, before the most recent
T transition of the clock.

© 2000 Fairchild Semiconductor Corporation DS006399

www.fairchildsemi.com

s19)s169y PIYS IndinQ [erag/u| [3)jered 1g-8 S9LSTVLNG
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DM74LS165

Logic Diagram

PARALLEL INPUTS

A 8 [ o € ¥
luu 12y l(l.‘l) |(l4| l(:: )

SERIAL (10)
NeUT

ac
CLEAR
sweT (1
LoAD 4>
d

@
cLock l 1

! o
crock 19!

INHIBIT

Timing Diagram

CLOCK INHIBIT l

SERIAL INPUT L
SHIFT/LOAD I l

L r

DATA

m
e

W]
W
G [w]
W7
oureur o~ e W e B e R e B
outPutGy | ot Rl e e

|——- INHIBIT SERIAL SHIFT- —  —
LOAD

Typical Shift, Load, and Inhibit Sequences

www.fairchildsemi.com 2
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SN5406, SN5416, SN7406, SN7416
HEX INVERTER BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

SDLS031A — DECEMBER 1983 — REVISED DECEMBER 2001

SN5406, SN5416 .. . J OR W PACKAGE

Convert TTL Voltage Levels to MOS Levels
SN7406...D, N, OR NS PACKAGE

High Sink-Current Capability

SN7416...D OR N PACKAGE
Input Clamping Diodes Simplify System (TOP VIEW)
Design U
Open-Collector Drivers for Indicator Lamps K‘[ ! 14 % \G/XC
and Relays 2 13
. . 2A(]3 12[] 6Y
® Inputs Fully Compatible With Most TTL 2v[l4 1l 5A
Circuits NiE 10f] 5Y
L 3v[ls o] 4A
description anofl7 of] av

These TTL hex inverter buffers/drivers feature
high-voltage open-collector outputs for interfacing
with high-level circuits (such as MOS) or for
driving high-current loads (such as lamps or
relays), and also are characterized for use as

SN5406 . . . FK PACKAGE
(TOP VIEW)

&)
O O
Nk >3

inverter buffers for driving TTL inputs. The 4@ = | = | | =
SN5406 and SN7406 have minimum breakdown aafa® 2 " 2 %oy
voltages of 30 V. The SN5416 and SN7416 have NC[]s 17l NC
minimum breakdown voltages of 15 V. The 2Y [ 6 16[] 5A
maximum sink current is 30 mA for the SN5406 Nc 7 15[} NC
and SN5416, and 40 mA for the SN7406 and 3nf]e 1a[] 5Y
SN7416. 9 10 11 1213

i 1 o o

>ao0o><

mZZ< O

o

NC — No internal connection

ORDERING INFORMATION

ORDERABLE TOP-SIDE
TA PACKAGET PART NUMBER | MARKING
Tube SN7406D
7406
Tape and reel SN7406DR
SOIC-D
Tube SN7416D
7416
0°C to 70°C Tape and reel SN7416DR
SN7406N SN7406N
PDIP-N Tube
SN7416N SN7416N
SOP - NS Tape and reel SN7406NSR SN7406
Tube SNJ5406J SNJ5406J
CDIP-J
Tube SNJ5416J SNJ5416J
-55°C to 125°C COIP —W Tube SNJ5406W SNJ5406W
Tube SNJ5416W SNJ5416W
LCCC —FK Tube SNJ5406FK SNJ5406FK

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

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.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

warranty. Prod
testing of all parameters.

pe

does not ily include

‘Q‘ TEXAS

Copyright ® 2001, Texas Instruments Incorporated

On products compliant to MIL-PRF-38535, all parameters are tested
unless otherwise noted. On all other pr production
processing does not necessarily include testing of all parameters.

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



SN5406, SN5416, SN7406, SN7416
HEX INVERTER BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

SDLS031A - DECEMBER 1983 — REVISED DECEMBER 2001

n-4

logic diagram (positive logic)

1A _1 {>o 2 4y
2a 3 >Q 4 v
3A _5 >0 6§ 3y
4A 9 >o 8 a4y
5A _11 ><:ﬁ 10 gy
6a 13 >o 12 gy

schematic (each buffer/driver)

'06, '16

Vce

OutputY

GND

e G

Resistor values shown are nominal.

absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Supply voltage, Vog (se8 NOte 1) ..o i A
Input voltage, Vi (see Note 1) ... o i 55V
Output voltage, Vg (see Notes 1.and 2): SN5406, SN7406 . ..., 30V
SN5416, SN7416 ... i 15V

Package thermal impedance, 8 jp (see Note 3): Dpackage ..., 86°C/W

N PACKEGE 2wy 50 5 s wisrs o1 5 595 < onerw vt o sm w10 0 e i o 80°C/W

NS package ..........coooiiiiiiiiiiiiiat . 76°C/W

Storage temperature range, Tgtg - -« ««vvvrrrrrsreerra et —65°C to 150°C

1 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. Voltage values are with respect to network ground terminal.
2. This is the maximum voltage which should be applied to any output when itis in the off state.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

‘QP TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



Philips Semiconductors

Octal D-type flip-flop; positive
edge-trigger; 3-state

FEATURES

» 3-state non-inverting outputs for bus oriented
applications

o 8-bit positive, edge-triggered register

Common 3-state output enable input

Independent register and 3-state buffer operation

Output capability: bus driver

Icc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT374 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

QUICK REFERENCE DATA
GND=0V; Tagmp=25°C; t,=t;=6ns

-5

Product specification

74HC/HCT374

The 74HC/HCT374 are octal D-type flip-flops featuring
separate D-type inputs for each flip-flop and 3-state
outputs for bus oriented applications. A clock (CP) and an
output enable (ﬁ) input are common to all flip-flops.

The 8 flip-flops will store the state of their individual
D-inputs that meet the set-up and hold times requirements
on the LOW-to-HIGH CP transition.

When OE is LOW, the contents of the 8 flip-flops are
available at the outputs. When OE is HIGH, the outputs go
to the high impedance OFF-state. Operation of the

OE input does not affect the state of the flip-flops.

The “374" is functionally identical to the “5634", but has
non-inverting outputs.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC | HCT

tenL/ trLn propagation delay CP to Q, C_.=15pF;Vcc=5V 15 13 ns
fmax maximum clock frequency 77 48 MHz
C input capacitance 3.5 35 pF
Cep power dissipation capacitance per flip-flop | notes 1 and 2 17 17 pF
Notes

1. Cppis used to determine the dynamic power dissipation (Pp in pW):

Pp = Cpp X VCC2 xfi+ h)) (CL X VC02 X fo) where:
fi =input frequency in MHz
fo = output frequency in MHz
T (CLx Vee? xf,) = sum of outputs
C_ = output load capacitance in pF
Ve = supply voltage in V
2. For HC the condition is V| = GND to V¢
For HCT the condition is V| = GND to V¢c — 1.5V

ORDERING INFORMATION
See “74HC/HCT/HCU/HCMOS Logic Package Information”.

December 1990 2
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Philips Semiconductors Product specification
Octal D-type flip-flop; positive edge-trigger; 74HC/HCT374
3-state

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION .

1 OE 3-state output enable input (active LOW)

2,5,6,9, 12,15, 16, 19 Qq to Q7 3-state flip-flop outputs

3,4,7,8,13,14,17,18 Do to D7 data inputs

10 GND ground (0 V)

1 CP clock input (LOW-to-HIGH, edge-triggered)

20 Vee positive supply voltage

1
=0 YV [Ew R\
% E E 5 (:Il:1 N r
% [3] 18] 07 3—00 %o[—2 o pvit
04 {5 [17] Ce :__ sl 2; B2 : Lo | &
s - 16] Qg s—o; az}—o A 68
2 [¢] 15] 05 B—{p, Quf—12 8 | o
o2 [ i s 4 R e 3 =
03 &} 13] 04 18—0; Q7f}—18 4L i 15
Q3 9] [12] 94 c%z prid | 18
ano 10 1] ce | B 18 | 19
7780968 72809671

Fig.1 Pin configuration. Fig.2 Logic éymbol. Fig.3 IEC logic symbol.

December 1990 3




Philips Semiconductors
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Product specification

Octal D-type flip-flop; positive edge-trigger;

74HC/HCT374
3-state
FUNCTION TABLE
OPERATING INPUTS INTERNAL | OUTPUTS
MODES OE | cP | D, FLIP-FLOPS Qq to Q7

5 ol load and read L7 | L L
220 —— register L|T]|h H H
4|01 | Q16
2102 a6 load registerand | H | T I L z

b — a disable outputs H|T]h H z
8131 e | yostate [
13104 Ft:B | oureurs |104]12 Notes
1 25 — zs 2 1. H=HIGH voltage level
1716 — sj16 h = HIGH voltage level one set-up time prior to the LOW-to-HIGH
1819 Q118 CP transition
nlee ] L = LOW voltage level
11ce | | = LOW voltage level one set-up time prior to the LOW-to-HIGH CP

transition
7280968 Z = high impedance OFF-state
T = LOW-to-HIGH CP transition
Fig.4 Functional diagram.
Dg 0y 0, 04 04 og 0Og 0
D Qp 0 Qp DQT 0 Q- 0D ap 0 Qp 0 QA+ D Q
ce ce ce (o] cP ce ce cP
I_ FF l‘ FF l— FF l_ FF l" FF l— FF { FF ‘_ FF
1 2 3 4 5 ] 7 8

Qg a, Q, a, a,

Fig.5 Logic diagram.

Qg

Qg

Q;

7290969.1

December 1990
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Product specification

Dual 2-to-4 line decoder/demultiplexer 74HC/HCT139

#

FEATURES
o Demultiplexing capability

Two independent 2-to-4 decoders

Multifunction capability

°

Active LOW mutually exclusive outputs

o Output capability: standard

lcc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT139 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL). Itis specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT139 are high-speed, dual 2-to-4 line
decoder/multiplexers. This device has two independent
decoders, each accepting two binary weighted inputs
(nAg and nA¢) and providing four mutually exclusive active
LOW outputs (nYp to nY3). Each decoder has an active
LOW enable input (nE).

When nE is HIGH, every output is forced HIGH. The
enable can be used as the data input for a 1-to-4
demultiplexer application.

The “139" is identical to the HEF4556 of the HE4000B
family.

QUICK REFERENCE DATA
GND=0V; Tamp=25°C; t,=t;=6ns
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
teuL/ trLn propagation delay CL=15pF;Vcc =5V
nA, to nYs 1 13 ns
nEs tonY, 10 13 ns
C input capacitance 3.5 3.5 pF
Cpp power dissipation capacitance per multiplexer | notes 1 and 2 42 44 pF

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in HW):

Pp = Cpp x Vec? x fi+ 3 (CL x Vec? x fo) where:
f, = input frequency in MHz
f, = output frequency in MHz
¥ (CL x Vec? x fo) = sum of outputs
C_ = output load capacitance in pF
Vcc = supply voltage in V

2. For HC the condition is V{ = GND to Vcc
For HCT the condition is V= GND to Vcc — 1.5V

APPLICATIONS

e Memory decoding or data-routing
e Code conversion

ORDERING INFORMATION
See “74HC/HCT/HCU/HCMOS Logic Package Information’.

September 1993 2
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Product specification

Dual 2-to-4 line decoder/demultiplexer

74HC/HCT139

1Yo
o—1— 4
1 1Y
o L b—4—s
144 DECODER 1 2
3 o—1—¢6
175
o—t—7
1€ j’
1 —
29,
O—;Q-——|2
2 2
14 4o D—l——"
24, DECODER 172
13 o——10
2V4
lo—1—s
2E j’
16 —

7290857

Fig.4 Functional diagram.

FUNCTION TABLE

INPUTS

OUTPUTS

nE nAg nAq nYo n71 nYz nY3

[l d sl e B
T xTr X
T EFTT X
e ggualll =

2T I <E
T L \ B
oI eEr T T

Notes

1. H=HIGH voltage level
L = LOW voltage level
X =don't care

Ao

3

ot
o

‘-_L—Do«[>o—{>c»va
7290966

Fig.5 Logic diagram (one decoder/demultiplexer).
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Philips Semiconductors Product specification

Dual 2-to-4 line decoder/demultiplexer 74HC/HCT139

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,15 1E, 2E enable inputs (active LOW)
2,3 1Ag, 1A4 address inputs
4,5,6,7 1Yo to 1Y3 outputs (active LOW)
8 GND ground (0 V)
12,11, 10,9 2Y, 0 2Y3 outputs (active LOW)
14,13 2Ag, 2A4 address inputs
16 Vee positive supply voltage
1
18 [ U [16] vec i
140 (2] 78] 28 1¥gjo—4
5] 4] 240 s ' JA il
3—{1A 1Y
%o [ | [13] 244 ! w; z::
1%, 5] 12] 2Y0 2vgjo—12
172 6] [11] 2%1 14— 24g 2YqjO—11
13 (7] m| 275 13—2A, 2Yzj0—10
2y 9
ot 3] 9] 23 2€ ]
7200083 ?15 7290084
Fig.1 Pin configuration. Fig.2 Logic symbol.
2 1, !zx b4 I P A S N}
1, }Gs N EI P 1ps
N ¢ 28
i ; N7 Irven apt
B foy 0% op2 ST PP U4
B 1}G% g~k B_1, g i
2 10 2 10
15 a8 ISl en s ®
7290956.1 7296936
(a (b)
Fig.3 |EC logic symbol.
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Philips Semiconductors Product specification

Hex inverter 74HC/HCTO04

;

FEATURES

« Output capability: standard
o |cc category: SSI

GENERAL DESCRIPTION

The 74HC/HCTO04 are high-speed Si-gate CMOS devices and are pin compatible with low power Schottky TTL (LSTTL).
They are specified in compliance with JEDEC standard no. 7A. The 74HC/HCTO04 provide six inverting buffers.

QUICK REFERENCE DATA
GND=0V;: Tamp=25°C; t,=t=6ns

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
teul/ tPLH propagation delay nA to nY CL=15pF;Vec=5V |7 8 ns
C input capacitance 3.5 3.5 pF
CeD power dissipation capacitance per gate | notes 1and 2 21 24 pF

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in pW):
Pp = Cpp X Vee2 x fi + T (Cp x Vec? x fo) where:
f; = input frequency in MHz
f, = output frequency in MHz
T (CLx Vec? x fo) = sum of outputs
C_ = output load capacitance in pF
Vcc = supply voltage in V

2. For HC the condition is V| = GND to Vcc
For HCT the condition is V; = GND to Vcc —1.5V

ORDERING INFORMATION
See “74HC/HCT/HCU/HCMOS Logic Package Information’”.
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Product specification

Hex inverter

74HC/HCTO4

PIN DESCRIPTION

Fig.1 Pin configuration.

PIN NO. SYMBOL NAME AND FUNCTION
1,3,5,9, 11,13 1A to 6A data inputs
2,4,6,8, 10,12 1Y to 6Y data outputs
7 GND ground (0 V)
14 Vce positive supply voltage
I
1 1A R 4 2 s
3 4
wi YV ke J2A ¥, —E
& E E oy 5 3A 3Y .
2v 4 04 [11]sa o 4A &Y o J_E’—
aa 5] [10] 57
o E E}  J 11 EA 5Y 1 10
ano [7] 8] 4y 132 LLASS 13 12
12874041 TZ90846

7290947.1

Fig.2 Logic symbol. Fig.3 IEC logic symbol.

_LIA 2
_3_2A 2Y4_
_i3A 3Yle
__9_4A QYL
.LSA GYlg_
_13]6A 6Yfi2

7Z87408.1

Fig.4 Functional diagram.

FUNCTION TABLE
INPUT OUTPUT
nA nY
L H
H L
Notes

ePof>e o

7200078

1. H=HIGH voltage level
L = LOW voltage level

Fig.5 Logic diagram
(one inverter).
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LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these is local on card

with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
" though designed primarily as fixed voltage regulators these
devices can be used with external components to obtain ad-
justable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit takes
over preventing the IC from overheating.

Considerable effort was expanded to make the LM78XX se-
ries of regulators easy to use and minimize the number of
external components. It is not necessary to bypass the out-

regulation, eliminating the distribution problems associated

May 2000

National Semiconductor

put, although this does improve transient response. Input by-
passing is needed only if the regulator is located far from the
filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V.

Features

m Output current in excess of 1A

u Intemal thermal overload protection

= No external components required

® Output transistor safe area protection

® Internal short circuit current limit

® Available in the aluminum TO-3 package

Voltage Range

LM7805C 5V
LM7812C 12v
LM7815C 15V

Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

OouTPUT GND

INPUT
DS007746-2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package
TO-220 (T)

E——— ourrur
o

> INPUT

ot ()

DS007746-3

Top View
Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

© 2000 National Semiconductor Corporation DS007746

www.national.com
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Absolute Maximum Ratings (Note 3)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Input Voltage

Maximum Junction Temperature
(K Package)

(T Package)

Storage Temperature Range
Lead Temperature (Soldering, 10 sec.)

150°C
150°C
-65°C to +150°C

(Vo = 5V, 12V and 15V) 35v TO-3 Package K 300°C
Internal Power Dissipation (Note 1) Internally Limited TO-220 Package T 230C
Operating Temperature Range (Ta) 0°C to +70°C
Electrical Characteristics LM78XXC (Note 2)

0°C < T, < 125°C unless otherwise noted.
Output Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 19V 23V Units
Symbol Parameter Conditions Min [ Typ | Max | Min [ Typ [Max | Min [ Typ [ Max
Vo Output Voltage Tj=25C,5mA<ic <1A 48 5 652|115 12 125|144 15 156 Vv
Pp<15W, 5 mA<|o < 1A 475 5.25 |11.4 12.6 [14.25 15.75 \Y
Viiini < Vir SV yna (7T5<Vin$20) | (145<Vy< (175 <V < v
27) 30)
AV Line Regulation lo = 500 Tj=25C o 50 4 120 4 150 mV
mA
AVin (T<Vin<25) | 1455V, <30) | (17.5<Vin< Y%
30)
0°C<Tj<+125°C 50 120 150 mV
AV (8<Vin<20) | (155Vy<27) | (185<Vy< Y%
30)
lo <1A Tj=25C 50 120 150 [ mV
AViy (T5<V<$20) | (146<Viy< (17.7 €V < v
27) 30)
0°"C<Tj<+125°C 25 60 75 mV
AVin (8<Vn<12) (16 £V, <22) | (20 <V, <26) \Y
AVo Load Regulation Tj=25C 5mA <l < 1.5A 10 50 12 120 12 150 mV
250 mA < g € 25 60 75 mV
750 mA
5mA<Iio<1A, 0C<Tj< 50 120 150 | mv
+125°C
la Quiescent Current | o < 1A Tj=25C 8 8 8 mA
0°C<Tj<+125°C (R, 8.5 8.5 mA
Alg Quiescent Current | 5 mA <lg < 1A 0.5 0.5 0.5 mA
Change Tj=25C, lo< 1A 1.0 1.0 1.0 mA
Ve € Vin € Viax (75<Vin£20) | (148<Vng27) | (17.9< Vi< \%
30)
lo <500 mA, 0°C<Tj< +125°C 1.0 1.0 1.0 mA
Vi < Vin € Viax (T<Vn<25) | (145<Vc30) | (175<Viys |V
30)
Vi Output Noise T, =25°C, 10 Hz < f <100 kHz 40 75 90 (Y
Voltage
Ripple Rejection Io<1A, Tj=25C| 62 80 55 72 54 70 dB
_évi or
AVour f =120 Hz | lo <500 mA 62 55 54 dB
0°C<Tj<+125°C )
Vi < Vin < Varax (8<Vin<18) | (155Vy<25) | (185<V< Y
28.5)
Ro Dropout Voltage Tj = 25°C, loyr = 1A 2.0 2.0 2.0 \Y
Output Resistance | f = 1 kHz 8 18 19 mQ
L

www.national.com
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573

BD677/A/679/A/681
BD678/A/680/A/682

COMPLEMENTARY SILICON
POWER DARLINGTON TRANSISTORS

a STMicroelectronics PREFERRED

SALESTYPES

COMPLEMENTARY PNP - NPN DEVICES

« MONOLITHIC DARLINGTON
CONFIGURATION

=« INTEGRATED ANTIPARALLEL
COLLECTOR-EMITTER DIODE

APPLICATION
= LINEAR AND SWITCHING INDUSTRIAL
EQUIPMENT

DESCRIPTION

The BD677, BD677A, BD679, BD679A and
BD681 are silicon epitaxial-base NPN power
transistors in monolithic Darlington configuration
mounted in Jedec SOT-32 plastic package.

They are intended for use in medium power linar
and switching applications

The complementary PNP types are BDG678,
BD678A, BD680, BD680A and BD682
respectively.

)

SOT-32

INTERNAL SCHEMATIC DIAGRAM

scred 5(3) scaraso 5
R1 Typ.=7K Q Rz Typ.= 230
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
NPN | BD677/A BD679/A BD6381
PNP | BD678/A BD680/A BD682
Vcso |Collector-Base Voltage (le = 0) 60 80 100 \Y
Vceo |Collector-Emitter Voltage (lg = 0) 60 80 100 \%
Veso |Emitter-Base Voltage (Ic = 0) 5 Vv
lc Collector Current A
lcm Collector Peak Current 6 A
Ig Base Current 0.1 A
Ptot Total Dissipation at T¢ < 25 °C 40 w
Tstig |Storage Temperature -65 to 150 °C
Tj Max. Operating Junction Temperature 150 °c

For PNP types voltage and current values are negative.

December 2000
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BD677/677A/678/678A/679/679A/680/680A/681/682

-16

THERMAL DATA

Rinj-case |Thermal Resistance Junction-case Max 3.12 °CIW
Rinj-amb |Thermal Resistance Junction-ambient Max 100 °c/w
ELECTRICAL CHARACTERISTICS (Tcase =25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Icso Collector Cut-off Vce = rated Vcso 0.2 mA
Current (e = 0) Vce = rated Vego  Tc =100 °c 2 mA
lceo Collector Cut-off Vce = half rated Vceo 0.5 mA
Current (Is = 0)
leso Emitter Cut-off Current |Ves =5V 2 mA
(Ilc = 0)
Vceo(sus)* Collector-Emitter Ilc =50 mA
Sustaining Voltage for BD677/677A/678/678A 60 \Y
for BD679/679A/680/680A 80 \Y
for BD681/682 100 \Y,
Vcesaty* | Collector-Emitter for BD677/678/679/680/681/682
Saturation Voltage lc=1.5A lg =30 mA 2.5 \
for BD677A/678A/679A/680A
Ic=2A ls =40 mA 2.8 Y
Vge* Base-Emitter Voltage |for BD677/678/679/680/681/682
lc=15A Vce=3V 2.6 Vv
for BD677A/678A/679A/680A
Ic=2A Vce =3V 2.5 \Y
hre* DC Current Gain for BD677/678/679/680/681/682
lc=1.5A Vce=3V 750
for BD677A/678AI67T9A/680A
Ic=2A Vce =3V 750
hte Small Signal Current Ilc =1.5A Vce =3V f=1MHz 1
Gain
* Pulsed: Pulse duration = 300 ms, duty cycle 1.5 %
Safe Operating Areas Derating Curve
(e ’ % T
¢ : = MAX;PIUL%?I PULSE OPERATION® =
| A
«[lc_Max_conTinuosy [\
[T TN\
p.c. operaTion N\ \ 100
2 \ \‘
\ N N
10° \ 100us
f Y Is/s
6 \ S
«|* FOR SINGLE NON 50 <
REPETITIVE PULSE N 1ms N
A TTHIHL TN Pro
BDE77(A—EDG7BZA
80679/A—BD6B0/A 1{0ms
1 BDE81 BD6B2
10 0 4 68 1 2 4 668 2 2 4 6
10 10 10 Vee (V) 0 50 100 T, (°C)
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NNational Semiconductor

ADC0808/ADC0809

8-Bit uP Compatible A/D Converters with 8-Channel

Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compatible
control logic. The 8-bit A/D converter uses successive ap-
proximation as the conversion technique. The converter fea-
tures a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for external zero and
full-scale adjustments. Easy interfacing to microprocessors
is provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADC0808, ADC0809 offers high
speed, high accuracy, minimal temperature dependence,
excellent long-term accuracy and repeatability, and con-
sumes minimal power. These features make this device
ideally suited to applications from process and machine
control to consumer and automotive applications. For
16-channel multiplexer with common output (sample/hold
port) see ADC0816 data sheet. (See AN-247 for more infor-
mation.)

Features

m Easy interface to all microprocessors

m Operates ratiometrically or with 5 V¢ or analog span

adjusted voltage reference

No zero or full-scale adjust required
8-channel multiplexer with address logic
0V to 5V input range with single 5V power supply
Outputs meet TTL voltage level specifications
Standard hermetic or molded 28-pin DIP package
28-pin molded chip carrier package
ADC0808 equivalent to MM74C949
ADCO0809 equivalent to MM74C949-1

Key Specifications

m Resolution

m Total Unadjusted Error

= Single Supply

u Low Power

m Conversion Time

+15 LSB and £1 LSB

October 1999

8 Bits

5 Vpe
15 mW
100 ps

Block Diagram

T A/

Yy

8 CHANNELS
MULTIPLEXING
ANALOG
SWITCHES

8§ ANALOG INPUTS —

COMPARATOR

T17177°7¢01

r

¢

START cLock

END OF CONVERSION

CONTROL & THMING

!

SAR.

——F=-——-

3-81T ADORESS {

ADDRESS o
LATCH ENABLE

f19

ADORESS
LATCH

I
|
"

AND
DECODER

vVee  GND REF(4)

SWITCH TREE

ft

256 R RESISTOR LAODER

See Ordering
Information

2 (INTERARUPT)

BUFFER

4-8IT OUTPUTS

I

REF(-) OUTPUT
ENABLE

DS005672-1

© 2001 National Semiconductor Corporation

DS005672
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Connection Diagrams

Dual-In-Line Package

IN3—{1 28}z
IN&—2 27—t
INS—{3 26}—INo
IN6—4 251400 A
IN7—{5 24}—A0D B
START—{6 23}—A0D €
goc—7 22-ALE
2758 21f—2""usB
OUTPUT ENABLE—{9 204—2"2
cLock—{10 19}-273
Ve {11 18274
Vegr (4) =12 17}-2"8Ls8
GND—{13 16 f—Veer ()
27714 15}—2"6
DS005672-11

Order Number ADC0808CCN or ADCO809CCN

See NS Package J28A or N28A

Ordering Information

Molded Chip Carrier Package

< @ O
QO 0 O Ww— ™o "
Q 0 Qg 2t [ 1
< < < < N &
[ T T T |
25 24 23 22 21 20 19
IN0O—] 26 18}-27*
N1—] 27 172788
IN2—28 16— Veer ()
. 1s}—2"8
N4—]2 14277
INS3 13}—GND
IN6—4 12} Vger (+)
5 6 7 8 9 10 11
T1r1 11T U1
N = O W WX
sEgLIES
«a z a3
-
>
&
p=J
o

DS005672-12

Order Number ADC0808CCV or ADC0809CCV
See NS Package V28A

" TEMPERATURE RANGE

-40°C to +85°C -55'C to +125°C

Error

+15 LSB Unadjusted

ADCO0808CCN

ADC0808CCV ADC0808CCJ ADC0808CJ

+1 LSB Unadjusted

ADC0809CCN

ADC0809CCV

Package Outline

N28A Molded DIP

J28A Ceramic DIP J28A Ceramic DIP

\/28A Molded Chip Carrier

www.national.com
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Absolute Maximum Ratings (Notes 2, 1) Dual-In-Line Package (ceramic) 300°C
If Military/Aerospace specified devices are required, Molded Chip Carrier Package
please contact the National Semiconductor Sales Office/ Vapor Phase (60 seconds) 215°C
Distributors for availability and specifications. Infrared (15 seconds) 220°C
Supply Voltage (V) (Note 3) 6.5V ESD Susceptibility (Note 8) 400V
Voltage at Any Pin -0.3V to (Vect0.3V) . o

Except Control Inputs Operating Conditions (Notes 1, 2)
Voltage at Control Inputs -0.3V to +15V Temperature Range (Note 1) TminSTa<Tmax

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) ADC0808CCN,ADC0809CCN —40°C<T,<+85°C
Storage Temperature Range -65°C to +150°C ADC0808CCV, ADC0809CCV -40°C < T, <+85°C
Package Dissipation at T,=25°C 875 mW Range of V¢ (Note 1) 4.5 Vpe t0 6.0 Vpe
Lead Temp. (Soldering, 10 seconds)

Dual-In-Line Package (plastic) 260°C

Electrical Characteristics
Converter Specifications: Vec=5 Vpc=Vger+ Vrer(-=GND, TpunSTasTuax and fo x=640 kHz unless otherwise stated.

Symbol Parameter Conditions Min Typ Max Units
ADCO0808
Total Unadjusted Error 25.C =4 LSB
(Note 5) Tain 0 Tax +% LSB
ADCO0809
Total Unadjusted Error 0'Cto 70°C £ LSB
(Note 5) Twin 10 Tuax 1Y LSB
Input Resistance From Ref(+) to Ref(-) 1.0 25 kQ
Analog Input Voltage Range (Note 4) V(+) or V(-) GND-0.10 Veet0.10 Voc
VRrer+) Voltage, Top of Ladder Measured at Ref(+) Vee Veet0.1 \Y%
VReF(+)+ VREF(— Voltage, Center of Ladder Vee/2-0.1 | Veel2 | Vec/2+0.1 \
2
Vrer(— Voltage, Bottom of Ladder Measured at Ref(-) -0.1 0 \Y
Iin Comparator Input Current f.=640 kHz, (Note 6) —2 +0.5 2 pA

Electrical Characteristics
Digital Levels and DC Specifications: ADCO808CCN, ADC0808CCV, ADC0809CCN and ADC0809CCV, 4.755Vc<5.25V,
—-40°C<TA<+85°C unless otherwise noted

Symbol l Parameter ] Conditions Min Typ Max Units
ANALOG MULTIPLEXER
lorr OFF Channel Leakage Current Vee=5V, Vin=5V,
To=25'C 10 200 nA
Tarin 10 Tmax 1.0 LA
lore(-) OFF Channel Leakage Current Vee=5V, Vin=0,
TA=25C -200 -10 nA
Toainto Tk -1.0 pA
CONTROL INPUTS
Vinay Logical “1" Input Voltage Vee—1.5 \Y
Vineoy Logical “0" Input Voltage 1.5 Vv
lineny Logical “1" Input Current V=15V 1.0 pA
(The Control Inputs)
lingoy Logical “0" Input Current Vin=0 -1.0 LA
(The Control Inputs)
lec Supply Current fo =640 kHz 0.3 3.0 mA

3 www.national.com
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Electrical Characteristics (Continued)

Digital Levels and DC Specifications: ADCO808CCN, ADC0808CCV, ADCO0809CCN and ADC0809CCV, 4.755Vc<5.25V,
-40°C<T 5,<+85°C unless otherwise noted

Symbol | Parameter j Conditions Min Typ Max [ Units
DATA OUTPUTS AND EOC (INTERRUPT)
Voury Logical “1" Output Voltage Vee = 4.75V
lour = —360pA 2.4 V(min)
lour = —10pA 4.5 V(min)
Vout( Logical “0" Output Voltage 15=1.6 mA 0.45 V
Vourt(o Logical “0" Output Voltage EOC 1o=1.2 mA 0.45 \
lout TRI-STATE Output Current Vo=5V 3 HA
Vo=0 ~3 HA

Electrical Characteristics
Timing Specifications Voc=Vgrer(+) =5V, Vrer=GND, t=,=20 ns and T,=25"C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
twaLe Minimum ALE Pulse Width (Figure 5) b 100 200 ns
tg Minimum Address Set-Up Time | (Figure 5) 25 50 ns
th Minimum Address Hold Time (Figure 5) 25 50 ns
to Analog MUX Delay Time Rs=0Q (Figure 5) 1 25 us

From ALE
th1s tho OE Control to Q Logic State C_ =50 pF, R =10k (Figure 8) 125 250 ns
tin ton OE Control to Hi-Z C.=10 pF, R =10k (Figure 8) 125 250 ns
t Conversion Time f.=640 kHz, (Figure 5) (Note 7) 90 100 116 us
fe Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time (Figure 5) 0 8+2 uS Clock
Periods
Cin Input Capacitance At Control Inputs 10 15 pF
Cour TRI-STATE Output At TRI-STATE Outputs 10 15 pF
Capacitance

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to GND, unless othewise specified. ,
Note 3: A zener diode exists, intemally, from V¢ to GND and has a typical breakdown voltage of 7 Vpc.

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop
greater than the Vecn supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog Vi does not exceed the supply voltage
by more than 100 mV, the output code will be correct. To achieve an absolute 0Vpc to 5Vpc input voltage range will therefore require a minimum supply voltage of
4.900 Vpc over temperature variations, initial tolerance and loading.

Note 5: Total unadjusted eror includes offset, full-scale, linearity, and multiplexer errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust.
However, if an all zero code is desired for an analog input other than 0.0V, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference
voltages can be adjusted to achieve this. See Figure 13.

Note 6: Comparator input cument is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has
little temperature dependence (Figure 6). See paragraph 4.0.

Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC.
Note 8: Human body model, 100 pF discharged through a 1.5 kQ resistor.

www.national.com 4
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Functional Description

Multiplexer. The device contains an 8-channel single-ended
analog signal multiplexer. A particular input channel is se-
lected by using the address decoder. Table 7 shows the input
states for the address lines to select any channel. The
address is latched into the decoder on the low-to-high tran-
sition of the address latch enable signal.

TABLE 1.
SELECTED ADDRESS LINE
ANALOG C B A
CHANNEL
INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
INS H L H
IN6 H H L
IN7 H H H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its
8-bit analog-to-digital converter. The converter is designed to
give fast, accurate, and repeatable conversions over a wide
range of temperatures. The converter is partitioned into 3
major sections: the 256R ladder network, the successive
approximation register, and the comparator. The converter’s
digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularly important in closed loop feedback
control systems. A non-monotonic relationship can cause
oscillations that will be catastrophic for the system. Addition-
ally, the 256R network does not cause load variations on the
reference voltage.

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output transi-
tion occurs when the analog signal has reached +V2 LSB
and succeeding output transitions occur every 1 LSB later up
to full-scale.

The successive approximation register (SAR) performs 8
iterations to approximate the input voltage. For any SAR
type converter, n-iterations are required for an n-bit con-
verter. Figure 2 shows a typical example of a 3-bit converter.
In the ADC0808, ADC0809, the approximation technique is
extended to 8 bits using the 256R network.

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the
end-of-conversion (EOC) output to the SC input. If used in
this mode, an external start conversion pulse should be
applied after power up. End-of-conversion will go low be-
tween 0 and 8 clock pulses after the rising edge of start
conversion.

The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
ultimate accuracy of the entire converter. It is also the com-
parator drift which has the greatest influence on the repeat-
ability of the device. A chopper-stabilized comparator pro-
vides the most effective method of satisfying all the
converter requirements.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since the
drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlined in AN-179.

www.national.com
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Functional Description (continued)

CONTROLS FROM S.A.R.
|

REF(+) O— j + {

t—/

1%R
R .
e e
e L] L]
R
L] L] ° Ny
L]
T0
256R : ° ° ° > COMPARATOR
° INPUT
A e ° ° ~—
L ° Ll
R ° ° °
L] o
%R el
[ ]
REF(-) O—

DS005672-2

FIGURE 1. Resistor Ladder and Switch Tree

111 - INFINITE RESOLUTION
L= FULLSCALE " PERFECT CONVERTER
110 IDEAL CURVE —-=  ERROR=1/2 LS8
N 110 1218 IDEAL 3-8IT CONVERTER
a 10 w TAL !
3 g 1w unaosusteo ™5 L
100 ERROR
5 5 100 -11s8
ST . = ABSOLUTE
e i NONLINEARITY = 1/2 LSB a o ACCURECY
€ oo - e
< < 0o —1/2 LS8
NONLINEARITY = —1/2 LSB 5 L
01| e gg:g;lzmou
— |~ zER0 ERROR = —1/4 LS8
T Vin 000 v
08 1/8 2/8 38 4/8 5/ 68 1/8 0/8 1/8 2/8 3/8 4/8 S/8 6/ /8 .

ViN AS FRACTION OF FULL-SCALE Vin AS FRACTION OF FULL-SCALE
DS005672-13

. FIGURE 2. 3-BItR(N[af=fgy Curve FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

DS005672-14

REFERENCE LINE

QUANTIZING .
ERROR =
INPUT OV ' FULL
VOLTAGE SCALE

DS005672-15

FIGURE 4. Typical Error Curve
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Timing Diagram

i

START

ALE m% S0%
muj |
1 STABLE ADDRESS
ADDRESS 50% S0%
w Hy
ANALOG V i STABL v
weur A B )\
<in
e

COMPARATOR
INPUT
(INTERNAL NODE) s
ouTPUT ' ~

ENABLE
EoC
[ ——-AK sox
re——pr- 1600
i~ o e !
TRISTATE
QUTPUTS - e e — AN on dA ey W oy, W F§).8 Vs
DS005672-4
FIGURE 5.

7 www.national.com
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Applications Information (continued)

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator input current is caused by the
periodic switching of on-chip stray capacitances. These are
connected alternately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparator.

The average value of the comparator input current varies
directly with clock frequency and with V,y as shown in
Figure 6.

Typical Application

If no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input
current should not introduce converter errors, as the tran-
sient created by the capacitance discharge will die out be-
fore the comparator output is strobed.

If input filter capacitors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current. It will then take on the character-
istics of a DC bias current whose effect can be predicted
conventionally.

READ )
I INTERRUPT
500 kHz— CLK (1]
ADDRESS 5.000V—] VREF(+) EOC INTERRUPT
DECODE
(AD4-AD15)* 0.000V —{ VReF(-)
2-1—> 87 MSB
START =2 f———> DB6
ALE -3}——9 085
WRITE .
24— D84
ADO—{ A 2-5 |—— D83
ADC0808
AD1—B  ppcogag 270 DB2
AD2—{C 2= 9> DB1
2-8— 080 LsB
5V sumvct
Vee larf—Vin 8
|GND -
0-5v
GROUND = ° ANALOG
INPUT RANGE
o
o f—Vin1

DS005672-10

*Address latches needed for 8085 and SC/MP interfacing the ADC0808 to a microprocessor

TABLE 2. Microprocessor Interface Table

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circuit)
Z-80 RD WR INT (Thru RST Circuit, Mode 0)
SCIMP NRDS NWDS SA (Thru Sense A)
6800 VMA*¢2:R/W | VMA+¢-RW | TRQA or IRQB (Thru PIA)

www.national.com
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

N-25

Dual 4-Stage

Binary Ripple Counter
High—Performance Silicon-Gate CMOS

The MC54/74HC393 is identical in pinout to the LS393. The device inputs
are compatible with standard CMOS outputs; with pullup resistors, they are
compatible with LSTTL outputs.

This device consists of two independent 4-bit binary ripple counters with
parallel outputs from each counter stage. A + 256 counter can be obtained
by cascading the two binary counters.

Internal flip—flops are triggered by high—to—ow transitions of the clock
input. Reset for the counters is asynchronous and active-high. State
changes of the Q outputs do not occur simultaneously because of internal
ripple delays. Therefore, decoded output signals are subject to decoding
spikes and should not be used as clocks or as strobes except when gated
with the Clock of the HC393.

o OQutput Drive Capability: 10 LSTTL Loads

o Outputs Directly Interface to CMOS, NMOS, and TTL

« Operating Voltage Range: 2to 6 V

e Low Input Current: 1 pA

« High Noise Immunity Characteristic of CMOS Devices

« In Compliance with the Requirements Defined by JEDEC Standard
No. 7A

s Chip Complexity: 236 FETs or 59 Equivalent Gates

LOGIC DIAGRAM

2
- N g
. BINARY A [
CLOCK —2
PCOUNTER |— 5% a3
6.8y %
RESEf =212
PIN 14 = Vg
PIN7 =GND

10/95

MC54/74HC393

b

J SUFFIX
CERAMIC PACKAGE
CASE 632-08

N SUFFIX
PLASTIC PACKAGE
CASE 646-06

D SUFFIX
14@ SOIC PACKAGE

1 CASE 751A-03

ORDERING INFORMATION

MC54HCXXXJ Ceramic
MC74HCXXXN Plastic
MC74HCXXXD SOIC

PIN ASSIGNMENT

clockall 1e 14 1 vee
RESETa (] 2 13 [] CLOCK b
Qa3 12 [] RESETb
Q2,0 4 111 Qlp
Q3,1 5 10 1 Q24
Q4,0 6 9] Q3
GNo [l 7 8 [l Q4p
FUNCTION TABLE
Inputs
Clock Reset Outputs
X H L
H L No Change
L L No Change
v L No Change
S L Advance to
Next State

© Motorola, Inc. 1995 1

REV 6
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MC54/74HC393

TIMING DIAGRAM

|o|1|2|3|4|5|6[7{e|9|10|11|12|13|14|15|o|

CLOCK

COUNT SEQUENCE

Outputs

(o}
£
[}
@
o]
]
24

Count

SOONOOAWN=O

Y TR «
B WN =

T I I T I LEmi-r bl il
T o\l e g T T LR
TE - T eGSR T
T ANEsT ML fAT FT T-= T

-
(9]

High-Speed CMOS Logic Data 5 MOTOROLA
DL129 — Rev 6



Philips Semiconductors

Product specification

T e e e e e e S e e

Presettable synchronous 4-bit binary

counter; asynchronous reset

74HC/HCT161

oo 5 A R B e Y G B S 3 S o i iz

FEATURES

Synchronous counting and loading

Two count enable inputs for n-bit cascading

Positive-edge triggered clock

Asynchronous reset

Output capability: standard

Icc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT161 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT161 are synchronous presettable binary
counters which feature an internal look-ahead carry and
can be used for high-speed counting.

Synchronous operation is provided by having all flip-flops
clocked simultaneously on the positive-going edge of the
clock (CP).

The outputs (Qq to Q3) of the counters may be preset to a
HIGH or LOW level. A LOW level at the parallel enable

QUICK REFERENCE DATA
GND=0V; Tamp=25°C; t,=t=6ns

input (PE) disables the counting action and causes the
data at the data inputs (Dg to D3) to be loaded into the
counter on the positive-going edge of the clock (providing
that the set-up and hold time requirements for PE are met).
Preset takes place regardless of the levels at count enable
inputs (CEP and CET).

A LOW level at the master reset input (ﬁ) sets all four
outputs of the flip-flops (Qg to Q3) to LOW level regardless
of the levels at CP, PE, CET and CEP inputs (thus
providing an asynchronous clear function).

The look-ahead carry simplifies serial cascading of the
counters. Both count enable inputs (CEP and CET) must
be HIGH to count. The CET input is fed forward to enable
the terminal count output (TC). The TC output thus
enabled will produce a HIGH output pulse of a duration
approximately equal to a HIGH level output of Qq. This
pulse can be used to enable the next cascaded stage.

The maximum clock frequency for the cascaded counters
is determined by the CP to TC propagation delay and CEP
to CP set-up time, according to the following formula:

i 1
fmax = o (CP 1o TC) +1 , (CEP 10 CP)

TYPICAL N2
SYMBOL | PARAMETER CONDITIONS UNIT 1. Cpp is used to determine the
HC | HCT dynamic power dissipation
tpuL/ teuy | propagation delay C_ =15 pF; (Pp in pW):

Criacy G b A A

Rl P 0 ns 2 (CL X Vcc2 X fo)

MR to Qg 20 25 ns where:

MR to TC 20 26 ns . .

CET to TC 10 14 s f, = input frequency in MHz
frax maximum clock frequency 44 |45 MHz fo = output frequency in MHz
C input capacitance 35 |35 |pF by (tCLtX Voe? x fo) = sum of
Cpp power dissipation notes 1and 2 |33 35 pF M ) )

capacitance per package C_ = output load capacitance in

December 1990 2

pF '
Vcc = supply voltage in V

2. For HC the condition is
V= GND to VCC

For HCT the condition is
V= GND to Vcc— 1.5V



Philips Semiconductors
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Product specification

Presettable synchronous 4-bit binary

74HC/HCT161
counter; asynchronous reset
ORDERING INFORMATION
See “74HC/HCT/HCU/HCMOS Logic Package Information”.
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1 MR asynchronous master reset (active LOW)
2 CP clock input (LOW-to-HIGH, edge-triggered)
3,4,5,6 Dg to D3 data inputs
7 CEP count enable input
8 GND ground (0 V)
9 PE parallel enable input (active LOW)
10 CET count enable carry input
14, 13,12, 11 Qo to Q3 flip-flop outputs
15 TC terminal count output
16 Vee positive supply voltage
and CTR4
9
wi (1] U 6] vec o 3 AYSeAs =N
AN Q O ~
cr [2] 5] 1c PE Dy Dy D, D3 =~
00 [3 A 7— cep bz
= L 5 10— ceT -
o1 (4] 161 el Tcf—1s 2 1720 L
0y E E a, 2—{CpP x| 13
1—0f MR
o e 0% g s | :
cer [7] 10] ceT ARNIAY N o
— 4 13 12 n
GNe E :9] Fe 1293608 act=15 |
7293808 7z93611
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.
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Philips Semiconductors Product specification

Presettable synchronous 4-bit binary

74HC/HCT161
counter; asynchronous reset
3 e s s
Op |01 |02 |03
2P o eamaLLEL LOAD CIRCUITRY
10 {CET
7 |cep
ol Tcl 15
21cP CP  BINARY COUNTER N
MR lRp
Qp |a; ez |aj
14 3 12 n e
Fig.4 Functional diagram.
FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE = . —=
MR GP CEP CET PE D, Q, TC
reset (clear) L X X X X X I L
parallel load H T X X I [ L L
H T X X | h H 1
count H T h h h X count M
hold H X | X h X dn M
(do nothing) H X X | h X an L

Note

1. The TC output is HIGH when CET is HIGH and the counter is at terminal count (HHHH).
H = HIGH voltage level
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition
L = LOW voltage level
| = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
q = lower case letters indicate the state of the referenced output one set-up time prior to the
LOW-to-HIGH CP transition
X'= don't care
T = LOW-to-HIGH CP transition

December 1990 4
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Product specification

Presettable synchronous 4-bit binary

counter; asynchronous

reset

74HC/HCT161

s [z {a bl

Fig.5 State diagram.

C

CEP

CET

Qq

—

—

L
-
I

N = [

Q4

1 | [

Q2

Q3

TC

L
1

zero, one and two; inhibit.

12

resst presst

13 14 1§ 0 1 2

count

inhibit

7293628

Fig.6 Typical timing sequence: reset outputs to zero; preset to binary twelve; count to thirteen, fourteen, fifteen,

December 1990




MANUIN U

AWYNDIUAIUBIINDY



I RES

@U..Zw be o I wﬁ N

v
vosafleuomos 1




v
a1/Tlauowes 2



3

J

#

' a d J =3 g 4
-3 LLNH'N‘i]i“WﬂJ‘WGU’EN‘]J@5@ﬂ3ﬂﬂum@@ﬁlﬁﬂﬂﬂﬂ@m@i 3



MARHIN A

Tlisunsunaugumanau



Tisunsumsninquuemes
Private Sub Comm_back!_Click()
main_menu_form.Show
Unload test] _motor form
.End Sub
Sub latch()
Call delay
Out &H37A, &HF
delay
Out &H37A, &HO0
End Sub
Sub delay() 'frequency of computer
valspeed = Val(Text2.Text)
times = Timer
Do
DoEvents
Loop Until Timer >= times + valspeed
End Sub
Private Sub comm_left Click()
Lefts = True
Rights = False
Stops = False
valstep = Val(Textl.Text)
valspeed = Val(Text2.Text)
valcount =0
nub% =0
Dim step_out1(4) As Integer
Dim step_out2(4) As Integer
Dim step_out3(9) As Integer

step_outl(1) = &H1

f-1



step_out1(2) = &H2
step_out1(3) = &H4

step_outl(4) = &H8

step_out2(1) = &H9
step_out2(2) = &H3
step_out2(3) = &H6

step_out2(4) = &HC

step_out3(1) = &H9
step_out3(2) = &Hl1
step_out3(3) = &H3
step_out3(4) = &H2
step_out3(5) = &H6
step_out3(6) = &H4
step_out3(7) = &HC
step_out3(8) = &H8

step_out3(9) = &HO

If Val(Text2) >= 0.001 Then

If Option1phase.Value = True Then
If Option_con = True Then
%=1

Do

- DoEvents
m% =1% - 4 * (nub% \ 4)
Out &H37A, &HO

Out &H378, step_outl(m%)



Call latch

i%=1%+1

nub% =nub% +1

Loop Until Stops = True
End If

If Option_count = True Then
Fori% = 1 To valstep
m% =1% -4 * (nub \ 4)
Out &H37A, &HO
Out &H378, step_out1(m%)
Call latch
nub% = nub% + 1
Next 1%

End If

End If 'end of choose 1 phase

If Option2phase.Value = True Then
If Option_con = True Then

i%=1
Do
DoEvents
m% = i% - 4 * (nub% \ 4)
Out &H37A, &HO
Out &H378, step_out2(m%)
Call latch

1%=1%+1

-3



nub% = nub% + 1
Loop Until Stops = True

End If

If Option_count = True Then
For i% =1 To valstep
m% =1% -4 * (nub\ 4)
Out &H37A, &HO
Out &H378, step_out2(m%)
Call latch
nub% = nub% + 1
Next i%

End If

End If 'end of choose 2 phase

If Option_h_step.Value = True Then
If Option_con = True Then
1%=1

Do

DoEvents

m% =i% - 9 * (nub% \ 9)
Debug.Print m%

Out &H37A, &H0

Out &H378, step_out3(m%)

Call latch

i%=1%+1
Debug.Print 1%

nub% = nub% + 1

-4



Debug.Print nub%
~ Loop Until Stops = True
End If

If Option_count = True Then
For i% =1 To valstep
m% =1% -9 * (nub\ 9)
Out &H37A, &HO
Out &H378, step_out3(m%)
Call latch
nub% = nub% + 1
Next 1%

End If

End If 'end of choose 2 phase

Else: MsgBox " motor can't drive ,value not over 0.001"

End If

End Sub

Private Sub CommRight Click()
Lefts = False

Rights = True

Stops = False

valstep = Val(Text1.Text)
valspeed = Val(Text2.Text)
valcount = 0

nub% =0

Dim step_out1(4) As Integer

-5



Dim step_out2(4) As Integer

Dim step_out3(9) As Integer
step_out1(1) = &H8
step_outl(2) = &H4
step_out1(3) = &H2
step_out1(4) = &HI

step_out2(1) = &HC
step_out2(2) = &H6
step_out2(3) = &H3

step_out2(4) = &H6

step_out3(1) = &H8
step_out3(2) = &HC
step_out3(3) = &H4
step_out3(4) = &H6
steb_out3(5) =&H2
step_out3(6) = &H3
step_out3(7) = &HI
step_out3(8) = &H9

step_out3(9) = &HO
If Val(Text2) >= 0.001 Then

If Optionlphase.Value = True Then
If Option_con = True Then
i%=1
Do
~ DoEvents

m% =1% - 4 * (nub% \ 4)



Out &H37A, &HO

Out &H378, step_outl(m%)

Call latch

i%=1%+1

nub% = nub% + 1

Loop Until Stops = True
End If

If Option_count = True Then
Fori% = 1 To valstep
m% = 1% - 4 * (nub \ 4)
Out &H37A, &HO
Out &H378, step_out1(m%)
Call latch
nub% =nub% + 1
Next 1%

End If

End If 'end of choose 1 phase

If Option2phase.Value = True Then
If Option_con = True Then
1% =1
Do
DoEvents
m% = 1% - 4 * (nub% \ 4)
Out &H37A, &HO
Out &i{378, step_out2(m%)

Call latch

-7



1% =1% + 1
nub% = nub% + 1
Loop Until Stops = True

End If

If Option_count = True Then
For i% =1 To valstep
m% =1% - 4 * (nub \ 4)
Out &H37A, &HO
Out &H378, step_out2(m%)
Call latch
nub% = nub% + 1
Next 1%

End If

End If 'end of choose 2 phase

If Option_h_step.Value = True Then
If Option_con = True Then
1% =1
Do
DoEvents
m% =1% -9 * (nub%\ 9)
Debug.Print m%
Out &H37A, &HO
Out &H378, step_out3(m%)
Call latch
1%=1% + 1
Debug.Print 1%
nub% = nub% + 1

Debug.Print nub%

-8



Loop Until Stops = True
End If

------------ half step--count step drive---------------
If Option_count = True Then
Fori% = 1 To valstep
m% =i% -9 * (nub\ 9)
Out &H37A, &HO
Out &H378, step_out3(m%)
Call latch
nub% =nub% + 1
Next 1%
End If
End If 'end of choose 2 phase
Else: MsgBox " motor can't drive ,value not over 0.001"

End If

End Sub
Private Sub Comm_stop Click()
'Dim a As Integer
Stops = True
Do
DoEvents
Out &H378, &HO
Call latch
Loop Until (Lefts = True) Or (Rights = True)

End Sub

f-9
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Private Sub Com_back2 Click()
main_menu_form.Show
Unload testl _port_form
End Sub
Sub delay()
times = Timer
Do
DoEvents
Loop Until Timer >= times + 0.01
End Sub
Sub delay2()
times = Timer
Do
DoEvents
Loop Until Timer >= times +0.001
End Sub
Private Sub Com_test con_Click()
Dim com_com(4) As Integer
starts_control = True
stops_control = False
Do
DoEvents
Form% =0 To 3
Com_con(m%).Caption = (&H37A And 2 * m%)) / (2 * m%)
Call delay
Next m%
Loop Until stops_control = True

End Sub

f-10



Private Sub stop_control Click()
starts_control = False
stops_control = True
Do
DoEvents
Form%=0To3
Com_con(m%).Caption = (&H37A And 0)
Call delay
Next m%
Loop Until starts_control = True
End Sub
Private Sub Com_test_status_Click()
starts_status = True
stops_status = False
Do
DoEvents
Fori%=0To 4
Com_status(i%).Caption = (Inp(&H379) And &HF8 And (2~ (i+3)))/ (2" (i + 3))
Call delay
Next 1%
Call delay
Loop Until stops_status = True
End Sub
Private Sub stop_status_Click()
stops_status = True
starts_status = False
Do
DoEvents
Forj=0To 4
Com_status(j).Caption = Inp(&H379) And &HF8 And 0



Call delay
Next j
Loop Until starts_status = True
End Sub
Private Sub Com_test_data_Click()
starts_data = True
stops_data = False
Do
DoEvents
Fori%=0To7
com_data(i%).Caption = ((&H378) And (2~ 1))/ (2~ i)
Call delay?2
Next i
Loop Until stops_data = True
End Sub
Private Sub stop data_Click()
stops_data = True
starts_data = False
Do
DoEvents
Fori%=0To7
com_data(i%).Caption = ((&H378) And 0)
Call delay
Next i
Loop Until starts_data = True

End Sub

=12
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Private Sub com_back_Click()
main_menu_form.Show
Unload testl blind form
End Sub
Public Sub latch_motor()
Call delay_speed
Out &H37A, &HF
delay speed
Out &H37A, &HO0
End Sub
Public Sub delay_speed()
Const valspeed = 0.001
times = Timer
Do
DoEvents
Loop Until Timer >= times + valspeed
End Sub
Public Sub delay_time()
times = Timer
Do
DoEvents
Loop Until Timer >= times + 1
End Sub
Public Sub step_down()
valstep = step_text.Text
valtime = time_text.Text

vallight = light_text.Text



nub% =0

Dim step_out1(4) As Integer

step_outl(1) = &H1

step_outl(2) = &H2

step_outl(3) = &H4

step_outl(4) = &H8

End Sub

Do

DoEvents

m% =i% - 4 * (nub% \ 4)
Out &H37A, &H0

Out &H378, step_outl(m%)
latch_motor

1% =1%+1

nub% = nub% + 1

Loop Until nub = valstep

Public Sub step_up()

valstep = step_text.Text

nub% =0

Dim step_out1(4) As Integer

step_outl(1) = &HS8

step_outl(2) = &H4

step_outl(3) = &H2

step_outl(4) = &H1

Do

DoEvents

m% = 1% - 4 * (nub% \ 4)
Out &H37A, &H0

Out &H378, step_outl(m%)

latch_motor
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1% =1%+1
nub% = nub% + 1
Loop Until nub = valstep
End Sub
Function get_data() As Single
Dim num(8) As Integer
Out &H37A, &H3  '0011 wr=1 ,input0=00
Out &H37A, &HB  '1011 wr=0 ,input0=00
Data = (Inp(&H379) And &HF8 Xor &H80)
Out &H379, &H3
Fori=7To 0 Step -1
If Data >= (2 ~ i) Then
num(i) = Data\ (2 * 1)
Data = Data - (2 * 1)
Else: num(i) =0
End If
" Debug.Print num(i)

Next 1

Sum_data = (num(3) * 0.03125 + num(4) * 0.0625 + num(Sj *0.125 + num(6) * 0.25 +

num(7) *0.5) * 5
'Debug.Print sum
get data = Sum_data
End Function
Function get resistance() As Single
Dim num(8) As Integer
Out &H37A, &H7  '0011 wr=1 ,input2=10
Out &H37A, &HF  '1011 wr=0 ,input2=10
Data = (Inp(&H379) And &HF8 Xor &H80)
Out &H379, &H7

Fori=7To 0 Step -1



If Data >= (2 ~ i) Then
num(i) = Data\ (2 * i)
Data = Data- (2 1)
Else: num(i) =0
End If
' Debug.Print num(i)
Next i
Sum_resis = (num(3) * 0.03125 + num(4) * 0.0625 + num(5) * 0.125 + num(6) * 0.25 +
num(7) ¥ 0.5) * 5
'Debug.Print sum
get_resistance = Sum_resis
End Function
Private Sub com_start_Click()
valstep = step_text. Text
valtime = (time_text.Text)
vallight = light _text.Text

Const step_value = 0.0034

Forg=1To 10
step_up

Next g

Do

DoEvents

start_resis = get_resistance
resis_ideal0 =2.6

resis_error() = (resis_ideal0 - step_start) / resis_ideal0 * 100

If resis_idealO > start_resis Then

step_up
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Else: If resis_idealO <start_resis Then step_down

End If
Loop Until resis_error0Q <5

Do
DoEvents
times = Timer
Do
DoEvents
ldr_value = get_data
ldr__error = Abs(ldr_value - vallight) * 100 / vallight
If ldr_value > vallight Then
step_down
Else: If Idr_value < vallight Then Call step_up
End If
Loop Until ldr_error <=5
delay_t-ime
Do
DoEvents
resis_value = get_resistance
resis_ideal = step_value * valstep
Debug.Print step_value

resis_error = (resis_ideal - resis_value) / resis_value * 100

If resis_ideal > resis_value Then
step_up
Else: step_down

End If



Loop Until resis_error <5
Loop Until Timer >= times + valtime

End Sub

Tsunsumsdraesmsmnuussyadnluia

Public Sub latch_motor()
Call delay_speed
Out &H37A, &HF
delay speed
Out &H37A, &HO
End Sub
Public Sub delay_speed()
Const valspeed = 0.001
times. = Timer
Do
DoEvents
Loop Until Timer >= times + valspeed
End Sub
Public Sub delay_time()
times = Timer
Do
DoEvents
Loop Until Timer >= times + 1
End Sub
Public Sub step_down()
valstep =70
vallight =2
Const step_min = 0.12
nub% =0

Dim step_out1(4) As Integer
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step_outl(1) = &H1
step_out1(2) = &H2
step_outl(3) = &H4
step~butl(4) = &HS§
check _motor_step = get_resistance
If check_motor_low >=step_min Then
Do
DoEvents
m% =1% - 4 * (nub% \ 4)
Out &H37A, &H0
Out &H378, step_outl(m%)
latch_motor
i%=1%+1
nub% = nub% + 1
Loop Until nub = valstep
End If
End Sub
Public Sub step_up()
valstep = 70
Const step_max = 2.6
nub% =0
Dim step_out1(4) As Integer
step_outl(1) = &HS8
step_outl(2) = &H4
step_out1(3) = &H2
step_outl(4) = &H1
check_motor_step = get_resistance
If check motor_high <=step max Then
Do

DoEvents
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m% =1% - 4 * (nub% \ 4)
Out &H37A, &H0
Out &H378, step_outl(m%)
latch_motor
1% =1% + 1
nub% = nub% + 1
Loop Until nub = valstep
End If
End Sub
Function get_data() As Single
Dim num(8) As Integer
Out &H37A, &H3  '0011 wr=1 ,input0=00
Out &H37A, &HB  '1011 wr=0 ,input0=00
Data = (Inp(&H379) And &HF8 Xor &HS80)
Out &H379, &H3
Fori=7To 0 Step -1
If Data >= (2 ~ 1) Then
num(i) = Data\ (2 " i)
Data=Data-(2 1)
Else: num(i) = 0
End If
' Debug.Print num(i)
Next i
Sum_data = (num(3) * 0.03125 + num(4) * 0.0625 + num(5) * 0.125 + num(6) * 0.25 +
num(7) *0.5) *5
'Debug.Print sum
get_data= Sum _data
End Function
Function get_resistance() As Single

Dim num(8) As Integer
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Out &H37A, &H7  '0011 wr=1 ,input2=10
Out &H37A, &HF  '1011 wr=0 ,input2=10
Data = (Inp(&H379) And &HF8 Xor &H80)
Out &H379, &H7
Fori=7To 0 Step -1
If Data >= (2 ~ 1) Then
num(i) = Data\ (2 1)
Data =Data - (2 * i)
Else: num(i) =0
End If
" Debug.Print num(i)
Next i
Sum_resis = (num(3) * 0.03125 + num(4) * 0.0625 + num(5) * 0.125 + num(6) * 0.25 +
num(7) ¥ 0.5) *5
'Debug.Print sum
get_resistance = Sum_resis
End Function
Private Sub start_demo_Click()
Const valstep = 70
Const vallight =2
Const step_value = 0.0034
stops_demo = False

start_demo = True

Forg=1To 10
step_up

Next g

Do

DoEvents



start_resis = get_resistance
resis_ideal0 = 2.6

resis_errorQ = (resis_idealO - step_start) / resis_ideal0 * 100

If resis_ideal( > start_resis Then
step_up
Else: If resis_idealO <start_resis Then step_down

End If

Loop Until resis_error0 <5

Do
DoEvents
times = Timer
resis_value = get_resistance
Do
DoEvents
ldr_value = get data
ldr_error = Abs(ldr_value - vallight) * 100 / vallight
If Idr_value > vallight Then
step_down
Else: If 1dr_value < vallight Then step_up
End If
Loop Until Idr_error <=5
delay _time
Do
DoEvents
resis_value = get_resistance
resis_ideal = step_value * valstep

Debug.Print step_value
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resis_error = (resis_ideal - resis_value) / resis_value * 100

If resis_ideal > resis_value Then
step_up
Else: If resis_ideal < resis_value Then step_down

End If

Loop Until resis_error < 5
Loop Until stops_demo = True
End Sub
Private Sub stop demo_Click()
stops_demo = True
start demo = False
main_menu_form.Show

Unload demol form

End Sub
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