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ELECTRIC WHEELS CHAIR CONTROLLED BY JOYSTICK

Mr. Kreangsak Chaisawatdee
Mr. U-krit Laowhawat
Assis.Prof. Suchart Khunthaweetep (Advisor)

Educational Year 2001

Abstract

This project presents an electric wheel chair for handicap controlled by a joystick. This
wheel chair is able to move in 360 degree with different speeds and mainly controlled by the
joystick. The main unit of the system include 24 volt DC motor powered from 2 seried 12 volt
batteries for motion control. This motor is controlled by Microcontroller MCS-51 that receives
signal from the joystick and transform the signal in the from Pulse Width Modulation to control

Drive circuit for smoother ride.
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Tsunsansasniugu Mcs-s1

ORG 0000H

MAIN: MOV A,P2
CPL A
ANL A #0FH
MOV DPTR#TABLE
MOVC A,@A+DPTR
MOV P1,A
JNB P3.0,LOOPI
MOV PO#0FFH
MOV RO,#0FFH
JMP MAIN
LOOPI: CINE RO#00H,LOOP2
LOOP3:MOV A RO
MOV P0O,A
ACALL DELAY
JMP MAIN
LOOP2:DEC R0
JMP LOOP3
DELAY: MOV R1,#20
DELAY1: MOV R2#250
DELAY2: DINZ R2,DELAY2
DINZ R1,DELAY1
RET

k]

TABLE: DB 00H



_0lI:  DBO02H

_02: DBO08H
.03: - DBOOH
Q4 DB GSTH
_05: DB O00H
.06: DB 0OH
07 DB OOH

END
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General Description

The LM3914 is a monolithic integrated circuit that senses
analog voltage levels and drives 10 LEDs, providing a linear
anzlog display. A single pin changes the display from a
moving dot to a bar graph. Current drive to the LEDs is
regulated and programmable, eliminating the need for resis-
tors. This feature is one that allows operation of the whole
system from less than 3V.

The circuit contains its own adjustable reference and accu-
rate 10-step voltage divider. The low-bias-current input buff-
er accepts signals down to ground, or V—, yet needs no
protection against inputs of 35V above or below ground.
The buffer drives 10 individual comparators referenced to
the precision divider. Indication non-linearity can thus be
held typically to 1,%, even over a wide temperature range.
Versatility was designed into the LM3914 so that controller,
visual alarm, and expanded scale functions are easily added
on to the display system. The circuit can drive LEDs of many
colors, or low-current incandescent lamps. Many LM3914s
can be “chained” to form displays of 20 to over 100 seg-
ments. Both ends of the voltage divider are externally avail-
able so that 2 drivers can be made into a zero-center meter.
The LM3914 is very easy to apply as an analog meter cir-
cuit. A 1.2V full-scale meter requires only 1 resistor and a
single 3V to 15V supply in addition to the 10 display LEDs. If
the 1 resistor is a pot, it becomes the LED brightness con-
trol. The simplified block diagram illustrates this extremely
simple external circuitry.

When in the dot mode, there is a small amount of overlap or
“fade” (about 1 mV) between segments. This assures that
at no time will all LEDs be “OFF", and thus any ambiguous
display is avoided. Various novel displays are possible.

NNational Semiconductor

February 1995

LM3914 Dot/Bar Display Driver

Much of the display flexibility derives from the fact that all
outputs are individual, DC regulated currents. Various ef-
fects can be achieved by modulating these currents. The
individual outputs can drive a transistor as well as a LED at
the same time, so controller functions including “staging’
control can be performed. The LM3914 can also act as a
programmer, or sequencer.

The LM3914 is rated for operation from 0°C to +70°C. The
LM3914N is available in an 18-lead molded (N) package.
The following typical application illustrates adjusting of the
reference to a desired value, and proper grounding for accu-
rate operation, and avoiding oscillations.

Features

® Drives LEDs, LCDs or vacuum fluorescents

m Bar or dot display mode externally selectable by user

Expandable to displays of 100 steps

Internal voltage reference from 1.2V to 12V

Operates with single supply of less than 3V

Inputs operate down to ground

Output current programmable from 2 mA to 30 mA

No multiplex switching or interaction between outputs

Input withstands + 35V without damage or false outputs

LED driver outputs are current regulated, open-collec-

tors

Outputs can interface with TTL or CMOS logic

B The internal 10-step divider is floating and can be refer-
enced to a wide range of voltages

R2
3.8k

V-5V
SIGNAL
SOQURCE

Typical Applications
0V to 5V Bar Graph Meter
& Vieo
[} Note 1: Grounding method is typical of a// uses
| 7/ X 2/ "/V "/U X v I 4 A/ 4 gy The 2.2 uF tantalum or 10 uF aluminum electro-
| .‘.! g & b - _!. !! !! ! -4 = lytic capacitor is needed if leads to the LED sup-
1 ,‘L:l: :‘o?w ply are 6 or longer.
: : 13 i) 15 15 1 1 12 1 10
|
2.6 = LM914
! REF  REF
| v- V' Rig  sic Ry 0UT  ADJ_ MODE
| ]\ 1 t 4 5 6 7 8 19
| vt oegv-nv
| Ut g SRt
> 121k

92)
R1

Ref OutV = 1.25(1 o

lteo
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Office/Distributors for availability and specifications.
Power Dissipation (Note 5)

Molded DIP (N) 1365 mW
Supply Voltage 25V
Voltage on Output Drivers 25V
Input Signal Overvoltage (Note 3) +35V
Divider Voltage -100mVtoV+
Reference Load Current 10mA

Electrical Characteristics (otes1and3)

Storage Temperature Range —55°Cto +150°C

Soldering Information
Dual-In-Line Package

Soldering (10 seconds) 260°C
Plastic Chip Carrier Package

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Parameter l Conditions (Note 1) I Min l Typ I Max | Units
COMPARATOR
Offset Voltage, Buffer and First 0V < VR o = VRy < 12V,
3 10 mV
Comparator liep = 1mA
Offset Voltage, Buffer and Any Other 0V < VRLo = VRHI < 12V,
3 15 mV
Comparator Itep = 1 mA
Gain (Al gp/AVN) ILrer) = 2MA, I gp = 10mA 3 8 mA/mV
Input Bias Current (at Pin 5) oV < VsVt — 1.5V 25 100 nA
Input Signal Overvoltage No Change in Display =35 35 v
VOLTAGE-DIVIDER
Divider Resistance Total, Pin6to 4 8 12 17 kQ
Accuracy (Note 2) 0.5 2 %
VOLTAGE REFERENCE
Output Voltage 0.1 MA < I (reF) < 4 MA,
d. . 4
Vt = Vigp = 5V 2 1.28 1.34 \
Line Regulation 3V <Vt <18V 0.01 0.03 %IV
Load Regulation 0.1 mA < I ger) < 4 MA, 0.4 2 o
V+ = Vigp =5V
Output Voltage Change with 0°C < Tp < +70°C, li(geF) = 1 mA,
1 %
Temperature vVt =5V
Adjust Pin Current 75 120 pA
OUTPUT DRIVERS
LED Current vVt =V gp=5V, ‘L(REF) = 1mA y/ 10 13 mA
LED Current Difference (Between Viep = 5V llLep = 2mA 0.12 0.4
Largest and Smallest LED Currents) A
9 lLep = 20 mA 1.2 3
LED Current Regulation 2V < Vigp 17V ILep = 2mA 0.1 0.25 Lo
lLep = 20 MA 1 3
Dropout Voltage ILepony = 20mA, Vigp = 5V, e v
Allgp = 2 mA ;
Saturation Voltage ILep = 2.0 mA, I (reF) = 0.4 MA 0.15 0.4 \"
Output Leakage, Each Collector (Bar Mode) (Note 4) 0.1 10 nA




Electrical Characteristics (note 1) (Continued)

Parameter l Conditions (Note 1) l Min I Typ I Max Units
OUTPUT DRIVERS (Continued)
Output Leakage (Dot Mode) (Note 4) Pins 10-18 0.1 10 nA
60 150 450 nA
SUPPLY CURRENT
Standby Supply Current V*t =5V, ILger) = 0.2 mA 24 4.2 mA
(All Outputs Off) V+ = 20V, Ijpgr) = 1.0 mA 1 6.1 9.2 mA

Note 1: Unless o ise stated, all
3Vpc € V*+ < 20 Vpg
3Vpc < Vigp < V*
—0.015V < Vg0 < 12 Vpe
—0.015V < Vay < 12 Vpc
For higher power dissipations, pulse testing is used.

Vaer, VR, VRLo € (V= 1.5V)
OV VinsSVT —15V

Note 2: Accuracy is measured referred to +10.000 Vpc at pin 6, with 0.000 Vpg at pin 4. At lower full-scal

significant error.

ions apply with the following conditions:

Ta = +25C, Iyren = 0.2 mA, Vi gp = 3.0V, pin 9 connected to pin 3 (Bar Mode).
(REF)

Itages, buffer and offset voltage may add

Note 3: Pin 5 input current must be limited to +3 mA. The addition of a 39k resistor in series with pin 5 allows + 100V signals without damage.
Note 4: Bar mode results when pin 9 is within 20 mV of V*. Dot mode resuits when pin 9 is pulled at least 200 mV below V* or left open circuit. LED No. 10 (pin 10

output current) is disabled if pin 9 is pulled 0.8V or more below Vi gp.

Note 5: The maximum junction temperature of the LM3914is 100°C. Devices must be derated for ion at

resistance is 55°C/W for the molded DIP (N package).

Definition of Terms

Accuracy: The difference between the observed threshold
voltage and the ideal threshold voltage for each compara-
tor. Specified and tested with 10V across the internal volt-
age divider so that resistor ratio matching error predomi-
nates over comparator offset voltage.

Adjust Pin Current: Current flowing out of the reference
adjust pin when the reference amplifier is in the linear re-
gion.

Comparator Gain: The ratio of the change in output current
(ILep) to the change in input voltage (Vin) required to pro-
duce it for a comparator in the linear region.

Dropout Voltage: The voltage measured at the current
source outputs required to make the output current fall by
10%.

Input Bias Current: Current flowing out of the signal input
when the input buffer is in the linear region.

| d . Junction to ambient thermal

LED Current Regulation: The change in output current
over the specified range of LED supply voltage (Vi gp) as
measured at the current source outputs. As the forward volt-
age of an LED does not change significantly with a small
change in forward current, this is equivalent to changing the
voltage at the LED anodes by the same amount.

Line Regulation: The average change in reference output
voltage over the specified range of supply voltage (V+).
Load Reguiation: The change in reference output voltage
(VRer) over the specified range of load current (I (rer)-

Offset Voltage: The differential input voltage which must
be applied to each comparator to bias the output in the
linear region. Most significant error when the voltage across
the internal voltage divider is small. Specified and tested
with pin 6 voltage (Vrni) equal to pin 4 voltage (VRLo)-




Typical Performance Characteristics
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Block Diagram (Showing Simplest Application)
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&National Semiconductor

DAC0808/DAC0807/DAC0806 8-Bit D/A Converters

General Description

The DAC0808 series is an 8-bit monolithic digital-to-analog
converter (DAC) featuring a full scale output current settling
time of 150 ns while dissipating only 33 mW with +5V sup-
plies. No reference current (Iggf) trimming is required for
most applications since the full scale output current is typi-
cally +1 LSB of 255 Iggg/ 256. Relative accuracies of bet-
ter than +0.19% assure 8-bit monotonicity and linearity
while zero level output current of less than 4 pA provides
8-bit zero accuracy for IggF22 mA. The power supply cur-
rents of the DAC0808 series are independent of bit codes,
and exhibits essentially constant device characteristics over
the entire supply voltage range.

The DACO0808 will interface directly with popular TTL, DTL
or CMOS logic levels, and is a direct replacement for the

January 1995

MC1508/MC1408. For higher speed applications, see
DACO0800 data sheet.

Features

® Relative accuracy: +0.19% error maximum (DACO0808)
& Full scale current match: +1 LSB typ

| 7 and 6-bit accuracy available (DAC0807, DAC0806)

| Fast settling time: 150 ns typ

® Noninverting digital inputs are TTL and CMOS compati-
ble

High speed multiplying input slew rate: 8 mA/us

Power supply voltage range: 4.5V to +18V

Low power consumption: 33 mW @ +5V

Block and Connection Diagrams
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Dual-In-Line Package
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Top View
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS
RANGE J PACKAGE (J16A)* N PACKAGE (N16A)* |SO PACKAGE (M16A)
DAC0808LCN| MC1408P8 DACO0808LCM
7-bit 0°C<TA< +75C DAC0807LCJ|MC1408L7 | DACO807LCN | MC1408P7 DAC0807LCM
6-bit 0°C<TA<+75C DAC0806LCJ| MC1408L6| DACOB06LCN | MC1408P6 DACO0806LCM

“Note. Devices may be ordered by using either order number.
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RRD-B30M115/Printedin U. S. A

Si8118AUO) V/Q HE-8 90800V A/20800VvA/80800VA



Absolute Maximum Ratings (note 1)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Power Supply Voltage

Vee

VEe
Digital Input Voltage, V5-V12
Applied Output Voltage, Vo

+18Vpc
—18Vpc

-10 Vpc to +18Vpg
=11 Vpcto +18Vpg

Storage Temperature Range
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (Plastic)
Dual-In-Line Package (Ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Operating Ratings

—65°C to +150°C

Reference Current, 114 5mA
Reference Amplifier Inputs, V14,V15 vee Vee
Power Dissipation (Note 3) 1000 mwW
ESD Susceptibility (Note 4) 8D

Electrical Characteristics
(Vce = 5V, Vg = —15 Vpg, VRer/R14 = 2 mA, DAC0808: Ta = —55°C to +125°C, DAC0808C, DAC0807C, DAC0806C, Tp

= 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.)

Temperature Range
DACO0808LC Series

260°C
300°C

215°C
220°C

TMIN < Ta < Tmax
0 <Tp < +75°C

Symbol Parameter Conditions Min Typ Max Units
E; Relative Accuracy (Error Relative (Figure 4) %
to Full Scale Ig)
DAC0808LC (LM1408-8) +0.19 %o
DACO0807LC (LM1408-7), (Note 5) +0.39 %o
DACO0806LC (LM1408-6), (Note 5) +0.78 %
Settling Time to Within 4 LSB Ta=25°C (Note 6), 150 ns
(Includes tpy ) (Figure 5)
tpH. tpHL | Propagation Delay Time Tp = 25°C, (Figure 5) 30 100 ns
TClo Output Full Scale Current Drift +20 ppm/°C
MSB Digital Input Logic Levels (Figure 3)
Vi High Level, Logic “1" 2 Vpe
ViL Low Level, Logic “0" 0.8 Voo
MSB Digital Input Current (Figure 3)
High Level Viy = 5V 0 0.040 mA
Low Level VL= 0.8V —0.003 =0.8 mA
lis Reference Input Bias Current (Figure 3) i1 iy 3 pA
Output Current Range (Figure 3)
Vge = —5V 0 2.0 241 mA
Veg = —15V, T4 = 25°C 0 2.0 4.2 mA
lo Output Current Vger = 2.000V,
R14 = 10000,
(Figure 3) 1.8 1.99 22 mA
Output Current, All Bits Low (Figure 3) 0 4 nA
Output Voltage Compliance (Note 2) | E,< 0.19%, Tp = 25°C
Veg= -5V, I|ggp=1mA —0.55, +0.4 Voc
Veg Below — 10V —5.0, +0.4 Ve




Electrical Characteristics (continued)
(Vcec = 5V, Veg = —15Vpe, VRer/R14 = 2mA, DAC0808: T4 = —55°C to +125°C, DAC0808C, DAC0807C, DACOB0EC, Tp
= 0°Cto +75°C, and all digital inputs at high logic level unless otherwise noted.)

Symbol Parameter Conditions Min Typ Max Units
SRIRer Reference Current Slew Rate (Figure 6) 4 8 mA/pus
Output Current Power Supply —5V < Vgg £ —16.5V 0.05 27 HA/N
Sensitivity
Power Supply Current (All Bits (Figure 3)
Low)
lcc 23 22 mA
leg —43 =13 mA
Power Supply Voltage Range Ta = 25°C, (Figure 3)
Vee 4.5 5.0 55 Voc
Vee —45 =5 —16.5 Vpc
Power Dissipation
All Bits Low Vce = 5V, Vgg = =5V 33 170 mwW
Vce = 5V, Vgg = —15V 106 305 mw
All Bits High Vce = 15V, Vgg = —5V 90 mwW
Vce = 15V, Vgg = — 15V 160 mwW

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: Range control is not required.

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by T yax. 84, and the ambient temperature, Ta. The maximum
allowable power dissipation at any temperature is Pp = (Tymax — TA)/64a or the number given in the Absolute Maixmum Ratings, whichever is lower. For this
device, Tymax = 125°C, and the typical junction-to-ambient thermal resi of the dual-in-fine J when the board mounted is 100°C/W. For the dual-in-
line N package, this number increases to 175°C/W and for the small outline M package this number is 100°C/W.

Note 4: Human body model, 100 pF discharged through a 1.5 k2 resistor.

Note 5: All current switches are tested to guarantee at least 50% of rated current.

Note 6: All bits switched.

Note 7: Pin-out numbers for the DALOBOX represent the dual-in-line package. The small outline package pinout differs from the dual-in-line package.

Typical Application
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TL/H/5687-3
FIGURE 1. + 10V Output Digital to Analog Converter (Note 7)




Typical Performance Characteristics
Voo = 5V, Vgg = —15V, Ta = 25°C, unless otherwise noted

Logic Input Current vs
Input Voltage
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Unless otherwise specified: R14 =
R15 = 1 kQ, C = 15 pF, pin 16 to
Veg; RL = 504, pin 4 to ground.
Curve A: Large Signal Bandwidth
Method of Figure 7, Vreg = 2 Vp-p
offset 1 V above ground.

Curve B: Small Signal Bandwidth
Method of Figure 7, R = 2509, VRer
= 50 mVp-p offset 200 mV above
ground.

Curve C: Large and Small Signal
Bandwidth Method of Figure 9 (no op
amp, R = 509Q), Rg = 50Q, Vger =
2V, Vg = 100 mVp-p centered at OV.




(2 @10N) s9149S 80800V A 2Y3 O }N24|D JudeAINb3 "z IHNDIL

¥=L89S/H/L

3
L\ 1o L1
<u <<\_J v <u j V3l f ul
Y FENA
11 4 w v w " A m
3 $s 3 W $s 13 e o
i ] i I I e
T M M M w A
x
: K : I
S & B &

L)




Test Circuits

i V, and 11 apply to inputs A1-A8.
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ul : The resistor tied to pin 15 is to temperature compensate the

4 . . .

ol m = bias current and may not be necessary for all applications.
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Test Circuits (continued)
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Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for con-
verting the reference voltage to a current, and a turn-around
circuit or current mirror for feeding the ladder. The reference
amplifier input currrent, 114, must always flow into pin 14,
regardless of the set-up method or reference voltage polarity.
Connections for a positive voltage are shown in Figure 7.
The reference voltage source supplies the full current Iq4.
For bipolar reference signals, as in the multiplying mode,

TL/H/5687-12
FIGURE 9. Programmable Gain Amplifier or
Digital Attenuator Circuit (Note 7)

R15 can be tied to a negative voltage corresponding to the
minimum input level. It is possible to eliminate R15 with only
a small sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 k{2, minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied to either Vgg or
ground, but using Vgg increases negative supply rejection.




Application Hints continued)

A negative reference voltage may be used if R14 is ground-
ed and the reference voltage is applied to R15 as shown in
Figure 8. A high input impedance is the main advantage of
this method. Compensation involves a capacitor to Vgg on
pin 16, using the values of the previous paragraph. The neg-
ative reference voltage must be at least 4V above the Vgg
supply. Bipolar input signals may be handled by connecting
R14 to a positive reference voltage equal to the peak posi-
tive input level at pin 15.

When a DC reference voltage s used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. If a well regulated 5V sup-
ply which drives logic is to be used as the reference, R14
should be decoupled by connecting it to 5V through another
resistor and bypassing the junction of the 2 resistors with
0.1 pF to ground. For reference voltages greater than 5V, a
clamp diode is recommended between pin 14 and ground.
If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.55 to
0.4V when Vgg = —5V due to the current switching meth-
ods employed in the DAC0808.

The negative output voltage compliance of the DAC0808 is
extended to —5V where the negative supply voltage is more
negative than —10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 k) between pin 4 and ground will
yield a voltage output of 256 levels between O and
—4.980V. Floating pin 1 does not affect the converter
speed or power dissipation. However, the value of the load
resistor determines the switching time due to increased volt-
age swing. Values of R up to 500Q do not significantly
affect performance, but a 2.5 kQ load increases worst-case
settling time to 1.2 us (when all bits are switched ON). Refer
to the subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than —8V,
due to the increased voltage drop across the resistors in the
reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift. Relative
accuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DAC0808 is essentially constant with temperature due to

the excellent temperature tracking of the monolithic resistor
ladder. The reference current may drift with temperature,
causing a change in the absolute accuracy of output cur-
rent. However, the DAC0808 has a very low full-scale cur-
rent drift with temperature.

The DACO0808 series is guaranteed accurate to within 1/,
LSB at a full-scale output current of 1.992 mA. This corre-
sponds to a reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LSB (8 pA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of between 1.9 and 2.1
mA, allowing some mismatch in the NPN current source
pair. The accuracy test circuit is shown in Figure 4. The 12-
bit converter is calibrated for a full-scale output current of
1.992 mA. This is an optional step since the DAC0808 accu-
racy is essentially the same between 1.5 and 2.5 mA. Then
the DACO808 circuits’ full-scale current is trimmed to the
same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the error
band may be displayed on an oscilloscope, detected by
comparators, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of +1, of one part in 65,536 or +0.00076%,
which is much more accurate than the +0.019% specifica-
tion provided by the DAC0808.

MULTIPLYING ACCURACY

The DAC0808 may be used in the multiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. If the reference current in the multiplying
mode ranges from 16 pA to 4 mA, the additional error con-
tributions are less than 1.6 pA. This is well within 8-bit accu-
racy when referred to full-scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
DAC0808 is monotonic for all values of reference current
above 0.5 mA. The recommended range for operation with
a DC reference current is 0.5 to 4 mA.

SETTLING TIME

The worst-case switching condition occurs when all bits are
switched ON, which corresponds to a low-to-high transition
for all bits. This time is typically 150 ns for settling to within
+ 1, LSB, for 8-bit accuracy, and 100 ns to ', LSB for 7 and
6-bit accuracy. The turn OFF is typically under 100 ns.
These times apply when R < 5002 and Cg < 25 pF.
Extra care must be taken in board layout since this is usually
the dominant factor in satisfactory test results when mea-
suring settling time. Short leads, 100 nF supply bypassing
for low frequencies, and minimum scope lead length are all
mandatory.
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DAC0808/DAC0807/DAC0806 8-Bit D/A Converters

Physical Dimensions inches (millimeters) (Continued)
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LIFE SUPPORT POLICY

Dual-In-Line Package
Order Number DAC0808, DAC0807 or DAC0806
NS Package Number N16A

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant

into the body, or (b) support or

sustain life, and whose

failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user.

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.
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National Semiconductor

LM555
Timer

General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of
operation, the time is precisely controlled by one external re-
sistor and capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor. The
circuit may be triggered and reset on falling waveforms, and
the output circuit can source or sink up to 200mA or drive
TTL circuits.

February 2000

Features

= Direct replacement for SES55/NES55

& Timing from microseconds through hours

m Operates in both astable and monostable modes
m Adjustable duty cycle

m Qutput can source or sink 200 mA

Output and supply TTL compatible

m Temperature stability better than 0.005% per "C
m Normally on and normally off output

® Available in 8-pin MSOP package

Applications

® Precision timing

® Pulse generation

® Sequential timing

u Time delay generation

® Pulse width modulation

m Pulse position modulation
® Linear ramp generator

Schematic Diagram
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LM555

Connection Diagram

Dual-In-Line, Small Outline
and Molded Mini Small Outline Packages

GND — ~ LA
'—'_::L _J—' cc
2 7
TRIGGER — DISCHARGE
3 6
OuTPUT — THRESHOLD
4 5 CONTROL
RESET VOLTAGE
DS007851-3
Top View
Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing
8-Pin SOIC LM555CM LM555CM Rails MOBA
LM555CMX LM555CM 2.5k Units Tape and Reel
8-Pin MSOP LM555CMM 459 1k Units Tape and Reel
= MUAO8A
LM555CMMX Z55 3.5k Units Tape and Reel
8-Pin MDIP LM555CN LM555CN Rails NO8E
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Absolute Maximum Ratings (note 2)

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

Supply Voltage

Power Dissipation (Note 3)
LM555CM, LM555CN
LM555CMM

Operating Temperature Ranges

LM555C
Storage Temperature Range

+18V

1180 mw
613 mW

0°Cto +70°C
-65"Cto +150°C

Electrical Characteristics (Notes 1, 2)
(Ta = 25°C, Vcc = +5V to +15V, unless othewise specified)

Soldering Information
Dual-In-Line Package
Soldering (10 Seconds)
Small Outline Packages
(SOIC and MSOP)
Vapor Phase (60 Seconds)
Infrared (15 Seconds)

260°C

215°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering

surface mount devices.

Parameter Conditions Limits Units
LM555C
Min Typ Max
Supply Voltage 4.5 16 \
Supply Current Vee =5V, R = 3 6
Vee =15V, Ry = = 10 15 mA
(Low State) (Note 4)
Timing Error, Monostable
Initial Accuracy 1 %
Drift with Temperature Ra = 1k to 100kQ, 50 ppm/°C
C = 0.1pF, (Note 5)
Accuracy over Temperature 1.5 %
Drift with Supply 0.1 %N
Timing Error, Astable
Initial Accuracy 2.25 %
Drift with Temperature Ra, Rg = 1k to 100k, 150 ppm/°C
C = 0.1pF, (Note 5)
Accuracy over Temperature 3.0 %
Drift with Supply 0.30 %N
Threshold Voltage 0.667 X Vee
Trigger Voltage Vee =15V 5 \%
Vee = 5V 1.67 \Y
Trigger Current 0.5 0.9 HA
Reset Voltage 0.4 0.5 1 \
Reset Current 0.1 0.4 mA
Threshold Current (Note 6) 0.1 0.256 pA
Control Voltage Level Vee =15V 9 10 11 v
Vee =5V 2.6 3:33 4
Pin 7 Leakage Output High 1 100 nA
Pin 7 Sat (Note 7)
Output Low Vee = 15V, 1 = 15mA 180 mV
Output Low Vee = 4.5V, 1; = 4.5mA 80 200 mV

www.national.com
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LM555

Electrical Characteristics (Notes 1, 2) (Continued)
(Ta = 25°C, Ve = +5V to +15V, unless othewise specified)

Parameter Conditions Limits Units
LM555C
Min Typ Max
Output Voltage Drop (Low) Vee = 15V
lsink = 10mMA 0.1 0.25 \Y%
lsnk = 50mMA 0.4 0.75 \Y,
lgnk = 100mA 2 25 \Y)
lsink = 200mA 25 \Y%
Vee = 5V
lgnk = 8mA \Y
lgnk = SmA 0.25 0.35 \Y
Output Voltage Drop (High) lsource = 200mA, Ve = 15V 12.5 V
lsource = 100mMA, Ve = 15V 12.75 13.3 \Y)
Vee = 5V 2.75 3.3 \%
Rise Time of Output 100 ns
Fall Time of Output 100 ns

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar-
antee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit is
given, however, the typical value is a good indication of device performance.

Note 3: For operating at elevated temperatures the device must be derated above 25°C based on a +150°C maximum junction temperature and a thermal resistance
of 106°C/W (DIP), 170°C/W (S0-8), and 204°C/W (MSOP) junction to ambient.

Note 4: Supply cumrent when output high typically 1 mA less at Vg = 5V.

Note 5: Tested at Vgc = 5V and Ve = 15V.

Note 6: This will determine the maximum value of Ry + Rg for 15V operation. The maximum total (Ra + Rg) is 20MQ.

Note 7: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.
Note 8: Refer to RETS555X drawing of military LM555H and LM555J versions for specifications.

www.national.com 4



Typical Performance Characteristics
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LM555

Typical Performance Characteristics (continued)

Output Propagation Delay vs.
Voltage Level of Trigger Pulse
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Features Description

« Internal regulator provides a stable 5V reference supply The TL494 is used for the control circuit of the PWM
trimmed to 5% switching regulator. The TL494 consists of 5V reference

» Uncommitted output TR for 200mA sink or source voltage circuit, two error amplifiers, flip flop, an output con-
current trol circuit, a PWM comparator, a dead time comparator and

+ Output control for push-pull or single-ended operation an oscillator. This device can be operated in the switching

 Variable duty cycle by dead time control (pin 4) Complete frequency of 1 KHz to 300 KHz.
PWM control circuit

+ On-chip oscillator with master or slave operation

Internal circuit prohibits double pulse at either output 16-DIP

16-SOP

Internal Block Diagram
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TL494

Absolute Maximum Ratings

Parameter

Symbol Value Unit
Supply Voltage VCE 42 \Y,
Collector Supply Voltage NE 42 \Y,
Output Current le) 250 mA
Amplifier Input Voltage VIN Vcc+0.3 V
Power Dissipation (TA = 25°C) PD 019(I1E33314Cg[%) w
Operating Temperature Range TOPR 0~+70 °c
Storage Temperature Range TSTG -65 ~ + 150 °C




TL494

Electrical Characteristics

(Vce =20V, f=10KHz, TA = 0°C to + 70°C, unless otherwise specified)

Parameter ] Symbol Conditions l Min. ‘ Typ. I Max. l Unit
REFERENCE SECTION
Reference Output Voltage VREF IREF = TmA 475150525 \Y
Line Regulation AVREF Vce =7V to 40V - 2.0 25 mV
Temperature Coefficient of VREF AVREF/AT | TA=0°C to 70°C - 0.01 | 0.03 | %/°C
Load Regulation AVREF IREF = TmA to 10mA - 1.0 15 mV
Short-Circuit Output Currnet Isc VREF = 0V 10 35 50 mA
OSCILLATOR SECTION
Oscillation Frequency f CT =0.01uF, RT= 12KQ - 10 - KHz
Frequency Change with Temperature AfIAT CT =0.01puF, RT = 12KQ - - 2 %
DEAD TIME CONTROL SECTION
Input Bias Current IBIAS Vce = 15V, 0V<V4<5.25V - -2.0 -10 LA
Maximum Duty Cycle D(MAX) \écg F:,i; 5:\/\'/;/2: 6 45 : = %
Input Threshold Voltage VITH Zero Duty Cycle - 3.0 3.3 v

Max. Duty Cycle 0 - -

ERROR AMP SECTION
Input Offset Voltage Vio V3 =25V - 2.0 10 mV
Input Offset Current o V3 =2.5V - 25 250 mA
Input Bias Current IBIAS V3 =2.5V - 0.2 1.0 HA
Common Mode Input Voltage VcMm 7V <Ncec <40V -0.3 - Vce \
Open-Loop Voltage Gain Gvo 0.5V £V3<3 .5V 70 95 - dB
Unit-Gain Bandwidth BW - - 650 - KHz
PWM COMPARATOR SECTION
Input Threshold Voltage VITH Zero Duty Cycle - 4 4.5 \%
Input Sink Currnet ISINK V3=0.7V -0.3 | -0.7 - mV
OUTPUT SECTION
GRSl iton Yotoee VCE(SAT) | VE =0, Ic = 200mA £ s
Common Collector VEC(SAT) | Ve =15V, IE = -200mA - 1.5 2.5 :
Collector Off-State Currnet IC(OFF) | Vcc =40V, Vce = 40V - 2 100
Emitter Off-State Current lE(OFF) | Vcc=VCc=40V,VE=0 - - -100 L
TOTAL DEVICE
Supply Current Icc Pin6=VRer,Vcc=15v | - | 6 | 10 | mA

OUTPUT SWITCHING CHARACTERISTIC

Rise Time tR = S - - -
Common Emitter - - - 100 | 200
Common Collector - - - 100 | 200 9
Fall Time tF - = . = -
Common Emitter 5 - - 25 100
Common Collector - - - 40 100 5




TL494

Typical Application

Pulse Width Modulated Step-down Converter
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TL494

Mechanical Dimensions

Package
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Mechanical Dimensions (continued)
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Ordering Information

Product Number Package Operating Temperature
TL494CN 16 DIP
0~+70°C
TL494CD 16 SOP






