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ABSTRACT

This project presents the construction of stability controlling system of the aircraft by
installing angle measurement device to measure variation of the aircraft. The aircraft is influenced
from outer force that make be slant for a moment and also configure circuit by using dsPIC
Microcontroller. The dsPIC Microcontroller is high speed Microcontroller in compensation
assessing progress for the aircraft to enable stability of the aircraft although influenced from outer

force and then send processing system data onto the ground via receiver board to record data of

flight.
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2.5.2 Visual Basic
amvaamsuaaswa ld 190 w1 TUsunsy Visual Basic  twateslunissuaininlels
] o Y 3
W luTasaou Insamasuuaasna 211 BASIC Tawannau 3 a.¢1. 1963 Tay Thomas Kurtz
¥ 1 Y ¥ o o A o
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Start
K 7
Timer Start
v
Timer Stop
K 2
Read Timer

N 4
Read A/D
k 2
Volt/bit
K 2
Angel

1hy ur)adeyay 1019 19 Remote

U1 Servo ATH U1l Servo AN
Remote HH Error
K !
END
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dsPIC30F2010

Pin Diagrams

28-Pin SDIP and SOIC
MCLR []1 28[7 AvVoo
EMUD3/ANO/VREF+/CN2/RBO []2 27 AVss
EMUC3/AN1/VREF-/CN3/RB1 [ 3 261 PWMIL/REG
AN2/SSTALVDIN/CN4/RB2 [ 4 251 PWM1H/RE1
ANJ/INDX/CNS/RB3 []5 & 2489 PWM2LURE2
AN4/QEA/ICT/CN6/RB4 Es 2 23 PWM2HIRE3
ANS/QEB/IC8/CN7/RBS 7 9 22[7 PWM3LRE4
Vss []8 e  21[) PWM3HIRES
OSC1/CLKI []9 Qo 200 voo
OSC2CLKORC15 (J10 2 191 Vss
EMUD1/SOSCIT2CK/U1ATXCN1/RC13 [ 11 ° 18 PGC/EMUC/U1RX/SDI/SDA/RF2
EMUC1/SOSCOIT1CK/U1ARX/CNO/RC14 [ 12 17{J PGD/EMUD/U1TX/SDO1/SCL/RF3
vop 13 160 FLTA/INTO/SCK1/OCFA/RES
EMUD2/OC2/IC2/INT2RD1 (] 14 157 EMUC2/OC1/IC1/INT1/RDO

28-Pin QFN

281 EMUC3/AN1/VREF- /CN3/RB1
27| EMUD3/ANO/VREF+/CN2/RBO

26] MCLR
25} Avoo

24| AVss
23| PWM1L/REQ
22| PWM1H/RE1

AN2/SST/LVDIN/CN4/RB2
AN3/INDX/CN5 RB3
AN4/QEA/ICT/CN6/RB4
ANS/QEB/IC8/CN7/RB5
Vss

OSCY/CLKI
OSC2/CLKO/RC15

[ ]
[N
=

PWM2L/RE2
20 § PWM2H/RE3
19 | PWM3L/RE4
dsPIC30F2010 18 | PWM3H/RE5
17 § VoD
16 | Vss
15 § PGC/EMUC/U1RX/SDI1/SDA/RF2

NN E WN =

8
9
14

voo }10

EMUD2/OC2/IC2/INTZRD1 11

FLTA/INTO/SCK1/OCFA/RE8 |13

EMUC2/QC1/IC1/INT1/RDO }12
PGD/EMUD/U1TX/SDO1/SCL/RF3

EMUD1/SOSCIT2CK/U1ATX/CN1/RC13
EMUC1/SOSCO/T1CKU1ARX/CNO/RC14
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FIGURE 1-1: dsPIC30F2010 BLOCK DIAGRAM
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16x 16
Decode W Reg Array
Instruction
Decode & 6@ 6
Control
Contrgl Signals ‘ W‘ DSP Divide
to Various Blocks Power-up Engine Unit
Timer
Timing Oscillator
OSCi/CLKI Generation Start-up Timer 52 Q
POR/BOR ALU<16>
g - Reset
TCR Watchdog 16 16
Timer ~
Input Output
10-bit ADC Capture Compare 2c™
Module Module
SPH Timers QEl M°“;’w°h‘;""°' UARTY

16

PORTB

4

£

PORTC

PORTD

PORTE

PORTF

EMUD3/ANO/VREF+/CN2/RBO
EMUC3/AN1/VREF-/CN3/RB1
AN2/SS1/LVDIN/CN4/RB2
AN3/INDX/CNS/RB3
AN4/QEA/IC7/CNG/RB4
ANS/QEB/ICB/CN7/RBS

EMUD1/SOSCIT2CKU1ATX/CN1/RC13
EMUC1/SOSCOIT1CKUTARX/CNO/RC14
0SC2/CLKO/RC15

EMUC2/OC1/IC1/INT1/RDO
EMUD2/OC2/IC2/INT2/RD1

PWM1L/REQ
PWM1H/RE1
PWM2L/RE2
PWM2H/RE3
PWM3L/RE4
PWM3H/RES
FLTA/INTO/SCK1/OCFA/RES

PGC/EMUC/U1RX/SDI1/SDA/RF2
PGD/EMUD/MJ1TX/SDO1/SCL/RF3

DS70118G-page 6
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dsPIC30F2010

Table 1-1 provides a brief description of device 1/O
pinouts and the functions that may be multiplexed to a
port pin. Multiple functions may exist on one port pin.
When multiplexing occurs, the peripheral module’s
functional requirements may force an override of the
data direction of the port pin.

TABLE 1-1: PINOUT I/O DESCRIPTIONS
Pin Name Pin Buffer Description
Type Type
ANO-AN5 | Analog |Analog input channels.
AVDD P P Positive supply for analog module.
AVss P P Ground reference for analog module.
CLKI | ST/CMOS |External clock source input. Always associated with OSC1 pin function.
CLKO (0] — Oscillator crystal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionally functions as CLKO in RC and EC modes. Always
associated with OSC2 pin function.
CNO-CN7 | ST Input change notification inputs.
Can be software programmed for internal weak pull-ups on all inputs.
EMUD o ST 1CD Primary Communication Channel data input/output pin.
EMUC /0 ST ICD Primary Communication Channel clock input/output pin.
EMUD1 /O ST ICD Secondary Communication Channel data input/output pin.
EMUCA1 /10 ST ICD Secondary Communication Channel clock input/output pin.
EMUD2 /o] ST ICD Tertiary Communication Channel data input/output pin.
EMUC2 /0 ST ICD Tertiary Communication Channel clock input/output pin.
EMUD3 o ST ICD Quaternary Communication Channel data input/output pin.
EMUC3 /10 ST ICD Quaternary Communication Channel clock input/output pin.
IC1, IC2, IC7, l ST Capture inputs. The dsPIC30F2010 has 4 capture inputs. The inputs are
IC8 numbered for consistency with the inputs on larger device variants.
INDX i ST Quadrature Encoder Index Pulse input.
QEA ] ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
QEB | ST Quadrature Encoder Phase A input in QE} mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
INTO | ST External interrupt 0
INT1 | ST External interrupt 1
INT2 | ST External interrupt 2
FLTA I ST PWM Fault A input
PWM1L o) — PWM 1 Low output
PWM1H o — PWM 1 High output
PWM2L (0] — PWM 2 Low output
PWM2H (0] — PWM 2 High output
PWM3L (0] — PWM 3 Low output
PWM3H 0 — PWM 3 High output
MCLR P ST Master Clear (Reset) input or programming voltage input. This pin is an active-
low Reset to the device.
OCFA | ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).
0C1-0C2 (0] — Compare outputs.
0SC1 | ST/CMOS |Oscillator crystal input. ST buffer when configured in RC mode; CMOS
otherwise.
0sC2 /O — Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.
Legend: CMOS = CMOS compatible input or output Analog = Analog input
ST = Schmitt Trigger input with CMOS levels (0] = Output
) = Input P = Power

® 2006 Microchip Technology Inc.
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dsPIC30F2010

TABLE 1-1: PINOUT /O DESCRIPTIONS (CONTINUED)
Pin Buffer N
Pin Name Description
Type Type P
PGD o ST In-Circuit Serial Programming™ data input/output pin.
PGC | ST In-Circuit Serial Programming clock input pin.
RB0-RB5 o ST PORTB is a bidirectional I/O port.
RC13-RC14 1o ST PORTC is a bidirectional /O port.
RDO-RD1 1o ST PORTD is a bidirectional /O port.
REO-RES5, I{e] ST PORTE is a bidirectional I/O port.
RE8
RF2, RF3 1o ST PORTF is a bidirectional I/O port.
SCKA1 /10 ST Synchronous serial clock input/output for SPI #1.
SDi1 | ST SPI #1 Data in.
SDO1 o — SPI #1 Data Out.
881 | ST SPI #1 Slave Synchronization.
SCL 1o} ST Synchronous serial clock input/output for 12C™,
SDA Ile} ST Synchronous serial data input/output for 12c.
SOSCO o — 32 kHz low-power oscillator crystal output.
SOSCI | ST/CMOS |32 kHz low-power oscillator crystal input. ST buffer when configured in RC
mode; CMOS otherwise.
T1CK | ST Timer1 external clock input.
T2CK | ST Timer2 external clock input.
U1RX | ST UART1 Receive.
U1TX o — UART1 Transmit.
U1ARX | ST UART1 Alternate Receive.
U1ATX o — UART1 Aiternate Transmit.
VbD P — Positive supply for logic and 1/O pins.
Vss P — Ground reference for logic and I/O pins.
VREF+ i Analog [Analog Voltage Reference (High) input.
VREF- | Analog [Analog Voltage Reference (Low) input.

Legend: CMOS

ST
|

CMOS compatible input or output

Input

= Analog = Analog input
= Schmitt Trigger input with CMOS levels (0] = Output
= P = Power

DS70118G-page 8
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ANALOG
DEVICES

-

+150°/s Single Chip Yaw Rate
Gyro with Signal Conditioning

ADXRS150

FEATURES

Complete rate gyroscope on a single chip
Z-axis (yaw rate) response

High vibration rejection over wide frequency
0.05°/s/NHz noise

2000 g powered shock survivability

Self-test on digital command

Temperature sensor output

Precision voltage reference output

Absolute rate output for precision applications
5V single-supply operation

Ultrasmall and light (< 0.15 cc, < 0.5 gram)

APPLICATIONS
GPS navigation systems

Vehicle stability control
Inertlal measurement units

GENERAL DESCRIPTION

The ADXRS150 is a complete angular rate sensor (gyroscope)
that uses Analog Devices’ surface-micromachining process to
make a functionally complete and low cost angular rate sensor
integrated with all of the required electronics on one chip.

The manufacturing technique for this device is the same high
volume BIMOS process used for high reliability automotive
airbag accelerometers.

The output signal, RATEOUT (1B, 2A), is a voltage proportional
to the angular rate about the axis normal to the top surface of
the package (see Figure 2). A single external resistor can be used
to lower the scale factor. An external capacitor is used to set the
bandwidth, Other external capacitors are required for operation
(see Figure 22).

A precision reference and a temperature output are also pro-

Guidance and control
Platform stabilization vided for compensation techniques. Two digital self-test inputs
electromechanically excite the sensor to test the operation of
both sensors and the signal conditioning circuits. The ADXRS150
is available in a 7 mm x 7 mm x 3 mm BGA surface-mount
package.
FUNCTIONAL BLOCK DIAGRAM
5a
o
Rl S @“‘."ﬁ"@ .............
a1 (sa)
o712 (40) :I;T —‘ CORIOLIS BIGNAL CHANNEL
E = e
: SENSOR
H I RESONATOR LOOP
: 1
i 1
.............. (- nm --
ADXRS150 "
Frgure 1.
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ADXRS150

SPECIFICATIONS

@Tx =25°C, Vs = 5 V, bandwidth = 80 Hz (Cour = 0.0 pF), angular rate = 0°/s, £1g, unless otherwise noted.

Table 1.
ADXRS150ABG

Parameter Conditions Min' Typ Max' Unit
SENSITIVITY Clockwise rotation is positive output

Dynamic Range? Full-scale range over specifications range +150 °/s

Initial @25°C 11.25 125 13.75 mV/°/s

Over Temperature? Vee=4.75Vt05.25V 11.25 13.75 mV/°/s

Nonlinearity Best fit straight line 0.1 % of FS

Voltage Sensitivity Vec=475Vto525V 0.7 %/V
NULL

Initial Nult 250 v

Null Drift over Temperature? Delta from 25°C +300 mv

Tum-On Time Power on to +%°/s of final 35 ms

Linear Acceleration Effect Any axis 02 °/s/g

Voltage Sensitivity Vec=4.75Vt05.25V 1 °/siV
NOISE PERFORMANCE

Rate Noise Density @25°C 0.05 °/s/VHz
FREQUENCY RESPONSE

3 db Bandwidth* (User Selectable) 22 nF as comp cap (see the Applications section) 40 Hz

Sensor Resonant Frequency 14 kHz
SELF TEST

ST1 RATEOUT Response® ST1 pin from Logic 0 to 1, -40°C to +85°C -400 -660 -1000 mV

ST2 RATEOUT Response® ST2 pin from Logic 0 to 1, -40°C to +85°C +400 +660  +1000 my

Logic 1 Input Voltage Standard high logic level definition 33 A

Logic 0 Input Voltage Standard low logic level definition 1.7 \

Inputimpedance To common 50 kQ
TEMPERATURE SENSOR

Vour at 298°K 2.50 A

Max Current Load on Pin Source to common 50 pA

Scale Factor Proportional to absolute temperature 84 mV/°K
OUTPUT DRIVE CAPABILITY

Output Voltage Swing lour = £100 pA 0.25 Vs-0.25 A

Capacitive Load Drive 1000 pF
2.5V REFERENCE

Voltage Value 245 25 2,55 \

Load Drive to Ground Source 200 HA

Load Regulation 0 < lour < 200 pA 5.0 mV/mA

Power Supply Rejection 475Vst05.25Vs 1.0 mv/yv

Temperature Drift® Deita from 25°C 5.0 mvV
POWER SUPPLY

Operating Voltage Range 475 5.00 5.25 A

Quiescent Supply Current 6.0 3.0 mA
TEMPERATURE RANGE

Specified Performance Grade A -40 +85 °C

' All min and max specifications are guaranteed. Typical specifications are not tested or guaranteed.
2 Dynamic range is the maximum full-scale measurement range possible, including output swing range, initial offset, sensitivity, offset drift, and sensitivity drift at

5 Vsupplies.

3 Specification refers to the maximum extent of this parameter as a worst-case value at Tuw Or Tuax.
* Frequency at which response is 3 dB down from dc response with specified compensation capacitor value. Internal pole forming resistor is 180 k(2. See the Setting

Bandwidth section.

* Self-test response varies with temperature. See the Self-Test Function section for details.

Rev.B|Page 3 of 12
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ADXRS150

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

Table 3. Pin Function Descriptions

PGND\ PDD CP5 CP3 cP4

\O‘ooooofV 7
00

000 :

OO ]| s
= |00 VT OO | «
we| O O O O | e s
O 000 :
A 000004 -

AGND TE(
25V CMID SUMJ \ RATEOUT g

[] F E D c B A g

Figure 3. BGA-32 (Bottom View)

Pin No. Mnemonic Description

6D, 7D CP5 HV Filter Capacitor—47 nF
6A,78 CcP4 Charge Pump Capacitor—22 nF
6C,7C CcpP3 Charge Pump Capacitor—22 nF
5A,58 CcPy Charge Pump Capacitor—22 nF
4A,48 CcpP2 Charge Pump Capacitor—22 nF
3A,38 AVCC + Analog Supply

1B, 2A RATEOUT Rate Signal Output

1C,2C SUMJ Output Amp Summing Junction
1D, 2D CMID HF Filter Capacitor—100 nF

1E, 2E 25v 2.5V Precision Reference

1F, 2G AGND Analog Supply Return

3F, 3G TEMP Temperature Voltage Output
4F, 4G ST2 Self-Test for Sensor 2

5F,5G ST1 Self-Test for Sensor 1

6G, 7F PGND Charge Pump Supply Return
6E, 7E PDD + Charge Pump Supply

Rev.B|Page 5 of 12




National
Semiconductor

LM1117/LM11171

800mA Low-Dropout Linear Regulator

General Description

The LM1117 is a series of low dropout voltage regulators
with a dropout of 1.2V at 800mA of load current. It has the
same pin-out as National Semiconductor’s industry standard
LM317.

The LM1117 is available in an adjustable version, which can
set the output voltage from 1.25V to 13.8V with only two
external resistors. In addition, it is also available in five fixed
voltages, 1.8V, 2.5V, 2.85V, 3.3V, and 5V.

The LM1117 offers current limiting and thermal shutdown. its
circuit includes a zener trimmed bandgap reference to as-
sure output voltage accuracy to within £1%.

The LM1117 series is available in LLP, TO-263, SOT-223,
TO-220, and TO-252 D-PAK packages. A minimum of 10pF
tantalum capacitor is required at the output to improve the
transient response and stability.

June 2004

Features

m Available in 1.8V, 2.5V, 2.85V, 3.3V, 5V, and Adjustable
Versions

® Space Saving SOT-223 and LLP Packages
®» Current Limiting and Thermal Protection
® Output Current 800mA
= Line Regulation 0.2% (Max)
B |Load Regulation 0.4% (Max)
a Temperature Range
—LM1117 0°Cto 125°C
— LMI117I -40°C to 125°C
Applications

® 2.85V Model for SCSI-2 Active Termination

8 Post Regulator for Switching DC/DC Converter
m High Efficiency Linear Regulators

= Battery Charger

= Battery Powered Instrumentation

Typical Application

Active Terminator for SCSI-2 Bus

1100 N
[
1100
LM1117-2.85 ' M
- o AA 18 70 27
iN ouT vvv— ? LINES
GND
- 4.75Y TO I +
5 5.25V 10 uf 22 uF § 1100
| T T )
10091905
Fixed Output Regulator
LM1117-XX
Vin Vour
GND
10 pf* o= == 10 uF
Tantalum Tantalum

Joje|nbay Jeaulq inodoig-moT w08 IZLLLNT/ZLLEINT

s
—

* Required if the regulator is located far from the power supply filter.
10091928

© 2004 National Semiconductor Corporation DS100919 www.national.com



LM1117/LM1117I

Ordering Information

Package Temperature Part Number Packaging Marking Transport Media NSC
Range Drawing
3-lead 0°C to +125°C LM1117MPX-ADJ NO3A Tape and Reel MPO4A
SOT-223 LM1117MPX-1.8 N12A Tape and Reel
LM1117MPX-2.5 N13A Tape and Reel
LM1117MPX-2.85 NO4A Tape and Reel
LM1117MPX-3.3 NO5A Tape and Reel
LM1117MPX-5.0 NO6A Tape and Reel
-40°C to +125°C LM1117IMPX-ADJ NO3B Tape and Reel
LM1117IMPX-3.3 NO5B Tape and Reel
LM1117IMPX-5.0 NO6B Tape and Reel
3-lead TO-220 0°C to +125°C LM1117T-ADJ LM1117T-ADJ Rails TO3B
LM1117T-1.8 LM1117T-1.8 Rails
LM1117T-2.5 LM1117T-2.5 Rails
LM1117T-2.85 LM1117T-2.85 Rails
LM1117T-3.3 LM1117T-3.3 Rails
LM1117T-5.0 LM1117T-5.0 Rails
3-lead TO-252 0'C to +125°C LM1117DTX-ADJ LM1117DT-ADJ Tape and Reel TDO3B
LM1117DTX-1.8 LM1117DT-1.8 Tape and Reel
LM1117DTX-2.5 LM1117DT-2.5 Tape and Reel
LM1117DTX-2.85 LM1117DT-2.85 Tape and Reel
LM1117DTX-3.3 LM1117DT-3.3 Tape and Reel
LM1117DTX-5.0 LM1117DT-5.0 Tape and Reel
-40°C to +125°C LM1117IDTX-ADJ LM1117IDT-ADJ Tape and Reel
LM1117IDTX-3.3 LM1117IDT-3.3 Tape and Reel
LM1117IDTX-5.0 LM1117IDT-5.0 Tape and Reel
8-lead LLP 0°Cto +125°C LM1117LDX-ADJ 1117ADJ Tape and Reel LDCOBA
LM1117LDX-1.8 1117-18 Tape and Reel
LM1117LDX-2.5 1117-25 Tape and Reel
LM1117LDX-2.85 1117-28 Tape and Reel
LM1117LDX-3.3 1117-33 Tape and Reel
LM1117LDX-5.0 1117-50 Tape and Reel
—40°C to 125°C LM1117ILDX-ADJ 11171AD Tape and Reel
LM1117ILDX-3.3 1117133 Tape and Reel
LM1117ILDX-5.0 1117150 Tape and Reel
TO-263 0°C to +125°C LM1117SX-ADJ LM1117SADJ Tape and Reel TS3B
LM1117SX-2.85 LM1117S2.85 Tape and Reel
LM11178SX-3.3 LM1117S3.3 Tape and Reel
LM11178X-5.0 LM1117S5.0 Tape and Reel

www.national.com




Block Diagram

7\

b
{ Thermal ’
Limit
>
<
-

: |
{ Current j :, :.
- — >
k{ Limit =
> * & -0 Vour
) Substrate
S b3
p-2 j»
[ ] L——Wv—o GND (FIXED OUTPUT)
e = — = =0 ADJ. (ADJUSTABLE QUTPUT)
10091901

Connection Diagrams T0-263
SOT-223 INPUT
“\? = POUTPUT
out
. Iyt [ 1a0s/0n0
b
‘:,m;: OUTPUT 10091944
ADJ/GND Top View
10091904
Top View A W
10091945
TO-220 Side View
Vout INPUT
————>rur LLP
[ —————>ADJ/GND o
{783 |nor connecten
10091002
Top View wl oz Your
Vour
v | 737} v
TO-252 B >
vw| 12432 282 Jvour
I Ilnpn(
10081846
f-vb is mE When using the LLP package
o Pins 2, 3 & 4 must be connected together and
,:.D 2d)/GND Pins 5, 6 & 7 must be connected together
Top View
10091938
Top View
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LMI117/LM11171

Absolute Maximum Ratings (Note 1)

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

TO-220 (T) Package

260°C, 10 sec

Power Dissipation (Note 2)
Junction Temperature (T,)
(Note 2)

Storage Temperature Range
Lead Temperature

Distributors for availability and specifications.
Maximum Input Voltage (V,, to GND) 20v

Internally Limited

SOT-223 (IMP) Package 260°C, 4 sec
ESD Tolerance (Note 3) 2000V
Operating Ratings (ot 1)
Input Voltage (V,\ to GND) 15V

150°C
-65°C to 150°C

LM11171

LM1117 Electrical Characteristics

Typicals and limits appearing in normal type apply for T, = 25°C. Limits appearing in Boldface type apply over the entire junc-
tion temperature range for operation, 0°C to 125°C.

Junction Temperature Range (T,){Note 2)
LM1117

0°Cto125°C
-40°C to 125°C

Symbol Parameter Conditions (N':t': 5) (NLY: a) (N'\c‘:lae xs) Units
Vaer Reference Voltage LM1117-ADJ
lour = 10MA, V,-Vour =2V, T, = 25°C 1.238 1.250 1.262 v
10mA < loyr < 800mA, 1.4V < Vi-Vour 1.225 1.250 1.270 v
<10V
Vour Output Voltage LM1117-1.8
lour = 10MA, V\ =3.8V, T; = 25°C 1.782 1.800 1.818 v
0 < loyr £ 800MA, 3.2V <V, S 10V 1.746 1.800 1.854 v
LM1117-2.5
lour = 10MA, V| = 4.5V, T, =25°C 2.475 2.500 2525 v
0 < loyt < 800MA, 3.9V < V| <10V 2.450 2.500 2.550 v
LM1117-2.85
lour = 10MA, V|, =4.85V, T, =25°C 2.820 2.850 2.880 v
0 < loyt < 800MA, 4.25V < V), < 10V 2.790 2.850 2.910 v
0 < lgut £ 500mMA, V,\ = 4.10V 2.790 2.850 2910 v
LM1117-3.3
lout = 10MA, Vi = 5V T; =25°C 3.267 3.300 3.333 v
0 < loyr < BOOMA, 4.75V< V, < 10V 3.235 3.300 3.365 v
LM1117-5.0
lour=10MA, Vi =7V, T, =25°C 4.950 5.000 5.050 v
0 < lgyr £ 800MA, 6.5V < V| 12V 4.900 5.000 5.100 v
AVgyr | Line Regulation LM1117-ADJ
(Note 6) lour = 10MA, 1.5V <V -Vour £ 13.75V 0.035 0.2 %
LM1117-1.8 1 6 mV
lour = OMA, 3.2V < V,, < 10V
LM1117-25 1 6 mV
lour = OMA, 3.9V S V| £ 10V
LM1117-2.85
lour = OMA, 4.25V <V, < 10V 1 6 mv
LM1117-3.3
lour = OMA, 4.75V < V), < 15V 1 6 mVv
LM1117-5.0
lour = OMA, 6.5V S V), <15V 1 10 mv

www.national.com




LM1117 Electrical Characteristics (continued)

Typicals and limits appearing in normal type apply for T, = 25°C. Limits appearing in Boldface type apply over the entire junc-

tion temperature range for operation, 0°C to 125°C.

Symbol Parameter Conditions (N'::: 5) (NLV: 4 (N'::e xs) Units
AVoyur | Load Regulation LM1117-ADJ
{Note 6) Vin-Vour = 3V, 10 € Igyr < 800mMA 0.2 0.4 %
LM1117-1.8 1 10 mV
Vin = 3.2V, 0 € loyr < 800MA
LM1117-25 1 10 mV
Vin = 3.9V, 0 € lgyr < 800MA
LM1117-2.85
Viy = 4.25V, 0 < loyr < 800mA 1 10 mv
LM1117-3.3
Vi = 4.75V, 0 < loyr < 800MA 1 10 mv
LM1117-5.0
Vin = 6.5V, 0 < lour < 800MA 1 15 mv
Vin-V out | Dropout Voltage lour = 100mA 1.10 1.20 \
(Note 7) louT = 500MA 1.15 1.25 v
lour = 800mMA 1.20 1.30 v
lLmir Current Limit Vin-Vour =5V, T, =25°C 800 1200 1500 mA
Minimum Load LM1117-ADJ
Current (Note 8) Vin = 15V 1.7 5 mA
Quiescent Current LM1117-1.8 5 10 mA
Vin < 15V
LM1117-2.5 5 10 mA
Viy S 15V
LM1117-2.85
Vin S 10V 5 10 mA
LM1117-3.3
Vi < 15V 5 10 mA
LM1117-5.0
Vi < 15V 5 10 mA
Thermal Regulation Ta =25°C, 30ms Pulse 0.01 0.1 %W
Ripple Regulation frippLe =1 20HZ, Viy-Vout = 3V Vapee 60 75 dB
= 1Vep
Adjust Pin Current 60 120 MA
Adjust Pin Current 10 < loyt< 800MA,
Change 1.4V < Vi5-Vour £ 10V 0.2 5 pA
Temperature Stability 05 %
Long Term Stability Ta =125°C, 1000Hrs 0.3 %
RMS Output Noise (% of Vour), 10Hz < f <10kHz 0.003 %
Thermal Resistance | 3-Lead SOT-223 15.0 ‘CW
Junction-to-Case 3-Lead TO-220 3.0 ‘CW
3-Lead TO-252 10 ‘C/wW
Thermal Resistance 3-Lead SOT-223 (No heat sink) 136 ‘CIW
Junction-to-Ambient | 3-Lead TO-220 (No heat sink) 79 ‘CIW
(No air flow) 3-Lead TO-252 (Note 9) (No heat sink) 92 ‘CW
3-Lead TO-263 55 ‘CW
8-Lead LLP(Note 10) 40 ‘CW

www.national.com
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LM1117/LM11171

LM1117I Electrical Characteristics

Typicals and limits appearing in normal type apply for T, = 25°C. Limits appearing in Boldface type apply over the entire junc-
tion temperature range for operation, -40°C to 125°C.

Symbol Parameter Conditions (N::: 5) (NIty: 4) (N::tae xs) Units
Vaer Reference Voltage LM11171-ADJ
lout = 10MA, Vi\-Vour = 2V, T, = 25°C 1.238 1.250 1.262 v
10mA < loyr < 800mMA, 1.4V < Vi-Vour 1.200 1.250 1.290 \Y
<10V
Vour Output Voltage LM11171-3.3
lour = 10MA, V= 8V, T, = 25°C 3.267 3.300 3.333 v
0 < loyr < 800MA, 4.75V < V), < 10V 3.168 3.300 3.432 v
LM11171-5.0
lour = 10MA, V, =7V, T, = 25°C 4.950 5.000 5.050 v
0 < lgyy < 800MA, 6.5V <V <12V 4.800 5.000 5.200 \"
AVour Line Regulation LM1117)-ADJ
(Note 6) lour = 10MA, 1.5V < Vi -Vour < 13.75V 0.035 0.3 %
LM11171-3.3
lour = OMA, 4.75V <V, S 15V 1 10 mv
LM11171-5.0
lour = OMA, 6.5V < V), < 15V 1 15 mv
AVoyr | Load Regulation LM11171-ADJ
(Note 6) Vin-Vout = 3V, 10 < gyt < 800mA 0.2 05 %
LM11171-3.3
Vin = 4.75V, 0 < Iyt < 800MA 1 15 mv
LM11171-5.0
Vin = 6.5V, 0 £ lgy7 S 800mA 1 20 mVv
Vin-V our | Dropout Voltage loyt = 100mMA 1.10 1.30 \
(Note 7) lour = 500mA 1.15 1.35 v
lour = 800mMA 1.20 1.40 v
ot Current Limit VinVour=5V, T, =25C 800 1200 1500 mA
Minimum Load LM1117]-ADJ
Current (Note 8) Vin = 15V 1.7 5 mA
Quiescent Current LM11171-3.3
Vin S 15V 5 15 mA
LM11171-5.0
Vin S 15V 5 15 mA
Thermal Regulation | T, = 25°C, 30ms Pulse 0.01 0.1 %W
Ripple Regulation fripeLe =1 20Hz, V\\-Vour = 3V VappLe 60 75 dB
= 1Vep
Adjust Pin Current 60 120 pA
Adjust Pin Current 10 < loyts 800mA,
Change 1.4V < Viy-Vour < 10V 0.2 10 WA
Temperature Stability 0.5 %
Long Term Stability Ta = 125°C, 1000Hrs 0.3 %
RMS Output Noise (% of Voyurt), 10Hz < f <10kHz 0.003 %
Thermal Resistance {3-Lead SOT-223 15.0 ‘CW
Junction-to-Case 3-Lead TO-252 10 W
Thermal Resistance {3-Lead SOT-223 (No heat sink) 136 ‘CW
Junction-to-Ambient | 3-Lead TO-252 (No heat sink)(Note 9) 92 ‘CW
No air flow) 8-Lead LLP(Note 10) 40 ‘CW

intended to be functional, but specific perfermance is not gu

d. For gt

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
d specifications and the test conditions, see the Electrical Characteristics.
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3.0V to 5.5V, Low-Power, up to 1Mbps, True RS-232
Transceivers Using Four 0.1uF External Capacitors

General Description

The MAX3222/MAX3232/MAX3237/MAX3241 trans-
ceivers have a proprietary low-dropout transmitter out-
put stage enabling true RS-232 performance from a
3.0V to 5.5V supply with a dual charge pump. The
devices require only four small 0.1uF external charge-
pump capacitors. The MAX3222, MAX3232, and
MAX3241 are guaranteed to run at data rates of
120kbps while maintaining RS-232 output levels. The
MAX3237 is guaranteed to run at data rates of 250kbps
in the normal operating mode and 1Mbps in the
MegaBaud™ operating mode, while maintaining RS-232
output levels.

The MAX3222/MAX3232 have 2 receivers and 2
drivers. The MAX3222 features a 1yA shutdown mode
that reduces power consumption and extends battery
life in portable systems. lts receivers remain active in
shutdown mode, allowing external devices such as
modems to be monitored using only 1pA supply cur-
rent. The MAX3222 and MAX3232 are pin, package,
and functionally compatible with the industry-standard
MAX242 and MAX232, respectively.

The MAX3241 is a complete serial port (3 drivers/
5 receivers) designed for notebook and subnotebook
computers. The MAX3237 (5 drivers/3 receivers) is ideal
for fast modem applications. Both these devices feature
a shutdown mode in which all receivers can remain
active while using only 1uA supply current. Receivers R1
(MAX3237/MAX3241) and R2 (MAX3241) have extra out-
puts in addition to their standard outputs. These extra
outputs are always active, allowing external devices
such as a modem to be monitored without forward bias-
ing the protection diodes in circuitry that may have Vcc
completely removed.

The MAX3222, MAX3237, and MAX3241 are available
in space-saving TSSOP and SSOP packages.

Applications
Notebook, Subnotebook, and Palmtop Computers
High-Speed Modems

Battery-Powered Equipment
Hand-Held Equipment
Peripherals

Printers

Typical Operating Circuits appear at end of daia sheet.

MegaBaud and UCSP are trademarks of Maxim Integrated Products, Inc.

AKX

__Next Generation Device Features

¢ For Smaller Packaging:
MAX3228E/MAX3229E: +2.5V to +5.5V RS-232
Transceivers in UCSP™

¢ For Integrated ESD Protection:
MAX3222E/MAX3232E/MAX3237E/MAX3241E"/
MAX3246E: +15kV ESD-Protected, Down to 10nA,
3.0V to 5.5V, Up to 1Mbps, True RS-232
Transceivers

¢ For Low-Voltage or Data Cable Applications:
MAX3380E/MAX3381E: +2.35V to +5.5V, 1pA,
2 Tx/2 Rx RS-232 Transceivers with £15kV
ESD-Protected VO and Logic Pins

Ordering Information

PKG
PART TEMP RANGE PIN-PACKAGE CODE
MAX3222CUP+ 0°Cto+70°C 20 TSSOP U20+2
MAX3222CAP+ 0°Cto +70°C 20 SSOP A20+1
MAX3222CWN+ 0°Cto+70°C 18 SO W18+1
MAX3222CPN+ 0°Cto+70°C  18PlasticDip  P18+5

+Denotes lead-free package.

Ordering Information continued at end of data sheet.

Pin Configurations

TOP VIEW o E - E -
o1+ [2] [17] Vee
w 3] maam il ewo
ci-[a} MAX3222 [is) viour
c2 3] 14] RIN
c2-[s 13] miour
v-[7 2] TN
T20uT [8 11] Tan
rew 9 10] Raout
DIP/SO

Pin Configurations continued at end of data sheet.

*Covered by U.S. Patent numbers 4,636,930; 4,679,134, 4,777,577: 4,797,899; 4,809,152; 4,897,774, 4,999,761, and other patents pending.

MAXIMN

Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAXS3222/MAX3232/MAX3237/MAX3241

3.0V to 5.5V, Low-Power, up to 1Mbps, True RS-232
Transceivers Using Four 0.1uF External Capacitors

ABSOLUTE MAXIMUM RATINGS

VOC cereerteemieeenans s ceinrrereartssreasessesraesae g ennasssaesnnesenans -0.3Vto +6V
V+ (Note 1) .03V to +7V
V=(NOE 1) i v +0.3Vto -7V
Va4 V-(NOLE 1) +13V
input Voltages

T_IN, SHDNL EN Lot -0.3V to +6V

Continuous Power Dissipation (TA = +70°C)
16-Pin TSSOP (derate 6.7mW/°C above +70°C)............. 533mwW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ....696mwW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)........ 762mwW
16-Pin Plastic DIP (derate 10.53mW(/°C above +70°C)...842mwW
18-Pin SO (derate 9.52mW/°C above +70°C).............. 762mwW
18-Pin Plastic DIP (derate 11.11mW)/°C above +70°C) ..889mW
20-Pin SSOP (derate 7.00mW/°C above +70°C)......... 559mw

OU;P‘C’)‘L}’TO"ageS 132 20-Pin TSSOP (derate 8.0mW/°C above +70°C)............
R_OUT ..................................................... — 03Vt°(vcc.: 033\/\; 28-Pin TSSOP (derate 8.7mW/°C above +70°C) ............. 696mwW
Short-Circuit Duration : ’ 28-Pjn SSOP (derate 9.52mW/°C above +70°C) ......... 762mw
T_OUT ot st re e e Continuous 28-Pin SO (derate 12.50mW/°C above +70°C) ..........ccovvveeee w

Operating Temperature Ranges

MAXB2_ _C it 0°C to +70°C
MAX32_ _E_ _ .o ..-40°C to +85°C
Storage Temperature Range............. -65°C to +150°C
Lead Temperature (soldering, 10S) .........cccovecemnniinenne +300°C

Note 1: V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.
Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage lo the device. These are stress ratings only, and functional

operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
(Vce = +3.0V to +5.5V, C1-C4 = 0.1uF (Note 2), Ta = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C.)

PARAMETER CONDITIONS | MIN  TYP  MAX | UNITS
DC CHARACTERISTICS
MAX3222/MAX3232/
= 0.3 1.0
Vcc Power-Supply Current No load, YCC 3.3Vor5.0v, MAX3241 mA
Ta = +25°C
MAX3237 0.5 2.0
Shutdown Supply Current SHDN = GND, TA = +25°C 1.0 10 pA
LOGIC INPUTS AND RECEIVER OUTPUTS
Input Logic Threshold Low = wTeT
(Note 3) T_IN, EN, SHDN, MBAUD 0.8 v
Input Logic Threshold High vce = 3.3V 2.0 v
(Note 3) vee = 5.0V 2.4
Input Leakage Current T_IN, EN, SADN, MBAUD +0.01 %10 pA
Output Leakage Current Receivers disabled +0.05 10 pA
Output Voltage Low louT = 1.6mA 0.4 v
Output Voltage High lout = -1.0mA Vcec-0.6 Veec-0.1 \"
RECEIVER INPUTS
Input Voltage Range -25 25 \"
vce = 3.3V 0.6 1.2
Input Threshold Low Ta=+25°C \'
pu A=® Voe = 5.0V 08 15
vVce = 3.3V 1.5 2.4
Input Threshold High TA = +25°C v
nput Thresholc Mg A=t VGG = 5.0V 18 24

2 MAXIMN




3.0V to 5.5V, Low-Power, up to 1Mbps, True RS-232
Transceivers Using Four 0.1uF External Capacitors

ELECTRICAL CHARACTERISTICS (continued)

(Vce = +3.0V to +5.5V, C1-C4 = 0.1pF (Note 2), Ta = TMIN to TmAXx, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER CONDITIONS MIN TYP  MAX UNITS
Input Hysteresis 0.3 \
Input Resistance Ta=+25°C 3 5 7 kQ
TRANSMITTER OUTPUTS
Output Voltage Swing All transmitter outputs loaded with 3kQ to ground +5.0 +5.4 Vv
Output Resistance Vee =V+=V-=0V, Tour = 22V 300 10M Q
Output Short-Circuit Current +35 +60 mA
Output Leakage Current \égg'g':dﬂzv, Vee = 0V or 3V to 5.5V, transmitters +05 UA
MOUSE DRIVEABILITY (MAX3241)
T1IN = T2IN = GND, T3IN = Ve,
Transmitter Qutput Voltage T30UT loaded with 3k to GND, +5.0 \
T10UT and T20UT loaded with 2.5mA each

TIMING CHARACTERISTICS—MAX3222/MAX3232/MAX3241

(Ve = +3.0V to +5.8V, C1-C4 = 0.1pF (Note 2), TA = TMIN to TMax, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER CONDITIONS MIN TYP  MAX UNITS
Maximum Data Rate Ry = 3kQ, CL = 1000pF, one transmitter switching 120 235 kbps
. . tPHL 03
Receiver Propagation Delay R_INto R_OUT, C = 150pF us
tPLH 0.3
Receiver Qutput Enable Time | Normal operation 200 ns
Receiver Output Disable Time| Normal operation 200 ns
Transmitter Skew ltPHL - tPLH | 300 ns
Receiver Skew tpHe - tprH | 300 ns
Ve = 3.3V, RL = 3kQ to 7kQ, CL = 150pF to 6 30
Transition-Region Slew Rate +3Vi0-3Vor -3V io +3V, 1000pF Vius
9 TA = +25°C, one transmitter - H
) CL = 150pF to
switching 2500pF 4 30
MNMAXIMN 3
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3.0V to 5.5V, Low-Power, up to 1Mbps, True RS-232
Transceivers Using Four 0.1uF External Capacitors

TIMING CHARACTERISTICS—MAX3237

(Vcc = +3.0V to +5.5V, C1-C4 = 0.1yF (Note 2}, Ta = TMIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
RL = 3k, CL = 1000pF, one transmitter switching, 250
MBAUD = GND
. Vce = 3.0V to 4.5V, RL = 3k, CL = 250pF,
Maximum Data Rate one transmitter switching, MBAUD = VcC 1000 kbps
Vee = 4.5V to 5.5V, R = 3kQ, CL = 1000pF, 1000
one transmitter switching, MBAUD = Vcc
0.15
Receiver Propagation Delay | R_IN to R_OUT, C. = 150pF IPHL HS
tPLH 0.15
Receiver Output Enable Time | Normal operation 200 ns
Receiver Output Disable Time | Normal operation 200 ns
: [tPHL - tPLH |, MBAUD = GND 100 s
Transmitter Skew
ItPHL - tPLH |, MBAUD = Vcc 25 ns
Receiver Skew ltPHL - tpLH | 50 ns
MBAUD =
6 30
CL = 150pF | GND
Vce = 3.3V, RL = 3Q 1o 7kQ, | 15 1000pF MBAUD =
Transition-Region Slew Rate | +3V to -3V or -3V o +3V, V. B 24 150 Vius
Ta=+25°C cc
CL = 150pF to 2500pF, 4 30
MBAUD = GND

Note 2:

MAX3222/MAX3232/MAX3241: C1-C4 = O.1pF tested at 3.3V £10%; C1 = 0.047pF, C2-C4 = 0.33F tested at 5.0V £10%.

MAX3237: C1-C4 = 0.1pF tested at 3.3V £5%; C1-C4 = 0.22pF tested at 3.3V +10%,; C1 = 0.047uF, C2-C4 = 0.33F tested

at 5.0V £10%.
Note 3:

Transmitter input hysteresis is typically 250mV.

MAKX3222/IMAX3232/MAX3237/MAX3241

Typical Operating Characteristics
(Vce = +3.3V, 235kbps data rate, 0.1uF capacitors, ali transmitters loaded with 3k, TA = +25°C, unless otherwise noted.)

MAX3222/MAX3232 MAX3222/MAX3232 MAX3222/MAX3232
TRANSMITTER QUTPUT VOLTAGE SLEW RATE SUPPLY CURRENT vs. LOAD CAPACITANCE
vs. LOAD CAPACGITANCE vs. LOAD CAPACITANCE WHEN TRANSMITTING DATA

6 7 g 2 I R S 40
s 5 Voyr++—1 g 20 FOR DATA RATES UP TO 235kbps § % ] L
g 4 18 _ 235kbps A~
= 3 — 16 N ‘E‘ 30
= 2 N = i

14 N = 2 P

5 1 < -SLEW Z %
a B2 < y 120kbps i1
5 0 < > 20 v 4
[=3 < 10 o /
e - = 8 +SLEW | Y = 15 A
E -2 » ﬁ & 1 20kby
= ps
z 2 6 ? 10 A
Iz 4 4
o« Vaut-
E o oyt 2 5

-6 ‘ 0 0

0 1000 2000 3000 4000 5000 150 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
LOAD CAPACITANCE (pF) LOAD CAPACITANGE (pF) LOAD CAPACITANCE (pF)
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MAKXSZZZ/IMAKIZL3Z/MAKIZ37/MAX3241

3.0V to 5.5V, Low-Power, up to 1Mbps, True RS-232
Transceivers Using Four 0.1uF External Capacitors

Interconnection with 3V and 5V Logic  Table 3. Logic-Family Compatibility
The MAX3222/MAX3232/MAX3237/MAX3241 can  with Various Supply Voltages
directly interface with various 5V logic families, includ-

ing ACT and HCT CMQOS. See Table 3 for more informa- SYSTEM MAX32_ _
tion on possible combinations of interconnections. POWER- Vee
SUPPLY SUPPLY COMPATIBILITY
VOLTAGE VOLTAGE
v) v)
Compatible with all CMOS
33 33 families.
5 5 Compatible with all TTL
and CMOS-logic families.
Compatible with ACT and
5 a3 HCT CMOS, and with TTL.
’ Incompatible with AC, HC,
and CD4000 CMOS.

Typical Operating Circuitls

A3V A3V
n 17 T 16
01puF é | 0.1uF :JE" I
e 2 c1 Vee 3 - 1 o1 VCC 2
atl | M e JOUET b e
0pF T 4] cl- MAXa/MM ’_:; 0.1uF T 3] o AAAXILMN :_EO,m.F
5 . MAX3222 ; - ) VAX230 6
? . 5
& |% ol Y o E bl e Y
opF T__6]c, T onf W sl Towwr
] Ll > T1ouT |15 R il > T10UT 14
TTL/CMOS RS-232 TIL/CMOS RS-232
INPUTS QUTPUTS INPUTS QUTPUTS
1] ran > T20uT | 8 1] Tan > 1£0 LA
<) mour < pinj 14 128 miour AN 13
TIL/CMOS 5kQ RS-232 TTL/CMOS 5kQ RS-232
OUTPUTS INPUTS OUTPUTS INPUTS
10| Reout =ron| 9 9| Roour = RN ] 8
- § - —
qlwm ] ésm 50
-—-——118 b
GND oHON GND
I I
PIN NUMBERS REFER T0 DIF/S0 PACKAGES. * (3 CAN BE RETURNED TO EITHER Vcg OR GROUND.
* £3 CAN BE RETURNED TO EITHER Vg OR GROUND
SEE TABLE 2 FOR CAPACITOR SELECTION
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SN54HC04, SN74HC04
HEX INVERTERS

SCLS078D - DECEMBER 1982 — REVISED JULY 2003

® Wide Operating Voltage Range of 2Vto 6 V ® Typicalt,g=8ns
® Outputs Can Drive Up To 10 LSTTL Loads ® +4-mA Output Driveat 5V
® Low Power Consumption, 20-pA Max Icc ® Low Input Current of 1 pA Max
SN54HCO04 ... J OR W PACKAGE SN54HCO04 . . . FK PACKAGE
SN74HCO04 . .. D, N, NS, OR PW PACKAGE (TOP VIEW)
OP VIE
(r W) > <9 8«
U - - Z > ©
1A [ 14l Vee /IS
321 2019
1Y ]2 13[] 6A 2A[) 4 s[] ey
2a(l3 12[] 6Y NC []s 17[I NC
2y [|4 1] 5A 2y s 16[] 5A
3A(lls 10fl 5Y NC []7 1s[INC
3y []s ol aA 3A[)s 14[] 5y
anoll7  oflav ERLRIYR)
2233
(0]

NC - No intemal connection
description/ordering information

The °'HC04 devices contain six function

Y = A in positive logic.

independent inverters. They perform the Boolean

ORDERING INFORMATION

T PACKAGEY PARTNUMSER |  MARKNG
PDIP - N Tube of25 SN74HC04N SN74HCO04N
Tube of 50 SN74HC04D
soiIc-b Reel of 2500 SN74HCO4DR HCO04
Reel of 250 SN74HC04DT
—40°C to 85°C
SOP - NS Reel of 2000 SN74HCO04NSR HC04
Tube of 90 SN74HCO04PW
TSSOP - PW Reel of 2000 SN74HCO4PWR HC04
Reel of 250 SN74HCO4PWT
CDIP -J Tube of 25 SNJ54HC04J SNJ54HC04J
-55°Cto 125°C |CFP - W Tube of 150 SNJ54HCO4W SNJ54HC04W
LCCC -FK Tube of 55 SNJ54HCO4FK SNJ54HCO4FK

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

available at www.ti.com/sc/package.

FUNCTION TABLE
(each inverter)
INPUT OUTPUT
A Y
H L
L H

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.

Copyright © 2003, Texas Inslruments Incorporated

Pm DATA IMMMWIO ellnmm. t as o'l Iﬂﬂml date.
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P 9 does not y include b TEXAS unless otherwise noted. On all other ucts, production

testing of all ptnnm processing does not necessarily inchude testing of all parameters.
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SN54HC04, SN74HC04

HEX

INVERTERS

SCLS078D — DECEMBER 1982 - REVISED JULY 2003

logic diagram (positive logic)

A {>G v

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

Supply voltage range, VoG - v vt vveii it e e e e —05Vto7V
Input clamp current, i (Vi<O0orV|>Vece)(seeNote 1) ... 320 mA
Output clamp current, log (Vo <0orVg>Vgeg)(seeNote 1) ...t 120 mA
Continuous output current, o (Vo =0to Vo) oo +25 mA
Continuous current through Vo or GND . ... ... i e i +50 mA
Package thermal impedance, 05 (see Note 2): Dpackage .....................ciiiiiia.t. 86°C/W

Npackage ..........ccoiiiniiniiinnennnennn, 80°C/W

NSpackage ..........ccvvviiviiimiinnnneenn. 76°C/W

PWpackage ...........ccvoeeviivvenrnnnnnnn 113°C/W
Storage temperature range, Tsgg - .....oooiiiiii —65°C to 150°C

t Stresses beyond those listed under “absolute maximurn 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. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)

SN54HC04 SN74HC04 UNIT
MIN NOM MAX| MIN NOM MAX
Vcec  Supply voltage 2 5 6 2 5 6 v
Vee=2V 1.5 1.5
VIH High-level input voltage Vce =45V 3.15 3.15 \
vcc=6V 4.2 42
Veeg=2V 0.5 0.5
ViL Low-level input voltage vee =45V 1.35 1.35 \
Veg=6V 1.8 1.8
Vi Input voltage 0 Vee 0 Vce \
Vo Output voltage 0 Vee 0 Vee \
Vee=2V 1000 1000
AVAv  Input transition rise/fall time Vcg=45V 500 500 ns
Vec=6V 400 400
ry Operating free-air temperature -55 125 -40 85 °C

NOTE

3: Al unused inputs of the device must be held at Vo or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Sfow or Floating CMOS Inpults, literature number SCBAQO4.

Q? TexAS
INSTRUMENTS
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SN54HC04, SN74HCO04
HEX INVERTERS

SCLS078D - DECEMBER 1982 - REVISED JULY 2003

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

Ta=25C SN54HC04 SN74HC04
PARAMETER TEST CONDITIONS Vee UNIT
MIN TYP MAX| MIN MAX| MIN MAX
2V 1.9 1.998 1.9 1.9
loH =-20 pA 45V 44 4499 44 44
VOH V)= VjyorViL 6V 59 5.999 5.9 5.9 v
IoH=—4 mA 45V 3.98 43 3.7 3.84
loH=-52mA 6V 5.48 5.8 52 5.34
2V 0.002 0.1 0.1 0.1
loL=20 pA 45V 0.001 0.1 0.1 0.1
VoL Vi=Vigor vy 6V 0.001 0.1 0.1 0.1 A
loL =4 mA 45V 0.17 0.26 0.4 0.33
loL=5.2mA 6V 015 026 0.4 0.33
I Vi=Vggor0 6V 0.1 1100 +1000 +1000] nA
lcc Vi=Vggor0, Ip=0 6V 2 40 20| pA
Ci 2Vto6V 3 10 10 10| pF

switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF
(unless otherwise noted) (see Figure 1)

PARAMETER FROM TO Vee Ta=25°C SN54HC04 SN74HCO04 UNIT
(INPUT) {OUTPUT) MIN TYP MAX| MIN MAX] MIN MAX
2V 45 95 145 120
tpd A Y 45V 9 19 29 24 ns
6V 8 16 25 20
2V 38 75 110 95
13 Y 45V 8 15 22 19 ns
6V 6 13 19 16
operating characteristics, Tp = 25°C
PARAMETER TEST CONDITIONS | TYP | UNIT
Cpd Power dissipation capacitance per inverter No load 20 pF

{’? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



SN54HC04, SN74HCO04
HEX INVERTERS

SCLS078D — DECEMBER 1982 ~ REVISED JULY 2003

PARAMETER MEASUREMENT INFORMATION

From Output Test Vee
Under Test __I Point '"Putjso% \l 50%
oV

Cy =50 pF
(see Note A) :4- tPLH —P: |h- tPHL —D:
= In-Phase | | -t |~ —— VoH
Output | 50% K| 90% | 90% X 50%
LOAD CIRCUIT 10 | | | N 10% o
| — et —> et
———Vce 1 tpHL M & tpLy M
input 50% f| %0% 90% N\ _ 509, 2% X '.f s0% 'OH
PUt L0 | 1%,5%% Out-of-Phase X 50% 50% 4 0%
[ [ ov Output | I1o°/. 10% £i_—voL
P et — — ey —b et
VOLTAGE WAVEFORM VOLTAGE WAVEFORMS
INPUT RISE AND FALL TIMES PROPAGATION DELAY AND OUTPUT TRANSITION TIMES

NOTES: A. Cy includes probe and test-fixture capacitance.

Phase relationships between waveforms were chosen arbitrarily. All input pulses are supplied by generators having the following
characteristics: PRR < 1 MHz, Zo =50 Q, t, =6 ns, tf=6 ns.

The outputs are measured one at a time with one input transition per measurement.

tpLH and tpH. are the same as tpg.

@

oo

Figure 1. Load Circuit and Voltage Waveforms

{'P TEXAS
INSTRUMENTS
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LMC7660

General Description

The LMC7660 is a CMOS voltage converter capable of con-
verting a positive voltage in the range of +1.5V to +10V to
the corresponding negative voltage of -1.5V to ~10V. The
LMC7680 is a pinfor-pin replacement for the
industry-standard 7660. The converter features: operation
over full temperature and voltage range without need for an
extemal diode, low quiescent current, and high power effi-
ciency.

The LMC7860 uses its built-in oscillator to switch 4 power
MOS switches and charge two inexpensive electrolytic ca-
pacitors.

&National Semiconductor

April 1997

Switched Capacitor Voltage Converter

Features

®» Operation over full temperature and voltage range
without an external diode

®» Low supply current, 200 pA max

= Pin-for-pin replacement for the 7660

» Wide operating range 1.5V to 10V

= 97% Voltage Conversion Efficiency

» 95% Power Conversion Efficiency

u Easy to use, only 2 extemal components

» Extended temperature range

® Narrow SO-8 Package

Block Diagram

Pin Configuration

./
N/c [l g v*
Cap + (2] Osc
6nd[3] [JLv
cap-(3] 5]V out
030001302
Ordering Information
Package Temperature Range NSC
Industrial Drawing
-40°C to +85°C
8-Lead Molded DIP LMC7660IN NOSE
8-Lead Molded Small Qutline LMC7660IM MO8A

© 1997 National Sermconductor Corporstion  DS009136

www.national.com

JapaAuoD abejjoA Jo)oeden payaMs 099L0WT



Absolute Maximum Ratings (ote 1)

Power Dissipation (Note 3)

it Miltary/Aerospace specified devices are required, Duakn-Line Package 1.4W
please contact the National Semiconductor Sales Office/ Surface-Mount Package 0.6W
Distributors for avaliablity and specifications. T, Max (Note 3) 150°C
Supply Voltage 10.5v 0,4 (Note 3)
input Voltage on Pin 6, 7 Dual-In-Line Package 90'CwW
(Note 2) -0.3V to (V* + 0.3V) Surface-Mount Package 160°CW
for v* < 5.5V Storage Temp. Range -65'CsT<150'C
(V* - 55V) to (V* + 0.3V) Lead Temperature
for v* > 5.5V (Soldering, 5 sec.) 260°C
Current into Pin 6 (Note 2) 20 pA ESD Tolerance (Note 7) + 2000V
Qutput Short Circuit
Duration (V* £ 5.5V) Continuous
Electrical Characteristics (note 4)
LMC7660IN/
LMC7880IM Units
Symbol Parametsr Conditions Typ Tmit Limits
(Note 5)
le Supply Current R, = 120 200 WA
400 max
V*H Supply Voltage R = 10 kQ, Pin 6 Open 3t0 10 3t010 \
Range High (Note 6) Voltage Efficiency = 90% 3t010
VL Supply Voltage R, = 10 k2, Pin 6 to Gnd. 151035 151035 v
Range Low Voltage Efficiency > 90% 15t0 3.5
Rout Output Source =20 mA 85 100 Q
Resistance 120 max
V=2V,iL =3mA 110 200 Q
Pin 6 Short to Gnd. 300 max
Fose Oscillator 10 kHz
Frequency
Pen Power Efficiency R =5kQ 97 95 %
90 min
Vo o Voltage Conversion R S oo 99.9 97 %
Efficiency o5 min
loac Oscillator Sink or Pin7 = Gnd. or V* 3 pA
Source Current

Nots 4: Absolute Maximum ratings indicate limits beyond which damage to the device may occur. DC and AC slectrical specifications do not apply when operating
the device beyond its rated operating conditions. See Note 4 for conditions.

Note 2: C any inpul inalto greater than V*or less than ground may cause destructive latchup. it is recommended that no inputs from sources
from ] be applied prior to “power-up® of the LMC7660.

Nots 3: For ion at ek d p these devices must be derated based on a themmal resistance of 8, and T, max, T; = Ta + 8 Pp.

Note 4: Bok apply at All other apply 8t Ty = 25°C, V* = 5V, Coqc = 0, and apply for the LMC7660 unless otherwise

specified Test circuit is shown in Figure 1

Note 8: Limis at room are g and 100% prod tested. Limits in are aver the opx "]

Dx, when replacing previous 7680 designs.

100% tested), and are not used to calculate outgoing quality levels.
Note 8: The LMC7680 can operate without an extemal diode over the full temperature and voltage range The LMC7660 can also be used with the extemal diode

Nots 7: The 1est circuit consists of the human body model of 100 pF in senes with 15000

range (bt not

www.national com
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FAIRCHILD

74AC04 « TAACTO04
Hex Inverter

General Description
The AC/ACTO04 contains six inverters.

Features

November 1988
Revised February 2005

B i reduced by 50% on 74AC only

B Qutputs source/sink 24 mA
W ACTO04 has TTL-compatible inputs

Ordering Code:
Order Number Package Package Description
Number
74AC04SC M14A |14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
(7':AC(:4)SCX_NL M14A | Pb-Free 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
ote
74AC04SJ M14D  |Pb-Free 14-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
74AC04MTC MTC14 |14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
74ACO4MTCX_NL MTC14 |Pb-Free 14-Lead Thin Shrink Small Outfine Package (TSSOP), JEDEC MO-153, 4.4mm
(Note 1) Wide
TAAC04PC N14A | 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
74ACT04SC M14A | 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
;I;AC‘I;(;:tSCX_NL M14A | Pb-Free 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
ote
74ACTO4MTC MTC14 |14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
74ACTOAMTCX_NL| MTC14 |Pb-Free 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm
(Note 1) Wide
TAACT04PC N14A  |14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Pb-Free package per JEDEC J-STD-020B.

Note 1: °_NL" indicates Pb-Free package (per JEDEC J-STD-020B) Device available in Tape and Reel only.

Device also available in Tape and Reel. Specify by appending suffix letter "X" to the ardering code (PC not avallable m Tape and Reel.)

Logic Symbol Connection Diagram
IEEE/IEC
o —] T % ] A (TR
i - g' 60 2 j 13 Acc
A — 9 a3 Y JL(-)S
3 I 3
A= P ‘_’5 h) A .-l-]-A4
A= % A' = Y | 105
As > O az 5 9 ‘:
= 19 _
GND—7 E L65
Pin Descriptions
Pin Names Description
A, Inputs
O Outputs
FACT™is a of Fairchid Comp
© 2005 Fairchild Semiconductor Corporation DS009913 www.fairchildsemi.com
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T4AC04 - TAACTO04

Absolute Maximum Ratingsote 2)

Supply Voltage (Vc) -0.5Vio +7.0v
DC Input Diode Current (})

Vy=-0.5V -20 mA

Vy=Vec + 05V +20 mA
DC Input Voltage (V}) ~0.5Vto Vg + 0.5V
DC Output Diode Current (o)

Vo=-0.5V -20 mA

Vo=Vgc+0.5V +20 mA
DC Output Voltage (Vo) ~0.5Vto Vg + 0.6V
DC Output Source or Sink Current (1) 150 mA
DC V¢ or Ground Current

per Output Pin (Icc of Ignp) 150 mA
Storage Temperature (Tgtg) -65°C to +150°C
Junction Temperature (T;)

PDIP 140°C

DC Electrical Characteristics for AC

Recommended Operating

Conditions

Supply Voltage (V¢c)

AC 2.0Vto 6.0V

ACT 4.5V to 5.5V
Input Voltage (V)) 0VioVee
Output Voltage (Vo) OVito Vee
Operating Temperature (Ta) -40°C to +85°C
Minimum Input Edge Rate (AV/At)

AC Devices

Vn from 30% to 70% of Voo

Vee @ 3.3V, 4.5V, 5.5V 125 mV/ns
Minimum Input Edge Rats (AV/At)

ACT Devices

VIN from 0.8V to 2.0V

Ve @ 4.5V, 5.5V 125 mV/ns

Note 2: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook spacifications shauld be met, with-
out exception, to ensure that the system design is reliable over its power
supply, and foading Falrchild does not
recommend operation of FACT™ circuits outside databook specifications.

Vee Ta=+25°C Ta = -40°C to +85°C
Symbol Parameter Units Conditions.
v) Typ Guaranteed Limits
Vi Minimum HIGH Level 3.0 15 21 21 Vour=0.1V
input Valtage 45 225 315 315 VvV  Jorvec-0.4V
55 275 3.85 3.85
Vi Maximum LOW Level 3.0 1.5 0.9 0.9 Vour=0.1V
Input Voltage 4.5 225 1.35 1.35 VvV [orVec-0.1V
55 275 1.65 1.65
Von Minimumn HIGH Level 30 299 29 29
Qutput Voltage 4.5 449 44 44 \ oyt = -50 pA
55 5.49 54 54
Vin =V Of Viy
3.0 2.56 246 lon = ~12 mA
4.5 3.86 3.76 \ lop=-24 mA
55 4.86 476 low = -24 mA (Note 3)
Vo Maximum LOW Level 3.0 0.002 0.1 0.1
Output Voltage 45 0.001 0.1 0.1 \ four = 50 pA
6.5 0.001 0.1 0.1
Vin = Vi of Vi
3.0 0.36 0.44 lo,=12mA
45 0.36 0.44 vV |lg=24mA
55 0.36 0.44 I = 24 mA (Note 3)
'™ Maximum Input 55 0.1 1.0 pA V=V, GND
(Note 5) |Leakage Cument
lowo Minimum Dynamic Output Current 55 75 mA  [Vgp=1.65V Max
oo (Note 4) 5.5 75 mA | Voup = 3.85V Min
e Maximum Quiescent 5.5 20 20.0 nA  (ViN=Vee
(Note §) | Supply Current or GND

Note 3: All oulputs loaded; threshoids an input associated with output under test.

Note 4; Maximum test duration 2.0 ms, one output loaded at a tine.

Note 5: Iiy and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5 5V Ve

www.fairchildsemi.com




DC Electrical Characteristics for ACT

Y0LOVYL - ¥0OVYL

Vee Ta=+25°C [ T, = -40°C to +85°C
Symbol Parameter Unhts Conditions
[\}} Typ Guaranteed Limits
Vin Minimum HIGH Level 45 1.5 2.0 20 v Vour =01V
input Voltage 55 15 20 20 orVee ~ 0.1V
' Maximum LOW Level 45 15 0.8 08 v Vour= 0.1V
nput Voltage 55 1.5 0.8 08 of Vg ~ 0.4V
Vou Minimum HIGH Level 45 4.49 44 44 v loyr =-50 pA
Output Voltage 55 5.49 5.4 54
Vin=Vir or Vi
45 3.88 3.76 v low=-24 mA
55 4.86 4.76 loy = ~24 mA (Note 6)
Voo Maximum LOW Level 45 0.001 0.1 0.1 v loyr =50 pA
Qutput Voltage 55 0.001 0.1 0.1
VinN=ViLorViy
45 0.36 0.44 v loL0 =24 mA
55 0.36 0.44 lor = 24 mA (Note €)
[™ Maximum Input 55 0.1 +1.0 WA~ |V, =V¢c, GND
Leakage Current
lect Maximum 55 0.6 15 mA | V;=Veo- 24V
lee/Input
lowp Minimum Dynamic Output Current 5.5 75 mA Vo p=1.65V Max
lowo (Note 7) 5.5 78 mA  |Voup = 3.85V Min
lec Maximum Quiescent 55 4.0 40.0 pA  |Viy=Vee
Supply Curmrent or GND

Note 6: All outputs loaded; thresholds on input associated with output under test.
Note 7: Maximum test duration 2.0 ms, one output ioaded at a time.

3 www_fairchildsemi.com




T4AC04 « T4ACTO04

AC Electrical Characteristics for AC

Vee Ta=+25°C Ta=-40°C to +85°C
Symbol Parameter [\ C .=50p C =50pF Units
{Note 8) Min Typ Max Min Max
ton Propagation Detay 33 15 4.5 9.0 1.0 10.0 ns
5.0 1.5 4.0 7.0 1.0 75
tery Propagation Delay 33 1.5 4.5 85 1.0 9.5 s
50 1.5 35 8.5 1.0 7.0

Note 8; Voliage Range 3.3is 33V £ 0.3V
Voitage Renge 5.0 18 5.0V £ 0 5V

AC Electrical Characteristics for ACT

Vee Ta=+25°C Ta=-40°C to +85°C
Symbol Parametar ] €, =50 pF C_ =50 pF Units
{Note 9) Min Typ Max Min Max

toLH Propagation Delay 50 1.0 6.0 85 1.0 9.0 ns
[y Propagation Delay 5.0 1.0 5.5 8.0 1.0 8.5 ns

Note §: Vohiage Range 5,0is 5.0V £ 0.5V

Capacitance

Symbol Parameter Typ Units Conditions

Cin Input Capacitance 45 pF Vee =OPEN
Vee Power Dissipation Capacitance 30.0 pF Vec=58.0V

www.fairchildsemi.com 4
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