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ABSTRACT

This project is a part of Bechelor Degree of Engineering (Control Engineering)
curriculum of King Mongkut ‘s Institute of Technology Ladkrabang and presents the
Robot Arm for assembly line work in 2 mode , manual and automatic mode. For
purpose that applying the Robotics Theory to render Arm. We hope that, in the future,

Robot Arm will be developed and widely used in automation industry.
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Vertical
Elbow extension
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| > '
|

Base

s 4.1 Avi-Tneafumlaazunsy

ANPLENANTNI TR uandlumIsg

wnu (Axis) 0 d a. L Ag {ax (Home)
1 a, 29 £1.2 T 0
2 q, 0 20 0 0
3 0 a 0 0 9
4 a 20 0 0 T2

ANFNNFAINT (The Arm Metrix)

tool 1 2 3 4
T base(Q) = TOTITZTS
(CI S, 0 aC, TCZ S, 0 aZCZW
= S, C, 0 aS, || s, C, 0 as,

1.0 0 0 C, S, 0 0

o 1 0 0 s, C, 0 0

0o 0 1 aq 0 0 1 d,
Lo o o 1L 00 0o 1
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_ 2 02779
a, = Tarccos w, +w,-a, -w,

81-2.4

_C1-2-4 0
o |
0 0 l

q, = atan2 [a,S, w,+(a,+a,C,) w, , (a,+a,C,) w,-a,S, w,]

Q; = d1' dA'Ws

q4:7tln|w6|
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ANTAITUTUNTLAR BUNTAILTUVIAUANS 9

. <l
LAUNBUN 1

0°,267V

AUYU

Anly 0.0199 Taas / 89An

' <l
LAUNBUN 2

-133.5°,0.05 V

Aty 0.0185 19an / 99AN

-90°,0.88 V

133.5°,4.98 v
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LAUNBUN 3

Aty 0.5333 Taas / cm.

' <l
LAUNBUN 4

-90°,0.53V

0°,253V

Ocm. 0.1V

9cm., 490V

90°, 4.54 V

Anilu 0.0223 aas / 29A0
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A(25,-25.1)

O
B (10,30, 1)

asfldndunnsinaewuissialyil

1, ﬁﬁLmudféuﬁumﬁ (41.2,0,9)

2. 41N (41.2,0,9) —» A (25-25,9)
3. AMNA'(25,-25,9) —» A(25,-25, 1)
4. ’INA(25,-25,1) —p B'(10,30,9)
5. {7n B' (10, 30, 9) . B (10, 30, 1)

ANSINEANISNAREY  AAUN 1

A3 1 WatlauAdsliuawadaunliden 41.2,0, 9)

.;7
q, 0 2.67 1000 1000 2.66
a, 0 2.50 1000 0000 2.51
q, 0 cm . 0.10 0000 0000 0.10
q; 0 2.53 1000 0001 2.58
ANANNAANAIA (Error) = 0.50 cm
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Q,
%
Qs
Q,

i 2 Wellaudndslduauedouiilldegn (25, -25, 9)

-15.093
61.873
0 cm

12.520

0111 1001

1011 1010
0000 0000
1000 1111

2.39

3.66
0.10
2.90

ANANEANATA (Error) = 1.25 cm

A 3 detleudrdsliuaundewilidign (25, -25, 1)

Qs

12.520

0111 1001
1011 1010
1101 1111
1000 1111

230

3.66
4.38
2.90

ANAURANATA (Error) = 1.25 cm

Qq

A3 h 4 WetlauAdsliunwadeuinlliaan (10, 30, 9)

|

1010 1010

0011 0101
0000 0000
1001 1011

ANAMNEANATA (Error) = 0.95 cm
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A1seH 5 Watleuddaliunuedeunlléega (10,30, 1)

e Y Ry

a, 33.073 3.3315 1010 1010 3.20

a, 79.773 ©1.0360 0011 0100 1.00

a, 8 cm 43667 1101 1111 4.37

q. 22.846 3.0402 1001 1011 3.16
ANAUEANARTA (Error) = 0.95 cm
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19-4323; Rev 9; 4/00

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where =12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than 5pW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

M AXI M

Drivers/Receivers

Features

Superior to Bipolar
¢ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

¢ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

¢ Meet All EIA/TIA-232E and V.28 Specifications
¢ Muiltiple Drivers and Receivers

¢ 3-State Driver and Receiver Qutputs

¢ Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice”
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
"Contact factory for dice specifications.

Selection Table

Power No. of Nominal  SHDN Rx
Part Supply RS-232 No. of Cap. Value & Three- Activein Data Rate
Number ) Drivers/Rx Ext. Caps (uF) State SHDN (kbps) Features
MAX220 +5 2/2 4 4.7/10 No — 120 ltra-low-power, industry-standard pinout
MAX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 5/0 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5and 202 2 1.0(0.1) No - 120 Standard +5/+12V or battery supplies;

+7.5t0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 202 4 1.0(0.1) No — 120 (64) Industry standard
MAX232A +5 2/2 4 0.1 No = 200 Higher slew rate, small caps
MAX233 (MAX203) +5 2/2 0 — No — 120 No external caps
MAX233A +5 2/2 0 — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 4/0 4 1.0(0.1) No - 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps
MAX236 (MAX206) +5 4/3 4 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 5/3 4 1.0(0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5 and 3/5 2 1.0(0.1) No - 120 Standard +5/+12V or battery supplies;

+7.5t0 +13.2 single-package solution for IBM PC serial port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 120 Complete IBM PC serial port
MAX242 +5 2/2 4 0.1 Yes v 200 Separate shutdown and enable
MAX243 +5 2/2 4 0.1 No —_— 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No — 120 High slew rate
MAX245 +5 8/10 0 — Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8/10 0 — Yes 4 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8/3 0 — Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 1.0 Yes (4 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 Yes 4 120 Available in quad flatpack package
FAAXESA Maxim Integrated Products 1

For free samples & the latest literature: http//www.maxim-ic.com, or phone 1-800-998-8800.

For small orders, phone 1-800-835-87689.
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW
20-Pin SSOP (derate 8.00mW/°C above +70°C) .......... 640mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
Operating Temperature Ranges

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply VoItage (VGG - vevvveereeecirerineeireieieninieceeeenenes 0.3V o +6V
Input Voltages
TN e ee oo e -0.3Vto (Vcc -0.3V)
RN (ExCept MAX220) .cvcisvvivimmsiasssimsmsimsssmssssssisossins +30V
RIN (MAX220).....ooiiieieeene o x25V
TouT (Except MAX220) (NOtE 1) ..c.ocevmiisiinmismsisesasiseris +15V
TOUT (MAX220) ... e +13.2V
Qutput Voltages
T OUT e nenreeenerere et e e e etee et e e e e e e et e e e e s +15V
BOUT: ovnmonnumnmeansm s snasyasnd -0.3Vto (Ve +0.3V)

Driver/Receiver Output Short Circuited to GND......... Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....883mW

MAX2__AC_ _  MAX2_ _C_ . 0°C to +70°C
MAX2__AE__, MAX2__E__ .. ....-40°C to +85°C

MAX2__AM_ _, MAX2__M__. -55°C to +125°C
Storage Temperature Range............... -65°C to +160°C

Lead Temperature (soldering, 10S€C) ........ccceoeeicnecn. +300°C

Note 1: Input voltage measured with Toyrt in high-impedance state, SHDN or Vcc = 0V.
Note 2: For the MAX220, 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 to the device. These are stress ratings onty, 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—MAX220/222/232A/233A/242/243
(Vce = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, Ta = Tmin to Tmax, unless otherwise noted.)

PARAMETER [ CONDITIONS | MIN  TYP  MAX | UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 +8 Vv
Input Logic Threshold Low 1.4 0.8 \Y
All except MAX220 2 1.4
Input Logic Threshold High 25 Vv
MAX220: Ve = 5.0V 24
Logic Pull-Upfinput C ; All except MAX220, normal operation 5 40 A
ic Pull-Up/in rren
S abl ek SHDN = 0V, MAX222/242, shutdown, MAX220 Aol g = | "
=5, =0V, Vi =+1 M. 242 0.01 10
Sinfoutl eskage Guren] Vce = 5.5V, SHDN = 0V, Vout = 15V, MAX222/: + + i
Ve = SHDN =0V, Vout = 15V £0.01  +10
Data Rate All except MAX220, normal operation 200 116 kb/s
Transmitter Output Resistance Vce = V+=V-=0V, Vout = 2V 300 10oM Q
Output Short-Circuit Current Vour = 0V +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 \Y
All except MAX243 R2|N 0.8 1.3
RS-232 Input Threshold Lo Vce =5V v
i v e MAX243 R/ (Note 2) 3
All except MAX243 R2 1. 24
RS-232 Input Threshold High Vog = 5V — Lo < v
MAX243 R2in (Note 2) -0.5 -0.1
All MAX243, Vcc = 5V, no hysteresis in shdn. ! 5 1
RS-232 Input Hysteresis SHOCH Lo o iysieredo i hol e 2 v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low louT = 3.2MA 0.2 0.4 Y
TTL/CMOS Output Voltage High loyt = -1.0mA 35 Vcc-02 Vv
Sourcing V. =GND -2 -10
TTL/CMOQOS Output Short-Circuit Current u.rm.ng o mA
Shrinking Vout = Vcc 10 30
2 FAAXEAA




Features

Description
The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel’s high-density nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT83C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.

Pin Configurations

Compatible with MCS-51™ Products
4K Bytes of in-System Reprogrammable Flash Memory
runy duuc UperkGoN U fic TO cs Miic”
Three-level Program Memory Lock

128 x 8-bit Internal RAM

32 Programmable /O Lines
Two 16-bit Timer/Counters
Six Interrupt Sources
Programmable Serial Channel
Low-power idle and Power-down Modes
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ATmEL

Absolute Maximum Ratings*

Operating Temperature... -55°C to +125°C - | - *NOTICE: Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature .............c..ccccuummcesmsnnes -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voitage on Any Pin other conditions beyond those indicated in the
with Respect to Ground ............cccoeememieeieecnenes -1.0V to +7.0V operational sections of this specification is not
, implied. Exposure to absolute maximum rating
Maximum Operating VOAGe .........cccemeiereemenneecercneeennee 6.6V conditions for extended periods may affect device
) reliability.
DC IOUPUL CUITBAE.:5:5:suuwsssssssmsisssssssssonssnsnaspuansssses 15.0 mA
DC Characteristics
T, = -40°C t0 85°C, V¢ = 5.0V + 20% (unless otherwise noted)
Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) 0.5 0.2 V- 0.1 v
'/ Input Low-voltage (EA) 0.5 0.2Vc-0.3 '
Vi input High-vottage (Except XTAL1, RST) 02Vcc+09 Vec+05 \'
Vi Input High-voltage (XTAL1, RST) 0.7 Ve Vec+0.5 v
VoL Output Low-voltage™ (Ports 1,2,3) o= 1.6 mA 0.45 \Y
Output Low-voltage(" , |
Voui (Port 0, ALE, PSEN) lo.=32mA 0.45 v
Iy =60 pA, Vg = 5V £ 10% 24 v
Output High-voltage N
Vou (Ports 1.2.3, ALE, PSEN) loy=-25pA 075V v
loy=-10pA 0.9 Ve v
lon = -800 A, Vo = 5V + 10% 24 \
Output High-voltage Y
Vorr (Port 0 in Extemal Bus Mode) ton =H3ce 9178 Vea v
lon = -80 pA 0.9 Ve v
Iy Logical 0 Input Current (Ports 1,2,3) | Viy=0.45V -50 pA
Logical 1 to 0 Transition Current - (L
n (Ports 1,2.3) V=2V, VCC =5V + 10% -650 pA
Iy Input Leakage Current (Port 0, EA) 0.45 < Vjy < Ve +10 pA
RRST Reset Pull-down Resistor 50 300 KQ
_C.o Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current
e Idle Mode, 12 MHz 5 mA
Vo = 6V 100
Power-down Mode® & i
Ve =3V 40 pA

Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:
Maximum lo, per port pin: 10 mA
Maximum lo,_per 8-bit port: Port 0: 26 mA
Ports 1,2, 3: 15 mA .
Maximum total |, for all output pins: 71 mA
If 1o, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

10 AT89CH 1 e T
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82CS55A
CHMOS PROGRAMMABLE PERIPHERAL INTERFACE
& Compatible with all Intel and Most & Control Word Read-Back Capability
. :l:':' MlchpﬂzJ:ess‘:r; o B Direct Bit Set/Reset Capability
Speed, “Zero Wa e”
? 2.5 mA DC Drive Capability on all 1/0

Operation with 8 MHz 8086/88 and .

80186/188 Fort Outpits
® 24 Programmable I/0 Pins ® Avallable in 40-Pin DIP and 44-Pin PLCC

@ Avallable in EXPRESS

® Low Power CHMOS — Standard Temperature Range
® Completely TTL Compatible — Extended Temperature Range

In MODE 0, each group of 12 1/0 pins may be programmed in sets of 4 and 8 to be inputs or outputs. In
MODE 1, each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used
for handshaking and interrupt control signals. MODE 2 I8 a strobed bi-directional bus eontiguration.

The 82C55A is fabricated on Intel’s advanced CHMOS Il technology which provides low power consumption
with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 40-pin
DIP and 44-pin plastic leaded chip carrier (PLCC) packages.
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Figure 1. 82C55A Block Diagram ~9: <
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Figure 2. 82C55A Pinout

Diagrams are for pin reference only. Package
sizes are not to scale.

October 1995 Order Number: 231256-004



82C55A

" ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias. ...0°C to + 70°C

intgl.

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.
*WARNING: Stressing the device beyond the “Absolute

Storage Temperature ......... — 65°Cto + 150°C Maximum Ratings” may cause permanent damage.

Supply Voltage .. ..........c...... —05t0+ 80V  Thess are stress ratings only. Operation beyond the
: “Operating Conditions” is not recommended and ex-

Operating Voltage ................. +4Vto + 7V tended exposure beyond the “Operating Conditions”

Voltage onany Input.......... GND—2Vto + 6.5V may affect device reliability.

Voltage on any Output . .GND—0.5Vto V¢ + 0.5V

Power Dissipation ...............ccooin.n. 1 Watt

D.C. CHARACTERISTICS

Ta = 0°C to 70°C, Voo = +5V £10%, GND = OV (Ta = —40°C to +85°C for Extended Temperture)

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage -0.5 0.8 Y
ViH Input High Voltage 2.0 Vce \
VoL Output Low Voltage 0.4 \ loL = 25mA
VoH Output High Volitage 3.0 Vv IoH= —25mA
Vg — 04 \ loy = —100 pA
e Input Leakage Current +1 pA Vin = Vo to OV
{Note 1)
lorL Output Float Leakage Current +10 pA ViN = Vo to OV
(Note 2)
IpAr Darlington Drive Current +25 (Note 4) mA Ports A, B,C
Vext = 1.7V
IpHL Port Hold Low Leakage Current +50 +300 RA Vout = 1.0V
Port A only
IPHH Port Hold High Leakage Current —-50 —300 RA Vourt = 3.0V
Ports A,B,C
IPHLO Port Hold Low Overdrive Current —350 pA Vout = 0.8V
lpHHO Port Hold High Overdrive Current +350 pA Vourt = 3.0V
lcc Ve Supply Current 10 mA (Note 3)
lccse Ve Supply Current-Standby 10 pA Vee = 5.5V
ViN = Vg or GND
Port Conditions
If I/P = Open/High
O/P = Open Only
With Data Bus =
High/Low
CS = High
Reset = Low
Pure Inputs =
Low/High
NOTES:

1. Pins Ay, Ag, CS, WR, RD, Reset.
2. Data Bus; Ports B, C.

3. Outputs open.

4. Limit output current tc 4.0 mA.

18



Octal Transparent Latch
with 3-State Outputs;
Octal D-Type Flip-Fiop
with 3-State Output

The SN74LS373 consists of eight latches with 3-state outputs for
bus organized system applications. The flip-flops appear transparent
to the data (data changes asynchronously) when Latch Enable (LE) is
HIGH. When LE is LOW, the data that mects the setup times is
latched. Data appears on the bus when the Output Enable (OE) is
LOW. When OE is HIGH the bus output is in the high impedance state.

The SN74LS374 is a high-speed, low-power Octal D-type Flip-Flop
featuring separate D-type inputs for each flip-flop and 3-state outputs
for bus oriented applications. A buffered Clock (CP) and Qutput
Enable (OE) is common to all flip-flops. The SN74LS374 is
manufactured using advanced Low Power Schottky technology and is
compatible with all ON Semiconductor TTL families.

e Eight Latches in a Single Package

e 3-State Outputs for Bus Interfacing

e Hysteresis on Latch Enable

e Edge-Triggered D-Type Inputs

e Buffered Positive Edge-Triggered Clock

e Hysteresis on Clock Input to Improve Noise Margin
e Input Clamp Diodes Limit High Speed Termination Effects

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Vee Supply Voitage 4.75 5.0 5.25 \
Ta Operating Ambient 0 25 70 °C
Temperature Range
loH Output Cumrent — High —26 | mA
lov Output Cumrent — Low 24 mA
s s u.czooo —— P

August, 2000 - Rev. 7

http://onsemi.com

LOW
POWER
SCHOTTKY

MARKING
DIAGRAMS

SN74LS37xN
o AWLYYWW
20 1

CASE 738

AAAAAAAEA

LS37x
AWLYYWW

1T!HHHHHHHH

SOiC-20
DW SUFFIX
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ORDERING INFORMATION

Device Package Shipping
SN74LS373N PDIP-20 1440 Units/Box

SN74LS373DW| SOIC-20 2500/Tape & Reel

SN74LS374N PDIP-20 1440 Units/Box

SN74LS374DW | SOIC-20 2500/Tape & Reel
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SN74LS373, SN74LS374

LOGIC DIAGRAMS
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min | Typ | Max | unit Test Conditions
Vi Input HIGH Voltage 20 v f.“ffpﬁ:"“ [rRuj HIGEH Yolags for
" ot LML 08 g g‘u?mnteed input LOW Voltage for
Vic Input Clamp Diode Voltage 065 ] 15 | V | Voc=MIN, ln=—18mA
Vee = MIN, loy = MAX, Viy = Viy
Vou Output HIGH Voltage 24 | 31 Y N o oo 1R
025 | 04 v |log=12mA Vee = Vee MIN,
Vou Output LOW Voitage Vin=VporViy
0.35 0.5 Vv lop =24 mA per Truth Table
- Output Off Current HIGH 20 WA | Voo =MAX, Vour =27V
oz Output OF Current LOW 20 | wA | Voo =MAX, Vour=04V
20 = =2.
I Input HIGH Current WA G ECFIAX, Vey =27V
01 | mA | Voo=MAX,Vy=7.0V
I input LOW Current 04 | mA | Vco=MAX, V=04V
Yoi Short Circuit Current (Note 1.) -30 130 | mA | Vco=MAX
lec Power Supply Cument 40 mA Vce = MAX

1. Not more than one output should be shorted at a time, nor for more than 1 second.
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1-of-8 Decoder/

Demultiplexer
The LSTTL/MSI SN74LS138 is a high speed 1-of-8 Decoder/
Demultiplexer. This device is ideally suited for high speed bipolar ON Semiconductor
memory chip select address decoding. The multiple input enables formery 2 Dnrsion of Motorol
allow parallel expansion to a 1-of-24 decoder using just three LS138 http:/fonsemi.com
devices or to a 1 ’0f-32 dec Odef u Sing four 1313 8S an d one iﬂV eﬂﬂr ............................ RS e P e
The LS138 is fabricated with the Schottky barrier diode process for LOW
high speed and is completely compatible with all ON Semiconductor POWER
TTL families.

© Demultiplexing Capability

e Multiple Input Enable for Easy Expansion

e Typical Power Dissipation of 32 mW

e Active Low Mutually Exclusive Outputs

® Input Clamp Diodes Limit High Speed Termination Effects

SCHOTTKY

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 4.75 5.0 5.25 Vv
Ta Operating Ambient 0 25 70 °C ::JAS:::I‘);
Temperature Range
lox Output Current — High -0.4 mA
loc Output Current — Low 8.0 mA
1
S0OiC
D SUFFIX
CASE 7518
ORDERING INFORMATION
Device Package Shipping
SN74LS138N | 16 Pin DIP 2000 Units/Box
SN74LS138D 16 Pin 2500/Tape & Reel
©S xctor C uc, 1899 1 Pubiuzuon Order Nurﬁber.

December, 1999 i Rev. 6 ) SN74LS138/D



CONNECTION DIAGRAM DIP (TOP VIEW)

SN74LS138

Vo G O 0 0 O T T
[16] [1s] [a] [rs] [re] [u] [ro] [

)

NOTE:

1he Flatpak version has the same
pinouts (Connection Diagram) as
the Dual In-Line Package.

LT [T TsJ Lad L] Led L] Le]

Ao

PIN NAMES

Ao-A;
E.E2
E;
0,-07

NOTES:

Aq

A; E; E; E; 0; GND
LOADING (Note a)
HIGH LowW
Address Inputs 05UL 025Ul
Enable (Active LOW) inputs 05UL 025U.L
Enable (Active HIGH) Input 05UL 025U.L
Active LOW Outputs 10uL 5uUL

a) 1 TTL Unit Load (U.L.) = 40 A HIGH/.6 mA LOW.

LOGIC SYMBOL
123 456

| &

Ao A1 Az E

04

o
-

0p Oy

1§

1614 13 12 111

o

05 07

[
3 97
Vce =PIN 16

GND =PIN 8

h“p[/o o 'co‘.“ R
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SN74L.8138

Limits
Symbol Parameter Min | Typ Unit § -TestConditions......______ _
Vi Input HIGH Vol 2, Guaranteed Input HIGH Voltage for
tage 0 v All Inputs
Vi Input LOW Vottage 0.8 v | Guaranteed input LOW Voltage for
All Inputs
Vi Input Clamp Diode Voitage T065] -15 | V [ Vee=MIN, Iy=—18mA
27 35 "4 Vee =MIN lon = MAX, V, = V,
Vou Output HIGH Vo cc : , Vin=Viy
i 'age or Vy_per Truth Table
0.25 04 v lo. =4.0mA Vee = Vee MIN,
VoL Output LOW Voitage Vin =V or Vi
0.35 0.5 \" lo. =8.0 mA per Truth Table
b Input HIGH Current 20 | #A | Voo=MAX Vin=27V
0.1 MA | Voo =MAX, Vg =7.0V
I Input LOW Current -0.4 mA Veec = MAX, Viy =04 V
los Short Circuit Current (Note 1) -20 -100 | mA | Vee=MAX
lcc Power Supply Current 10 mA | Voo =MAX

Note 1: Notmoremanonemmutshouldbeshomadata time, nor for more than 1 second.

AC CHARACTERISTICS (T, = 25°C)

Levels of Limits
Symbol Parameter Delay Min Typ Max Unit Test Conditions

teLn Propagation Delay 2 13 20 .

tpHL Address to Output 2 27 41

teLH Propagation Delay 3 18 27 ad

teHL Address to Output 3 26 39 Vec =50V
ton Propagation Delay E; or E, 2 12 18 = CL=15pF
teHL Enable to Output 2 21 32

toun Propagation Delay E; 3 17 26 P

trHL Enable to Output 3 25 38

AC WAVEFORMS
i 3 13V
Vi 13V 13V 13V g

Vout } 13v

Figure 2.
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& National Semiconductor

DAC0808
8-Bit D/A Converter

General Description

The DAC0808 is an 8-bit monolithic digital-to-analog con-
verter (DAC) featuring a full scale output current settling time
of 150 ns while dissipating only 33 mW with 5V supplies.
No reference current (lgef) trimming is required for most
applications since the full scale output current is typically £1
LSB of 255 Izer/256. Relative accuracies of better 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 Iger22 mA. The power supply cumrents of the
DACO0808 is independent of bit codes, and exhibits essen-
tially 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
MC1508/MC1408. For higher speed applications, see
DACO0800 data sheet.

May 1999

Features

® Relative accuracy: £0.19% emor maximum

s Full scale current match: 1 LSB typ

m Fast settling time: 150 ns typ

& Noninverting digital inputs are TTL and CMOS
compatible

= High speed multiplying input slew rate: 8 mA/us

@ Power supply voltage range: £4.5V to £18V

@ Low power consumption: 33 mW @15V

Block and Connection Diagrams

L
Al A2

YT B

i

peO 2

J:s‘

‘o
I R2R LADDER l Imqmr }—ocn

RARGE oy l
CcoNTAOL RPRpERT

{ i

Vi (e,
pery SPY CURRENT —O Veo
SOURCE PAIR
Vagr(-) O
REFERENCE —O conPen
CURRENT AMP
Vee
DS005887-1
Duak-in-Line Package
NC(NOTE 2) = U L cowensanion
PRS —VYReEF(—
"s:—" = VREF(+)
[
ig ~ == ivn
e a1 LS
u—.- -“—AI
A1 LW
oLl LW
DS005687-2
Top View
Order Number DACO0808

See NS Package M16A or N16A

© 2001 National Semiconductor Corporation DS005687
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Absolute Maximum Ratings (Note 2) Storage Temperature Range -65°C to +150°C
if Military/Aerospace specified devices are_required, __ Lead Temp. (Soldering, 10 seconds)
please contact the National Semiconductor Sales Office/ Duakin-Line Package (Plastic) 260°C
Distributors for availability and specifications. DuakIn-Line Package (Ceramic) 300°C
Power Supply Voltage Surface Mount Package
Ve +18 Ve Vapor Phase (60 seconds) 215°C
Vee —18 Vpe Infrared (15 seconds) 220°C
Digital Input Vol , V6-V12 =10 Vpc to +18 V, . -
ALgpIied guutput n\?oglt.;ge. Vo -1 vzz to +18 v[:c Operating Ratings
Reference Current, I44 5 mA Temperature Range T < Ta S Tuax
Reference Amplifier Inputs, V14, V15 Vee: Vee DAC0808 0<T, <+75C
Power Dissipation (Note 4) 1000 mW
ESD Susceptibility (Note 5) TBD
Electrical Characteristics
(Ve = 5V, Vee = 15 Vpc, Vree/R14 = 2 mA, and all digital inputs at high logic level unless otherwise noted.)
Symbol Parameter Conditions Min Typ Max Units
E, Relative Accuracy (Emor Relative (Figure 4) %
to Full Scale 1)
DACO0808LC (LM1408-8) £0.19 %
Settling Time to Within 2 LSB TA=25°C (Note 7), 150 ns
(Includes toy 1) (Figure 5)
tor e tome Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 ns
TClg Qutput Full Scale Current Drift £20 pp/"'C
MSB Digital Input Logic Levels (Figure 3)
Vin High Level, Logic “1" 2 Vo
Vi Low Level, Logic “0" 0.8 Voo
MSB Digital Input Current (Figure 3)
High Level Viu =5V 0 0.040 mA
Low Level V, = 0.8V —-0.003 —0.8 mA
lis Reference Input Bias Current (Figure 3) =1 -3 HA
Output Current Range (Figure 3)
Vege = 5V 0 20 24 mA
Ve = —15V, T, = 25°C 0 20 4.2 mA
lo Output Current Vger = 2.000V,
R14 = 1000Q,
(Figure 3) 1.9 1.99 2.4 mA
Output Current, All Bits Low (Figure 3) 0 4 pA
Output Voltage Compliance (Note 3) E <0.19%, To =25°C
Vege=-5V, lgegr=1 MA -0.55, +0.4 Vpc
Vee Below -10V -5.0, +0.4 Voc
SRlger Reference Current Slew Rate (Figure 6) 4 8 mA/us
Output Current Power Supply -5V < Ve < -16.5V 0.05 2.7 pANV
Sensitivity
Power Supply Current (All Bits (Figure 3)
Low)
lee 23 22 mA
legs -43 -13 mA
Power Supply Voltage Range T, = 25°C, (Figure 3)
Ve 45 5.0 55 Voc
Ve -45 -15 -16.5 Voc
Power Dissipation

www.national.com
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DACO0808

Electrical Characteristics (continued)
(Ve = 5V, Vege = =15 Vpe, Vred/R14 = 2 mA, and all digital inputs at high logic level unless otherwise noted.)

All BItS LOW Vee = 9V, Vgg = OV 33 Hu mvy
Vee = 5V, Vg = 15V 106 305 mwW
All Bits High Vee = 15V, Vg = -5V 90 mw
Vee = 15V, Veg = —15V 160 mwW

Note 2: Absolute Maximum Ratings indicate limits beyond which damage o the device may occur. DC and AC electrical specifications do not appty when operating
the device beyond its specified operating conditions.
Note 3: Range control is not required.

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by T jax. 84, and the ambient temperature, Ta. The maximum
allowable power dissipation at any temperature is Pg = (T jmax — TAY8,4 O the number given in the Absolute Maixmum Ratings, whichever is lower. For this device,
Timax = 125°C, awﬁwtymrd)uncbwvmmmm&malmsmanceofmedeMmeackageMmtheboardmounmdls1OOC/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 5: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 6: All current switches are tested to guarantee at least 50% of rated current.

Note 7: All bits switched.

Note 8: Pin-out numbers for the DALOSOX represent the dual-inine package. The small outline package pinout differs from the dual-in-ine package.

Typical Application

Vec= =¥ A1 A2 A8 )
=V | —+—+*+..—
Vo=10 ( 2 4 256
DS005687-23
13
5.000
wss noaz H O A0 10000V = Vier
o= 15 sk
MO—‘- TO—AMTI £.000%
DIGITAL MO— gacwm [—O - MW
INPUTS AS O——d -
10 4
3
A7 O h ;
Lss A8 O-H —O0 ofreur
¥ 01 uF
Veg = -15V

DS005687-3

FIGURE 1. +10V Output Digital to Analog Converter (Note 8)

Typical Performance Characteristics v = 5v, Ve = -15V, Ta = 25°C, unless otherwise noted

Logic Input Current vs Bit Transfer Characteristics Logic Threshold Voltage vs
Input Volitage . Temperature
i T ]
T Y
- = 12 Hh4=2mA o 2
< < >
S 6 E Al SOMS |- 1
= e S 15
b = =
o= < - NN
= s 03 S 1 ~<
: 4 ’u_ a9 12
2 5 05 a2 o ™~
= E “V=-15v T z .
s A1 THROUGH AB 2 o H Y4 ! A5 £ s
g ? . V=5V Aot z
3 = 02 F RO g ot A4 ] (2] 0.6
- b el et S 04
" o WL L1 [ 1hf t T
1
—12-10-8-6-6-202 & 6 8 1012 1416 18 -12-10-8-6-4-20 24 6 8 101214 1618 z o
>
V| - LOGIC INPUT VOLTAGE (V) V| — LOGIC INPUT VOLTAGE (V) -55 -37-18 -1 17 35 53 71 89 107125
DS005687-14 DS005687-15 Ty, - TEMPERATURE (°C)

DS005687-16
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SGS-THOMSON
MICROELECTRONICS

7

UA741

GENERAL PURPOSE SINGLE OPERATIONAL AMPLIFIERS

= LARGE INPUT VOLTAGE RANGE

= NO LATCH-UP

= HIGH GAIN

s SHORT-CIRCUIT PROTECTION

= NO FREQUENCY COMPENSATION
REQUIRED

s SAME PIN CONFIGURATION AS THE UA709

s ESD INTERNAL PROTECTION

DESCRIPTION
The UA741 is a high performance monolithic op-
erational amplifier constructed on a single silicon
chip. It is intented for a wide range of analog
applications.

e Summing amplifier

o Voltage follower

e Integrator

o Active filter

e Function generator
The high gain and wide range of operating voltages
provide superior performances in integrator, sum-
ming amplifier and general feedback applications.
The internal compensation network (6dB / octave)
insures stability in closed loop circuits.

N D
DiP8 s08
(Plastic Package) (Plastic Micropackage)
ORDER CODES

Part Packa”
Number Temperature Range 3 o
UA741C/E 0°C, +70°C e °
UA741t -40°C, +105°C ° °
UA741M/A -55°C, +125°C . °

Example : UA741CN

PIN CONNECTIONS (top view)
\_/ 1 - Offsetnull 1
10 ] 8 2 - Inverting input
3 - Non-inverting input
2 2 7 4 -Veo
O %3 5 - Offsetnull 2
R 6 - Output
3] 6 vy
4 E :I 5 8-N.C.

October 1995

19
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UAT741

SCHEMATIC DIAGRAM
Non-inverting
Input
O
{J Vec!
Q8 Qs Q12 Q13
Inverting '/ Qi4
Input R7 N
a1 QZ)—E] c1 AS5&
[
o :
a18 01;—"
rs RS [] RO
Q3 Qa4 390
ZIIEN = =
7.5k Dutpret
R10
500
Q16
\—-En
Q20
o Q17
as Qs ato}<4- a1
Offset
null 1
R1 R3| | R2 R4 R12 R11
1% 1KQ 5k Q 50kQ 50Q
0 Vo™
Offset
nuil2
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter UA741M-A UA7411 UAT741C-E Unit
Vce Supply Voltage 122 +22 122 \
Vi Input Voltage - (note1) +15 +15 +15 v
Vid Differential Input Voltage +30 +30 +30 \%
Ptot Power Dissipation 500 500 500 mw
Output Short-circuit Duration Infinite
Toper Operating Free Air Temperature Range -55 to +125 -40 to +105 0to+70 °c
Tetg Storage Temperature Range -65 to +150 -65 to +150 -65to +150 °C

Nota : 1. The magnitude of the input voltage must never exceed the magnitude of the positive and negative supply volitage.

741-03.EPS

741-02.TBL
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ELECTRICAL CHARACTERISTICS
Vee = $£15V, Tamb = 25°C (unless otherwise specified)

Symbol Parameter Min. | Typ. | Max: |- Unit
Vio Input Offset Voltage (Rs < 10kQ2) mv
Temb =25°C 1
Tmn < T-mb < Tm
UA741E,A
Tamb = 250 C 1
Tmh. < Tamb < Tmax
lio Input Offset Current nA
Tamb = 25°C 2
Tmin. < Temb < Trmax.
lin Input Bias Current nA
Tamb = 25°C 10
Tmh < Tlmb S Tmu
Avd rgg Sognal Voitage Gain (Vo =110V, RL = 2k0) VimV
amb = 25° 50 | 200
Tmn < Tamb < Tmax 25
SVR Suppty oﬂ?e Rejection Ratio (Rs < 10kQ) dB
77 90
Tmh < T.mb < Tmax 77
lec Supply Current, no load mA
Tamb =25°C 1 28
Tm'n. < Tamb < Tmax. 3.3
Viem Input Common Mode Voltage Range \Y
Tamb = 25°C +12
Tmin. S Tamb < Trnax. +12
CMR Common Mode Rejection Ratio (R, < 10kQ) dB
Tamb =25°C 70 90
Tmin. < Tamb < Trax. 70
bos Output Short-circuit Current 10 35 mA
tVorp Output Volta%e Swing \"
Tamb = RL = 10kQ 12 14
Ri= 2kQ 10 13
Tmin. Tamb < Trmax RL = 10kQ 12
RL= 2kQ 10
SR Slew Rate Vius
(Vi =+10V, R = 2kQ , Ci = 100pF, Temp = 25°C, unity gain) 025 | 05
tr Rise Time us
(Vi =+£20mV, Ry = 2kQ , C. = 100pF, Tamb = 25°C, unity gain) 0.3
Kov Overshoot %
(Vi =+20mV, R = 2kQ , C. = 100pF, Tamb = 25°C, unity gain) 5
Ri Input Resistance 0.3 2 MQ
GBP Gain Bandwidth Product MHz
(Vi=10mV, R =2kQ, C_ = 100pF, f = 100kHz) 0.7 1
THD Total Harmonic Distortion %
(f = 1kHz, Av = 20dB, RL = 2kQ, Vo= 2Vpp, Ci = 100pF, Tamb = 25°C) 0.06
€n Equivalent input Noise Voltage nVv
{ f= 1kHz, Rs = 100Q) 23 JHz
m Phase Margin 70 Degrees
3”

] :72 %%%IE.UEJHW‘JM
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General Description

The LM124 series consists of four independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply cument drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For exampte, the LM 124 series can be directly operat-
ed off of the standard + 5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional +15V
power supplies.

Unique Characteristics

E In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage

2 The unity gain cross frequency is temperature
compensated

& The input bias current is also temperature
compensated

NNational Semiconductor

December 1984

LM124/LM224/LM324/LM2902
Low Power Quad Operational Amplifiers

Advantages

& Eliminates need for dual supplies

® Four internally compensated op amps in a single
package

B Allows directly sensing near GND and Voyr also goes
to GND

u Compatible with all forms of logic

® Power drain suitable for battery operation

Features
B Internally frequency compensated for unity gain

®m Large DC voltage gain 100 dB
® Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
® Wide power supply range:
Singte supply 3V to 32V

or dual supplies +1.5Vto £16V
& Very low supply current drain (700 pA)—essentially in-
dependent of supply voltage

® Low input biasing current 45 nA
(temperature compensated)

& Low input offset voltage 2 mV
and offset current 5nA

& Input common-mode voltage range includes ground
® Differential input voltage range equal to the power sup-
ply voltage

& Large output voltage swing OVtoVt — 15V

Connection Diagram

Dual-In-Line Package

GUTPUT & INPUT L™ INPUTA®  GRO WPUTI' (RFUTT QUTPUT 3

" 13 12 11 18 1] ]

)

[ 'z 1 ]¢ 5 « 1

OUTPUT Y 1mPUT I~ wPuTT® vt WPUTZ® IMPUTZT  QUTPUT I
TL/H/8289-1

Top View

Order Number LM124J, LM 124AJ, LIK124.J/883° ",
LM124AJ/883°, LM224J, LM224AJ, LM324J, LM324M,
LM324AM, LM2902M, LM324N, LM324AN or LM2902N

See NS Package Number J14A, M14A or N14A

*LM124A avaiiable per JM38510/11006
**LM124 avaisbie per JM38510/11005

ot
™=

Wi

Ve

"2+

2=
ourz

TL/H/9299-32
Order Number LM124AE/883 or LM124E/883
See NS Package Number E20A
ouTPUT 1 :' e —t
NPT 1= ] .‘_"T.J INPUT 4=
INPUT 1o (:“‘ [‘: INPUT 4+
w—H  Mizaw P oo
INPUT 2+ [:: b INPUT 2+
INPUT 2 l:’ INPUT 3=
[T X e— CUTRUT 3
TL/H/6299-33
Order Number LM124AW/883 or LM124W/883
See NS Package Number W14B

©1995 Natona Semiconductor Corporation  TL/H/9206
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National Semiconductor

LF353

Wide Bandwidth Dual JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, dual JFET input op-
erational amplifiers with an internally trimmed input offset
voltage (BI-FET II™ technology). They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF353 is pin compatible with the standard LM1558 allowing
designers to immediately upgrade the overall performance of
existing LM1558 and LM358 designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold cir-
cuits and many other circuits requiring low input offset volt-
age, low input bias current, high input impedance, high slew
rate and wide bandwidth. The devices also exhibit tow noise
and offset voltage drift.

August 2000

Features

m Internally trimmed offset voltage: 10 mV
= Low input bias current: 50pA
@ Low input noise voltage: 25 nVAHz
® Low input noise current: 0.01 pANHz
® Wide gain bandwidth: 4 MHz
E High slew rate: 13 Vipys
e Low supply current: 3.6 mA
m High input impedance: 102Q
® Low total harmonic distortion : <0.02%
& Low 1/f noise corner: 50 Hz
2 Fast settling time to 0.01%: 2 yus

Typical Connection

Ry
—AN

Ve

o
-Vee
DS005648-14

Simplified Schematic

1/2 Dual

Vee O - <

INTERKALLY

INTERKALLY TRIMMED

Connection Diagram

Dual-In-Line Package

QUTFUT A

INVERTING INPUT A —1-4

NON-NVERTING _3
INPUT A

INVERTING INPUT 8

S __ NORANVERTING

e INPUT B

DS005648-17
Top View
Order Number LF353M, LF353MX or LF353N
See NS Package Number MO8A or NOSE

TRIMMED
-Vgg O—@ ©
0S005648-16
BIFET II™™ is a trademark of Nationa! Semiconductor Corporation
©® 2000 National Semiconduclor Corporation DS005648

www.national.com
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LF353

Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

please CONTact tne Nauonal demiconauctor daies utrice/
Distributors for availability and specifications.

Supply Voltage +18V

Small Outline Package
Vapor Phase (60 sec.)

L S R B

215°C

Anne

inirarea (19 sec.) PR

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

1700V

6, M Package 8D
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to
the device may occur. Operating ratings indicate conditions for which the de-
vice is functional, but do not guarantee specific performance limits. Electrical
Characteristics state DC and AC electrical specifications under particular test
conditions which guarantee 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 typicai value isa good in-

DC Electrical Characteristics

Power Dissipation (Note 2) ESD Tolerance (Note 8)
Operating Temperature Range 0°C to +70°C
T{(MAX) 150°C
Differential Input Voltage 30V
Input Voltage Range (Note 3) +15V
Output Short Circuit Duration Continuous
Storage Temperature Range -65'C to +150°C
Lead Temp. (Soldering, 10 sec.) 260°C dication of device performance.
Soldering Information
Dual-in-Line Package
Soldering (10 sec.) 260°C

(Note 5)
Symbeol Parameter Conditions LF353 Units
Miln Typ Max
Vos Input Offset Voltage Rg=10kQ, To=25C 5 10 mV
Over Temperature 13 mV
AVog/AT Average TC of Input Offset Voltage Rs=10 kQ 10 wvIrc
los input Offset Current T;=25°C, (Notes 5, 6) 25 100 pA
T70°C 4 nA
lg Input Bias Current T;=25°C, (Notes 5, 6) 50 200 pA
T<70°C 8 nA
Rin Input Resistance T,=25C 105 Q
AvoL Large Signal Voltage Gain Vg=%15V, T,=25°C 25 100 VimV
Vo=£10V, R =2 kQ
Over Temperature 15 VimV
Vo Output Voltage Swing Vg=£15V, R =10kQ +12 +13.5 \%
Veum Input Common-Mode Voltage Vg=115V 11 +15 Vv
Range -12 Vv
CMRR Common-Mode Rejection Ratio Rs< 10kQ 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 7) 70 100 daB
Is Supply Current 3.6 6.5 mA
AC Electrical Characteristics
(Note 5)
Symbol Parameter Conditions LF353 Units
Min Typ Max
Amplifier to Amplifier Coupling Ta=25"C, f=1 Hz-20 kHz -120 dB
(Input Referred)
SR Slew Rate Vg=%15V, T,=25C 8.0 13 Vius
GBW Gain Bandwidth Product Vg=x15V, To=25C 27 4 MHz
e, Equivalent Input Noise Voltage Ta=25°C, Rg=1004, 16 aVv/Fz
f=1000 Hz
in Equivalent Input Noise Current T,=25°C, f=1000 Hz 0.01 pA/ Az

www.national.com




Philips Semiconductors

Product specification

/

NPN power transistors

BD135; BD137; BD139

FEATURES
e High current (max. T.5A)
e Low voltage (max. 80 V).

APPLICATIONS

o Driver stages in hi-fi amplifiers and television circuits.

DESCRIPTION
NPN power transistor in a TO-126; SOT32 plastic

package. PNP complements: BD136, BD138 and BD140.

PINNING
PIN DESCRIPTION
1 emitter
2 collector, connected to metal part of
mounting surface
3 base

mNS
U

1UzU 3U Top view MAM254

Fig.1 Simplified outline (TO-126; SOT32) and

symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voltage open emitter
BD135 - 45 \%
BD137 - 60 \
BD139 - 100 \Y
Veeo collector-emitter voltage open base
BD135 - 45 \Y
BD137 - 60 \
BD139 - 80 Vv
Veso emitter-base voltage open collector - 5 \Y
lc collector current (DC) - 15 A
lem peak collector current - 2 A
lem peak base current - 1 A
Piot total power dissipation Tmp<70°C - 8 w
Tstg storage temperature —65 +150 °Cc
T; junction temperature - 150 °C
Tawib operating ambient temperature —65 +150 °C

1999 Apr 12



Philips Semiconductors
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BD136; BD138; BD140

PNP power transistors

Product specification

FEATURES PINNING
e High cumrent (max. 1.5 A) " PIN DESCRIPTION ]
e Low voltage (max. 80 V). 1 emitter
2 collector, connected to metal part of
APPLICATIONS mounting surface
« General purpose power applications, e.g. driver stages 3 base
in hi-fi amplifiers and television circuits.
DESCRIPTION 5
PNP power transistor in a TO-126; SOT32 plastic O
package. NPN complements: BD135, BD137 and BD139. 3
U U U |
1 U 2U 3U Top view MAMZ72
Fig.1 Simplified outline (TO-126; SOT32)
and symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voltage open emitter
BD136 — —45 \
BD138 - -60 \Y
BD140 - -100 \Y
Vceo collector-emitter voltage open base
BD136 - —45 \Y
BD138 - -60 Y
BD140 - -80 \Y
Veso emitter-base voltage open collector - -5 Vv
lc collector current (DC) - -1.5 A
lem peak collector current - -2 A
Ism peak base cumrent - -1 A
Piot total power dissipation Tmb<70°C - 8 w
Tsyg storage temperature -65 +150 °C
T junction temperature - 150 °C
Tamb operating ambient temperature -65 +150 *C
1998 Apr 12 2
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