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Abstract

This project presents development of motion control for robots. Specifically, the robot
can move to the destination assigned by the program using Visual Basic and the movement of the
robot should have only small-error that can be accepted. This control system is designed for
control robot into the place that is difficult to see by the operator. The problem can solve by using

motion control system to identify the position and direction of robot.
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Philips Semiconductors

N-channel TrenchMOS™ transistor

Product specification

IRF540, IRF540S

F

FEATURES

- 'Trench’ technology

- Low on-state resistance
- Fast switching

- Low thermal resistance

GENERAL DESCRIPTION

SYMBOL

QUICK REFERENCE DATA

Vpss = 100 V
I, =23 A
Rospo; £ 77 12

N-channel enhancement mode field-effect power transistor in a plastic envelope using 'trench’ technology.

Applications:-
- d.c. to d.c. converters
« switched mode power supplies

- T.V. and computer monitor power supplies

The IRF540 is supplied in the SOT78 (TO220AB) conventional leaded package.

The IRF5408S is supplied in the SOT404 (D?PAK) surface mounting package.

PINNING SOT78 (TO220AB) SOT404 (D°PAK)
PIN DESCRIPTION L
¥ i [
1 gate
2 |drain’
3 source
2
tab |drain g =
LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL |PARAMETER CONDITIONS MIN. MAX. | UNIT
Voss Drain-source voltage T,=25°Ct0175°C - 100 \
Voer Drain-gate voltage T;=25°C 10 175°C; Rgs = 20 kQ - 100 \Y
Ves Gate-source voltage - +20 \
Iy Continuous drain current = 25°C; Vgg =10V - 23 A
=100 °C; Vgg =10V - 16 A
lom Pulsed drain current Toy =25 °C - 92 A
Po Total power dissipation Tw=25°C - 100 w
Tir Tag Operating junction and -55 175 °C
storage temperature
1 Itis not possible to make connection to pin:2 of the SOT404 package
August 1999 1 Rev 1.100




Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF540, IRF540S

AVALANCHE ENERGY LIMITING VALUES

Limiting values in accordance with the Absolute Maximum System (IEC 134)

SYMBOL | PARAMETER CONDITIONS MIN. MAX. | UNIT
Eas Non-repetitive avalanche Unclamped inductive load, las = 10 A; - 230 mJ
energy t, = 350 ps; T, prior to avalanche = 25°C;
Vop €25 V; Rgs = 50 Q; Vg = 10 V; refer
to fig:14
las Peak non-repetitive : 23 A
avalanche current

THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX.| UNIT
Rinjmb Thermal resistance junction - = 1.5 | KW
to mounting base
Rinja Thermal resistance junction | SOT78 package, in free air - 60 - KW
to ambient SOT404 package, pcb mounted, minimum - 50 - KW
footprint

ELECTRICAL CHARACTERISTICS

T=25°C unless otherwise specified

SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX.| UNIT
Verpss | Drain-source breakdown Vgs = 0 V; Ig=0.25 mA, 100 - - Vv
voltage T,=-55C | 89 - - v
Vesro) Gate threshold voltage Vps = Vs Ip = 1 mA “] 3 4 \
T;=175°C 1 - - v
T,=-55°C - - 6 \'
Ropsion) Drain-source on-state Vgs=10V; Ip =17 A - 49 77 | mQ
resistance T,=175°C = 132 | 193 | mQ
Ot Forward transconductance  |Vps=25V; 1l =17 A 8.7 | 16,5 - S
less Gate source leakage current |Ves =+20 V; Vps = 0V - 10 100 | nA
Ipss Zero gate voltage drain Vps =100 V; Vgs =0V - 0.05 | 10 pA
current Vos =80 V; Vgs = 0V; T;=175°C - - 250 | pA
Qqon Total gate charge lb=17 A; Vpp=80V; Vg =10V - - 65 nC
s Gate-source charge B - 10 nC
o Gate-drain (Miller) charge - - 29 nC
tyon Turn-on delay time Voo =50 V; Rp = 2.2 Q; - 8 - ns
t. Turn-on rise time Ves=10V;R;=5.6 Q - 39 - ns
| - Turn-off delay time Resistive load - 26 - ns
t Tum-off fall time - 24 - ns
Ly Internal drain inductance Measured tab to centre of die - 3.5 - nH
Ly Internal drain inductance Measured from drain lead to centre of die - 4.5 - nH
(SOT78 package only)
| Internal source inductance | Measured from source lead to source - 7.5 - nH
bond pad
Ciss Input capacitance Vgs=0V; Vps=25V;f=1MHz - 890 | 1187 | pF
Coss Output capacitance - 139 | 167 | pF
Cs Feedback capacitance - 83 | 109 | pF

August 1999 2 Rev 1.100



Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF540, IRF540S

REVERSE DIODE LIMITING VALUES AND CHARACTERISTICS

T,=25C unless otherwise specified

SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT

Is Continuous source current & - 23 A
(body diode)

Ism Pulsed source current (body - = 92 A
diode)

Vso Diode forward voltage le=28A; Vgs=0V - 094 | 15 \%

t, Reverse recovery time 1. = 17 A, -dlg/dt = 100 Alus; - 61 - ns

Q, Reverse recovery charge Ves=0V; Vg =25V - 200 - nC

August 1999 3 Rev 1.100



Philips Semiconductors

Product specification

N-channel TrenchMOS™ transistor

IRF540, IRF540S

0 25 50 ‘ 7l5 100 12IS 150 1}5
Mounting Base temperature, Tmb (C)
Fig.1. Normalised power dissipation.
PD% = 100-Pp/Pp 25-c = {(Trs)

1—'i =
ST e
s TEL:
1E-06 1E-05 1E-04 1E-03 1E-02 1E-01 1E+00
Pulse width, tp (s)

b

Fig.4. Transient thermal impedance.
Z, e = f(t); parameter D =t /T

jmb

Normalised Current Derating, 1D (%)

10—l F Sy

90

70 +—
60 oy
50 4

X

30 ;
20 X ?
0] A‘
0 ! ! : \
) 25 50 75 400 125 150 175

Mounting Base temperature, Tmb (C)

Fig.2. Normalised continuous drain current.
ID% = 100-I/lp 25 ¢ = f(T); conditions: Vgs 2 10V

& wD_rain Current, 1D (A)

R
) 1| QV“‘:‘. 18VE

45
40 7288 ccaunEm

35 # ‘i

25

ST T1O0
<

>l T

a ‘ : R e
0 1 2 3 4 5 6 7 8 9 10
Drain-Source Voitage, VDS (V)

Fig.5. Typical output characteristics, T;= 25 “C.

1000 Peak Pulsed Drsin Current IOM (A),_

¥ BB

I
400 L RDS(on) = VDS! ID

1
o - N-tp =10 us
N I
10 == £t 100 us ==m=ee
T 11 ms 1
- [(H 10 ms
1 - 100 ms = 4=

i
I [T il

10 100
Drain-Source Voltage, VDS (V)

Fig.3. Safe operating area. Tr, = 25°C
Ip & Iy = f(Vs); Iom Single pulse; parameter t,

Ip = #(Vs)
Drain-Source On Resistance, RDOS(on) (Ohms)

0.8

07

0.6

05 t+—

4v
04
8.5V
0.3 t— 6V
5V 6.5V ’

0.2 A% SN
]

0.1 S p——

VGS=9V
0 t
0 10 20 30 40 50

Drain Current, ID (A)

Fig.6. Typical on-state resistance, T;= 25 “C.
Rpson) = ()
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Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF540, IRF540S

Drain current, 1D (A) 5 ‘Threshold Voltage, VGS(TO) (V)
30 ¢
28 VDS >ID XRDS(ON) -
T
0 i 2 3 4 5 6 7 8 9 10 60 -40 -20 0 20 40 60 80 100 120 140 160 180
Gate-source voltage, VGS (V) Junction Temperature, Tj (C)
Fig.7. Typlcal transfer characteristics. Fig.10. Gate threshold voltage.
=f(Vss) Vasaroy=H(T)); conditions: I = 1 mA; Vs = Vs
20 _Transconductance, gfs (S) )
VDS > 1D X RDS(ON) I i |
B | =~ | ;
. - | | Tj=25C
16 1= 1 :
14 — / ] i 75¢ o
12 ‘
VAl | B = =
10 + N . T i
8 A / - /“— : 3
{ r/
6 "/‘ 1 A
41— ‘; e
4 * :
2 .
0 ‘ ! | f ‘ | !
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 0 05 1 15 2 25 3 35 4 45 5
Drain ¢urrent, ID (A) Gate-source voltage, VGS (V)
Fig.8. Typical transoonductance T,=25C. Fig.11.  Sub-threshold drain current.
=1(lp) Ip = f(Vgsy conditions: T; = 25 "C; Vps = Vs
Normalised On-state Resistance . . . .
29 1 I L _ Capacitances, Ciss, Coss, Crss (pF)
27 41— ] : — R == ST
25 1‘ A : —/ — ! : =
23— —+ - —
W— — . Ciss T
24— 7 ;s
19 T =1 : 1000
17 F——— — " X i fi
B i [ L ! L]
:: - t 1 \_:_ \*Coss Bl
Pl : 100 LU v L
11 + — ] ‘ = 2
0.9 - — - \
0.7 : Crss []]
ol S i = i | | 1] LU
60 40 20 0 20 40 60 80 100 120 140 160 180 - 1 10 100
Junction temperature, Tj (C) Drain-Source Voltage, VDS (V)
Fig.9. Normalised drain-source on-state resistance. Fig.12. Typical capacitances, Cg;, Coss, Crss-
Rpsony/Rosionzs ¢ = (1) C = f(V,s); conditions: Vs =0 V; f=1MHz
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Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor | IRF540, IRF540S

Source-Drain Diode Current, IF (A) Maximum Avalanche Current, las (A)

[

100

10

04 | !

0.001 0.01 0.1 1 10
Source-Drain Voitage, VSDS (V) Avalanche time, tay (ms)
Fig.13. Typical reverse diode current. Fig. 14.- Maximum permissible non-repetitive
I = f(Vsps); conditions: Vs = 0 V; parameter T; avalanche current (l,5) versus avalanche time (t,,);
unclamped inductive load
6 Rev 1.100
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Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF540, IRF540S
MECHANICAL DATA
Plastic single-ended package; heatsink mounted; 1 mounting hole; 3-lead TO-220 SOT78

/
fi==

Alva

0 5 10 mm
[ FEVSVRTEvI SRRNTUTEL)
scate
DIMENSIONS (m are the original
m
UNIT | A Aq b by < D Dy E ° L Ly | k2 P q Q
max.
%5 |13 | 09| 13| 07 | 158 | 84 | 103 150 | 330 38 | a0 | 26
om | A5 VIR0 07 L ta | ou | 152 5o | 97 | 2% [ 135|279 30| 36 | 27 | 22
Note
1. Terminals in this zone are not tinned.
REFERENCES EUROPEAN
VERSION e JEDEC vy PROJECTION ISSUE DATE
soT78 T0-220 39 97-06-11

Fig.15. SOT78 (TO220AB); pin 2 connected to mounting base (Net mass:2g)

Notes
1. This product is supplied in anti-static packaging. The gate-source input must be protected against static

discharge during transport or handiing.
2. Refer to mounting instructions for SOT78 (TO220AB) package.
3. Epoxy meets UL94 VO at 1/8".

August 1999 7 Rev 1.100



Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF540, IRF540S

MECHANICAL DATA

Plastic single-ended surface mounted package (Philips version of D2-PAK); 3 leads
(one lead cropped) SOT404

T = N
i ! |

wd

I‘E»LE]-—: - Q!

wr| A fay | ble |2 o] €| e |, |H]|a
o | 450 [ 140 | 0es [oea | 4y [ 100 [r030] 500 | 200} 1540} 260
410 | 127 | 0.eo | 045 120 | 970 | 27| 20 | 14.80| 220
OUTLINE REFERENCES EUROPEAN
VERSION EC JEDEC 2P PROJECTION | ISSUEDATE
S ey
o =] 990625

Fig.16. SOT404 surface mounting package. Centre pin connected to mounting base.

Notes

1. This product is supplied in anti-static packaging. The gate-source input must be protected against static
discharge during transport or handling.

2. Refer to SMD Footprint Design and Soldering Guidefines, Data Handbook SC18.

3. Epoxy meets UL94 VO at 1/8".
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Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF540, IRF540S

MOUNTING INSTRUCTIONS

Dimensions in mm

| 17.5

Fig.17. SOT404 : soldering pattern for surface mounting.

DEFINITIONS

Data sheet status
Objective specification | This data sheet contains target or goal specifications for product development.

Preliminary specification | This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values are given in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one
or more of the limiting values may cause permanent damage to the device. These are stress ratings only and
operation of the device at these or at any other conditions aboyve those given in the Characteristics sections of
this specification is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.
© Philips Electronics N.V. 1999 '

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the
copyright owner.

The information presented in this document does not form part of any quotation or contract, it is believed to be
accurate and reliable and may be changed without notice. No liability will be accepted by the publisher for any
consequence of its use. Publication thereof does not convey nor imply any ficense under patent or other
industrial or intellectual property rights.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices or systems where malfunction of these
products can be reasonably expected to result in personal injury. Philips customers using or selling these products
for use in such applications do so at their own risk and agree to fully indemaify Philips for any damages resulting
from such improper use or sale.

August 1999 9 Rev 1.100



PROMAG RDL200T

REV.B

Radio Data Link RF Module with UART Interface
INTRODUCTIONS:

RDL200T (Radio Data Link) RF Module is designed for wireless RS232 serial data communication. It
is suitable for most of your wireless data link applications. RDL200T RF Module can be built into your

equipment through RS232 interface to replace the cable to become wireless communication. Itis a
low cost and high quality radio data communication solution.

FEATURES:
ISM frequency 433.92MHz / 434.33MHz e
Two channel selectable. i
Low power consumption with 3.3Vdc

RS232 interface (Serial TTL level)

Speed up to 9600bps with automatic flow control.
Half-duplex with automatic Receiving/Transmitting control.

Small package size.

ol B R

Distance: 50~150 meters with appropriate antenna

APPLICATION:
Hand-held terminals

Computer to computer oy PICHTAGP RSN

TXD

Computer to terminal
Data collection terminal Y

Mobile-around data communications
Micro RDL200T

Remote control
Controller

Remote monitoring

CH

o N g ook W

POS systems.

SPECIFICATIONS:

Frequency: CH1 433.92MHz / CH2 434.33MHz

Modulation: FSK

Output power: 7dbm (5mw)

Receiving Sensibility: -102dbm

Operating voltages: 2.7Vdc~3.3Vdc

Power consumption: Tx:60mA / Rx:30mA

Interface : RS232 (TTL Level: TXD/RXD)

Data Rate : 19200bps/9600bps / 4800bps , Half-duplex

Operating temperature: 0°C~55°C (Storage Temperature: -10°C ~60°C)

©WoONDA R WN =



PROMAG

RDL200T

REV.B

QUICK REFERENCE DATA

Max. Transmit current

Parameter Value Unit
Frequency, Channel#1/Channel#2 433.92/434.33 MHz
Modulation FSK
Frequency deviation +/-30 KHz
Max. RF output power 7 dBm
Sensitivity -102 dBm
UART Baudrate 19200/9600/4800 bps
Supply voltage 27-33 Vdc
Max. Receive current 30 mA
60 mA

BLOCK DIAGRAM

I/F Controller

A

CONTROL

Channel

RF Transceiver

I/F Controller: UART and Radio interface unit

RF Transceiver: A long-range radio transceiver for wireless links operating in the globally available ISM band.



PROMAG RDL200T
REV.B

RDL200T APPLICATION

1. Point to Point Radio Data Link
For point to point radio data link, just change your RS232 transceiver IC to RDL200T in your RS232 product.
You don’t need to change any firmware. RDL200T serves as a invisible RS232 cable in your product.

A «—x B

2. Muiti-Station Radio Data Link
For Multi-Station radio data link, you have to build a protocol for Multi-Station that’s similar to RS485 to

assign machine ID for each station.

RS485
HOST
1 2 3 4
RDL200T
P>
HOST < ~
1 2 3 4

‘__y—y Invisible Cable (Radio Signal)



PROMAG RDL200T

REV.B

PACKAGE OUTLINE (DIP28)
428 45

oo oooooOoD

[]
11

.85

Unit: mm

PIN ASSIGNMENT

PIN NAME I/0 DESCRIPTION
1 ANT I *Antenna
2 ANTG I [*Antenna Signal GND
3,4,5,6!7,8,9 NC No Connect
10 7 /RST I |Active Low Reset
11 RXD I |UART Data Input
12 TXD O UART Data Output
13 GND I GND
14 TRD/CMD Reserved
15 BPSO 4800bps 0:disable l:enable
16 BPS1 0:9600bps 1:19200bps (*short data pack)
17 CH I |0:433.92MHz 1:434.33MHz
18 RLED O |RXD Status LED
19 TLED O |TXD Status LED
20 GND GND
21 VvCC Power Input +3.3Vdc~2.7Vdc
22,23,24,25,26 |~ NC No Connect
27 GND GND
28 GND GND

*Antenna Signal GND: Connect to antenna cable GND.
*Antenna : 50 ohm / 430~435MHz / -25db.
*19200bps for short data pack (max 70 bytes) only.



PROMAG RDL200T
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RDL200T START KIT

The RDL200TSK Start Kit includes the RDL200T module and RS232 Transceiver IC, You can easily learn and

develop your product for wireless communication application.

A




PROMAG

RDL200T

REV.B

START KIT PACKAGE APPLICATION
Example: Point to Point radio data link

PC

RS232

RDL200T
Start Kit

—

RDL200T
Start Kit

RS232

RS232

Device

Keep your communication way and easy to upgrade your product to become wireless product with RDL200T.

ASY-RDL200TSK BLOCK DIAGRAM

DIP SWITCH

DC2DC
Power Supply

RS232
Transceiver
IC

/RESET

RDL200T

Channel l  Baggeat

slelaln

HEERENE

W N

. ON : CH1(433.92MHz)
. ON : 4800 bps DISABLE / OFF :
. ON : 9600 bps ENABLE / OFF :

. Reserved

/ OFF:CH2 (434.33MHz)

4800 bps ENABLE
19200 bps ENABLE
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